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ABSTRACT

Sail is a high-level programming language for the PDP-1O computer. It includes an
extended ALGOL 60 compiler and a companion set of execution-time routines. In
addition to ALGOL, the language features: (1) flexible linking to hand-coded machine
language algorithms, (2) complete access to the PDP-1O I/O facilities, (3) a complete
system of compile-time arithmetic and logic as well a~ a flexible macro system, (4) a
high—level debugger, (5) records and references , (6) sets and lists, (7) an associative
data structure, (8) independent processes (9) procedure varaiables, (10) user
modifiable error handling, (11) backtracking, and (12) interrupt facilities.

This manual describes the Sail language and the execution-time routines for the typical
Sell user; a non-novice programmer with some knowledge of ALGOL. It lies
somewhere between being a tutorial and a reference manual.
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SAIL PREFACE

points deservin g emphas is a’e mariced by
PREFACE vertical bars in the margin. Ti-. s paragrapn is

so marked , as an example.

OPERATING SYSTEMS
HISTORY OF THE LANGUAGE Sail runs under several ope rat ing syster ~ i. ri
The GOCOL Ill compiler , developed principally this manual distinction is draw n between the
by Dan Swiriehart at the Sta nford Artif icial operating system at the Stanford A r t i f i c i a l
Intelligence Project , was the basis f or the non- Intelli gence Laboratory (SUAI), the TOPS- b
LEAP portions of SAIL. Robert Sproull joined operating system from Dig ital Equipment
Swirteha rt in incorporating the features of LEAP Corporation , the TENEX oper at ing system frorr
The f i rst versi on of the language was released Bolt Beranelc and Newman , and the TYMSHARE
in November , 1969. SAIL’s intermed iate operating system. The maj or d ist inct ion is
development was the resp onsibility of Russell between TENEX and non-TENEX systems ,
Tay lor , Jim Low , and Nanan Samet , wh o alth ough the dif ferences betweer. SUAl and
intr oduced processes , procedure var iables , TOPS -b are also sign ificant. The TOPS-20
interrupts , contexts , match ing procedures , a operat ing system from Digital Equipment

• new macr o system , and other features. Most Corporation is the same as TENEX as far as Sail
recently John Reiser , Robert Smith, and Russell is concerned. TENEX users should substi t ute
Tay lor maintained and extended SAIL. They “<SAIL> ” f or “SYS:” w herever the latter appears
adde d a high-level debugger , conversion to in a file name (except when talking to the
TENEX , a prin t statement , and records arid LOADER).
references.

UNIMPLEMENTED CONSTRUCTS
LEARNING A BOUT SAIL The following items are descr ibed in the manual
A novice programmer (or one who is unfamiliar as if they existed. As the manual goes t o
w t h  ALGOL) should start with the Sail Tutorial press , they are not implemented ,

~SmithN ]. An experienced programmer with a
knowledge of ALGOL should be able to use this 1. NP’  text _var iable>). Creates a new
Sail manual at once. Begin with Appendix A, has a datum ft -at s a context.
Characters; ri this manual the symbol
designates the character w ith code ‘030. For 2. Using ‘.context _variab le> instead of a list
the first reading, a light skim of sections 1, 2, 3, of variables in any of the REMEMBER,
4, and 8, followed by a careful perusal of FORGET or RESTORE statements.
subsecti on 21.1 should be adequate to
fami l iar ize the new user with the differe nces 3. Using ~ in the expressi on n of REMOVE n
between ALGOL arid SAIL and allow him to start FROM list.
writ ing programs in SAIL. The other sect ions of
th is manual are re latively self conta ined, and 4. ANYeANY~A NY searches ri Leap (searches
can be read when one wants to know about the where no co nstra ints at all are placed on
fea tures they describe. The exceptions to this the triple returned.)
rule are secti ons 12, 13, and 14. These
describe the basics of the LEAP and are 5. CNECKED ter nvars ~t ’~e dyra rr iC
essential f or understanding of the following compar ison of the dat1.~n~ typ e  of an item
secti ons. to the datum type of the CHECKED iternvar

to which the item is being ass.gried .) It iS

Special ef fort  has gone into making the indei cu rrentl y the user ’s respons b lity to
more comprehensive than in previous versio ns insure that the type of f te tern agrees
of this manual . Please use it. with the type of the ternv ar w henever

DATUf’~A is use a.
CHANGES IN THE LANGUAGE
There are no known incompatibilities at the ACKN OWLEDC EMENTS
SAIL source level with the language described Le~ Earnest and Robert S r - t h  ass isted the
in [vanLehnj. PRINT, BAIL, operati on under ed itor ri PUB wizardry and reading draf ts.
TENEX , and rec ords are major additions to the
language. Significant revisions to [variLehn) or

iii
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SAIL PROGRAMS AND BLOCKS

SECTION 1 ::— <process _statemen t >
::— <event_statement>

PROGRAMS AND BLOCKS ::— <string_constant> <statement>
::— <label_identifier> : <statement>
:: — <empty>

1.1 Syntax
1.2 Semantics

<program>
::~~ <block> DECLARATIONS

Sail progra m s are organized in the traditional
block structure of ALGOL-60 [Nauer).

<block>
::~ <block_head> ; <compoundjail> Declarations serve to define the data types and

dimensions of simp le and subscri pt ed (array )
variables (ar ithmetic variables , str ings , sets ,

<block_head> lists, rec ord pointers , and items). They are also
BEGIN <declaration> used to describe procedures (subroutines) and
BEGIN <block_name> <declaration> record classes , and to name program labels.

::~ <block_head> ; <declaration>
Any identifier referred to in a program must be
described in some declaration. An identifier

<compound_tail> may Only be referenced by statements within
<statement> END the scope (see page 5) of its declaration.

::~ <statement> END <block_name>
::— <statement> ; ‘compound _tail> STATEMENTS

As in ALGOL, the statement is the fundamenta l
unit of operat ion in the Sail language. Since a

<compound_statement> statement within a block or compound
::~ BEGIN <compound_tail> state mert may itself be a block or compound
::~ BEGIN <block_name> <compound_tail> statement , the concept of state m ent must be

understood recursivel y.

<statement> The block representing t he program is known
:: <block> as the “outer block ”. All blocks internal to this
::— <compound_statement> one will be referred to as “inner blocks ”.
: :— <require _specification)
::= <assignment> CLOCK NAMES

<swap_ statemen t> The block name construct is used to describe
:— <condit ional_statement> the block structure of a Sail program to a
::~ <if _statemen t> symbolic debugging routine (see page 140).
::— <go_to_statement> The name of the outer block becomes the t i t le
:: <f or_statemen t> of the binary output file (not necessaril y the
::— <while_s tatement> file name). In addition, if a block name is used
::— <do_statement> following an END then the compiler compares it

:: <case _statement> with the block name which followed the
: : — <print _statement> corresponding BEGIN. A mismatch is reported
::.‘ <return_statement> to the user as evidence of a missing (extra >
::— <done_statement > BEGIN or END somewhere.
:: <next _statement>
:: <continue _statement> The <string_ constant> <statement> construct is
::— <pr ocedure _sta tement> equivalent in action to the <state ment> alone;

<safety_ sta tement> that is, the string consta nt serves only as a
:: — <backtracking_ statement> comment.
::— <code_block>
: :— <leap_ statement>
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PROGRAMS AND BLOC KS SAIL

EXAMPLES

Given
S is a statem ent ,
Sc is a Compound Statem ent ,
D is a Osc larat ,on,
B is a Block.

Then

(Sc) BEO IN S; S S; S END

(Sc) BEGI N “SORT” 5; Si S END “ SORT”

(8) BEGIN D; D; D; .. . S; S; S~~. ; S E N D

(B) BEGIN “ ENTER NEW iNFO” D~ 0. . ,
S~... S END

are syntactically valid Sail constructs.

I
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SAIL ALGOL DECLARATIONS

SECTION 2 <array_declarati on>
::— <simple _type> ARRAY <array_ list >

ALGOL DECLARATIONS ::— <type_qual ifier> <array declaration>

<ar r ay.j ist>
::~ <array_ segment>

2.1 Syntax ::— <array_ lis t> , <array_ segment>

<id_list> <array_ segment>
::m <identifier> ::~ <id_list> [ <bound_pair_ list>
::~ <identifier> , <id_list>

<bound_pa ir _list>
<declaration> :~— <bound_pair>

::m <typ e_declaration> ::— <bound_pair _list> , <bound_pair >
::m <array_ declaration>
::~ <preload_specification >

<label_declaration> <bound_pair>
::~ <pr ocedure_dec laration> ::— <lower _bound> <upper _bound>
::m <synonym_declaration>
::~~ <require _specification> <lower _bound>

<context _declaration> :: <algebraic _expression>
::~ <leap_declaration>
::~ <record _class _declaration> <upper _bound>
::~ <protect _ acs declaration> ::— <al gebraic _expr essi on>
::~ <c leanup_declaration>
::~ <type_qua lifier> <declaration>

<preload_spec ificatio n> II
::— PRELOAD_WITH <preload _Iis t >

<simp le_type> ::— PRESET _WITH <preload_list > a.

::= BOOLEAN
::~ INTEGER
::— REAL <preload_Iist>
::— RECORD_POINTER ( <classid_list> ) : <preload _element>
::— STRING ::— <preload_list> , <preload _element>

<type_qualifier> <preload_element>
::~ EXTERNAL • ::— <express ion>
::= FORTRAN ::— [expression] <expression>
::— FORWARD
::— INTERNAL
::— OWN <label _declaration>
::— RECURSIVE ::— LABEL <idJist>
::— SAFE

SHORT
::~ SIMPLE <procedure _declarat i on>

~- PROCEDURE <identifier>
<pr ocedure _head>

<type_declarati on> <procedure _body>
::— <simple _type> <id_list> ::— <simple _t ype> PROCEDURE <identifier>
::— <type _qualifi er> <type _declaration > <procedure _head> <procedure _body>

::— <type _qua Iifier~<procedure _dec I ar at ion>

3
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ALGOL DECLARATIONS 
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SAIL

<procedure _he ad> <require _element>
::~ <empty> J ::~ <constant _express ion> <require_spec >
::~ ( <formal _param_decl> ) ::~ <procedure _name> INITIALIZATION

::~ <pr ocedure _name> INITIALIZATION
I [ <phase> 3

<procedure _body>
<empty>

<statement> <require _spec>
::~ STRING_SPACE

SYSTE M_PDL
<f ormal_param _decl> ::~ STRING_POL

::— <formal_parameter _lis t> ::~ ITEM_START
::— <formal _parameter _list> ; ::* NEW _ITEMS

<f ormal_param_decl> ::~ PNAMES
::~ LOAD_MODULE

LIBRARY
<f ormal_parameter _list> ::~ SOURCE_FILE

<formal_ type> <id_list> ::~ SEGMENT_FILE
::= <f ormal _type> <id_list> SEGMENT _NAME

( <default _value> ) ::~ POLLING_INTERVAL
::~ POLLING_POINTS
::~ VERSION

<formal _type> ::~ ERROR_MODES
ole_f ormal_type> ::~ DELIMITERS

• ~ENCE <simple _formal _type > ::~ NULL_DELIMITERS
<simple _f ormal_t ype> REPLACE_DELIMITERS

::~ UNSTACK_DELIMITERS
::~ BUCKETS

<~ ial _type> ::~ MESSAGE
~pIe_type> ::~ COMPILER_SWITCHES

<simp le_type> ARRAY
::— <simple_type> PROCEDURE

<synonym_declaration> 2.2 Restrictions
::— LET <synonym_list>

For simplicity, the type _qualifi ers are listed in
only one synta c tic class. Although their uses

<synonym_list> are always va lid when placed according to the
::— <synonym> above syntax , most of them Only have meaning
::— <synonym_list> , <synonym> when applied to particular subsets of these

productions:

<synonym> SAFE is only meaningful in array
::~ <identifier> — <reserved_word> declarat ions.

INTERNAL/EXTERNAL have no
<cleanup_declaration> meaning in formal parameter

::— CLEANUP <procedure _identifier _list> . declarations.

<requ ire _specification> SIMPLE, FORWARD, RECURSIVE, and
::= REQUIRE <require_list> FORTRAN have meaning only in

pr ocedure type specifications.

<require_ list> SHORT has meaning only when
<require _element> applied to INTEGER or REAL entities.
<require _list> , <require_element>

4
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SAIL ALGOL DECLARATI ONS

For array declamations in the outer block BEGIN SAMPLE BLOCK
substitute <constant _expression> for INTEGER I, J, ~~,

<algebraic _expressi on> in the productions for REAL X , V .
<lower _bound> and <upper _bound>. STRING A .

INTEGER PROCEDURE P (REFERENCE REAL Xi
A label must be declared in the innermost block BEGIN ‘P’
in which the statement being labeled appears 0, 0, O S, .. . S
(more information , page 16). The syntax for END “P’ ,
procedure dec larations requires semantic
embellishmen t (see page 7) in order to make REAL ARRAY DIPHTHONGS (0 10 , 1 100],
total sense. In par ticular , a procedure body
may be emp ty only in a restricted class of S. 5; S S
declarati ons. END “SAMPLE BLOCK”

2.3 Examples 2.4 Semantics

Let I, J, K, L, X, Y, and P be identifiers , and let S SCOPE OF DECLARATIONS
be a statement. Every block automatically introduces a new

level of nomenclature. Any identifier declared
(<typ e _declara ti on >) in a block’s head is said to be LOCAL to that

INTEGER I, J, K block. This means that:
EXTERNAL REAL X, V
INTERNAL STRING K a. The entity represented by this

identifier inside the block has no
(<ar ray_ declaration> ) exis tence outside the block.

INTEG ER ARRAY X (010 , 0 10]
REAL ARRAY V (X P(L)], Comment illeg a l b. Any entity represented by the same

fl o uter block unless P is a macro identifier outside the block is
STRING ARRAY I [o lF BIG THEN 30 ELSE 3) completely inaccessible (unless it

has been passed as a parameter )
(<label _declara t ion ,) inside the block.

LABEL L , X , V
An identifier occurr ing within an inner block

(<p ro cedure declaration,) and not decla red within that block w i i  be
PROCEDURE P. S nonlocal (global) to it; that is , the ident: f ;em wil l
PROCEDURE P (INTEGER I, ~; represent the same entity inside the block and

REFERENCE REAL X REAL V) S in the block or blocks within which it is nested ,
INTEGER PROCEDURE P (REAL PROCEDURE L up to and iricludir.g the level in which the

STRING I, J, INTEGER ARRAY K), S identif ier is declared.
EXTERNAL PROCEDURE P (REAL X)
FORWARD INTEGER PROCEDURE X (INTEGER I) The Scope of an entity is Ire set of blocks ri

wh ich the entity is represented , using the
Note that these sample declarations are all above rules, by its identifier. Art entity may
given with out the semicolons which would not be referenced by any statement outside its
normally separa te them from the surrounding scope.
declarations and statements. Here is a samp le
block to bring it all t ogether (again, let S be TYPE QUALIFIERS
any statemen t , 0 any declarati on, and other An array, variable , or procedu re declared OWN
identifiers as above): will behave as if it were declared globall y to

the current procedure; the OWN type qualif ier
on a variab le , etc. declared in a block not
nested inside a procedure declarat ion wil l  have
no effect. This means tnat in a sec ond call of a
procedure with OWN locals (or a recursive call )

5 
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ALGOL DECLARATIONS SAIL

the OWN variables w l l  not be reini t ia l izeo; tney page 39), or from the concatenation or
w l l  have the values u~at they had wr ie r .  the decomposition of already existing strings (see
f i rs t  ca l l  of the procedure ( nished. . page 27).
Furtherm ore , OWN arrays , etc. will not be
deallocated upon exit ing the procedure in which When strings appear in arithmetic operations
they are declare d, or vice-versa , a somewhat arbi t rary conversi on

is performed to obtain the proper type (by
INT ERNAL ~nd EXT [R’~.AL pr ocedures , variables , arbi t rary we do not mean t o irrpl y random --

etc. let one ;nk programs that are loaded see page 23). For this reason ar ith r .e t i c ,
together but we re compiled separately. See String, and Record _pointer variables are
page 12 for more information , referred to as “al gebraic variables ” and their

corresponding expressions are called “al gebraic
RECURSIVE , SHORT , FORTRAN , FORWARD , expres s ions ” (to di f ferent iate them them frorr.
SIMPLE, xno SAFE will be exp lained when the the variables and expressions of LEAP -- see
da ta types they mOd f y are discussed. page 83).

NUMERIC DECLARATIONS ARRAY DECLARATIONS
Identif iers which appear in type declarations In general , any data type which is app licable to
with types REAL or INTEGER can subsequently a simple variable may be applied in an A rray
be used to refer to numeric variab les. An declarati on to an array of variab les. The entit y
Integer variable may take on values fr om represented by the name of an Array, qualified
-2135 to 2135-1 (-2126 to 2126-1 for SHORT with subscript expressions to locate a
INT EGERS). A Real variable may take on part ic ular element (e.g. A [I, J)) behaves in every
posit ive and negative values from about 101-38 wa y like a simple variable. Therefore , in Ire
to 1O1’38 with a prec ision of 27 bits (same future we shall refer to both simp le va r ;a bes
range for SHORT REALs as for SHORT and single elements of Arrays (subscri pted
INTEGERs). REAL and INT EGER variables (and variables ) as “variables ”. The formal syntax for
constants ) ma , be used in the same arithmet ic <variable> can be f ound on page 128.
expressions; t ype conversions are carried out . 

if

a .~t omat icai I y  (see page 23) when necessary. For an Array wh ich is not qualified by the
SAFE attribute , nor had a NOW_ SAFE statement

The advantage of SHORT reals and integers is done on it (Now _Safe - see page 21), each
tha t the conversion from integer to real is sped subscript will be checked to ensure that it fa ls
by a factor of 8 if either the integer or the real within the lower and upper bounds given ~or
is SHORT . See page 23 for more informat ion, the dimension it specifies. Subscri pts outside

the bounds trigger an error message and jo b
The BOOLEAN type is identical to INTEGER. abo rtion. The SAFE declaration inhibits this
BOOLEAN and algebraic express ions are really checking, resul ting in faster , smaller , and
equivalent syntactically. The syntactic context bolder code.
in which they appear determines their meaning.
Non-zero integers correspond to TRUE arid 0 Arrays which are allocated at compile time
c orresponds to FALSE. The dec larator (OWN arrays and arrays in the outer block) are
BOOLEAN is included for program cla rity, restric ted to 5 or fewer dimensions. There is

no limit to the number of dimensions allowed
STRING DECLARATIONS for an Array which is dynamically allocated.
A var iable defined in a String declaration is a However , the efficiency of Array references
two-word descri ptor containing the information tends to decrease for large dimensions. Avoid
necessary to represent a Sail character string, large dimensionality.

A String may be thought of as a variable- OWN A rrays are available in part. They must
length , one-dimensi onal array of 7-b it ASCII be dec larea with constant bounds , since f ixed
character s .  Its descri ptor contains a character storage is allocated. They are NOT in i t ia l ized
count and a byte pointer to the first character when the program is star ted or restar ted
(see page 158). Strings orig ina te as constants (except in pre loaded Arrays , see page 7). A
at c omp ile time (page 130), as the result of a ce rtain degree of extra efficiency is possible in
String INPUT operation from some device (see accessing these Arrays , since t hey may be

6
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assigned abs olute core locations by the repeat argument ). The next two elern e r.l s will
compiler , eliminating some of the adoi~ ss be 3 and 4, f o l lowed by four 6’s and a 2. The
arithmetic. Consta nt bounds always adci a- l i t t le array will look like this:
eff iciency, even in inner blocks. prays
declared in the outer blocl’ must have co nsta nt 1 2 3 ~~~cond s ubscr p t )

bounds, since no variable may yet have been a a a
assigned a value. They are thus auto ma.L.~all y (I r s t  2 I 0 8 3
made OWN. For more details concerr :~~~ the sub~cr pt)  3 I 4 6 6
internal structure of Arrays see page ~~~ and 4 I 6 6 2
page 157.

PRELOAD SPECIFICATIONS PRESET _WITH is j ust like PRELOAD _WITH except
Any OWN arithmetic or String Array may be that an array which is PRESET is placed in the
“pre-loaded” at comp ile time with constant upper sr~gment of a /H compilation. This al lows
information by preceding its declaration with a consta n t arrays to u.. in the shared portion of

~‘preload _spec if icati o ri>. This specif ication the code.
gives the values which are t o be placed ri
consecutive core locations of the Arrays PROCEDURE DECLARATIONS
declared immediately f ollowing the If a Procedure is typed then it may return a
<prel oad _spec if ication> . “Immedi ately ”, in this value (see page 18) of the specified type. If
case , means all identifiers up to and including f ormal parameters are specif ied then they must
one which is followed by bound_pair _ list be supplied with actual parameters in a one to
brackets (e.g. in REAL ARRAY X , Y, Z[O:1O], one correspondence when the are called (see
W[1:5]; -- preloads X, Y, and 2; not W). It is the page 28 and page 19).
user ’s resp onsibility to gua rantee that the
proper values will be obta ined under the FORMAL PARAMETERS
subscri pt mapping , namely: arrays are st ored Formal parameters , when specif ;ed , provide
by rows~ if ACI, .J3 is stored in location 10000, inf ormation to the body (executabie portion) of
then A [i , J+1] is stored in location 10001. the Procedure about the kinds of values which

w ill be provided as actual pa rameters ir the
The current values of non-String pre- loaded call. The type and complexity (sirriple or Array )
Arrays w ill not be lost by restart ing the are specified here. In addit ion , the f ormal
pr ogram; they will not be re-initialized or re- parameter indicates whether the value (VALUE)
preloaded. For preloaded String Arrays , the or address (REFERENCE) of the actual
non-constant elemen ts are set to NULL by a parameter will be supp lied. If the address is
restart ,  supplie d then the variable whose identif ier is

given as an actual parameter may be changed
Al gebraic type conversions will be performed by the Procedure. This is not the case if the
at c omp ile-time t o provide values of the proper value is given.
types to pre-loaded Arrays. All expressions in
these specifications must be constant To pass a PROCEDURE by value has no readily
expressions -- that is , they must contain only determined meaning. ARRAYs passed by value
constants and algebraic operators. The (requiring a complete copy operation) are not
compiler will not allow you to fill an Array implemented. Therefore these cases are noted
beyond its capacity. You may, however , as errors by the compiler.
prov ide a number of elements less than the
total si ze of the Array; remaining elements will The proper use of actual parameters is further
be se t to zero or to the null string, discussed on page 19 and page 28.

Example: DEFAULT 1’ARA .METER VALUES
Default value , for trail ing parar et ers may be

PRELOAD _WIT H (5) 0, 3, 4, (4) 6, 2. specified by encl osing the desired value in
INTEGER ARRAY TA B L (1 :4 , 1:3) parentheses following the parameter

declara tion.
The first five elements of TABL wi ll be
initialized to 0 (bracketed number is used as a PROCEDURE FOO (REAL X , INTEGER 1 (2) ,

STRING S (‘ FOO l. REAL V (3 I 4 159 )  ),

7
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If a defaulted parameter is left Out of a Notice that the forward declaration s required
procedure call then the compiler f ills irt the Only because BOTH Procedures are called n the
defaul t automatically. The following all compile body of the block. These procedures should
the same code: als o be declared RECURSIVE if recursive

entrance is likely. If only Ti were called from
Foo A.B statements within the block then this exam ple
FOO (A .B, 2, ‘FOO ” ) . could be implemented as:
FOO (A.B , 2, “F OO” , 3 14 1 59 ) .

BEGIN “NO FORWARD”
Onl y VALUE parameters may be defaulted , and RECURSIVE INTEGER PROCEDURE T I  (INTEGER I).
the default va lues must be constan t BEGIN
expressio ns. A parameter may not be left out INTEGER PROCEDURE T2 (i)
of the middle of the parameter list; i.e., RETURN (TI (J).3)~
FOO (A+B, , “BAR”) won’t work. Finally, it RETURN( IF 1.15 THEN I
should be noted that the compiled code ELSE T2 (I-I))~
assumes that all parameters are actually END “T I ”~
present in the call , so be careful about odd
START _CODE or INTERNAL-EXTERNAL linkages. K~T I (L)
However , APPLY will fill in default values if not
enough actua l parameters are supplied in an END “NO FORWARD ”~
interpreted call.

RECURSIVE PROCEDURES
FORWARD PROCEDURE DECLARATIONS If a Procedure is to be entered recursively then
A Procedure ’s type and paramete rs must be the compiler must be instructed to provide code
described before the Procedure may be called, for all ocating new local variables when the
Normall y this is accomp lished by specify ing the Procedure is called and deallocating them when
procedure declaration in the head of some it returns. Use the type-qualifier RECURSIVE in
block containing the call. If , however , it is the declaration of any recursive Procedure.
necessary to have two Procedures , declared in
some block head, which are both access ible to The compiler can produce much more eff cient
statements in t he compound tail of that block code for non-recursive Procedures than for
and to each other , then the FORWARD const ruct recursive ones. We feel that this gain ri
perm its the definition of the parameter efficiency merits the necessity for declaring
inf ormation for one of these Procedures in Procedures to be recursive.
advance of its declarat ion. The Procedure
body must be empty in a forward procedure If a Procedure which has not been declared
declarati on. When the body of the Procedure recursive is called recursively then all its local
described in the forward declaration is actuall y variab les (and temporary storage locations ‘1
declared , the types of the Procedure and of its assigned by the comp iler) will behave as if they J
para i. ieters must be identical in both were global to the Procedure -- they will not
declarat ions . The declaratio ns must appear at be reinitialized, and when the recursive call is
the same level (within the same block head). complete , the locals of the calling procedure
Examp le: will ref lect the changes made to them during J

the recursive call. Otherwise , no ill e f fec ts
BEGIN “NEED FORWARD” should be observed.

FORWARD INTEGER PROC EDUR E TI (INTEGER I)
COMMENT PARAMS DESCRIBED. SIMPLE PROCEDURES

INTEGER PROCEDURE 12 (INTEGER JI. Standard procedures contain a short prologue
RETURN (TI (J).3). COMMENT CALL T I that sets up some links on the stack and a

INTEGER PROCEDURE TI (INTEGER I) descriptor th6t is used by the storage al location
COMMENT ACTUALLY DEFINE TI ,  system , the GOTO Solver , and some other
RETURN (IF I- IS THEN I ELSE 12 (I- l))~ routines. For most piocedures , this overhead is

COMMENT CALLS 12 insignificant. However , for small procedures
that just do a few simple statements and exit ,

K.-T1 IL) L..T2 ~, ... this overhead is excessive and unneeded. To
END “NEED FORWARD” ,

8
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skip the pr ologue , jus t include SIMPLE in the the type and name of an exl err .a l Prc cec . re
attr ibute list for the procedure. RESTRICTIONS: wh ich is to be called using a Fortra r , ca i r.g

sequence. Either the old F40 or t re new
1. Simple procedures may not be FORTRAN-1O calling sequence can be

Recursive and may not be SPROUTed generated , depending on the /A swi tch (page
or APPLYed. 134). All parameters to Fortra n Proced~~es are

by reference. In fact , the pr ocedure read part
2. ARRAY locals must be OWN. of the declaration need not be included unless

the types expected by the Procedure d ,f f er
3. Set and List locals must be OWN from those provided by the actua l pa rarr iete rs- -

(Sets and list are part of Leap, page the number of parameters supp lied, arc thu r
83). t ypes, are presumed corre ct. Fortran

Procedures ~“c ~uiurn~,l~~~lIy Ext erna l
4. Procedures declared local to a Procedures. See page 10, pago 19, page

simp le pr ocedure must also be of of 28 for more infor mation about Fortran
t ype SIMPLE, and may not reference Procedures. Example:
any of the parameters of the outer
simp le procedure. FORTRAN PROCEDURE FPF,

V..FPF (X , Z) .
5. One may not GO TO a statement

outside the body of the simple PARAMETRIC PROCEDURES
pr ocedure. The calling conventions for Procedu res w t h

Procedures as arguments , and for the execut i on
6. RECORD_POINTERs may not be of these parametric Procedures , are de s cr i ce d

declared or passed as arguments to on page 19 and page 28. Any Procedure P?
ot her procedures , and the code must which is to be used as a parameter to another
not caure the comp iler t o create Procedure CP must not have any Procedure rir
RECORD_POlNTER temporaries , array parameters , or any parameters cal led by

value. In other words , PP may only have simple
EXTERNAL PROCEDURES reference parameters. The number of
A file comp iled by Sail represents either a parameters supplied in a call on PP within CP,
“main ” program or a collection of independent and their types , will be presumed correct , arid
pr ocedures to be called by the main program. should not be specified in the procedure head.
The method for preparing such a collection of Example:
Procedures is described in page 12. The
EXTERNAL and FORTRAN type-qualifiers allow PROCEDURE CP (INTEGER PROCEDURE FP),
description of the types of these Procedures BEGIN INTEGER A, Ii REAL X;
and their parameters. A.n EXTERNAL or
FORTRAN procedure dec laration , like the A1-FP (I, X) 1 COMMENT I AND X PASSED BY
FORWARD declaration, does not include a REFERENCE , NO TYPE CONVERSION .
procedure body. Both dec larations instead END “CP”~
result ri requests to the loader to provide the
addresses of these Procedures to all statements INTEGER PROCEDURE PP (REFERENCE INTEGER J.
which call them. This means that an EXTERNAL REFERENCE REAL Y).
Procedure declara tion (or the declaration of any BEGIN
External identifier ) may be placed with in any END “ PP” 1
block head, thereby controlling the scope of
th is External identif ier within this program. CP PP)

Any Sail Procedure which is referenced via DEFAULTS IN PROCEDURE DECLARATIONS
these external declarations must be an If no VALUE or REFERENCE qua l ;t icat ion a Dpex ~s
INTERNAL Procedure. That is, the type-qua lifier in the description then tne foilow~r,~
INTERNAL must appear in the actual declaration qualificatio ns are assumed:
of the Procedure. Again, see page 12.

VALUE Integer , String, Ru) , R.cord _po nt.~,
The type-qualifier FORTRAN is used to describe Set , List v ar ,a bles

REFERENCE Arrays , Cont exts and Procedu res

9 
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RESTRICTIONS ON PROCEDURE DECLARATIONS BRTAB is 0 then, whereas it is not for any of
the other calls. If READIN were a recursive

1) Fortran Procedures cannot handle procedure then CHANNEL and BRTAB would be
String parameters. Nor can a a llocated and hence initialized with every call.
Fortran Procedure return a string as
a result. When one REEnters a program , some things are

reinitialized and some are not. Namel y, strings
2) Labels may never be passed as arid nori-pre loaded arrays will be reinit ial ized ,

arguments to Procedures. but simple variables will not. Preloaded arrays
wil l  not be re-preloaded.

3) Procedures may not have the type
“CONTEXT” . SYNONYMS

The Sail Synonym (“LET”) permits one to
4) Arrays and Context parameters must declare any identif ier to act as a reserved

a lways be passed by reference. w ord. The effect of the reserved word is not
change d; it may be used as well as the new
ident ifier. Synonyms follow the same scope
rules that identifiers used for variables , ar rays ,

ALLOCATION AND DEALLOCATION etc. do.
All simple variables (integer , real , string,
boo lean, rec ord pointer) are allocated at Since Sail permits one to declare almost any
compile t ime. Non-own simple variables that reserved word to be an identifier for
are local to a recurs ive procedure are an va riables , pr ocedures , etc. (see about
exception to this and are al located (on the restrictions on identifiers , page 129),
stack ) upon instantiation of the procedure; they synonyms are used to keep the effect of the
are deallocated when the instantiation is reserved word available. For example,
terminated. Simple variables which are
dec lared but not subsequently referenced are LET BEG • BEGIN,
not allocated at all. PROCEDURE BEGIN .

BEG
All outer—block and OWN arrays are allocated at
compile time. All other arrays are allocated
when the block of their definition is entered, END.
and deallocated when it is exited.

INITIALIZAT ION AND REINITIALIZAT ION IF OK THEN BEGIN1
Upon allocation, everything is initialized to 0 or
the NULL string (except preloaded arrays , w hich
are initialized to their the values of their CLEANUP DECLARATIONS
PRELOAD). Nothing is reinitialized unless the The CLEANUP declaration requires a list of
pr ogram is restarted by typing tC and REEnter. procedure names following the “CLEANUP”
This lack of reinitia l ization is noticeable when token. Each procedure specified must be
one enters a block for the second time , and tha t SIMPLE and have no formal parameters. The
block is not the body of a recursive procedure. specified procedures will be called at the exit
For example , of the block that the CLEANUP declaration

occurs in. They will be called in the order of
STRIN~ ~ROCEDURE READIN; their appearance on the list , and bef ore any of
BEGIN the variables of the block are deallocated.

INT EGER CHANNEL , BRTAB. NOTE: If the block is part of a process (see
IF BRTAB.O THEN BRTAB ~- INIT (CHANNEL)~ ao out pr ocesses , page 104) that is being
RETURN (INPUT (CHANNEL , BRTAB)) terminated then the cleanup procedures will be

END, cal led before the terminate is completed.

will return a string from an input operation with Cleanup procedures are normall y used in
every call. However , on the first call , it will do connection with processes to “cleanup ” a block
some initialization of the I/ O channel because by terminatin g the processes dependent on that

10
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block (it is an error to leave act ive a process LOADER may do strange t n rgs  w i t n  t i e s

that depends on an ex ited block), reques ted twice.

REQUIREMENTS Sail auto rnat ica ll , places a reque st for the
The user may, using the REQUIRE construct , library SYS:LIBSAn (<SAIL>LIBSAn on TENEX)
specify to the compiler condit :ons wh ich are (HLBSAn for /H compilations ) in each main
required to be true of the execution-time program , where n is the version num ber of the
environmen t of his programs. All requirements current Sail library of runtime routines.
are lega : at either dec laration or statement
level. The requirements fal l  into Inree The inclusion of REQUIRE “PREAMB.SAj ”
classif ications , described as fol l ows: SOURCE_FILE will cause the compiler to sa ie

the state of the current input t I e , then beg in

Group 1 - -  Space requirements - -  scanning from PREAMB. W hen PREAMB is
STRING_ SPACE, SYSTEM _PDL, etc. exhausted , Sail will resume scanning the cri g :ria i

f~Ie on the line directly following the REQLJ:PE.
The inclus ion of the specif ication “REQUIRE Commonly-used declarat ions , par t ic u lar l y
1030 STRING_SPACE” will ensu e that at least EXTERNAL declarations for l ibrar ies , are often
1030 words of storage w I 1  be available for put in a separate file wh ich is then REQU PEd.
storing Une text characters of )  St r ings when
the program IS run. Similar provisio ns are made Restrictions: A SOURCE_FILE request rrust be
for various push-down stac ks used b~ the fol lowed by a semicolon (onl y 0- c  per
executio n-t ime routines and the compiled code. REQUIREment), and must be the last text  on the
If a parameter is specif ied tw ice , or if line in which it appears. SOURCE _ FI LE
separate l y compiled proced ures are loaded (see switching must not be specified from v. t n n  a
page 12) then the sum of all such DEFINE body (see page 57). SOURCE _FIL Es
speci f icat i ons will be used. These parameters may be nested to a depth of about 10 levels.
could also be t yped to the loaded program just
before execut ion (see page 13?), but it is ofte n The SEGMENT_NAME, SEGMENT _FILE
more convenient to spec if y differ ences f rom specifications are currently app licable only to
the standard sizes in the source program. Use the SUAI “global model” users of Sail. They
these specifica tions only if messages from the allow specification of the name of a special
running program indicate that the standard nori-sharable “HISEG”, and the name of the fi le
allocat ions are not sufficient , used to create this HISEG. These speci f icat i ons

may, like the space REQUIREments , be

Group 2 -- Other files -- LOAD_MODULE, overridden by using the system REENTER
LIBRARY, SOURCE_FILE, etc. command (see page 137).

The inclusion of the speci fication REQUIRE Group 3 -- other - INITIALIZATION , VERSION
“PROCS 1” LOAD_MODULE, “HELIB[ 1,3]” LIBRARY;
would inf orm the Loader that the file Before the execution of a program , Sail runs
PROCS1.REL must be loaded and the library throug h an initialization routine. The user can
HELIB.REL[1,33 searched wheneve r the program spec if y things that he wa nts done at
containing the specification is loaded. The initialization time by declari ng an outer-block
parameter for both features should be a string Procedure without arguments , then saying
constant of one of the above forms. The file
extension .REL is the only value permitted , and REQUIRE procedure _name INITIA LIZAflON
is therefore assumed; the device , name , and ppn
may be specified. TENEX users should note Require-initializat ion procedures are run ju st
that the LOADER restricts LOAD_MODULE and before the first executable statement in the
LIBRARY file names to 6 characters in the main outer block of the program. They are run in
name and 3 characters in the extension. order of ascending phase number , and wit nm

ea ch phase in the order the compiler sa w the
LOAD_MODULES (.REL files to be loaded) may REQUIREs. There are currentl y three user
themselv es contain requests for other phases , numbered 0, 1, and 2. Phase 1 is the
LOAD_MODULES and LIBRARYs. LIBRARYs may default if no phase is specified. WAR N NG: yO u
only contain reques ts for other LISRARYs. The should not Require initialization of a procedure

which is declared inside another procedure.

11



ALGOL DECLARATIONS SAIL

REQUIRE r~ V ERSION In a non-zero intege r) w ill 3) The reserved word ENTRY, followed by
flag the resultant .REL file as version n. Whe n a semi-colon , mus t be the f irst item in
a program loaded fr om several such RELfi les is the program (preceding even the
star ted , the Sail al location code will veri fy that BEGIN for ts outer block) . No starting
all specified versi ons are equal. A non-fatal address will be issued for a prograrri
error message is generated if any d isagree. As c ontaining an Entry Speci f icat ion.
much as w il l  f i t  of the vers ion number is als o Since no start ing address is present
st ored in lh(.JBVER), where .JBVER is location for th is file , entry to code within it
‘137. may only be t o the procedures it

c ontai ns. The state rr,ents in the outer
For other requirements , check the index under block , if any, can never be executed.
the speci f ic condition being Required.

4) Should you desire your se parate d ly
COMMENT: You have probabl y noticed that a compiled procedures to be c ollected
great deal of prior knowledge is required f or into a user l ibrary, include a l~st of

• pr oper understanding of this section. For more the r identifiers between the ENTRY
informat ion about storage al locat Ion , see page and the semi-colon of the Ent ry
137 below. The form and use of •REL files and Specification of the program co nta inrg
libraries are described in [Top Hand ]. those procedure declarat ions , The

format of libraries is described in
[Top kand ]. The identifier (s) appearing
in the entry list may be any valid

2.5 Separately Compiled Procedures identif iers , but usually they will be the
names of the procedures contained in

When a program becomes extremely large it ~he f ile. No checking is done to c~ e if
bec omes Us9~Ul t o break it up into several files entry ident ifiers are ever really
w hich can be compiled separatel y. This can be declared in the body of the program.
done in Sail by preparing one file as a mail
pr ogram , and one or more other fi les as 5) Any variables (simp le or array) which
pr ograms each of w.hich contains one or more appear in the outer block of a
pr ocedures to be called by the main program. Sepa rately Comp iled Procedure
The main program must contain EXTERNAL program will be global to the
declarations f or each of the procedures procedu es in this program , but not
declared in the other files. (EXTERNAL available to the main program (unless
declarations have no procedure body.) The they are themselves connected to the
non-main program files must have the f ollowing main program by Internal/ External
charac te r i s t i cs :  declarations -- see below). Non-LEAP

arrays in these outer blocks will
1) All procedures to be called from the a lways be zero when the program s

main pr ogram (or procedures in other first loaded, but w ill never be cleared
fi les ) m ust be qualified with the as others are by restart ing your
INTE~ NA L attribute when they are program (see reinit ia l ization , page 10).
dec lared. External procedure
declarations with headings identical t o Any variable , procedure or label may contain
those of the actual declarations must the attr ibute INTERNAL or EXTERNAL in its
appear in all those programs which call declaration (ITEMS may not --  items are part of
these pr ocedures. leap, page 83). The INTERNAL attr ibute does

not af fect  the storage assi gnment of the ent i ty
2) These inte mna 1 pr ocedures must be it represents , nor does it have any e f fec t  on

un quely iden t i f i able by the f irst six the behavior of the enti ty (or the scope of its
characters  of their identifiers. In identi f ier) in the file wherein it appears.
general , any two internal procedu re However , its address and (the f rst six
names (Or any other Internal variables characters of) its name are made available to
in the same core image) with the same th~ loader for satisf ying External requests.
f i r s t  six character s will cause incorrect GOTO an exte rnal label is for wizards only.
linkages when the pr ograms a’re
loaded.

12 
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No space is ever allocated for an External may be used as a push-dovi n
aeclaration. Instead , a lis t of references to pointer for arithmetic values and
each External identifier is made by the return addresses. SP is the string
c ompiler. This list is passed to the loader along stack pointer. String results are
with the first six characters of the identifier returned on this stack. Arithmetic
name. (If there are no refere nces then Sail results are returned ri AC 1.
ignores the External declaration.) When a
matching Internal name is found during loading, 3) Those who wish to provide their
the loader places the associated address in own UUO handlers or to increase
each of the instructions mentioned on the list, their core size should read the code.
No program inefficiency at all results f rom
External/ Internal linkages (belay that -- There are rio other known processors which
references to Externa l arrays are sometimes will produce Sail—compat ible programs.
less efficient ) .

The entit y finally represented by an External
identifier is only accessible with in the scope of
the External dec laration ,

FORTRAN PROCEDURES
For a program written in either F40 or
FORTRAN- 1O to run in the Sail environment ,
the foll owing restrictions must be observed:

1) It must be a SUBROUTINE or
FUNCTION, not a main program.

2) It must not execute any FORTRAN
I/O calls. The UUO structures of the
two languages are not compatible.

3) It must be declared as a Fortran
Procedure (see page 20) in the Sail
program which calls it.

The type bits required in the argument
addresses for Fortran arguments are passed
correctly to these routines.

The Sail compiler will not produce a procedure
to be called from FORTRAN.

ASSEMBLY LANGUAGE PROCEDURES
The following rules should be observed:

1) The ENTRY, INTERNAL, and
EXTERNAL pseudo-ops should be
used to obtain linkages for
procedure names and “global”
identifiers; remember that Only six
characters are used for these
linkage names.

2) Accumula tors F (currently ‘12), P
(currently ‘17) and SP (‘16) should
be preserved over function calls. P

13
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SECTION 3 <while_st atement>
:: WHILE <boolean_eApre$SiOn> DO

ALGOL STATEMENTS <statement ’
:: NEEDNEXT <while_statement>

<do_statement >
3.1 Syntax ::— DO <statement> UNTIL

<boolean_expression>

<ass i g nme nt_statement >
<algebraic _variab le> .- <case _statement>

<algebraic _express ion> ::— <case _sta tement _head>
<statement _ lis t>
<case _statemen t_tail>

<swap_ statement > ::— <case _statement _head>

<variable> ~ <variable> <numbered_state _list>

<variable’ SWA P <variable> <case _statement _tail>

<conditional_st atement > <case _statement _head>
::~ <if _st atemen t > ::— CASE <algebraic _expression> OF BEGIN
::~ <if _statement > ELSE <statement> ::— CASE <algebraic_expression> OF BEGIN

<block_name>

<if _stateme nt>
::— IF <boolean_expression> THEN <case _statement _tail>

<statement> ‘ :: END
::— END <block_name >

<go_to_st atement>
::~ GO TO <label_identifier>
::— GOTO <label_identifier> <statement _list>
::~ GO <label_identifier> ::— <statement >

::~ <statement _ list> ; <statement>
<label_ident ifier>

::~ <identifier>
<numbered_state _list>

<for _state m ent> ::— [ <integer _cOnstant> 3 <statement>
FOR <algebraic _variable> <for _list> ::— [ <integer _constant>

DO <stateme nt> <numbered _state _list>
NEEDNEXT <for _statement > ::— <numbered_state _list>

<integer _constant> ) <statement>

<for _list>
:: <for _list _element> <return_statement>
:: <for _list’ , <for _list _eleme nt> ::~ RETURN

::— RETURN ( <expression> )

<for _ list _clemen t>
<al gebra ic _expres sion> <done_Stateme nt>

:: <algebraic _express ion> STEP :: DONE
<al gebraic _expression> UNTIL ::— DONE <block_name>
<algebraic _expression>

::— <algebraic_expression> STEP
<algebraic _expreSsiOn> WHILE <next _statement >
<boolean_expressiOfl> ::— NEXT

:: NEXT <block_name>

14



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _

SAIL ALGOL STATEMENTS

<continue _statement> c) The value of the ex pressio n
::— CONTINUE assigned to the left part var iao le ,
:: CONTINUE <block_name> with subscript expressions , if any,

having values as determined in step
a.

<procedure _statement>
<procedure_call> This ordering of operations may usuall y Ce

disregarded. 1’1owever it becomes ir .por lant
when express i on assi gnments (page 25) or

<procedure _call> functi on calls with reference parameter s apcea ’
:; <procedure _ identif ier> anywhere in the statement. For exar ple , in tne
::= <procedure _identifier> ( statements:

<actual _parame ter _ list>

A[K )4-3+(K4- 1);
<actual _parameter _list>

::~ <actual _parameter> A[3] will receive the va lue 4 using the above
::~ <actual _par ameter _ list> , algorithm. A[13 will not change.

<actual _parameter>
Any algebraic expression (REAL , t~TEG~ R
(BOOLEAN), or STRING) may be assigned to any

<actual _parameter> variable of algebraic type. The resultant t ,pe
::~ <expressi on> will be that of the left part variable. ne

<array_ identifier> convers ion rules for assignments involving
<proc edure _identifier> mixed types are identical to the conversion

rules for combining mixed types in al gebraic
expr essions (see page 23).

<safety_ st atement>
::~ NOW_SAFE <id_list> SWAP ASSIGNMENT
::— NOW_UNSAFE <id_list> The is operator causes the value of the variable

on the left hand side to be exchanged with the
val ue of the variable on the right hanci side.
Arithmetic (REALisINTEGER) type conversions

3.2 Semantics are made , if necessary; any other t ype
conversions are invalid. Note that the

ASSIGNMENT STATEMENTS operator may riot be used in assig nment
The assignment statement causes the value expressions.
represented by an expression to be assigned to
the variable appearing to the left of the CONDITIONAL STATEMENTS
assignment symbol . You will see later (page These statements provide a means whereby the
25) that one value may be assigned to tw o or execution of a statement , or a series of
more variables through the use of two or more statements , is dependent on the log ical value
assignment symbols. The operation of the produced by a Boolean expression.
assignment statement proceeds in the following
order: A Booleari expression is an algebraic ex pres sion

whose use implies that it is to be tested as a
a) The subscript expressions of the logical (truth) value. If the value of the

left part variable (if any - Sail expression is 0 or NULL then the expression is
defines “variable ” to include both a FALSE boolean express ion , othe rwise it is
array elements and simp le variables ) TRUE. See about type conversion , page 23.
are evaluated from left to right (see
Expression Evaluation Rules, page IF STATEMENT - The statement following the
25). operator THEN (the “THEN part ’) is executed if

the logical value of the Boolean expression is
b) The expression is evaluated. TRUE; otherwise , that statement is ignored.
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IF ... ELSE STATEMENT - If the Boolean BEGIN “BI”
ex pression is true , the “THEN part ” iS executed INTEGER I, J. LABEL Ll~
and the statement following the operator ELSE
(the “ELSE part ”) is ignored. If the Boolean IF BE3 THEN BEGIN “CI”
expression is FALSE , the “ELSE part ” is
executed and the “THEN part ” is ignored. LI.

AMBIGUITY IN CONDITIONAL STATEMENTS END CI”
The syntax given here f or conditional
statements does not fully exp lain the GO TO LI
c orrespondences between THEN-ELSE pairs END “BI ’
when c onditional statements are nested. An
ELSE wil l  be uncerstood to match the is legal.
immed ately prec~oing unmatched THEN.
Examp le: 3) Rule 2 can be violated if the inner

block(s) have no array declarations. E.g.:
COMMENT DECIDE WHETHER TO GO TO WO RK~ Legal Iiiegal
IF -WEEKEND THEN

IF GIANTS _ON_TV THEN BEGIN BEGIN “BI” BEGIN “81 ”
PHONE_EXCUSE ( GRANDMOTHER DIED ) INT EGER I, J INT EGER I J.
ENJOY (GAME)~ LABEL LI, LABEL U.
SUFF ER (CONSCIENCE_PA NGS)

END BEGIN “82” BEGIN ‘ B2”
ELSE IF REALLY _SICK THEN BEGIN REAL X REAL ARRAY X [I iOJ ,

PHONE_EXCUSE (‘REALLY SICK”)~ENJOY (0); II L I . .
SUFFER (AGONY>

END END 82 ,  END “B2”;
ELSE G0 TO WORK~ GO T O L I~ GO 1O L I~END 8)” END 8) ”

GO TO STATEMENTS
Each of the three fo rm s of the Go To statement 4) No Go To statement may specif y a
(GO, GOTO, GO TO) means the same thing -- an transfe r into a FOREACH statement
uncondit ional transfer is to be made to the (FOREACH statements are part of LEAP --
“target ” statement labeled by the label page 83), or into complicated For loops
identifier. The following rules pertain to labels: (those with For Lists or which contain a

NEXT statement ).
1) All label identifiers used ri a program

must be declared. Label s will seldom be needed for debugging
purposes. The block name feature (see page

2) The declamation of a label must be local 140) and the listing feature which associates
t o the block immediately surrounding the with each source line the octal address of its
statement it identifies (see exce ption corresponding object code (see page 134)
below). Note that compound statements should provide enough information to find
(BEGIN-END pairs conta ining no things easily.
declarations ) are not blocks. Therefore
the block Many program loops coded with labels can be

alternatively expresse d as For or While loops,
augmented by DONE, NEXT, and CONTINUE
statements. This often resul ts  in a source
pr ogram whose organization is somewhat more
transparent , and an object program which is
more efficient.
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FOR STATEMENTS value used for the step element w il l  remain
For , Do and While statements provide methods constant throughout the execution of the For
f or forming loops in a program. They allow the Statement. If AE5 is an expression then it wil l
repetitive execution of a statement zero or be evaluated before each iteration , so wa tch
more times. These statements will be described this possible source of inefficiency.
by means of Sail programs which are
functionall y equivalent but which demonstrate Now consider the For Statement:
better the actual order of processing. Refer to
these equati ons for any questions you might FOR VBL.-AE1 STEP CONST UNTIL AE2 DO S.
have about what ge ts evaluated when, and how
many times each part is evaluated , where const is a positive constant . The

compiler will simplif y this case to:
Let V BL be any al gebra ic variable , AE 1,
A ES any algebraic expressions , BE a Boolean VBL.-AE I
expression, TEMP a temporary location, S a LOOP3 IF VBL S AE2 THEN BEGIN
statement. Then the following Sail statements Si
are equiva lent. VBL~-VBL.CONST~GO TO LOOP3
Using For Statements: END~

FOR VBL AE I , AE2 , AE3 STEP If CONST is negative then the line at LOOP3
AE4 UNTIL AES, AE6 STEP AE7 WHILE would be:
BE, AE8 DO S~ LOOP3 IF VBL ~ AE2 THEN BEGIN

Equivalent formulation without For Statements:
The value of VBL when execution of the loop is

VBL ’-AE I terminated , w hether it be by exhaustion of the
s. For list or by execution of a DONE, NEXT or GO
VBL.-AE2~ TO statement (see page 18, page 19, page
s, 16), is the value last assigned to it using the

algorithm above. This value is therefore always
VBL~-AE3~ Comm.,it STEP-UNTIL loop; well-defined.

LOOP I. IF (VBL-AES) * SIGN(AE4) SO THEN
BEGIN The statement S may contain assi gnment

s statements or procedure calls which change the
VBL,.VBL.AE4~ value of VBL. Such a statement behaves the
GO TO LOOP i same way it would if inserted at the

END; corresponding point in the equivalent loop
described above.

VBL —AE6~ Comment STEP-WHILE loop
LOOP2: IF BE THEN BEGIN WHILE STATEMENT

S The statement:
VBLs.VBL eAt 7,
GO TO LOOP2 WHILE BE 00 S

END
is equivalent to the statements:

VBL.-AE8,
LOOP IF BE THEN BEGIN

S~
If AE4 (AE7) is an unsubscripted var iable then GO TO LOOP
changing its value with in the loop will cause the END;
new value to be used for the next iteration. If
AE4 (AE7) is a constant or an expression
requiring evaluation of some operator then the

17
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DO STATEMENT CASE AE OF BEGIN (~
] [I] SAl , (2] (3] S23 END,

The statement: CASE AE OF BEGIN (I) SAl ; (2) 523,
(3] S23. (4] S4 1 END;

DO S UNTIL BE.

is equivalent t o the sequence: Block names (i.e. any string constant ) may be
used after the BEGIN and END of a Case

LOOP. S. stateme nt with the same effect as block names
IF .BE THEN GO TO LOOP; on blocks or compound statements. (See about

block names on page 1).
CASE STATEMENTS
The statement: RETURN STATEMENT

This statement is invalid if it appears outside a
CASE AE OF BEGIN SO, SI; 52 ... s~ END procedure declaration. It provides for an early

re turn from a Procedure execution to the
is functi onall y equivalent to the statements : statement calling the Procedure. If no return

statement is executed then the Procedure will
T EMP.-AE, return after the last statement representing
IF TEMP<O THEN ERROR the pr ocedure body is executed (see page 7).

ELSE IF T EMP • 0 THEN SO
ELSE IF TEMP • 3 THEN SI An untyped Procedure (see page 19) may not
ELSE IF TEMP - 2 ThEN S2 return a value. The return statement for this

kind of Procedure consists merel y of the word
ELSE IF TEMP . n THEN s~ RETURN. If an argument is given then it wil l
ELSE ERROR. cause the compiler to issue an error message.

For app lications of this t ype t he CASE A typed Procedure (see page 28) must return
statement form will give si gnificantl y more a value as it exec utes a return statement. If no
eff icient code than the equivalent lf s tatements. argument is present an error message will be
Notice that dummy stateme nts may be inserted given. If the Procedure has an algebraic type
f or those cases which will not occur or for then any a lgeoraic expression may be returned
w hich no entries are necessary. For example , as its value; type conversion will be performed

in a manner described on page 23.
CASE AE OF BEGIN SO, S3; ; ;  S6 END

If no RETURN statement is executed in a typed
provides for no actions when AE is 1, 2, 4, ~~, Or Procedure then the value returned is undefined.
7. When AE is 0, 3, or 6 the corresponding
statement will be executed . However , slightly DONE STATEMENT
more efficient code may be generated with a The statement containing only the word DONE
sec ond type of Case state ment that numbers may be used to terminate the execution of a
each of its stateme nt with [n) where n is an FOR, WHILE, or DO (also FOREACH - see page
integer constant. The above example using this’ 92) loop explicitly. Its operation can m ost
type of Case statement is then: eas il y be seen by means of an example. The

sta tement
CASE AE OF BEGIN (3] S3, (0) SO; (6] S6 END;

FOR k-I ST EP I UNTIL n DO BEGIN
All the statements must be numbered, and the S;
numbers must all be non-negative integer
constant expressions , al though they may be in IF BE THEN DONE,
any order.

END
Multiple case numbers may precede each
statement; the statement is executed for any is equivalent to the statement
one of the numbers specified. The following
two CASE statements are equivalent:
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Unless a block name follows NEXT, the
FOR k-I STEP I UNTIL n DO BEGIN innermost loop containing the NEXT staten ’ e rit is

s. used as the “Loop Block ’ (see page 1~~). The
- termina ting condition for the loop block is
IF BE THEN GO TO EXIT ; checked. If the condition is met then a lt inner

loops are ter m inated (in DONE fashion ) as well .
END, If continuation is indicated then no inner-loop

EXIT FOR-variable or WHILE-condition will have been
affected by the NEXT code.

In either case the value of I is we ll-defined
after the statement has been executed (see The reserved word NEEDNEXT must precede
page 17). FOR or WHILE in the “Loop Block’ , and must not

appear between this block and the NEXT
The DONE statement will only cause an esca pe statement. Example:
fr om the innermost loop in which it appears ,
unless a block name f ollows “DONE”. The block NEEDNEXT WHILE .EOF DO BEGIN
name must be the name of a block or compound S4-I NPUT(I ,l);
statement (a “Loop Block ”) which is the object NEXT;
statement of some FOR P WHILE, or DO statement Comment check EOF and t.rminat. if TRUE;
in w hich the current one is nested. The effect T.-lNPLJT(I ,3)~is to terminate all loops out to (and including) PROCESS.jN PUT(S,T)~
the Loop Block , continuing with the statement END;
following this outermost loop. For exam ple:

CONTINUE STATEMENT
WHIL E TRUE DO BEGIN “81” The Continue statement is valid in only those

contexts valid for the DONE statement (see
IF OK THEN DO BEGIN “82” page 18); the “Loop Block ” is determ ined in the

same way (i.e., implicitly or by specifying a
FOR k-I STEP I UNTIL K DO block name). All loops out to the Loop Block

IF A(I).FLAGWOR D THEN DONE “B 1”; are terminated as if DONE had been requested.
- Control is transferred to a point inside the loop
END “82’ UNTIL COWS_COME_HOME, con ta in ing the Loop Block , but after all

- - 
statements in the loop. Example:

END “B) ’.
FOR k-I STEP I UNTIL N DO BEGIN

Here the block named “BI” is the loop block ”.
CONTINUE;

NEXT STATEMENT
A Next statement is’ valid only in a For END
Statement or a While Statement (or Foreach -

see page 92). Processing of the loop is semanticall y equivalent to:
statement is temporarily suspended. When the
NEXT statement appears in a For loop, the next FOR k-I STEP I UNTIL N DO BEGIN
value is obtained from the For List and LABEL CONT ,
assi gned to the controlled variable. The
termination test is then made. If the GO TO CONT;
termination condition is satisfied then control is
passed to the statement following the For CON’T :
Statement. If not , control is returned to the END
inner statement following the NEXT stateme nt.
In While and Do loops, the termination condition PROCEDURE STATEMENTS
is tested. If it is satisfied , execution of the loop A Procedure statement is used to invoke the
terminates. Otherwise it resumes at the execu tion of a Procedure (see page 7). Af ter
sta tement within the loop following the NEXT eicecution of the Procedure, c ontrol returns to
state ment. the statement immediatel y fo llowing the
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Proced..j re statement. Sail does ailOw you t o The type of each actual parameter passed by
use typed Procedures as pr ocedure statements . refer ence must match that of its corresponding
The value returned from the Procedure is formal parameter , modulo Sail t ype conversion.
sinipl y discarded. The excepti on is reference string f ormals , which

must have string variables (Or string array
The actual pa rameters supplied to a Procedure elements ) passed to them. If an algebraic type
must match t . ’~e f o r r . a I  parameters descr ibed in mismatch occurs the comp iler will create a
the procedu re dec larat i on, mOduIO Sail type temporary variable containing the converted
conversion. Thus one may supply an integer value and pass the address of this temporary
express ion to a real formal , and type as the parameter , and a warning message wil l
conversior will be performed as on page 23. be printed. An exception is made for Fortran

calls (see page 20).
1 an actual parameter is passed by VALU E then

onl y the va~ue of the expression is given to the PROCEDURES AS ACTUAL PARAMETERS
Procedure. This value may be changed or If an actual paramete r to a Procedure PC is the
exami ned by the Procedure , but this wi ll in no name of a Procedure PR with no arguments
way af fec t  any of the va riables used t~ then  one o f t hree t hings m ight happen:
eva luate the actual parameters. Any al gebrai c
expression may be passed by value. Neither 1) If the corresponding f ormal
Arrays nor Procedures may be passed by value paramete r requires a value of a
(use ARRBLT , page 51, to copy arrays) . See type matching that of PR (in the
the default decla rati ons for parameters in page loose sense given above in page
9. 20), the Procedure is evaluated

and its value is sent to the
If an actual parameter is passed by REFERENCE Procedure PC.
then its address is passed to the Procedure .
All accesses to the value of the parameter 2) If the formal parameter of PC
made by the Procedure are made indirectly requires a reference Procedure of
thr ough this address. Theref ore any change identical type , the address of PR is L

the Procedure makes in a reference parameter passed to PC as the actual
will change t he value of the va riable which was parameter.
used as an ac t ual parameter. This is somet imes
useful. However , if it is not intended , use of 3) If the formal parameter requires ~
this fea ture can also be somewhat confusing as reference va riable , the Procedure is
well as modera tely inefficient. Reference evaluated , its result stored , and its
parameters should be used only where needed. address passed (as with expressions

in the previous paragraph) as the
Variables , constants , Procedures , Arrays , and parameter.
most expressi ons may be passed by reference.
No String expressions (or String constants ) may If a Procedure name followed by actua l
be reference parame ters. parameters appears as an actual pararre t e r  it is

evalua ted (see functions , page 28). Then if
If an expression is passed by reference then the corresponding formal parameter requires a
its value is f irst placed in a tempo rary location; value , the result of this evaluation is passed as
a constant passed by reference is stored ;n a the actual parameter , If the f ormal parameter - -

unique location. The address of t h s  location is requires a reference to a value , it is called as a
passed to the Procedure. Therefore , any reference expressi on.
values changed by the Procedure via reference - 

- 
-

parameters of this form wil l be inaccess ible to FORTRAN PR0CEOURE~
the user af ter  the Procedure ca ll. If the called If the Procedure being called is a Fortran
pr ogram is an assembly language routine which Procedure , all actual parameters must be of
saves the parameter address , it is eangerous t o t j pe INTEGER (BOOLEAN) or REAL. All such - -

pass expressions t o it , since this address will parameters are passed by refe rence , Since
be used by the compiler for other tem porary Fortra n . w ; l i onl y accept t hat kin~ of call. For
purp oses. A warning message will be printed convenience , any constant or expression used
when expressi ons are ca l led by reference. as an actual parameter to a Fortran Procedure
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is stored in a temp orary cell whose address is
given as the reference actual parameter.

It was explained in page 7 that formal
parameters need not be described for Fortran
Procedures. This allows a program to call a
Fortran Procedure with varying numbers of
arguments. No type conve rsion will be
perf ormed for such parameters , of course. If
t ype conversion is desired, the formal
parameter declarati ons should be included in
the Fortran procedure declaration; Sail will use
them if they are present.

To pass an Array to Fortran , mention the
address of its f irst element (e.g. A[O), or
B[1, 1]).

NOW _SAFE and NOW_UNSAFE
The NOW_SAFE and NOW_UNSAFE state ments
both take a list of Array names (names only -

no indices) f ollowing them. From a NOW _SAFE
until the end of the program or the next
NOW_UNSAFE, the specified arrays wil l nQt
have bounds check ing code emitted for them. If
an array has had a NOW_SAFE done on it , or
has been declared SAFE, NOW_UNSAFE will
cause bounds checking code to be emitted until
the array is made safe again (if ever). Note
that NOW_SAFE and NOW_UNSAFE are compile
time stat ements. “IF BE THEN NOW_SAFE ...“
will not work.
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SECTION 4 <negated _express i on>
-‘ <relational _expressiOn>

ALGOL EXPRESS IONS ::- NOT <relational _expr ession>
::— <relationa l _expressi on>

<relati onal _expressi on>
4.1 Syntax ::~ <algebraic _rela tional>

::— <leap_ relational>

<express ; on>
::= <s;ri~ple _express ion> <algebraic _relat ional>
::= <conditiona l _express i on> ::— <bounded_expression>

::= <assi gnment _expressi on> ::— <relational_expressi on>
<case _expression > <rela t ional _Operator>

<bounded_expression>

<conditiona l _expression>
::= IF <boolean _expression> THEN <re latio nal_operator>

<expressi on> ELSE <expression> ::
::— >

<assignment _expression> ::

::~ <variable> ~- <expression> ::— ~
::~ ~

<case _expression> ::~
::~ CA SE <algebraic _express ion> OF ( :: LEQ

<expressi on_list> ) ::— GEQ
::—

<expressi on_ l i s t>
::— <expressi on> <b oun ded _expres s i on>

::~ <expressi on_ l ist > , <expression > ::= <adding_ex pressi on>
::— <bounded_expression> MAX

<adding_ expression>
<simp le_expressi on> ::— <bounded_expression> MIN

<al gebraic _express ion> <adding_express ion>
<leap_expressi on>

<adding_ expressi on>
<boolean _expression> ::— <term>

::~ <expressi on> ::— <adding_ expression> <add_operator>
<term>

<algebraic _expression>
<disjunc tive _expressio n> <adding_operator>

::= <algebraic _expressi on> V ::~ +

<cLsjunctive _express iOn> ::— -

<algebraic _expressio n> OR ::— LAND
<disjunc tive _expressio n> ::— LOR

EQV
::— XOR

<disjunctive _expression>
::= <negated _express ;On>

<disjunctive _express i on> A <term>
<negat ed_expression> :: <factor>

::~ <disjunctiv e_express ion> AND ::— <term> <mult _operator> <factor>
<negated _expression>
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4.2 Type Conversion
<mult _ope r ator>

: :— * Sail automaticall y converts between tne data
::— / types Integer , Real , String and Boolean. Tr.e
::— following table illustrates by description. and
::~ LSH example these conversions. The data type
:.~~ ASH boolean is identical to integer under the
::~ ROT mapping TRUE#O and FALSE~O.

MOD
:: DIV F ITO

r
o INTECER REAL STRING

<factor > I Left ju s t i f y I f1a~e a str u n g
::— <primary> N and raise to I of 1 character
::~ <primary> 1’ <pr imary > T appro pr a t e  I w i t h  th~ low

E power. I 7 b i t s  for i t s
C 1346.1.34553 I A SC II code.

<primary> ‘ E I I —678.—6.78e2 I 48 • “0”
::— <algebraic _variable> R_ I ,

- <primary> I I I
:: LNOT <primary> R I Tare great est I I Cor,~ s r t  to
::= ABS <primary> E I integer. I I teger , th~~ru to
::— <string_expression> [ <substring_spec> I 1.34552 • 134 I I s tr ing.

) L I —6 .71~l • —68 I I 4 .8c1 .. a ’
0) I 2. 35—2 • a I I 4.8995.1 • “0”

;: INF ._l I
::— <constant> I Thu R SC II code l Convert to ‘fl — I
::— <function_designator> $ I for the f ir i t I tegar then I
::— LOCATION ( < b c _specifier> ) I I character of I to rea l .
::— ( <al gebraic _expressiOn> ) R I string. I

I f “OSUM ” .. 48 I “OSUM”. 4.8€1 I
N I NULL • 0 I NULl. 4 0 I

<string_expression> C_ I I
:: <algebraic _expression>

NOTES: The NULL string is conve rted to 0, but 0
is converted to the one character string wi th

<substring_ spec> the ASCII code of 0. If an integer requires more
::— <al gebraic _expression> TO than 27 bits of precision (2127 = 134217728)

<algebraic _express ion> then some low order significance will be lost in
:: <algebraic _expression> FOR the conversion to real; otherwise , conversion to

<algebraic_expression> real and then back to integer will result in the
same integer value. If a real number has
magnitude greater than 2135 - 218

unction_designator> (—3435973g112) then conversion to integer wil l
::— <procedure _call> produce an invalid result. UUOFIX does no

error checking for this case; KIFIX and FIXR will
set Overflow and Tra p 1.

< b c _spec ifier>
::— <variable’ The default instruction comp iled f or a real to
::— <array_ identifier> integer cor ive-s ion is a UUO W hich com putes
::— <procedure _identifier> FLOOR (x), the greatest integer function. Ths
:: <label _identifier> can be changed with the /A switch (page 134)

to one of several other instructions. For real
t o integer conversion the choices are

<algebraic _variable> UUOFIX(opcode 003), KIFIX(122) and FIXR(126);
::— <variable>
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the e f fec t  of each is shown in tne following Beware: automatic type conversion can be a
table. curse as wel l as a blessing. Study the

conversion rules carefull y; note that Sail has
real uuorix K IFI X FIXR three division operators , %, Dlv, and /.

1.4 1 1 1
1.5 1 1 2 OP ERATION AR G I ARG2 ARGI’ ARG2’ RESULT
1.6 1 1 2

— 1 . 4  —2 1 ~.1 * - NT NT NT tNT INTX
—1 . 5  — 2 — 1 — 1 4 t ~ REAL INI REAL REAL kt A~.
— 1 .6 -2 —1 —2 MAX MIN NT REAL REAL REAL REAL

REAL REAL REA L REAL REAL
UUOFIX is the default. In mathematical terms ,
UUOFlX (x)=FLOQR (x )~ [x) where [xJ is the LAND LOP INT NT NT NT NT
tradi t ional  notation for the greatest integer less EQV XOR REAL NT REAL IN1 REAL
than or equal to x. This UUO requires execution NT REAL tNT REAL INT
of 1.5.125 instructions (32 memory references ) REAL REAL RF.AL REAL REAL
on the average. Many FORTRANs use the
funct ion imp lemented by KIFIX; LSH ROT NT NT INT INT INT
SIFIX (x)~ SlGN (x)*FLOOR (ABS (x)). Many ASH REAL NT REAL INT REAL
ALGOLs use FIXR; FIXR (x)~ FL0OR (x+0 .5) . Note NT REAL INT INT NT
that FIXR (-1.5) is not equal to —FIXR (1.5). REAL REAL REAL INT REAL

For integer to real conversion the choices are / lt~iT INT REAL REAL REAL
UUOFLOAT(002) and FLTR(127). FLTR rounds REAL INT REAL REAL REAL
while UUOFLOAT (the default) truncates. It only NT ~iAL REAL REAL REAL
makes a dif ference when the magnitude of the REAL REAL REAL REAL REAL
integer being converted is greater than
134217728. In such cases it is a lways true that MOO DIV tNT INT INT INT INT
UUOFLOAT (i)�i and FLTR (i)�i. UUOFLOAT REAL NT NT NT NT
merely truncates after normalization , whi le  NT REAL INT tNT INT
FLIR adds +0.5 lsb and then truncates. Most PEAL REAL INT INT INT
users will never see the difference. UUOFLOAT
takes 18.625 instructions (32 memory * For the Operator ‘F, ARG2’ and RESULT are
references ) on the average. REAL unless ARG2 is a positive integer

constant.
[For integer to real conversion involving a
SHORT quantity, FSC ac,233 is used. At SUAI
real to integer conversion involving a SHORT
quantity uses KAFIX ac ,233000; as this manual 4.3 Semantics
went to press KAFIX was simul at ed by t he
system and was very expensive.) CONDIT1ONAL EXPRESSIONS

A conditional expression returns one of two
The binary arithmetic , iog ical , and String possible values depending on the log ical truth
operations which follow will accept value of the Boolean expression. If the BooIe~
c omb inations of arguments of any algebraic expression (BE) is true , t he value of t he
types. The type of the result of such an conditional expression is the value of the
operation is sometimes dependent on the type expression following the delimiter THEN. If BE
of its arguments and somet imes f iAed . An is false , the other value is used. If both
argumen t may be converted to a dif ferent expressions are of an algebraic type , the
al gebraic type before the operation is precise type of the entire conditiona~
performed. The following table describes t he expression is that of the “THEN part” . In
resu lts of the arithmetic and logical operations particular , the “ELSE part” will be converted to
given vari ous combi nat ions of Real and Integer the type of the “THEN part ” bef ore oeing
inputs. ARGI and Ar’02 represent the types of returned as the value of the cond;t ,onal
the actual arguments. ARG I’ and AR G 2’ expressi on. Reread and understand the last
represent the types of the arguments aft ’~r any sentence.
necessary conversions have been made.
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Unlike the nested If statement problem , there OUT CITY , CASE ERRNO OF C”BAD DIRECTORY ” ,
can be no ambigui t y for conditional expressions , “IMPROPER DATA MODE”,
since there is an ELSE part in every such “UNKNOWN I/O ERROR” ,
expression. E~camp Ie:

“COMPUTER IN 8AD MOOD”))
FOURTHOOWN (YARDST000,YARDLINE,

IF YARDLINE < 70 THEN PUNT ELSE SIMPLE EXPRESSIONS
IF YARD LINE < 90 THEN FIELDGOAL ELSE Simple expressions are simple only in that the/
RUNFORIT) are not conditional , case , o r assi gnment

expressions. There are in fact sorr e e~ c tin g
ASSIGNMENT EXPESSIONS complexities to be discussed with respect to
The somewhat weird syntav for an assignment sir ple expressions.
expression (it is equivalent to that for art
assignment statement ) is nonetheless accurate : PRECEDENCE OF ALGEBRAIC OPERATORS
the two functi on denticall y as far as the new The binary operators in Sail ge neraliy fo ow
value of the left part variable is c oncerned. “normal ” prec edence rules. That
The dif ference is that the value of this left part eApone ritiations are per tor v ed beto re
variable is als o reta:ied as the value of the multipl ications or divisions , which in t a rn  are
entire expressi on. Assum ing that the performed before additions and subtr acto ni , ,
assi gnment itself is legal (following the rules etc. The bounding operators M~ X and V ~, a~e
given in page 15 above), the type of the performed after these operatio ns. Tt~.e log ,ca .
expression is that of the left part  variable. connectives A and v, when they Occur , a e
This variable may now participate in any performed last (A before v). The Order of
surrounding expressions as if it had been given operation can be changed by including
its new value in a separa te statement on the parentheses at appropriate points.
previous line. Only the ~- operator is valid in
ass i g,riment expressions. The ‘~ operat or is In an expression where several operator s of
valid only at statement level. Example: the same precedenc e occur at the same level ,

the operations are performed from left to right.
IF (K..K.l) <30 THEN I(.-O ELSE K..K.I, See page 26 for special evaluation rules fo r

logical connectives.
CASE EXPRESSIONS
The expressi on TABLE OF PRECEDENCE

CASE AE OF CEO, El , E2 En) t

* / Z & MOD DIV LSH ROT ASH
is equivalent to: .- a u LAND LOP

MAX MIN
IF AE.O THEN EO ~ LEQ GEQ NEQELSE IF AE”l THEN El A AND

ELSE IF A E.2 THEN E2 v OP

ELSE IF AE.n THEN En EXPRESSION EVALUATION RULES
ELSE ERROR Sa il does not evaluate expressions in a s t r i c t l y

lef t—t o-right fashion. If we are not constrained
The type of the entire expression is therefore to a left-to-right evaluation , (as is ALGOL 60),
that of EO. If ~ny of the expressions El ... En we can in some cases produce considerably
cannot be fit into this mold art error message is bette r code than a str ict left- to-r ight scheme
issued by the comp iler. Case expressions differ could achieve. Intuitively, the essential features
from Case statements in that one may not use (and pitfalls ) of this evaluation rule can be
the [n) construct to number the expressions. illustrated by a simple example :
Example:

b . .26~

The second statement is executed as fol lows:
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div de b by 2 and assign this val ue (1.3) t~ b. S’.” (NOT)
Aua this value to o and at~sign the sum t o c. The unary Boolean operator - applied to an
T h us c gets 2.6. If the expressions were argument BE (a relational expression , see
eva l uated in a st r~ct iy left- to-right manner , c Sy nt ax )  has the value TRUE if BE is false , and
would get 2.6 + 1.3. FAL SE if BE is true. Notice that -A is not the

bitw ise comp lement of A, if A is an algebra c
The evaluati on scheme can be staled qu te • i a iu e.  lf used as an algebraic value, —A is
s i r r py :  code is gene - ated for the operation s imply 0 if AsO and some non-zero Integer
represented by a B~ F productior. when the otherwise. The reserved word NOT is
reQij ction of that BNF production taices place. equivalent to
That is , b + (b .- b/2) isn’t reduced until afte r

b/ 2) is reduced, so the smailer ex pressi on “(>~~~:~~“ (RELATIONS)
uCt S done firs t. If any of the binary relational operators is

encountered , code is produced to convert any
“v” (OR) String arguments to Integer numbers. Then
f an al gebraic expression has as its major t ype conversion is done as it is for the +

connecti e the log ica l connective “v”, the operati ons (see page 23). The values thus
expression has the log ical value TRUE obtained are compared for the indicated
(a r .lf lmet c value some non-zero intege r) if condition. A Boolean value TRUE or FALSE is
e the r  of its con~uncts (t n e express ions returned as the value of the expression. Of
surr ounding the “v”) is true; FALSE otherwise. course , if this express ion is used in subsequent
T u e  reserved w ord OR is equivalent to the arithmetic operations , a conversion to integer is
s~ mo ol “v ’ . AvB does NOT pr oduce the b~t- perf ormed to obtain an integer value. The
wise Or of A and B if they are algebraic reserved words LEQ, GEQ, NEQ are equivalent
expressions. Truth va lues combined by numeric to “s”, “a”, “,“ respec tively.
operators will in general be meaning less (use
the operators LOR and LAND for bit operations). The syntax El RELOPI E2 RELOP2 E3 where El ,

E2, and E3 are expressions and RELOP1 ,
The user should be warned that in art RELOP2 are relational operators , is specially
expressi on containing logical conne tives , only interpreted as (El RELOP1 (T~ E2)) A (T RELOP2
enough of the expression is evaluat fr om left E3). The compiler can sometimes produce
to right) to uniquely determine its truth value , better code when the special syntax is used.
Thus n the expression Thus a bounds check may be writ ten IF L<l<U

THEN RELOPI and RELOP2 may be any
(1<3 v (~‘-K.I) > 0), rela tional operators , and need not be in

transi tive order. The following are equivalent:
K will not be incremen ted if J is less than 3
s nce the entire expressi on is already known to IF A c x >  B THEN ... and
be true. Conversely in the expression IF X >  (A MAX B) THEN

IX ~O A SQRT (X)>2)

there is never any danger of attempting to MAX MIN
ex t rac t  the square root of a negative X , sinc e A MAX B (where A and B are appropriate
tr.e failure of the f irst test test i f ies to the expressions —- see the Syntax) has the value of
fa ls i ty of the entire expression -- the SQRT the larger of A and B (in the al gebraic sense).
routine is not even called in this case. Type conversions are performed as if the

operator were ‘i”. ‘0 MAX X MIN 10’ is X if
“A ” (AND) 0~X~ 1O, 0 if X<0, 10 if X>lO.
f a disj .nctive expressi on has as its ma j or

connective the logical connective “A” , the “•- “ (ADDITION AND SUBTRACTION)
expressi on has the logical value TRUE if both of The + a’~d - ope rators will do integer addit on
its d isj uncts are TRUE; FALSE othe rwise. Again , (su bt rac l i on) if both arguments are integers (or
if the first disjunct is FALSE a logical value of co nverted to integers from strings); otherwise ,
FAL SE is obtained for the entire expression rounded Real addition or subtraction , after
wi th out further eva i .~at i on. The reserved word necessary conversions , is done.
A ND is equivalent to “A ” .
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LAND LOR XOR EQV LNOT characters of the second string cor ’cat er -.~ ted to
LA~- .D, LOR, XOR , and EQV carry out bit-wise the end of all the cha racters of the f i r s t .  Tr U e
And, Or , Exclusive Or , and Equivalence operands will first be converted to s t r i r ~~s
operat ions on their arguments. No type necessary as described in page 23 abo- ,e.
c onversions are done for these functio ns. The Numbers can be converted to s t r r g ~
log ical connectives A and v do not have this representing their exte rnal forms (arc v~ce-
ef fect  -- they simply cause tests and jumps to versa) through explicit calls on execu t on ti rr e
be c omp iled. The type of the result is that of routines like CVS and CVD (see page 46
the first operand. This allows expressions of below) . NOTE: Cc’ rucatenation of con sta nt
the form X LAND ‘777777777 , where X is Real , strings wi ll be done at compile t r r e  .vhere
if they are reall y desired. possible. For examp le , if SS is a st r ing var i~ib~e ,

SS&’12&’l5 will result n t w o r .~r,t~rre
The unary Operator LNOT produces the bitw ise concatenations , while SS&(’12&’IE. w : .  re ru i t  ri
complement of its (algebraic) argument. No one compile time concatenation and one runt me
type conversions (except strings t o integers ) concatenation.
are pert3rmed on the argument. The type of
the res~~t (meaning ful or not) is the t~ ~.e of the “1” (EXPONENTIATION )
argument. A factor is either a primary or a pr ima r ,’ ra.~ec

t o a power represented by another p r . r r a ry .
“*/?.“ (MULTIPLICATION AND DIVISION) As usual , evaluati on is from left to ri ght , so t r a t
Tb~ operation * (multiplication ) , like + and -

‘ 
A IB1’C is evaluated as (A~B)1C. In t he fac tor

represents Integer mult iplicati on Only if both X T Y , a suitable num ber of multip l i cat i ons anc
arguments are integers; Real otherwise. Integer additions is performed to produce an “exac t ”
rnultipl cat ion uses the IMUL machine instruction answer if Y is a positive integer . Otherv .’ise a
- -  no double-length result is ava ilable, routine is called to approximate

A NTILOG (V LOG X). The result has the t ype of
The / operator (division) always does rounded X in the former case. It is always of type Real
Real division, after  converting any Integer in the latter .
argumerts to Real.

SUB ST RINGS
The % (division) operator has the same type A String primary which is q ua l i f :ed by a
table as +, -, and a. It performs whatever substring specification represents a part of the
divisi on is appropriate , specified string. The characters of a st r ing STR

are numbered 1, 2, 3, ..., LE~ 3TH ( STR;i .
DIV MOD ST [X FOR V) represents the substring which is
DIV and MOD force both arguments to be V characters long and begins with character X.
integers before dividing. X MOD V is the ST[X TO Y) represents the Xth through Yth
remainder after X DIV V is performed: characters of ST.

X MOD V • X - CX DIV VI*V Consider the ST[X TO V] case. This is evaluated

ASH LSH ROT ...,SKIP_.-FALSE, XT .-X. VT .- V
LSH and ROT provide logical shift operations on IF VT LENGTH (SI) THEN BEGN
their f i rst  arguments. If the value of the VT~-1ENGT H (ST). r Chtha l f (_SKIP _ )’-T RUE Er~
second argument is posit ive , a shift or rotat ion (F VT < 0 THEN COMMENT reso il w il i be Ni.~.L
of that many bits to the left is performed. If it BEGIN VT..O, rehihal f (_SKIP_).-TPUE END
is nega tive , a right-shift or rotate is done. ASH IF XT I THEN
does an arithmetic shift. Assume that A is an BEGIN XT .. I, lefuhaif (_SKIP _ ).-TR J E EN~
integer. If N is positive then the expression A IF XT > VT THEN COMMENT rssuii w i l  be N~ L L

A SH N is equal to A * 2TN. If N is negative then BEGIN XI .. YT. l, Iafthalf (_SKIP_ ).-TRJE END
A ASH N is equal to FLOOR (A / 2l~— N)). rsturn ths X lth throu g h V ith ch~r~cte ’s of SI>

“ & ‘  (CONCATENATION ) LENGTH returns the number of charac ters  .n a
This operator produces a result of type Str ing, string (see page 48). The ST[X FOR Y
It is the String with length the sum of the operation is converted to the ST[X TO YJ case
lengths of its arguments , containing all the before the substring Operation is perfo rr ~ed.
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The variable S’~P_ can be examined t o One can store and retrieve from the eler ents
deter mine i~ the s~ ostring indices were “out of of MEMORY just as with any other array.
bounos ”. However , with MEMORY, one can control how

the c ompiler interprets the type of the
“

~~~~
‘
~ (SPECI AL LENGTH OPERATOR ) accessed element by including t ype declarator

Th,r tpecial primary construct is valid only reserved w ords after the <integer expression> .
~. tnln substr ing brackets. It is an algebraic For example:
v~ L.~- representing the length of the most
ri-mt ate string under considerat ion. The .- MEMORYIX , INT EGER]

reset ‘ed word INF is equivalent to “o~”. MEMORY[X , REAL]~.Ex a rp ie ~ — MEMORY(X , ITEM)
CO .IMENT ,tems and sets  are part of Leap.

A[u -2 to o. ) y ields the last 3 MEMORY IX , SET) ,.
characters of A. .... MEMORY fX , INTEGER IT EMVAR J

~~3 for B[~~-l for 1)] uses the next to Note that one can not specif y the contents of
the last chara cter of string memocy to be an Array or a String.
B as the number of
characters for the A LOCAT1ON is a predeclared Sail routine t hat
substri ng operat ion. returns the index in MEMORY of the Sa~l

construct furnished it. The following is a list of
FUNCTION DESIGNATORS constructs it can handle and what LOCATION wil l
A tunct 3n besignatom defines a sing le value, return.
This va Le is produced by the execution of a
t ypec user Procedure or of a typed execution- CONSTRUCT x LOCATION Cx) RETURNS
t r r e routine (See chapters 6 and 7 for
execution-t ime routines). For a function variable address of the variable
designator to be an algebraic primary, its
Procedure must be declared to have an f string variable -1,,address of word2
algebraic type. Untyped Procedures may only
oe called as Procedure statements (see page array name address of a word containing
19). The value obtained from a user-defined the the address of the f ir&t
Procedure is that provided by a Return data word of the array
Statement within that Procedure.

array element address of that element
The rules for supplying actual parameters in a
functi on desi gnat or are identical to those for procedure name address of the procedure ’s
s~.~p~ l ying parame ters in a procedure statement entry code
i~ee page 19).

labe ls address of the label
(JNAR Y OPERATORS
T~e unary Operator ABS is valid only for Simp le example:
al georaic quantities. It returns the aosol ute
value of its argument. REAL X~MEMORY (LOCATION (Xl, REAL) ,. 2.0;
-X s equiva ;ent to (O-X). No type conversions PRINT CX ) COMMENT “ 2.000000
ar e performed. MEMORY (LOCATION CX )) 20; PRINT (Xl.

COMMENT “ .0000000a-39’ , MEMORY ~ INTEGER
it Ine logical negation of X. unles, otherwt~, specified;

MEMORY LLOCATION CX>, INTEGER).. 20;
MEMORY AND LOCATION PRINT CX), COMMENT same as above;

One ’s core r age can be cons idered a giant one
dimensiona l ar ray ,  w r~ch may be accessed with
the MEMORY construct, You had better be a
gooo s pc r t , or know what you are doing.

~.‘EMORY [ ~ir ,tegsr •xpresai on )
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SAIL ASSEMBLY LANGUAGE STATE MENT S

SECTION 5 <simple_address>
::~ <identifier>

ASSEMBLY LANGUAGE STATEMENTS ::~ <static _array_ name>
<constant _subscript _list> )

<constant _expression>
:: <literal>

5.1 Syntax
<literal>

::— [ <constant _expression>
<code_block>

:: <code_head> <code_tail>
<index _field>

::— <constant _expression>
<code_hea d>

<code_begin>
<code _begin> <block_name> <opcode>

::— <code_head> <declaration> ; ::= <constant _expression>
::- <PDP-1Q..opcode>

<c ode_begin>
::~ START _CODE
::~ QUICK_CODE ~.2 Semantics

Within a START_CODE (QUICK_CODE) block ,
<code_tail> sta tements are processed by a small and weak ,

::— <instruction> END but hopefully adequate , assembl y language
::~ <instruction> END <block_name> translator. Each “instruction ” places one
::~ <instruction> ; <code_tail> instruction word into the output file. An

instruction consists of

<instruction> <Iabel,:<opcode> <ac_field>, ~<simp Ie_addr> (<index>)
::— <addr esses>
::— <opcode> or some subset thereof (see syntax) . Each
::= <opcode> <addresses> instruction must be followed by a semi-colon.

DECLARATIONS IN CODE BLOCKS
<addresses> A code _block behaves like any other block wi th

::— <addr ess> respect to block structure. Therefore , a 1
::~ <ac _field> , decla rations are val id , and the names given in
:;— <ac_field> , <address> these declarations will be available onl y t o the

instructions in the code _block. All labels must
be declared as usual. Labels in code _blocks

<ac _f ield> may refer to instruct ions which w il l  be
::— <constant _expr ession> executed , or to those which are not really

ins tructions , but data to be manipulated by
these instruct ions (these latter words must be

<address> bypassed in the code by ju mp instructions).
::— <indexed_address> ‘ The user may find it easier to declare variables
:: i~ <indexed _address> or SAFE arrays as data areas rather than using

labels and null statements. As noted below ,
identifiers of simp le variables are addresses of

<indexed_address> core locat ions. Identifiers of arrays are
::— <simple _address> addresses of the first word of the array header
::= <simple_address> ( <index_field> ) (see the appendix on array implementation ) .
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PROTECT ACS DECLARATION If the <address> is an identifier , the machine
address (relative to the start of the compilation )

PROTECT _ACS <ac a>, ... , <ac .>, is used, and will be relocated to the proper
value by the Loader.

where <ac u> is an integer constant between 0
and ‘17, is a declaration. Its ef fect  is to cause If the <aodress> is an identifier which has been
S a l  not to use the named accumulators in the decla red as a formal pararrieter to a procedure ,
code it e r i i t s  for the block in which the addressing arithmetic wi l l be done automaticall y
declarat ion occurred (onl y AFTER the to get at the VALU E of the parameter. Hence if
declaration ) . The most common use is with the the <address> is a formal reference pararreter ,
ACC ESS construct (see below); if one is using tne instruction wi ll be of the form OP AC,~ —
accun ulat ors 2, 3, arid 4 in a code block , then x (’12) where x depends on exact l y where the
one should declare PROTECT _ACS 2, 3, 4 if one parar rieter is in the stack. If the formal was
is going to use ACCESS. This way, the code from a simple procedure , then ‘17 will be used
emit ted by Sail for doing the ACCESS w ill not as the index reg ister rather than ‘12. When
use accumula tors 2, 3, or 4. WARNING: this corriputing x Sail will assume that the stack
does not prevent you from clobbe ring such ACs pointer has not changed since the last
wi th  pr ocedure calls (your own procedures or procedure entry; if you use PUSH, POP, etc. in a
Sail’s). However , most Sail runtimes save their Simp le Procedure then you must calculate x
ACs and restore them after the call , yours elf.

RESTR~CTlON: Accumulators P (‘17), SP (‘16), F If a l iteral is used, the address of the compiled
(‘ 12) and 1 are used for , respectively, the constant will be placed in the instruction.
system push down pointer , the string push
down pointer , the disp lay pointer , and re turning Any reference to Strings will result in the
results f ro m typed pr ocedures and runtirnes. address of the second descriptor word (byte
More about these acs on page 31. The pointer ) to be placed in the instruction (see the
pr otect mechanism will not override these appendix on string implementat ion for an
usages , so attempts t o prot ec t 1, ‘12, ‘16, o r exp lanation of string descriptors).
‘17 wilt be futile.

Accessing parameters of procedures global to
OPCODES the current procedure is difficult. ACCESS
The Opcode may be a constant provided by the (<expr>) may be used to return the address of
user , or one of the standard (non I/O) POP-j O such parameters. ACCESS will in fac t  do all of
operat i on codes, expressed symbolically. If a the comput ing necessary to Obtain the value of
constan t , it should take the form of a com plete the ex pression <expr> , then return the address
PDP-1 O instruction , expressed in octal rad ix of that value (which might be a temporary ) .
(e.g. DEFINE TTYUUO = “51000000000”;). Any Thus , MOVE AC, ACCESS(GP) will put the value
o t s  appearing in f ields other than the opcode of the variable GP in AC , while MOVEI AC,
field (first 9 bits) will be OR ed with the bits ACCESS(GP) will put the address of the variable
supplied by other fields of instructions in which GP in AC. If the expression is an item
triis opcode appears. In TOPS- b Sail the expression (see Leap), then the tern’s number
MUUOs (ENTER, LOOKUP, etc.) are available , In will be stored in a temp, and that temp ’s
T ENEX Sail the JSYSes are available. Within a address will be returned. The code emitted for
code_ block opc odes supersede all other an Access uses any acs that Sail believes are
ob1ects ; a variable , macr o, or procedure with available, so one must include a PROTECT _ACS
the same name as an opcode wi ll be taken for declaration in a Code biock that uses ACCESS tf
the opcode instead, you want to protect certain acs from being

munged by the Access , WARNING: skipping
The indirect , index , and AC fie lds have the same over an Access won’t do the right thing. For
syntax and perform the same functi ons as they exar rple ,
do in tne FAIL or MACRO languages.

SKIPE FLAG ;
THE <simp le addr> FIELD MOVE ‘18 ,RCCESS ( ‘777 LAND INT1f ~ (CH~N )) ;
If the <address> in an instruc tion is a constant MOV EI ‘18 ,0;
(c onstant expression ), i t is assumed t o be an
immediate or data operand, and is not relocated.
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will cause the program to skip into the middle ~display” structure of
of the c ode generated by the access if FLAG is procedures. DO NOT HARM AC
0. . F!! Disaster will resuit. A more

exac t description of its usage
START _CODE VERSUS QUICK_CODE may be found in the appendix
Before your instructions are parsed in a blOck on procedures and by reading
starting with START _CODE, instructions are the code.
executed to leave all accumulators from 0
through ‘11 and ‘13 through ‘15 available for CALLING PROCEDURES FROM INSIDE CODE
your use. In this case , you may use a .JRST to BLOCKS
transfer c ontrol out of the code _block , as l ong To call a procedure (say, PROT) f rom inside a
as you do not leave (1) a procedure , (2) a code block , use PUSHJ P, PROT. If the
block with ar ray declarations , (3) a Foreach procedure requires parameters , PUSH P tnern in
loop , (4) a loop with a For list , or (5) a loop order before you PUSHJ P (i .e. the f i rs t one
whic h uses the NEXT construct. In a first , the second one next , etc.) . If the forma l is
QUICK_CODE block , no accumulator-saving a reference , push the address of the actual
ins tructions are issued. Ac ’s ‘13 through ‘15 onto the P stack. If the formal is a vaLe str i ng,
only are free. In addit ion, some recently uted push onto the SP stack the two worc r, of t re
variables may be given the wr ong values if str ing desc riptor (see the append x on st r.ng
used as address identifiers (their current values implementation for an exp lanat ion of st r r ig
may be c ontained in Ac ’s O- ’ll); and control descriptors ) . If the formal is a reference st r .r.g,
should not leave the code _block except by simply PUSH P the address of the seco no word
“falling through”. of the string descriptor . If the pr oce d~.re is

type d, it will return is va lue in AC , ex cept
ACCUMULATOR USAGE IN CODE BLOCKS that STRING procedures return their values as
Although we have said that accumu lat ors are the top element of the SP stack ,  More
“f reed ” for your use , this does not imp ly a inf ormation can be found in the apper.c x on
carte blanche. Usually this means the compiler procedure implementation. Example:
saves values curren tly stored in the ACs which
it wants to remember (the values of va riables INTEGER K; STRING 5, SS.
mostl y), and notes that when the code block is INTEGER PROCEDURE PROT (REAL T , REFERENCE
finished, these ACs will have values in them INTEGER TI; STRING TTT ; REFERENCE
that it doesn’t care about. However , this is not STRING TIlT).
the case wi th the following accumulators , which BEGIN COMMENT BODY END.
are not touched at all by the entrance and exit
of code blocks: DEFINE P ‘17 , SP • ‘16,

NAME NUMBER USAGE START _CODE
PUSH P,f 3 t4 I 59 ) ,

P ‘17 The system push down list NOVEl I, K;
pointer. All procedures are PUSH P, I.
called with a PUSHJ P, PROC NOVEl t , S.
and exited (usually) with a PUSH SP, -1(1); COMMENT if S a l  al lowed address
POPJ P. Use this as your PDL ari t hm sti c in Sian _coda , you

pointer in the code block , but could hay s sad  PUSH SP, S-I ;
be sure that its back to where PUSH SP, S
it was on entrance to the block NOVEl I, SS,
by the time you exit. PUSH P, I.

PUSHJ P,PROT;
SP ‘16 The string push down stack END,

pointer . (iced in all string
operations. For how to do gives the same effect as
your own string mang ling, read
the code. PROT (3 14159 , K, S, SS),

F ‘12 This is used to maintain the NOTE: procedures will change your
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accumulato rs unless the procedure takes special
pains to save and restore them.

BEWARE
The Sail <code block> assembler is not FAIL or
M~ C~ O. Read the syntax! Address arithmetic is
nc~ pe~rn itt ed. All integer constants are decimal
~~~~~ speci f ied exp ic it l y as octal (e.g., ‘120).
Eaci ; instruction is a separa te <statement> and
rni~ s~ be separated fr om surrounding state ments
by a ser r,;co On. If you want comments then use
CO~~N,AENT just like anywhere else in Sail.
QUICK _CODE is for wiza rds. 
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SECTION 6 assumes Integer arguments (for
those functions which are

INPUT/OUTPUT ROUTINES predec lared) . The user rriay pass
Real arguments to these rout ines by
re-declaring them in the blocks n
which the Real argurrients a-e
desired.

6.1 Execution-time Routines in General
2 ) If t he ~ character precedes tne

SCOPE samp le identifier , the arg~ rnent will
A large set of predeclared , bui lt-in pr ocedures be called by reference. C~nerwise it

and funct i ons have been compiled into a l ibrary is a value parameter.
per m anentl y resident on the sys tem disk area
(SYS:LIBSAn.REL or <SAIL>LIBSAn.REL - ri is the Example:
current versi on number; HLBSAn for /H
c omp ilations ) , and optionally into a special “RESULT” ~- SCAN (e ’SOURCE”, BREAK _TABLE , ‘.8~C~iA~
sharab ie wri te-pr otected high segment. The
library a:s o contains programs for managing is a predec lared procedure with the in ip lc t
st orage allocation and initialization, and f or declaration:
certain St ring functions. If a user calls one of
these procedures , a request is autom i~t i c a I l y EXTERNAL STRING PROCEDURE SCAN
made to the loader to include the procedure , (REFERENCE STRING SOURCE,
and any other rout ines it mi ght need, in t he INTEGER BREAK _TABLE
core image (Or to link to the high segment). REFERENCE INTEGER BRCHAR),
These routines pr ovide input/output (I/O)
fac i l i t ies , Arit hmet ;c- St ring conversion fac i l i t ies , _SKIP_
array-handling pr ocedures and miscellaneous Some routines return secondary values by
other interesting funct ions. The remainder of storing them in _SKIP_. Declare EXTERNAL
this section and the next describes the calling INTEGER _SKIP_ if you want to examine these
sequences and functio ns of these routines, values. In FAIL or DOT the spelling is “.SKIP.”.

NOTATIONAL CONVENTIONS
A short-hand is used in these desc ript ions for
specif ying the types (if any) of the execution- 6.2 I/O Channels and Fifes
tirr e routines and of their parameters. Before
the descri ption of each routine there is a
sample call of the fo rm

OPEN
VALUE FUNCTION (ARGI , ARG2, ... ARO n)

OPEN (CHANNEL, “DEVICE”, MODE,
If V ALUE is omitted , the pr ocedure is an NUMBER_OF_INPUT_BUFFERS ,
untyped one, and may only be called at NUMBER_OF_OUTPUT _ BUFFERS,
stat ement level (page 19). ~COUNT, ~ BRCHAR , ~ EOF);

The types of VALU E and the arguments may be Sail input/output operates at a very low level
determined using the f ollowing scheme: in the following sense: the Operat ions

necessary t o obtain devices , open and close
1) If “ characters surr ound the samp le files , et c., are alm ost directl y analog ous to the

identifier (which is usually mnemonic system calls used in assembl y language. OPEN
in nature) a String argument is is used to associate a channe l number (0 to ‘17)
expecte d. Otherwise the argume nt with a device , t o determine the data ?node of
is Integer or Real. If it is important the I/O to occur on this channel (character
which of the types Integer or Real mode , binary mode , dump m ode , etc. ) , to
must be presented, it will be rriade specif y storage requirements for the data
clear in the descripti on of the buffers used in the operations , and t o provide
functi on. Otherwise the compiler the system with information to be used for
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nput operat ions. See page 45 for an example The rema ining arguments are app licable onl y
of TOPS- lO I/O programm ing. f or INPUT (Str ing input) . They will be ignored

f or any other operations (although their values
CHANNE is a user-provided channe l number rriay be charged by the Open funct ion) .

w hich will be used in subsequent I/ O
operations to identif y the device. COUNT des ignates a variable w r i c h  wi l l
ChANN EL mna~ range fr om 0 to 15 co ntain the maxirr iurr r.~ rroer
(‘1 7)~ A RELEAS E will be performed c haracters to be read from “DEV CE” r.
before the OPEN is executed . a given INPUT ca l l  (see page 3~i,

page 36). Fewer characters  nay  oe
DEV ;OE r , .,s t be a String (i .e. “TTY” , “DSK”) read if a brear, character

wn ,ch is recogn izabie by the system as enc ountered or if an end of i .e  i s
a physical or log ical device name. detected. The count shoula be a

variable or constant (not an
t ’~e dat a rr.oce for the I/ O operation. expression ), since its address is stored ,

M DE 0 w I  always work fo r and the temporary storage for an
characters (see INPUT, page 39 and expression may be re-used.
OUT , page ~O). MOOes 8 (‘ 10) and 15
(‘17 ) are appl cable for binary and BRCHAR desi gnates a variable int o wh ich Ire
d,jrrp-m ode operat ;ons using the break character (see INPJT and
fun ct ;ons W CRD N, WORDOUT , ARRYIN, BREAKSET again) will be stored. Th Is
or ARRYOj T (see page 40 and variable can be tested to deterrr , ne
fc ;. . w ing) . For other dat3 modes , see which of many possible characters
[Sjs Ca Il] . If any of b t s  18-21 are on terminated the read operation.
ri tne MODE word , the 1-0 routines will
‘of print error messages when data EOF designates a variable to be usea for
errors occur which present the tw o purposes:
corresponding bits as a response to
the GETSTS UUO. Instead , the GETSTS 1) Error handling when OPEN is called.
bits will be rep orted to the user as If the system call used by OPEN
described under EOF below. If bit 23 succeeds then EOF is set to zero
is on, no error message will be printed and OPEN returns, If the syste m
if an invalid file name specifica tion is ca ll  fai ls then OPEN looks at the
presented to LOOKUP, ENTER, or EOF variable; if it is nonzero then
RENAME, a code i d e n t i f y ing the OPEN returns. If EOF is zero then
problem will be returned (see page the user is g iven the option of
36 ff ,  for details) . If you don’t ret ry ing or continuing without the
understand any of this , leave all non- device. If a retry is successful
mode bits of f in the MODE word. then EOF is zeroed. If the user

pr oceeds (gives up) then EOF is set
NUMBER, .OF _(INPUT/OUTPUT~_BUFFERS to nonzero. The net ei fect is that

spec if ies the number of buffers to be the program may interpret EOF=O
reserved for the I/O operations. At as a successful OPEN and EOF#O as
least one buffer must be specified f or an ursuccessfu l OPEN.
input if any input is to be done in
modes other than ‘17; similarly f or 2) Error handling f or subsequent I/O
output. If data is only going one operations. EOF wil l be made non-
direc t i on, the other buffer speci fication zero (TRUE) if an end of t i e
should be 0. Two buffers give cond ition , or any error condit ion
reasonable perf ormance for most among those enabled (see MODE,
devices (1 is suffici ent for a TTY , more above) is detected during an~ Sa ;l
are required f or OSK if rapid operat or’ input/ou tput operation. it ..‘;ll be 0
is desir ed). The left half of the (FA SE) on return to the use r
BUFFER parameter , if non-zero , ot -e~~ ise. Subseque nt inputs
spec f ;es t he buffer size (mod ‘7777) after ~n EOF return w ;il r e tu rn
f or the I/O buffe rs . Use this only if non-zero values in EOF and a n u l l

you desire non-standard sizes.
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String result for INPUT. For CLOSE, C..OS.N, CLOSO
ARRYIN, a 0 is returned as the
value of the call after end of file is CLOSE (CHANNEL , BITS(0)) ;
detected. If EOF is TRUE afte r such CLOSIN (CHANNEL , BITS(0)) ;
an operati on, it wil l  contain the CLOSO (CHANNEL , Bi’l5(O))
entire set (18 bits) of GETSTS
inf ormation in the left half. The The input (CLOSIN) or ou:put (CLOSO) m. de of
EOF bit is ‘20000, and is the only the specified channel is c loseo: all output is
one you’ll ever see if you haven ’t fo rced out (CLOSO); the current f i le na~~e is
special ly enabled for others. f orgotten. However the device is sti l act ive;  no

OPEN need be done again before the next
Here are the error bits for SUAI and TOPS-lO; LOCKUP/ENTER operation. Always CLOSE
T ENEX Sail uses the ERSTR error number output files: Sail exit code will dease gn the
instead, device , but does not force out any re r a . r i rg

400000 improper mode (a catchall ) output; you must do a CLOSE vihen wr t ng on a
200000 parity error . disk file to have the new file (or a newl y ec~ ed
100000 data error old file ) entered on your User File Directory.
40000 record number out of bounds No INPUT, OUT, etc., may be g i’.’en to a d i rectory
20000 end of file (input only) device until an ENTER, LOCKUP, or RENAME has

been issued for the channel.
You are always enabled for bit 20000 (EOF).
However , to be allowed to handle any of the CLOSE is equivalent to the execution of both
others , you mus t turn on the corres ponding bit CLOSIN and CLOSO fo r the channel. BITS
in the right half of the MODE word. ln addition , specifies the close inhibit bits , whic h default to
the 10000 bit is used to enable user handling zero , See [SysCall) for the interpretat ion of
of invalid file spec ificat .~ins to ENTER, LOOKUP, the bits.
and RENAME. ‘7500017 in the MODE paran’eter
would enable a dump mode file for user
handling of ALL I/O errors on the channel, If
you are not enabled for a given error , an error GETCHAN
message ‘v.’hich may or may not be fatal ) will
be printed, and the error code word set as VALUE ~- GETCHAN
indicated. Ir adc~tion, the number of words
actually transf erred is sto red in the right half GETCHAN returns the number of some channel
of the EOF variable for ARRYIN, ARRYOUT. , which Sail believes is not currently open. The

value -1 is returned if all channels are busy.
Assembly Language Approximation to OPEN:

INIT CHRNNEL , P~ODE
S rX BIT / DEV ZCC/ RELEASE
XIID OHED ,tN EO
JRST <har,dla error cond i t i on>  I RELEASE (CHANNEL, BITS(0))
JUr1PE <NUMBER _OF _OUTPUTJ UFFERS> , CET IN
<a llo c a t e  buf f a r  s p ace> If an OPEN has been executed for this channel ,
OutBuF CIfRNNEL , Nu~BER _OF _OuTPuT ..$UFFERS a CLOSE is now executed for it. The device is

GETIN : JUIIPE NI.flIBER..,OF _INPUTJUFFERS> , DONE dissociated from the channel and returned to
< a l l o c a t e  but f a r sp ace > the resource pool (unless it has been assigned
INBL1F CHRNNEL , NUMBER_OFJNPUTJUFFERS by the monitor ASSIGN command). No 1/0

DONE : <mark channe l open —— intern a l book k eep ing> operation may refer to this channel until
<return > another OPEN denoting it has been executed.

BITS specifies the CLOSE inhibit bt s ;  see
OHED: BLOCK 3 [SysCall) .
tIlED: BLOCK 3

Release is always valid. If the channel
mentioned is not currentl y open, the c ommand
is s imply  ignored.
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LOOKUP, ENTER RENAME

LOCKUP (CHANNEL, “FILE’ , ~ FLAG); F~ENAME (CHANNEL, “FILE-SPEC”,
ENTER (CHANNEL, “FIL E”, ~ FLAG) PROTECTION, ~ FLAG)

Before input or output operations may be The file open on CHANNEL is renamed to
performed for a d rectory device (DECtape or FILE_SPEC (a NULL file-name will delete the f i le )
DSK) a t u e  name must be associated w ith the with read/write protecti on as specif ied in
channel on which the device has been opened PROTECTION (nine bits, described in [SysCall]).
(see page 33). LOOKUP names a file which is to FLAG is set as in LOOKUP and ENTER.
be read. ENTER nam es a file wh ich is to be
created or extended (see [SysCa llj) . It is
recommended that an ENTER be performed
af te r  every OPEN of an output device so that ERENAME
output not normally directed to the OSK can be

F directed there for later processing if desired. ERENAME (CHANNEL ,”FILE-SPEC”,
The format for a file name string is PROTECTION, DATE, TIME,

MODE, i~FLAG)
NAME , or
NAME EXT” or (Not on TENEX.) This extended version of
NA ME[PPNy’ ~~, 

RENAME allows complete specification of all the
NAME EXT [ P PNr, or data which may be c hanged by a RENAME.
NAME EXT(P,PN

See [kionCom) for the meaning of these things
if you do not immediate l y understand. 6.3 Break Characters

Sail is not as choosy øbout the characte rs it
al lows as some pr ocesso rs are, Any character
which is .i~ t a comma , period, right square BREAKSET
bracket , or left square bracket will be passed
on. Up to 6 characters from NAME, 3 from EXT , BREAKSET (TABLE , “BREAK_CHARS”, MODE)
P, or PN wil l  be used -- the rest are ignored.

Character input/Output is done using the String
If tne LOOKUP or ENTER operation fa ils then features of Sail. In fact , I/O is the chief
variable FLAG may be examined to determine justif ication for the existence of strings in the
the cause. The left half of FLAG will be set to language.
‘777777 (Flag h as  the logical value TRUE). The
right half will contain the code returned by the String input presents a problem not present in
s’,stem giving the cau se of the failure. An String output. The length of an output String
invoi id f l e  specif ica tion will return a code of can be used to determine the number of
‘10. In this case , if the appr opriate bit (bit 23, c haracters written. However it is of ten
see OPEN) was OFF in the MODE parameter of awkward to require an absolute count for input.
the OPEN, an err or message will be printed; Quite often one would like to te rminate input ,
otherwise , the routine just returns without Or “bre ak ”, w hen one of a specified set of
perf orming the UUO. charact ers is encountered in the input stream.

In Sai l , this capability is imp lemented by means
If the LOOKUP or ENTER succeeds , FLAG wi ll be of the BREAKSET , INPUT, TTYIN, and SCAN
set to zero (FALSE). func tions. The value of TABLE may range from

-17 to 54, but tables -17 through -1 are
reserved for use by the runtime syste m . Thus
up to 54 different sets of user break
specif icati ons may exist at once. Which set w. l l
be used is dete rmined by the TABLE parameter

I in an INPUT or SCAN function call. Breakta bles
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are dynamicall y allocated in blocks of 18 (1-18, set currentl y specified f or tni~ taD e. A r y  “Ci”
19-36 , 37-54). command completel y specifies the set

omitted cha racters , without altering the brea~.
BREA KSET merely modifies the existing settings characters for the table in question . If ,,
ru TABLE; use GETBREAK (which returns a character is a break-character , any role it might
virg in table) if you want to achieve an absolute play as an omitted character is sacrificed.
known sta te. The functi on of a given
BREAKSET command depends on the MODE, an The next group of MODEs determ ines the
integer which is interpreted as a right-j ustified disposition of break cha racters in the input
ASCII character whose va lue is intended to be stream. The “BREAK_CHARS” argurrent is
vaguel y mnemonic. BREAKSET commands can ignored in these commands , and may in fact  be
be partiti oned into 4 groups according to mode: NULL:

GROUP 0 -- Conversion specifications GROUP 2 -- Break character disposition

MODE FUNCTION MODE FUNCTION

“K” (Konvert) The minuscule letters (a-z) “S” (Skip -- defau lt mode) After
w ill be converted to maj uscule (A-Z) execution of an “5” command the
before doing anything else, break character will not appear

either in the resul tant String or in
“F” (Full character set) Undoes the subsequent INPUTs Or SCANs-- the

e f f e c t  of “K”. Mode “F” is the character is “skipped”. Its value
default. may be determine d after the INPUT

by exam ination of the break
“Z” (Zero bytes) Believe the breaktable character variab le (see page 33).

when INPUT reads a zero byte.
INPUT aut omatically Omits zero “A” (Append) The break character ( f
characters otherwise. Mode “Z” is there is one -- see page 33 arid
turned off by both mode “I” and page 39) is appended , or
mode “x”. concatenated to the end of the input

string. It will not appear again in
GROUP 1 -- Break character specifications subsequent inputs.

MODE FUNCTION “R” (Retain) The break character does
not appear in the resultant INPUT or

“I” (by Inclusion) The characters in the SCAN String, but will be the f irst
BREAK_CHARS String comprise the character processed in the next
set of cha racters which will operat ion referring to this input
terminate an INPUT (or SCAN). source (file or SCAN String).

“X” (by eXclusion) Only those characters Text f iles containing line numbers present a
(of the possible 128 ASCII special problem. A line number is a word
charac ters ) which are NOT conta ined containing 5 ASCII characte rs representing the
in the String BREAK_CHARS will number in bits 0-34, wi th a “1” in bit 35. No
terminate an input when using this other wo rds in the file contain l’s in bit 35.
table. Since String manipulations provide no way for

dis t ingui s hing line numbers fr om othor
“0” (Omit ) The characters in characters , there must be a way to warn the

“BREAK _CHARS” will be omitted user that line numbers are present , or to al low
(deleted) fr om the input string, him to ignore them entire l y.

Any “I” or “X” command completel y specif ies the The next gr oup of MODEs determ.nes the
break characte r set f or its table (i.e., the table disp osition of these line numbers. Aga in, the
is reset before these cha racters are stored in “BREAK _CHARS” argument is ignored:
it). Neither will destroy the omitted character
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Group 3 -- Line number disposition 8REAKSET (DELIMS, “ , “&TAB t~F, “I”);
Com ment break on any of this.

MODE FUNCTION
BREAKS ET (DELIMS, ‘15 , ‘0”);

“P” (Pass —— default ) Line numbers are Comment igno r e carriage return;

t reated as any other characters.
Their identit y is lost; they simply BREAKSET (OELIMS, NULL, “N”)
appear in the result string. Comment ignore lix. numb.,.,

“N” (No numbers) No line number (Or the BREAKSET (DELIMS, NULL, “ R N
TAB which always follows it in Comment save break char for next tim .,
standard files ) wil l appear in the
result string. They are simply Breaktab le 0 is builtin as equivalent to
discarded. SETBREAK (0, NULL , NULL , “I”). This is break-

on-count for INPUT and returns the whole
“L” (Line no. break) The result String string from SCAN.

will be terminated earl y if a line
number is enc ountered. The
charac ters comprising the line
number and the associated TAB w ill SETBREAK
appear as the nex t 6 cha ’~

4ers
read or scanned from this characte r SETBREAK (TABLE, “BREAK_CHARS”,
source. The user ’s break charac ter “OMIT_CHARS”, “MODES”)
variab le (see page 33 and page
39) will be set to -l to indicate a SETBREAK is logica lly equiva len t  t o the  Sai l
line number break. statemen t:

“E” (Lee Erman ’s very own mode) The BEGIN “SET BREAK”
result String is terminated on a line INTEGER I ,

number as with “L”, but neither the
line number nor the TAB following it IF LENGTH (OMIT _CHARS) > 0 THEN
will appear in subsequent inputs. BREAKSET (TABLE , OMIT_CHARS, “0”)
The line number word, negated , is
returned in the user ’s (integer) FOR 1.-I STEP I UNTIL LENGTH (MODES) DO
BRCI-1AR variable. BREAKSET (TABLE , BREAK _CHARS, MODES(I FOR 1])

“0” (Display) obsolete END “SETBREAK ”

O~ce a break ta ble is set up, it may be
referenced in an INPUT, TTYIN or SCAN call to
control the scanning operation. GETBREAK, RELBREAK

Exam~
1,: To delimit a “word”, a program might TABLE .- GETBREAK;

wish to input characters until a blank, a TAB, a RELBREAK (TABLE)
l ine  feed , a c omma , or a semicolo n is
encounte-cd , ignoring line numbers. Assume GETBREAK finds an unreserved breaktab le ,
als o that carriage returns are to be ignored, reserves it , sets it to a completely virg in s ta t e,
and that the break character is to be retained and returns the number of the table .
in the character source for the next scanning GETBREAK returns -18 if there are no free
operation: tab les. Breaktab les are reserved by

GETBREAK , SETBREAK , BREAKSET , and STDBRK.
RELBREAK returns a table to the available list.
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STDBRI< automatically ‘omitted (text editor convention )
unless mode “Z” was speci fi ed f or tn.e

STDBRK (CHANNEL) breaktable. Input may be terminate d in sever a r
ways. The exact reason for terminat ion can be

Eighteen breakset tables have been selected as obtained by examining BRCHAR and EOF:
representative of the more common input
scanning operations. The function STDBRK EOF BRCHAR
init ializes the breakset tables by opening the
file SYS:BKTBL.BKT on CHANNEL and reading ~‘O 0 End of file or an error (if
i i  these tables. The user may then reset those enabled, see page 33) occurred
tab les which he does not like to someth ing he while reading. The result is a
does like. String containing all non-

omitted characters wh :ch
T he ei ghteen tables are descr ibed here by rerr~ uned in the file when
giving the SETBREAKs which would be required INPUT was called.
for the user to initialize them:

0 0 No break characters were
DELIMS .- ‘15 ~ ‘12 & ‘40 & ‘II & ‘ 14 , encountered. The result is a
Comment carriage return , hi;is feed , space , String of length equal to the

tab , rorm tseu , current COUNT specif ications
LETTS .- ‘ABC . Zab c ... z_”; for the CHANNEL (see page 33).
DIGS .- “0123456789” ;
SAILID .- LETTS&DIGS , 0 <0 A line number was encountered

and the break table specif ied
SETBREA K (1 , ‘12 , ‘15 , “lNS”)~ that someone wanted to know.
SE rBREAK ( 2, ‘12 , NULL, “INA”); The result String contains all
SETBREAK (3 , DELIMS, NULL, “XNR”), characters up to the line
SETBR EAK ( 4 , SAILID, NULL, ‘ INS”)~ number. If mode “L ” was
SET BREAK (5 , SAILID, NULL, “INR”)~ 

. specified in the Breakset
SETB REAK C 6, LETTS, NULL, “XNR”); se tting up this table , bit 35 is
SET BREA K C 7, DIGS, NULL, “XNR’ ); turned off in the line number
SETBPEAI( ( 8, DIGS, NULL, “INS”) word so that it will be input
SET BREAK C 9, DIGS, NULL,, ‘INR”); nex t time. - 1 is placed in
SET BREAK (hO , OIGS&”,-e.’, NULL, “XNR ), BRCHAR. If mode “E” was
SEIBREA K ( I t , DIGS& ”.-o.’, NULL, ‘INS’); specif ied, t he line number ~ ill
SETBREAK (12 , DIGS&”.-e.”, NULL, “INR’); not appear in the next input
SETRREA K (13 - I S ,  NULL, NULL, NULL); String, but its negated ASCII

value , complete with low-order
line number bit , will be f ound
in BRCHAR.

6.4 I/O Routines
O >0 A break characte r was

encountered. The brea~’.character is s tored in BRCH~ R
INPUT (an INTEGER reference variable ,

ree page 33) as a r ight-
“RESULT” .- INPUT (CHANNEL, BREAK _TABLE) j ustified 7-bit ASCII value. t

may als o be tacked on to t r’ e
A string of characters is obtained for the file end of the result String or
open on CHANNEL, and is returned as the saved for next time , depending
result. The INPUT operation is controlled by on the BREAKSET mode (see
BREAK _TA BLE (see page 36) and the reference page 36).
variables BRCHAR, EOF, and COUNT ‘which are
provided by the user in the OPFN function for If break table 0 is specified , the only c m~ er ua
this channel (see page 33). Zero bytes are for te rmination are end of file or COUNT

exha ust ion.
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SCAN OUT

“RESULT” ~
- SCAN (~~“SOURCE”, OUT (CHANNEL, “STRING”)

BREAK_TABLE, ~ BRCHAR)
STRING is output to the file open on CHANNEL.

SCAN functions identically to INPUT with the If the device is a TTY , the String will be t yped
f ollowing exceptions: immediately. Buffered mode text  c. ,tp~ t is

empl oyed for this operation. The data mode
1. The source is not a data file but the speci’ ied in the OPEN for this channel must be

String SOURCE, called by reference. 0 or 1. The EOF variable will be set non-zero
The String SOURCE is tru ncated as described i,~ page 33 if an error is detected
from the left to produce the same and the program is enabled for it; 0 otherw ;se.

~f tec t  as one would obtain if
SOURCE were a data file. The
dispositi on of the break cha racter is
the same as it is f or INPUT. LINOUT

2. BRCHAR is direct l y specified as a LINOUT (CHANNEL, NUMBER)
parameter. INPUT gets its break
character variable from a tab le set ABS (NUMBER) mod 100,000 is converted to a 5
up by page 33. character ASCII string. These characters are

place d in a single word in the output f i le
3. Line number considerations are desi gna ted by CHANNEL w ith the low-order b.t

irrelevant. (line-number bit) turned on. A tab is insertec
after the line number. Mode 0 or 1 must ha.’e
been spe cified in the OPEN (page 33) for the
results t o be anywhere near satisfactory. EOF

SCANC is set as in OUT.

“RESULT” ~
- SCANC (“SOURCE”,

“BREAK ’, “OMIT”, “MODE”);
SETPL

This routine is equivalent to the following Sail
code: SETPL (CHANNEL, ~LINNUM,

I~PAGNUM, ~SOSNUM)
STRING PROCEDURE SCANC (STRING ARC, BRK,

OM IT, MODE)~ This routine allows one to keep track of the
BEGIN “SCANC” INTEGER TBI., BRCHAR; STRING RSLT ; string input fr om CHANNEL. Whenever a ‘12 i~

TBL.-GETBREAK, SETBREAI( (TBL , ~QK, OM IT , MODE), enc oun t ere d, LINNUM is incremented. Whenever
RSLT.-SCAN (ARC , TBL , BRCHAR); a ‘14 is encounte red, PAGNUM is incrembrited
RELBP(AK (IRL I, and LINNUM is zeroed. Whenever an SOS line
RETURN (RSLT) END “SCANC” ; number is encountered it is placed into

SOS NUM.
Note that the arguments are all value
parame ters , so that SCANC will be ca lled at
compile time if the arguments are constants. lt
is intended that SCANC be used wit h ,ASSIGNC WORDIN
in macros and cor.uitional compilation. For
scann ing at exec L”tion time , it is much more VALUE ~ WORDIN (CHANNEL)
efficient to use SCAN directly.

The next word from the file open on CHANNEL
is returned. A zero is returned , and EOF (see
page 33, page 39) set , when end of f i le or
err or is encountered. This operation is
perf ormed in buffered mode or dump mode ,
depending on the mode specification in the
OPEN.
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WARNING ABOUT DUMP MODE 10 INOUT
Oump Mode (mode ‘15, ‘16, or ‘17) is
s uf f i c ie nt i y device and system dependent tha t INOUT (INCHAN, OUTCHAN, HOWMANY)
you should consult [SysCall] and be ext remely
careful . NOUT reads HOWMANY words from cniannel

INCHAN and writes them Out on channe ’
OUTCHAN. Each channel must be open In a
mode between 8 and 12. On return , tne ECF

ARRYIN va riables for the two channels will be the sa ne
as if ARRYIN & ARRYOUT had been usec. If

ARRYIN (CHANNEL, ~ LOC, HOW_MANY) HOWMANY is less than zero , then transfer of
data will cease only upon end of f i le or a

HOW_MANY words are read from the device and device error. INOUT is not available in TENEX
fi le open on CHANNEL, and deposited in memory Sail.
starting at Iocati cn LOC. Buffered-mode input
is done it MODE ~see page 33) is ‘10 or ‘14.
Dump-m ode input is done if MODE ir~~16 or ‘17.
Other modes are illegal. See the warning about GETSTS, SETSTS
Dump Mode 0 above. If an end of file or
enabled err or condition occu rs before SETSTS (CHAN, NEW _STATUS);

I HOW _MANY words are read in buffered mode
then the EOF variable (see page 33) is set to issues a SETSTS uuo on channel CHAN with the
the enabled bits in its lef t half , as usual. Its sta tus value NEW_STATUS.
righ t ha if contains the number of words act ua ll y
read. EOF will be 0 if the full request is STATUS 4- GETSTS (CHAN)
satisfied. No indication of how many words
were actually read is given if EOF is returns the results of a GETSTS uuo on channel
encountered while reading a fi le in DUMP mode. CHAN.

These functions do not exist in TENEX SaJ .
Instead , see GTSTS , GDSTS, STSTS, and SDSTS

WORDOUT for analogous features.

WORDOUT (CHANNEL, VALUE)

VALUE is placed in the output buffer for MTAPE
CHANNEL. An OUTPUT is done when the buffer
is full or when a CLOSE or RELEASE is executed MTAPE (CHANNEL, MODE)
f or this channel. Dump mode output will be
done f dump mode is specified in the OPEN (see MTAPE is ignored unless the device associated
page 33). EOF is set as in OUT. See the with CHANNEL is a magnetic tape crive , It
warning about Dump Mode K) above, performs tape actions as follows:

MODE FUNCTION

ARRYOUT ‘A” Adva nce past one tape mark (or file)
‘B” Backspace past on. tape mark

ARRYOUT (CHANNEL, ~LOC, HOW_MANy) ‘E” W rit, tape mark
‘F” Advsncs one record

HOW_MANY words are written from memory, “I” Set ‘IBM com patible ’ mode

start ing at ucati on LOC, onto the device and “R” Backspace one record
f~ e open On chan’e l CHANNEL. The valid mode s “S Writ s 3 inches of b lank tape
are again ‘10, N,4, ‘16, and ‘17. The EO~ “1” Advanc , to logical end of tape
variable is set i~ • in ARRYIN, excep t that the “U” Rewind and unlo ad
EOF bit itself w ill never occur. “W” Rewind ta pe

I NULL Welt until all activity ceases
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USETI, USETO <sign>
:: “ +

(CHANNEL, VALUE); :: -

USE~ O (CHANNEL , VALUE ) ::— <empty>

Tnese routines are for random file access (see If the digit is not part of a number an error
[SysCa i]). message will be printed and the program will

ha~t. Typing a carriage return will cause the
input function to return zer o.

REALIN, INTIN On input , leading zeros are ignored. The ten
rriost si gnif icant digits are used to form the

VALU E ~ REALIN (CHA NNEL); number. A check for overflow and undert low is
VALUE ~ iNTIN (CHA NNEL) made and an error message printed if this

occurs. When using INTIN any exponent is
N~ moer input may be obtained using the removed by scaling the Integer number .
funct ions REALIN or INTIN, depending on Rounding is used in this process. All numbers
w he:ner a Real number or an Integer is are accurate to one half of the least si gnif icant
requ red. Both functions use the same free bit.
f ield scanner , and take as argument a channel
n,.~rnioer. After scanning the number the last delimiter is

replace d on the input string and is returned as
Free f ield scanning works as foI iow~: the br eak character for the channel. if no
c ha racte ~s are scanned one at a time fro m the number is found, a zero is returned , and the
np.. t channel , ignoring everything until a digit break variable is set to -1; If an end of file or

or dec mal point is enc ountered. Then a enabled error is sensed this is also returned in
number s scanned according to this syntax , the appropriate channel variable. The maximum
wi th zero by tes, 1 ;ne numbers , and carr iage character count appearing in the OPEN call is
returns (but not Iinefeeds) ignored: ignored.

<number>
::= <sign> <real number> REALSCAN, INTSCAN

VALUE ~- REALSCAN (~ “NUMBER_STRiNG”,
<rea l number> i~BRCHAR);

::~ <decimal number> VALUE 4- INTSCAN (~ “NUMBER_STRlNG”,
::— <dec imal number> <exponent> i~BRCHAR)

<exponent>
These functions are identical in function to
REALIN and INTIN. Their inputs , however , are

<ciec ,ma l number> obtai ned fr om their NUMBER_STRING argume nts.
< nteger> These routines replace NUMBER_ STRING by a
< nteger > . str ing containing all characters left over af ter

::= <integer> . <integer> the number has been removed from the front.
<integer >

<integer> TMPIN, TMPOUT
:: <digit>

<integ er> <digit> “RESULT” ~ TMPIN (“FILE”, ~ERRFLAG);
TMPOUT (“FILE”, “TEXT” , i~ERRFLAG)

<exponent> These routines do input and output to tmpcor
::— ~ <sign> <integer> files (simulated files kept in core storage --see

E <sign> <integer> (SysCal l]) .
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TMPIN returns a string consisting of the entire 6.5 TTY and PlY Routines
contents of the tmpcor file of the specified
name. Only the first three characters in the file
name are si gnificant. If the input fails for some
reason (most likely: no tmpcor fi le with the TELETYPE I/O ROUTINES
specif ied name) then ERRFLAG is set to true
and NULL is returned. Otherwise ERRFLAG is
set to false. Each of the I/O functions uses the TTCALL

UUO’s to do direct TTY I/O.
TMPOUT writes its string argument into the
specif ied tmpc or file. The ERRFLAG has the BACKUP
same functi on as in TMPIN; in case of error , the The system attempts to back up its
tmpc or fi le is not written. Likel y causes f or TTY input buffer pointer to the
error are running out of tmpc Or space beg inning of the last “line ”, thus
rurrentl y, the sum of the sizes of all the allowing you to reread it. In

tmpcor files f or a single ~ob may not exceed general this cannot possibly work ,
~256 words ) or attempting to w ri te a null so do not use BACKUP.
tmpc or fi le (i.e., calling TMPOUT wit h the string
argument NULL). CLRBUF

Flushes the input buffer.
TMPIN executes a TMPCOR uuo with code 1, and
hence does not delete the specified tmpcor file. CHAR ~ INCHRS
The length of the returned string will always be Returns a negative value if no
a multip le of five , since words rather than characters have been typed;
characters are actually be ing transferred. otherwise it is INCHRW.
TMPOUT executes a TMPCOR uuO with code 3.
The last word of the string is padded with nulls CHAR 4- INCHRW
if necessary bef ore the data transfe r is done. Wai ts for a character to be typed

and returns that character.
Neither function is available in TENEX Sail.

“STR” INCHSL (~FLAG)
Returns NULL with FLAG ~ 0 if no
lines have been typed. Otherwise

AUXCLR, AUXCLV it sets FLAG to 0 and performs
INCHWL.

RSLT ~ AUXCLR (PORT , ~ ARG, FUNCTION);
RSLT ~- AUXCLV (PORT, ARC, FUNCTION) “STR” INCHWL

Waits for a line to be typed and
(TYMSHARE only.) These functions perform returns a string containing all
AUX CAL system calls ; the only d ifference is characters up to (but not including)
whether ARG is by reference or by value , the activation character. The
_SKIP_ is set. ac ti vat i on charac t er is put r,tc.

_SKIP_. If the activation character
is CR then the next character is
discarded (on the assu m ption that

CHNIOR, CHNIOV it is LF).

RSLT ‘- CHNIOR (CHAN, ~ ARG, FUNCTION); “STR” 4- INSTR (BRCHAR)
RSLT ~ CHNIOV (CHAN, ARC, FUNCTION) Returns as a string all characters

up to, but not including, the f irst
(TYMSHARE only.) These functions perform instance of BRCHAR. The BRCHAR
CHA NIO system calls ; the only difference is instance is lost.
whether ARC is by reference or by value.
_SKIP_ is set. “$TR” ~ INSTRL (BRCHAR)

Waits for ~ line to be typed, then
performs INSTR.
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“SIR” ~ INSTRS (~ FLAQ, BRCHAR) PSEUDO-TELETYPE FUNCTIONS —
Is INCHSL if no lines are waiting;
INSTRL otherwise.

Pseudo-teletype functions are available at SUAI
IONEOU (CHAR) only.

(TYM SI-IARE only.) The low order 8
bits of CHAR are sent to the TTY in LODED (“SIR”)
image mode, Loads the line editor wi th the

string argument. PTOSTR should
OUTCHR (CHAR) be used rather than LODED if

Types its character argument possible , since LODED works Onl y
(r ight-justified in an integer on a DD or Ill, while PTOSTR works
variable) , on all terminals.

OUTSIR (“‘SIR”) “SIR” 4- PTYALL. (LINE)
Types its string argument until the Returns whatever is in the PTY’s
end of the string or a null output buffer. No waiting is done.
c haracter is reached ,

CHAR ‘- PTCHRS (LINE)
“SIR” 4- TTY IN (TABLE , ~ BRCHAR) Reads a character from the PTY if

Uses the break table fea tures there is one, re turns — 1 if none.
described in page 36 and page 39
to return a string and break CHAR 4- PTCHRW (LINE)
character. Mode “R” is illegal; line Wa its for a character from the PTY
number modes are irrelevant. The and returns it.
input count (see page 33) is set at
100. PTOCHS (LINE, CHAR)

Tries to send a character to a PTY.
“SIR” ~ TTYINL (TABLE , ~ BRCHAR) If the attempt was successful , the

Waits for a line to be typed, t hen  g lobal variable _SKIP_ is — 1,
does TTYIN. otherwise 0.

“STR” .- TTV INS (TABLE, ~ BRCHAR) PTOCHW (LINE, CHAR)
Sets BRCHAR to ~0 and returns Sends a character to a PTY , wai t ing
NULL if no lines are wa iting. if necessary.
Otherwise it is TTYINL.

NUMBER ~ PTOCNT (LINE)
OLDVAL ~ TTYUP (NEWVAL) Returns the number of free

Causes conversion of lower case c haracters in the PTY output
charac ters (a— z ) to their upper buffer.
case equivalents for strings read
by any of the Sail te letype NUMBER ~ PTIFRE (LINE)
routines that do riot use break Returns the number of free
tables. If NEWVAL is TRUE then cha racters in the PTY input buffer.
conversion will take place on all
subsequent inputs until PTOSIR (LINE, “SIR”)
TTYUPWALSE) is called. OLDVAL Sends the string to the PTV ,
will be set to the previous value of waiting if necessary. PTOSTR (0,
the conversion flag. If TTYUP has “STR”) sends the string to your
never been called, then no TTY.
conversions will take place , and the
first call to TTYUP will return LINE 4- PTYGET
FALSE. In TENEX, TTYUP sets the Gets a new pseudo-teletype line
system parameter using the STPAR number arid returns it. The global
j sys to convert to upper case. variab le _SKIP_ is -l ii the attempt

to get a PTY was successful , and 0
otherwise.

I
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CHARACTERISTICS ~ PTYGTL (LINE) IF NOT($FILE EOF~Q)) THEN BEGN
Returns line characte ristics for the SETPL ($FILECHANNELIQJ, SF1LE.L1NNUMIQ),
PTY. UILEPAGNUM[Q] , SFILE.SOSNUM(Q]),

IF IBUF THEN
“STR ’ PTYIN (LINE, BKTBL , ~ BRCHAR) LOOKUP ($FI LE CHANNEL(Q), SFILE NAME(Q] , $FILE EoF~Qp,

Reads from the PTY (waiting if IF OBUF AND NOT (SFILE:EOF(Q 1) THEN
necessary ) according to break ENTER ($FILE.CNANNEL(O], $FILE.NAME[QJ , ~FlLE EOF(Qp
table conventions, The break END,
character is stored in BRCHAR. SFILE PAGNUM(Qj ,-I ;

IF tFILE EOF(Q] THEN RELEASE (SFILECHANNEL [Q]),
PTYREL (LINE) RET UPN(QI

Releases PTY ident f ;eo by LINE. END “OPENUP” ,
COMMENT Sail I/O shou ld be rewritten to do this I

PTYSTL (LINE, CHARACTERISTICS )
Sets line charac terist ics for the RECORD _POINTER (gFILE) PROCEDURE GETF ILE
PTY spec ified by LINE, (STRING PROMPT; INTEGER MODE, I, 0)

BEGIN “GETF ILE”
“SIR” ~ PTYSTR (LINE, BRCHAR) RECORD _POINTER ( FILE) F; INTEGER REASON,

Reads characters fr om the PTY, WHILE TRUE DO BEGIN “ try ”
waiting if necessary, until a PRINT (PROMPT);
character equal to BRCHAR is seen. IF (REASON.-$FILE:EOF[F.’OPENUP (INCI’IWL ,
All but the break character is MODE, I, O)1).O THEN RETURN (F);
returned as the string. If the IF REASON.-I THEN
break charac ter was ‘15 (carriage PRINT (“Device “, $FILE.DEVICE(FJ, ‘ not availab e.”)

re turn), the following character is ELSE PRINT(”Error , “, CASE (0 MAX REASON MIN 4) OF
snarfed (on the assumption that it (“ no suc h file “, “Illegal PPN “, “protection

is a linefeed). “ busy “, “??? “ ), FILE:NAME[F], CRLF)
END “ tr y ”~END “GETFILE ”;

6.6 Example of TOPS-lO I/O
RECORD_POINTER (gFILE) SRC, SNK;

BEGIN ‘COPY” INTEGER FFLFTAB~COMMENT copies a tent file , inserting a semi colon at the
beginning of each line, deleting SOS in, numbers and SETBREAK (COLONTAB~.GETBR EAK , ““, ““,

ze ro bytes , if any Prints the page number as it goes; WHILE TRUE CO BEGIN “big loop”
STRING LINE;

REQUIRE “(][)“ DELIMITERS~ SRC~-GETF lLE (“Copy from:”, 0, 5, 0);
DEFINE CRLF.((’I 5&’12) J,LF.(’12], FF.~”l4] , SFILECOUNT(SRC),-200;
INTEGER COLONTAB , SNK~.GETF iLE (“ to ” , 0, 0, 5)

SET BREAK (FFLFTAB .-GETBR FA I( , rF&LF , “,

RECORD_CLASS tFILE (STRING DEVICE, NAME;
INTEGER CHANNEL , MODE , IBUF, OBUF , WHILE TRUE DO BEGIN “a line ”

COUNT , BRCHAR , EOF , LINNUM, PAGNUM, SOSNUM), LINEa.INPUT (SFI LECHANNEL [SRC), FFLFTAB ) .
IF $FILE:EOF[SRC) THEN DONE

RECOR~_POINTER(~FILE) PROCEDURE OPENUP IF fFILE:BRCHAR~SRCJ.FF THEN REG1N
(STR ING FILNAM , INTEGER MODE, IBUF, OBUF); PRINT (“ “,SFILE.PAGNUMISRC])

BEGIN “OPENUP” LINE.-LINE&
STR It4G T, RECORD_POINTER (SFILE) Q; INTEGER BRK; INPUT ($FILE.CHANNE L[SRC J, FFLFTAB ) END;
0.-NEW _ RECORD (SF ILE) ; T..SCAN (FILNAM, COLONTAB , BRK); CPRINT ($FILE:CHANNEL~SNK], “.“, LINE)
SF ILE DEVlCE(Q]~-(IF BRK. ’ : ” THEN I ELSE “DSK”) END “ a line ” ;
SFILE NAME[Q).-(IF SRK.’” THEN FILNAM ELSE I), RELEASE (tFILE:CHANNEL(SRC) );
SFILE MQOE[Q} ’-MOOE. *FILE IBUF(QJ.-IBUF RELEASE (SFILE:CHANNEL I$NK))
$FILE OBUF(Q)~-OSUF; OPEN (gFILE:CHANNEL(Q)..GETCHAN, END “big loop ”,

~FILE DEVICE~Q), MODE , IBUF, OBUF, $FILECOUNT(Q], END “COPY”
IFILE BRCNAR(0), FILE EOF(Q}’-” l);
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SECTION ~‘ cvs

EXECUTION TIME ROUTINES “ASCII_STRING” 4- CVS (VALUE);

The decimal Integer representation of VALUE ;s
Pleac-e read Execution Time Routines in General , pr oduced as an ASCII String with leading zeroes
page 33, ;t you are unfam iliar with the format omitted (unless WIDTH has been set b~
used to de~cribe runtime routines. SETFORMAT to some negative value). “-“ will be

c oncatenated to the String representing the
decimal absolute value of VALUE if VALUE is
negative.

7J Type Conversion Routines

CVD
SETFOR1vIAT

VALUE .- CVD (“ASCII_STRING”)
SETFORMAT (WIDTH , DIGITS)

ASCII _STRING should be a String of decimal
This function allows specification of a minimum ASCI I characters perhaps preceded by plus
width for strings created by the functi ons CVS, and/ or minus signs. Characters with ASCII
CVOS, CVE, CVF, and CVG (see page 46 and values ~ SPACE (‘40) are ignored preceding the
fol lowing) . If WIDTH is positive then enough number. Any character not a digit will
blanks wil l  be inserted in fr ont of the resultant ’ terminate the conversion (with no error
string to make the resul t at least W~~TH indication). The result is a (signed) integ er.
characte rs  long, The sign , if any, w ill appear
af ter  the i~lanks. If WIDTH is negative then
leading zeroes will be used in place of blanks,
The sign, of course , will appear before the CVOS
zeroes. The parameter WIDTH is initialized by
the sys tem to zero. “ASCII_STRING” 4- CVOS (VALUE)

In addition, the DIGITS parameter allows one to The octal Integer representation of VALUE is
specify the number of dig its to appear produced as an ASCII String with leading zeroes
following the decimal point in strings created omitted (unless WIDTH has been set to some
by CVE, CVF, and CVG. This number is initiall y negative value by SETFORMAT. No “-“ will be
7. See the writeu ps on these functions for used to indicate negative numbers. For
de tails. instanc e, -5 will be represented as

‘.777777777773’ ,’
NOTE: All t ype conversi c .~ routines , including
those that SETFORMAT applies to , are
performed at compile time if their arguments
ar e constants. However , Setformat does not CVO
have its e f fect  until execu tion time. Therefore ,
CV S, CVOS , CVE, CVF, and CVG of constants will VALUE ~ CVO (“ASCIl_STRING”)
have no leading zeros and 7 digits (if any)
f ollowing the decimal point. This function is the same as CVD except that

the input characters are deemed to represent
Octa l values.

GET FORMAT

GETFORMAT (~ WlDTH, i~DlGlTS)

The WIDT H and DIGIT settings specified in the
last SETFORMAT call are returned in the
appr opriate reference parameters.
46 J
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CVE, CVF, CVG CVASC , CVASTR , CVSTR

“STRING” ~ CVE (VALUE); VALUE ‘- CVASC (“STRING”);
“STRING” ~- CVF (VALUE); “STRING” CVASTR (VALUE);
“STRING” s- CVG (VALUE) “STRING” 4- CVSTR (VALUE)

Real number output is facil i tated by means of These routines convert between a Sail String
one of three func tions CVE, CVG, or CVF, and an integer containing 5 ASCII characters
corresponding to the E, G, and F formats of left j ustif ied in a 36-bit word; the e x t r a  bit is
FORTR AN IV. Each of these functions takes as made zero (CVASC) or ignored (CVA STR ,
argument a real number and returns a string. CVSTR). CVASC converts from Str ng to ASCiI .
The format of the str ing is controlled by Both CVSTR and CVASTR convert from a word
another function SETFORMAT (WIDTH , DIGITS) of ASCII to a string. CVSTR always returns a
(see page 46) which is used to change WlDTH string of length five , while CVASTR stops
from zero and DIGITS from 7, their initial values , converting at the first null (‘0) character.
W IDTH specifies the minimum string leng th. If
WIDTH is positive leading blanks will be inserted CVASTR (CVASC (“ABC” )) ~ “ABC”
and if negative leading zeros will be inserted. CVSTR (CVASC (“ABC”)) is “AB C” & 0 & 0

The following table indicates the strings
returned for some typical numbers. _ indicates
a space and it is assumed that WlDTH~ 10 and CVGSTR, CVSIX , CVXSTR
DIGITS.’-3.

I “STRING” ~
- CV6STR (VALUE);

CvF CVE CVG VALUE ~- CVSIX (“STRING”);
.880 —. 108€-3 —. lOOs-3, “STRING” 4- CVXSTR (VALUE)
.001 —. lOCe—2 —. 188e—2_
.810 —. ioea-i _ —‘ iaea-i .. The routines CV6STR , CVSIX , and CVXSTR are
.100 _ .100___ _ .100_ the SIXBIT analogues of CVASTR , CVASC , and

__..._.‘.eoo —. 180€i _ ,._ i. eo_ CVSTR, respectively. The character codes are
___ 18.000 _.100€2 _ _Ie.O_ converted , ASCII in the String “ SIXBIT in the
_100,800 —. iO0€ 3 _ _jaa ._ integer. CVXSTR always returns a string of
_ieo~.ooo —. —. length six , while CV6STR stops converting upon
_ 18000 .800 —. leOsS _ —. 18855..,,. reac hing a null character.

_100000 .000 _ ,100s6_ _.100~6_
_1008000.008 —‘ 19807_ —. CV~STR (CVSIX (“XYZ” )) is “XYZ” , not “XYZ
— 1000000. 000 _ — .18067_ — .100e7_ CV6ST R (CVSIX (“X V 1”)) is “ X” , not “X V 2” or “XYZ” .

The first character ahead of the number is
eith er a blank or a minus sign. W ith W lDTH~ -10
plus and minus 1 would print as~ 7.2 String Manipulation Routines

CVF CVE cv&
_00081.080 _0. i800L_ _01.80___
—eooe~.aoa —e ,ze osz _ — az. a e_ EQU

All numbers are accurate to one unit in the VALUE 4- EQU (“STRi” , “STR2”)
eighth digi t. If DIGITS is greater than 8, trailing
zeros are included; if less than eight , the The value of this function is TRUE if STRI and
number is rounded. STR2 are equal in length and have identically

the same characters in them (in the same
order). The value of EQU is FALSE otherwise.
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LENGTH In other words , it executes the instruct io n
f ormed by adding the address of the ADDR

VALU E ‘- ~E~ GTH (“STRING”) variable (passed by reference ) to the number
INSTR. Before the operat ion is carried out , AOl

LENGTH is always an integer-valued function. If is loaded from a special cell (initiall y 0). AC 1 is
the argume~~ is a String, its length is the returned as the result , and also st ored back
num oer of characters in the st ring. The length into the special cell after the instruct ion is
of an algebraic expr ession is always 1 (see executed. The global variable _ SKIP_ (.SKIP. in
page 23). LENGTH is usually compiled in line. DJT or FAIL) is FALSE (0) after the call f t he

execute d instruction did not ski p; TRUE
(currently - 1) if it did. Declare this va riable as
EXTERNAL INTEGER _SKIP_ if you want to use

LOP it.

VALUE ‘- LOP (i~STRlNGVAR) “1
The LOP operator applied to a String variable CALL
removes tn~ f irst  cnaracter  fr om the String and “1
re:,.~rns I in the form given in page 23 above, RESULT 4- CALL (VALUE , “FUNCTION”)
‘The ~~~~~ no longer contains this character.
.-CP app : .eci to a null String has a zero value. This function is equivalent to the FA~L
.CP is ~,~~a ! y cornp ed in line. LOP may not stateme nts:
appear ~ a statement.

EX T ERN RL. .Sr.IP.
SETOM .Sr.IP.
flOV E 1,VRLUE S

SUBSR, SUBST CRLL 1, LSIXB IT /FuNCTION/ )
SET~M .SKIP. ;Dj D NOT SKIP

Su~SR (“S TRING ” , LEN, F1RST); RETURN (REGISTER 1)
SUBST (“STRING”, LAST , FIRST)

TENEX users should see more on CALL, page
These r outines are the ones used for 80.
performing substr ing operations. SUBSR (STR ,

E~., FIRST) is STR[FIRST FOR LEN) and
SUBST (STR , ~.AST , FIRST) is STR[FIRST TO
LAST] . CALLI

RESULT 4- CALLI (VALUE, FUNCTION)

7,3 Liberation-from-Sail Routines (TYMSHARE only.) Like CALL, only CALLI.

CODE USERCON

RESULT .- CODE (INSTR, ,~ADDR) USERCON (i~lNDEX, i~VALUE, FLAG)

T n s  functi on is equivalent to the FAIL This function allows inspection and al terat ion of
statements: the “User Table ”. The user table is a lways

loaded with your program and conta ;ns many
E~~TEP l~~i. .S KI P. ;DE CLRRE RS ,..SK I P _ IN SRft interesting va r iables. Declare an index you are

~ .s~ i~~. ~ ssunc SKI P interested in as an External Integer (e .g.,
“‘3vE 0 , It~ST R EXTERNAL INTEGER REMCHR). This w il l , when

0,gRDDR loaded , give art address which is secret ly a
X C T a sri~alI Integer i noex into the User Ta bie. When

S K I P .  ; D I O N ’ T  SKIP passed by reference , this index is available to
RETuRN (1)
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USERCON. The names and meanings of the USERERR (0 , 1 , “LINE TOO LONG”). G~~s
vari ous User Table indices can be found in the srror mess age ~nd allows continuation
f i le HEAD, wherever Sail compiler program text
f l ies are sold. LJSERERR (0, I, NULL, “QLA”), Resets mode

of error handler to Quiet , Logging, arid

USERCON always returns the current value of Auto mat ic continuation Then continue s

the appropriate User Table entry (the Global
Upper Segment Table is used if FLAG is
negative and your system knows about such
things) . If FLAG is odd, the contents of VALUE ERMSBF
before the call rep laces the old value in the
selected entry of the se lected ta ble. ERMSBF (NEWSIZE)

t3~ now the incredible danger of this fea ture This routine insures that error messages of
m u s t be apparent to you. Be sure you NEWSIZE characters can be handled. The error
understand the rami ficati ons of any changes message buffer is initially 256 characters ,
you make t o any User Table value, whic h is sufficient for any Sat -generated error.

USERERR can generate longer rriessages ,
000TAB however.
Direct access to the user tab le can be gained
by declaring EXTERNAL INTEGER ARRAY
GOGTAB[O:nJ; The clumsy USERCON linkage is
obsolete. EDFILE

The symbolic names of all GOGTAB entries can EDFILE (“FILENAME”, LINE, PAGE, BITS(0))
be obtained by requiring SYS:GOGTAB .DEF
(<SAIL>GOGTA B.DEF on TENEX ) as a source file. (Not on TENEX.) Exits to an editor. Which ed i tor
This fi le contains DEFINEs for all of the user is determined by the bits which are on in the
tab le entries , sec ond parameter , LINE. If bit 0 or bit 1

(600000 ,0 bits) is on, then LINE is assu m ed to
be ASCID and SOS is called. If neither of these
bits is on, then LINE is assumed to be of the

USERERR form attach count ,,sequerit ial line number and E
is called. PAGE is the binary page num ber.

USERERR (VALUE , CODE, “MSG”, BITS defaults to zero and cont rols the editing
“RESPONSE”(NULL)) mode.

USERERR generates an error message. See 0 ed it
page 138 for a description of the error I no directory (as in IN)
message format. MSG is the error message that 2 r.sdonly (as in /R)
.s printed on the te letype or sent to the log 4 create (as in /C)
f i le. It CODE 2, VALUE is printed in decimal
on the same line, Then on the next line the In addition, the accumulators are set up from
“Las t SA IL cal l ” message may be typed which NIACS (see below) so that the E command c~eX
indicat es where in the user program the error RUN will run the dump file from which the
occurred. It CODE is 1 or 2, a “-“ will be typed current program was gotten. [Accumulators 0
and ex ecut ion will be allowed to continue. If it (file name), 1 (extension ) , and 6 (device ) are
s 0, a “?“ is typed, and no continuat ion will be loaded from the correspond ing values in
permitted. The string RESPONSE , if included in INIACS.]
the USEPERR call , will be scanned bef ore the
input buffer is scanned. In fac t , if the string
RESPONSE satisfies the error handler , the inpu t
buffer will not be scanned at all. Examples: INIACS

The contents of locations O- ’17 are saved in
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o, o c v , IN~AC S when the core image is s ta r ted for programmer numbers are returned ri the
;n ~ f ; rs i  time. UeUare iNIACS as an exte rnal respecti ve reference parameters. Any
~‘le~~~r ard use START _CODE or unspeci fied portions of the FILE _SPEC W~ L I

V )RY OCATON~lN.ACS)~n) to reference this resu lt in zer o values , The global variable
blO CK . _SKIP_ will be 0 if no errors occurred , non-

zer o if an invalid f ile name specif ication iS
presen ted.

7.’~ Byte Manipulation Routines
FILEINFO

LDB, DPB, etc. FILEINFO (~ lNFQARRAY)

VALUE LOB (BYTE _POINTER); FlL EIN~0 fills the 6-word array INFOA RRAY w t h
VALU E ~

- LOB (i~ BYTE_POiNTER); t re f ollowing six words from the most recent
DPB (BYTE , BYTE _POINTER); LOOKUP, ENTER, or RENAME:
tO PS (BYTE , ~ BYTE_POiNTER);
ISP (

~ BYTE _POINTER) FILENAME
EX’T ,(2 lriidate2 (I 5)date I

LOB , UJB, DPB, IDPB, and 16? are Sail (9)prot (4)Mode (1 i )ti me (I2) Io dat e2
co nstructs used to invoke the POP- b by te negative swapped word count
loading .rstru c lions. The arguments t o these 0 (unless opened in magic mode)
f,, rc~~on~ are expressi ons w h .cn are interpreted 0

as byte pointers and by tes. In the case of 1L DB,
lOPS , and IBP, you are required to use an See [SysCall); TENEX users should use JFNS
a lgebr ac variab le as argument as the instead.
by te _pointer , so that the byte pointer (i.e. That
algebraic variable ) may be incremented.

ARR INF O

PO1NT VALUE ~ ARRINFO (ARRAY, PARAMETER)

VALUE ~
- POINT (BYTE SIZE, ARRINFO (ARRAY, -1) is the number of

i~EFFECTlVE ADDRESS , LAST BIT NUMBER) dimensions for the
array. This number is

POINT returns a byte pointer (hence it is of negative for String
type integer) . The three arguments correspond arrays.
exact ly  to the th ree arguments to the POINT
pseudo- op in FAIL. ARRINFO (ARRAY , 0) is the total size of the

array in w ords. S

ARRINFO (ARRAY , 1) is the lower bound for
7.5 Other Useful Routines the first dimens ion,

ARRINFO (ARRAY , 2) is the upper bound ~or
the first dimension.

CVFI L
ARRINFO (ARRAY,3) is the lower bound fc ~

VALUE ~ CV~ IL (“FILE _ SPEC”, ~ EXTE N , ~ PPN) the sec ond di rrens~~n.

FIL E ,.SPEC has the sar(.e form as a f i l e  n~~ .e A RRINFO (... etc.
spec t ica t on ~cr LOOKUP or ENTER. Tre StX B T
for Ire f i  e name is returned in VALUE. S,X B ’l’
va lues for the extensi on and project-



f~ ‘~ L EXE C UT IO N ‘ l~~E POUT IN ES

c er ie rt Or a r ~ y ~~~ r~~.’ i ’ .’~3~ Psc:
c or t ex t , N_CON TEXT i. I ret ,,~~

—

~~~~~ ..~~EST , ,~SOuROE , N,...’ ’ 11 _CONTEXT wi l l also re t . .r t r ,,e T VA~
, s

array element and the .. o c  a~ray v.as
w i ,~ d are t ransferred (UC g B T )  f rom Remembered in Ira; corlc~.t > L j y ~s . r g

c c ’ ~ ec ,..ti ‘e locat ,o ns st a r) :ng at SOLR CE to REMEMBER <arr ay_ narre>) . Cr Ire c~
CC~’ ;C.~L~ c lo c at ions star I ng at DEST . No f VARI is an ar ray name , t re r  ‘,_ CCl ,TE X T .. ill

c ’ e ck in g  is perf ormed. Th~s f ,..rction return true orl~ if one ras Rerrer ’ : ~ec Ira)
not work w el  for String A~~ays (nor se t array with a REMEMBER <array_ name> .

nc~ st arrays ) .

C H NC C B
A RRT RAN

VALU E ~ CHNCDB (CHANNEL)
A R~ 1, ~~~~~ SOUPOEA RR.

(Not on T ENEX.) This integer procedure rc lu r r ,s
Tn r, fL , r’c t O r  c U G e s  information from the address of the block of storage w h c h  Saii
SO uRCEARR to CL STARR . The tr.~ ,sf er starts at uses to keep track of the specif ied channe l. it
Inc f i r s t  da ta woro of each array. The minimum is prov ided for the benefit of asser rb, ,’
of the s zes of SOURC EARR and DESTA RR is thu language procedures that may want to do i/ C
number of v.crds transferred. inside sorr e fast  inner loop, but which rray v. an;

to live in a Sail core image & use the Sai i OPEN,
etc.

AR PC L P

A RPC~.R (ARRAY , VA LUE(O)) 7.6 Numerical Routines

T h s  rO~..t,ne stores VALUE into each element of These numerical routines are new as
ARRAY. The most common use is with VALUE predeclared runtimes in Sail . The routines
omitted , which clears the array; .e,, arith met ic themselves are quite standard.
ar rays get fi l led with zer os , str ing arrays w ith
NULLS , itemvar arrays w I b  ANYs , The standard trigonometric functions. AS iN ,
record _po rter a r r a j~ wi t h NUL L_ RECORD. One ACOS, ATAN and ATAN2 return results in
r a y  us~ A RRCLP w. th  set and ii st arrays , but radians. The ATAN2 call takes arc-tangent of
the set and Hst space will be l o st (i.e., un- the quotient of its arguments; in this way, it

~‘ i rhage - c o I Ie c t i b le ) .  Do not supp ly anything correct ly preserves sign info rrra t i on .
oIr ,cr than 0 (0, NULL , PHI , NU, NULL_RECORD)
f or  VA LUE w hen clearing a str ing , set , iist , Or REAL PROCEDURE SIN (REAL RA DiAN S
re~o’d~ oc.nIer array unless you knovi what REAL PROCEDURE COS (REAL PAGANS ;,

yO .i are Co ng. Using a real , value for an REAL PROCEDU RE SIND (REAL DECREES I
:t er i~var ar ra y  is apt t o cause strange results. REAL PROCEDURE COSD (REAL DEGREES>.
t i you use an integer then ARRAY will be filled

w C n  CVI (value ).) REAL PROCEDURE ASIN (PEAL APGUMENT),
REAL PROCEDURE ACOS (R EAL ARGUMENT>
REAL PROCEDURE A lAN (R EAL A PG UYE NT ),
REAL PROCEDURE ATA N2 (REAL NIJ M DEN )

IN_CONTEXT —

The hyperbolic trig onometric functions.
VAL~ E N_ CONTEXT (VARI , CONTXT

REAL PROCEDURE SINH (REAL A~ D~ Y [ \T i
N_CONTEX T is a boolean which Ic ’ s one if the REAL P!~UCEDU PE COSH (REAL A NG,~v E N T I

specif ied var iable is in the s pec i~~cd conte x t. REAL PROCEDURE TA NH REA L G~ M t,T >
VAR I may be any variable , array element , array
name , o- Leap variabl e. If that variable , The square-root function:
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I. T M E  r~j ,Ti1,ES SAIL

ar i l r i Ct c r c,...t nes all haie a “S” appercea to
P E A . ~~~~~~~ S~ P~ ~PEA~ APG _ ME\T ,  I~ e era. T ru~, S N has tr,e en t ry  poin; SlN~ ,

etc. WA RNING: If a program plans to ,.,>.e t re
A c e Lco- random r ..~r,.Der ge ne r3to r . The S c I  intri ns. c numerical routines , it should NOT
a’ ~~ : e ~t c pec f es a r~’ .c’ va~~e for tne seea (if include external declarations to there , s nc e th.s
I . e  ~‘ ~~~~~~~ is 0, ~~~ oia seec v~ i je is LCCU. w i l  probabl y cause the FORTRAN i c ra ry
Tn,.,’ to p i .~I c ) ’ e’ . r . ’ ra ncor ,  r...,” tac r ~,, t r U  routines to be loaded.
arg ~nI i d  Li.’ Z e r O  Reo ul ts are
nor~~,... zi .  i.. 0 e r t r e  rar~ e ~~~~ OVERFL OW IMPLEMENTATION

hs  section m a y  be skipped by al l but those
~~~CEG~~ P A N (NT EGEP SE ED interested in inte rfac ng r~ rroer  c r Unc nng

assembly code (where overf ow and uncer f i ow
Lo.~a ’ In .  ‘a e~~ Lrre nt i at ion L C i O f l S .  These are expected to be a problem) w it h S a l
f , .~n c ; . CnC .‘ (i.e - liiC Ones use a by the Sa:l routines.
~ i .p 3 ” er.~ ~ I on op. rat or. T re ea se is e
~2.7 E ,t~~. ~~ 8’5  LO.~). The logar tn rr to the Trie Sail arithmetic interrupt routines f i rst
Dase 10 of e is O.L~3429448 19. check t o see if the interrupt was caused by

f loat ing exponent underf low. If it was , then the
PE~ PA LOUPE LTD (REAL A RGU M E N T ) resu lt is set to zero , be it in an accurriulat or ,
REA. PAU CED UP E LAP (R EAL ARS u MENTI rrie rnory, or both. Then if the ar i th metic

instructi on that caused the interrupt is fo l lowed
T nes e fi..rc t io ns  may occa s i o nail , be asked t o by a JFCL , the AC field of the JFCL is cor ipared
COr  p u e  n~~ ’oers Inal l ie ou ts ae Ire range of w t h  the PC flag bits to see if the JFCL tes ts
.s-~~a t l caNr : ~~-po rt r,,..mbers or. Ire PDP-1O. In for any of the f lags that are on. If .t coes ,
Irene cases , tne roul r.es issue sprign; y error those flags are cleared arc the program
r.enna~~ s ‘na ) are co nt ,nuab le. proceeds at the ef fec t ive  accre ss of the JFCL

(i .e., the hardware is sir nuIate~ in tna t case).
OVERFLOW Note that no instructions rriay ir,tervene
I:’ order 10 oe te r  per forr e their tasks , these between the inte rrupt-causin g notru ct iOn and
ro.. ) nes er.aole the system interrupt faci l i ty f or the JFCL or the interrupt routines will not see
t .oating-p oint overf low and underf low errors , the JFCL. They only look one instruction ahead,
.t an uncer f i ow is detected , the res,.~l to are set Note that in any case , floating exponent
to 0 (a feat  rot done by the PDP-I0 hardware , underf l ow always causes the result to be set to
alas ) . Be aware that such underf low fixu ps wil l  zero. There is no way t o disable that effect.
cc c ore to e~’ery underf low that Occu rs in your
c r ogra rn . For further implementatio n details ,
see Ire sec t on below.

YOU ~. c e to be ir lo rmec of any
n ,rr,er ,c~ ~ ~~e p t o r s , yoi... can ca . the runtime;

- A :. N OCAT ,U is r i p e -  proce~iJr ~~- r.~ rne ))

Eve r 1 L . .’ nU- po n; except io n Ira) is not
e~ pe c t e c  by I . e  rt e r rupt  r a c e r  ( I r e

ca  ro . t i r , e i . .  ,~oe a special con .e~~iOn to
a r t n r r e t i c  except ion w a ;  ea pected )

~. l  cause tre spec “cc simp le proce oure to cc
Ca ~~c T o ,  .‘ o c € ’ o ’ e r a y  :ock around t re
~~i. r d  a.. C~~.~ r U L  fo r  ‘export ’ interr upt
hI, ” crc , ca r ’~ ~2C. no T RG 1N’ i c a , i  is done ,
Ir e  ‘ I er r ~~p ’ roLl  re  wi l l  simpl y d srr. ss
uf l e ’ G e C I e C  ‘ oat r.g-p o r t  nter r upts .

ENTRY PO iNTS
cr Oe r  t o  a .~o d  con’ ,.. . or. (by t re .oade r) ~. t b

r g G~~r~~ es , the entry points cf the Sa

-~
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SAIL PR;NT

SECTION 8
PRINT (CVOS (I)),

PRINT
will print I in octal , since CVOS is c a l e a
(The expressi on CVOS (I) is of course a SY
express ion.) Wizards may a lso c har rc .  t : ’.e
default format ting function for a given ~,‘r ac t . c

8. 1 Syntax t ype.

<print _statement> DESTINATIONS
PRINT ( <ex pression ..jist> ) CPRINT interprets ‘integer _express Ion> as a

::~ CPRINT ( <integer _expressi on> , Sa il ~hanneI number and sends all O u p . .I t o
<express ion_list> ) that channel. The following two s ta ter r er Is  are

functi onally equivalent:

CPR(NT (CHAN , ‘The values are “, I, “ and “, XI.

8.2 Semantics OUT (CHAN, “The ~~~~ a s  “&CVS (Na ” n0 “&CVG i~~~,

The new cons tructs PRINT and CPRINT are PRINT initially sends all output to the te rrr. na
conveniences f or handling character output. but can also direct out put to a f i le  or pr 1
Code wnich f ormerly looked like combinat ion of terminal and/or f le . The r ores

of PRINT are (dynamicall y) e ;tab l ished and
OUTS TR (“The v ilu es are “ &  CVS (I) & “ arid “ a, queried by SETPRINT and GETPR NT.

CVC IX) & “ for item “ & CVIS (IT , JUNK))

may now be wri tten _________— SETPRI NT , GETPR .NT
PRINT (“T h e values a,. “, I, X, “ for tim “, IT),

SETPRINT (“FILE _NAME”, “MODE”);
The f i rs t  expression in <expressi on_list> is “MODE” ~ GETPRINT
evaluated , forma tted as a string, and routed to
the appropriate destina tion. Then the second Here MODE is a sing le character  v.’hicn
expression is evaluated , formatted , and repres ents the destination of PRINT output.
dispatched; etc. (li an expression is an
assignment expression or a procedure ca ll then MODE MEANING
side ef fec ts  may Occur. )

the Terminal gets all PR NT
DEFAULT FORMATS output. If an output f i le  is open
String expressions are simp ly sent to the then close t. “T” is the mode n
output routine. Integer expressions are first which PRINT is init alized.
sent to CVS, and Real expressions are passed
t o CVG; the current SETFORMAT parameters are “F” File gets PRINT outpi.~t. If no t I e
used. Item expressions use the print name for is open then open one as
the item if one exists , otherwise ITEM!nnrin, des cribed below.
where nnnn is the item number. Sets and lists
show their item com ponents separated by “8” Both terrrina l and t i e  get PR’NT
co m reac . Sets are surrounded by sing le braces output. If rio f i le is open t rer i
ansi l ists by double braces , PHi and NIL are open one as described below
printed for the erepty set and erept y list
respect ively.  Record pointers are fo rmatted as “N” Neither the f i t e  nor (hr term ina
the name of the record class , followed by a “,“, gets any output. if a ‘ l e is open
f ollowed by the (decimal ) address of the reco rd. then cl ose it.
NULLIRECORD is printed for the empty record.

Suppress a t  Output , but Open a
If the default  f crmat is not sat isfactory then the fi le if none is Open .
user rray give a function call as an argum ent.

F For examp le,



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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“U’ a t i l e  is Upen , ou t Inc terrr na is i~ PRINT to TERMINAL. Sirripl y use PP NT do
ge t t . n ~ a. o~..tput. If no file is not bother w i th  SETPRINT.
open tner; open one as described
below. 2 PRINT to FILE. Call SETPRINT (NULL , “F”);

and type the name of the output fi le when
“0” tn,~ ter rm na i gets output , but 1 asks.

-“, :iore ~ nelher Or not a fi le is
Op~ i1 arc w f e t n~ r Or nOt it is 3i PR NT to FILE and TERMINAL. At the

~ t.’t t . n T  oulput. beT innir.g of the program call SETPR .NT
(NJLL , “B”); and type the name when asked.

terminal ccies not get o~lput.
~nore wriether or not a f i l e is . )  PRINT to FILE always and sometimes also to

open and w rether or not f i le  is TERMINAL. Use SETPRINT (NULL, “B”); and
gett ing any output. gv e  the name of the file when it asks. T n s

sets output to both the terminal arid the
T ne t i rs l  ô possib : t e s  represent the lo~ .ca l fi i e. Then to ignore the ter m inal (Ieavi r.g
s ta tes  of the PR..NT system and are the the fi le al one), call SETPRINT (NULL, “I”); To
c n a r a c t e r s  w n ich G~~ PR;NT can return , The “C” resume outpu t at the terminal use SETPRINT
arc “I” r.;oces turn te rre ina l output on and off (NULL , “C”); This is useful f or obtaining a
w t n o u t  d .ct urbing anything else, The PRINT ciea n~ J-up printout on the file with error
statement is int ia l i ze d t o mode “T” -- print t o messages going to the terminal.
Te rminal ,  Modes “T” , “F” , and “B” are pr obably
I re  r Ust une fu .  The ot her modes are included CAVEATS
for co r r p :e tenes s  and a i iow the user to sw ,tch T ’yrr g to ex ploit the normal Sail type
oe tw een various combinations dynamically. conve rsions wil l  probabl y lead to trouble w t i ’,

PR NT and CPRINT. Printing sing le ASCII
if SETP R NT is called in such a way ( rat  a file characters is a particular problem.
has to be openea - - e.g., mode “F” and no file is
open -- tnen FILE_NAME will be used as the OUTSTR (‘ 14),
na-ne of the Output t ie. If FILE_NAME is NULL
then Ire fi lename w ill be obtained from the prints a form -feed onto the terminal , but
terminal .

PRINT (‘14)
SETP R .V rN,.,L~ , “F”).

prints “12”. The reas on, of course , is the
f i rs t  t ypes  the message default f ormatting of integers by PRINT or

CPRINT. This prob lem is particularly severe
F e  for PP.NT output . with macros that have been defined with an

integer to represent an ASCII character. For
and ~..ses tr .e response as the name of a file to example ,
open. C’ TENEX , GTJFN wi th recognition is
uses:; on TO PS- b and its variants the filena me DEFINE TAB.”t 1”
is read w In lNCHWL. The fi le opened by PRINT (TAB)
SETP° NT w . l l  be closed when the program
te r m  nate ;  oy fa~~ng through the bottom. It wil l  w i l  print “9”. The solu tion is to define the
also be c.osed .1 t ie user calls SETPRINT with macro so that it expands to a STRING constant
some rnoce Ihat c oses the fi le -- e g., “T” will rather than an integer.
close an C ut p . t  file if one is open.

DEFINE TAB.c ” “ b , or
SE T? R , ’,T ar.c GETPR NT are related only to . DEFINE TAB .c(’l I & NULL)~
PP NT; t r.ey have no ef fect  on CPRINT.

Also , remember t hat the f irst argument to
SIMPLE USE CPRINT is the channel number.
Here a re a few exar riples of common Output
S t u d 1 ,  one.
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SAIL PRINT

FOR WIZARDS ONLY
A tI  output going to either the PRINT or CPRINT
st atements can be trapped by setting user
f a d e  entry SSPROU to the address of a SIMPLE
pr ocedure that has one string and one integer
am g u rr e nt,

SI~.1PLE PROCEDURE MY PRINT
(INTEGER CHAN. STRING SI,

BEGIN ... END,

GOCTAB~$$PROU) LOCATION (MY PRINT).

‘t
~1”u CHA N argument is either the CF-4AN

argument f or CPRINT, or -b for PRINT. If this
trap is set then all output from PRINT and
CPRINT goes thr ough the user routine and is
not printed unless the user invokes OUT Or
OUTSTR from within the trap routine itself.

T o t r a p  the formatting function f or any
s ’ j r t a c t . c  type the user should set the
appropriate user tab le address t o the location
of a function that returns a string and takes as
an argument the syntactic type in questi on. To
print integers in oc al , preceded by “, use

SIMPLE STRING PROCEDURE UYCVOS (~NTEGER I)
RETURN I”” & CVOS (I)),

GOGTAB~S~FINT] 4- LOCATION (MYCVOS)

The names for the addresses in the user table
ass ociated with each formatting funct ion are:

INDEX TYPE

SfFINT INTEGER
$~ FREL REAL
$$FITM ITEM

~5FSET SET
S!F LST LIST
SSFST R STRING
$S FREC RECORD _POINTER

To restore any formatting function to the
default pr ovided by the PRINT system , zero the
appr opriate entry of the user table.

55

_ _ _  ~~~~~~~~~~~~~~



r ‘

~~~~~~~~~~ 

_  _ _ _

MA~~ O3 Att~ C~,NL. t ONAL COMP ILAT .CN SAIL

SECTION 9 ::~ <tor _c.c .s. >
<f or _Iist _c,c,s.>

MACROS AND CONDITIONAL COMPILATION . ::~ <case _c.c.s.>

<conc tional _c .c .s . >
::~ IFC <constant _expressi on> THENC

9. 1  Syntax <any thng> ENDC
::~ IFC <constant _expressi on> THENC

<anything> ELSEC <anything> ENJO
= 3EFINE <det _ st~ 

::= IFCR <co netant _e5 pressi on> THENC
RIIJEFINE <det _ Ls t >  ; <anything > ENOC
EVA LDEEINE <~ef _ Lst> ; ::= FCR <constant _expression> THENC
EVALREDEFINE <def _list> ; <anything> ELSEC <anyth ino> ENDC

<def _ list> <w r,ie _c.c.s.>
WHILEC <deltrr iited _expr> DUO

<def _ l is t> , <cef> <delimited _anything> ENDC

<for _c.c.s,>
= .‘rnacr o_bos:y> ::~ FORC <icen t i f ier>

‘.. ce r t t i f  er> i, <io _ llst> ) <constant _expression> STEPC
<macro _ bod y’> <constant _expression > UNTILC

::= <.C’dr ,t i  er> <st r ,rg_ constant > <co nstant _expression> DOC
<macro _body> <detirrite d_anything> ENDO

<identif ier> ( <.d _ list >
<string_ constant> <macro _body>

<f or_ l ist  _c.c.s.>
FORLC <identifier >

<macro _body> ( <macro _param _list> ) DOC
<delimited _string> <delim ited _ anything> ENDC

:: <constant _expression>
<macro _body> & <macro _body>

<case _c.c .s. >
CA SEC <constant _expression> OFC

<macr o_cal l> <de imited _any thing_list> ENDC
<rnacr o_ ce nt f ier>

aS r 0_ ide nt it ie
< ma cro _p am am _ l.st> ) <del r r t e c _ ari ,trI ing_ IiSt>

~m,. ro _ cent ‘ler> <strin g_ cOris tar ’ t >  :: <de l imit ed _anything>
<macr u _p’ ara m _ list> ) ::~ <de lirr ,ted _ anything_ IiSt >

<deli rrii ted _anyt ing>

<rr a cr0 _ Ide n t i f .  e r>
::= < cent if iem > <asslgnC >

::— ASS IGNC <identif ier> <macro _body >

<rr .acrc _ t ia r am _ Iist>
~~~~~~ rO _pararr >

<rr,acr o_ para m _ . st> , <macro _par~ m> <cei ,r ted _strin g> , <rr,acrO _p aram> ,
<del imit ed _ex pr> , <anything> and
<delimi ted _anytning> are ex p lained in the

<cond _cor p_ s ta te rr er . t ~ 
b owing text.

<conditional _c.c,s.>
<~.‘hile _c.c.s. >

56



r 

.

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SAIL MACROS AND CONDITIONAL COMPILA TION

9.2 Delimiters instead of REQUIRE “c~ <>” DELIMITERS. Tr. s
doesn ’t deactiva t e the stacking feature , it

There are tw o types of delimiters used by the merely changes the active del mitems w thou t
Sa il macro scanner: macro body delimiters and stacking them,
macro parameter delimi ters , Their usage will
be precisely defined in the secti ons on Macro To revert to the primitive , in tial del miter r~ode
Bodies and Parameters to Macros. Here we will where double quotes are the act ive delimiters ,
discuss their declarati on and scope, which is one may say
very important w hen using source files with
dif fe rent delimi ters (see page 11 to find Out REQUIRE NULL DELIMITERS

about source files) .
Null delimiters are stacked in the de lirr ter s tack

Sail init ial izes both left and rig ht del imiters of in the ordinary REQUIRE “ CD<> ” DEL:.v.:’~ERS
both body and parameter delimiters to the way. In null delimiters mode, the double quote
double quote ( “). One may change delimiters by character may be included in the r .acr o  body or
say ing mac r o parameter by using two double quotes:

REQUIRE “ c~~,c> ” DELIMITERS DEFINE SOR . ‘OUTSTR (”SORRY”).”,

In this example , the left and right body The Null Delimiters mode is essential l y the
delimi ters become “c” and “ b” , while the left macro fac ility of ancient versions of Sa l  v.’bere
and ri ght parameter delimiters become “<“ and “ was the only delirriiter , Programs wr . t te n
“>“. Require Delimiters may appear wherever a ancient in Sail versions will run in N,..il
statement or declaration is legal. One should Delimiters mode. Null delimiters mode has al l
Require Delimiters whenever all but the most the rules and quirks of the prehistoric Sail
simp le macr os are going to be used. The first macmo system (the old Sail macro faci l i t y is
Require Delimiters will initialize the macro described in [Swiriehart & Spmou li) , Section 13).
facility; if this is not done, some of the followi ng Compatibilit y with the ancient Sa l  is the Only
conveniences will not exist and only very reason f or Null Delimiters.
simple macros like defining CRLF “(‘12 & ‘15
)“ may be done.

Delimiters do not follow block st ructure. They 9.3 Macros
persis t until changed. Furthermore , each time
new delimiters are Required, they are stacked We will delay the discussion of macros wi th
on a spec ial “delimiters stack ”. The old parameters until the next section. A macro
delimi ters may be revived by saying without parameters is declared by saying:

REQUIRE UNSTAC K _DELIMITERS DEFINE <macro _name> . <macro _bod y>

Thus , each source file with macros should begin where <macr o_name> is some legal ident i f ier
with a Require delimiters , and end with an name (see page 129 for a definit ion of a ega
Unstack _delim i ters , It is impossible to Unstack identifier name). <macr o_body>s can be sirnp.’ y
off the bottom of the stack. The bottom a sequence of Ascii characters del r r.ted by
elemen t of the stack is the double quote macmo body de limiters , or they can be qu te
delimi ters that Sail initial ized the program to. If comp lex. Once the macro has been defined , the
you Unstack from these , the Unstack will macro body is substituted for every subsequent
bec ome a no-op, and the double quote appearance of the macro name. Macros may be
delim iters remain the delimiters of your ca lled in this way at any point in a S a l
pr ogram. program , except inside a Comment or a string

constant.
One may circumvent the delimiter stacking
feature by saying Macro declarations may also appear v . r tua l y

anywhere in a Sail program. W rien the w a rs :
REQUIRE “ C3<)” REPLACE _DELiMITERS DEFINE is scanned by Sail , the scanner t raps to

a special production. The Define is parsed , and
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t ’ ie  t~can ner retu rns to its regular mode as if 1. A sequence of Asci i characters
there r a c~ been no define there at all. Thus preceded by a left macro body
tri ngs like delimiter and followed by a right

macr o body delimiter.
I .- .1 • 5 * DEFINE CON . c’777~ , K12 .

2. An integer expression that may be
are pemfect y acce pta dle. However , don’t put a evaluated at compile time.
De~ ne in a string constant or a Comment.

3. A string expression that may be
SCOPE evaluated at compile time.
M.~croo obey block structure. Each DEFINE
serv es both as a decla rat on and an assi gnment 4. Concate nations of the above.
of a macro body to the newly declared symbol .
iv~o D~ Fi1.Es of the same symbol in the at the WARNING: Source file switching inside rriacros
s a c  le~ .cal level w.l l be flagged ~ts an err or. wdi not work.
inowe~ er , it is possible to change the mac mo
body assigned to a mac mo name without DELIMITED STRINGS
redec la r i rg tne non e by using say ing RED EFINE Any sequence of Asc ii characters , including
instead of DEFINE. For example , may be used as a macro body if they are

pr operly deli m ited. The macro body scanner
BEGiN keeps a count of the number of left and mi ght

delimiters seen and wi ll terminate its scan only
BEGIN when it has seen the same number of each.

This lets the macro body de limiters “nest” so
CEF;NE SQUAJ( . cOUTSTR ( ”OUTEP BLOCK”),~, that one may include DEFINEs inside a macro

body. For example ,
BE O N

DEFINE DEF
REDEFINE SQLJAK • cOUTSTR (”INNER BLOCK”);~; cDEFINE SYM • CSYMBOL~, SYM~
END . One may temporarily override the active

delimiters by including a two character string
SQUAK COMMENT Here th, program types before the “— “ of the Define statement. For

“INNER BLOCK”~ 
exampl e:

END COMMENT Here SQUAK is undehn.d.
If SQUAI( were included h•re , you’d DEF INE LES “&Z” • & OsX <BIGGEST A Y>X 1.
get the error message

“UNDEFINED IDENTIFIER:SQUAK” ; The first character of the two character string
END becomes the lef t delimiter , and the sec ond

bec omes the right delimiter.
REDEFINE of a name that has not been declared
in a DEF~NE will act as a DEFINE. That is, it will INTEGER COMPILE TIME EXPRESSIONS
also declared the macro name as well as Sail tr ies to do as much arithmetic as it can at
assigning a body to it. compile time. In particular , if you have an

arithrriet ic expression of constants , suc h as
MACRO BODIES
A Macro Body may be 9t.504 * (3 14 t 5 .S t (9 - 7>>

Z “Sail can co nvert str i ngs ”

t hen the who le expression will be evaluated at
comp ile tirrie and the resultant constant , in this
case 93.9263610, wi ll be used in your code
instea d of the constant expression. Ruritirri e
fun ctions of constants will be done at comp ile
time too , if possible. EQU and the conversion
routines (CVS , CVO, et c.) will work.
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When an integer compile time expression is To convert a macro body to a string constant ,
scanned as par t of a macro body, it is one may use CVMS. Similarl y, a macr o
immedia tel y evaluated. The integer constant parameter is converted to a string constant by
which results is converted to a character string, CVPS.
and that character string used for the place in
the macr o body of the integer expression. <str i ng Constant> ~- CVMS (<macr o name>),
Thus , <str ing constant> ~

. CVPS (<macro parameter name>)

DEFiNE TTYI JU O • ‘51 LSH 27 ; A string that has the exact same characters as
the macr o body will be returned, For example:

will cause ‘51 LSI-I 27 to be evaluated , an d the
resuit ing constant , 5502926848, will be CEFIt~E A • cB & C~;
c onverted to the character string 5502926848 , DEFINE ABC • CVMS (A) & c & D~and t hat cha racter string assigned to the macro COMMENT ABC now stands for the text  B & C & D.
name TTYUUO.

HYBRID MACRO BODIES
STRING COMP’LE TIME EXPRESSIONS When two delimited strings are concatenated ,
If a comp ile time expressi on has the type string the result is a longer delimited string. “&“  in
(constant ) , the macr o scanner will evaluate the compile time expression behaves the same w a y
expressi on immediately. However , the string it behaves in any expression. When a comnpi~e
constant that results will not be converted to t ime expression is concatenated to a de! rr t oc
the character string that represents that character string in a macro body, the result is
constan t , but t o the character string with the exactly the result one would get if the de iirr ted
sa me charac ters  that the string constant had. character str ing were a str in g consta n t , except
Thus, the way t o use a macro for string that the result is a delimited character string.
c onstants is to delimit the string constant like For example:
this:

DEFiNE N •
DEFINE STRINCON c Very long DEFINE M • 2.

comp lex string that is hard DEFINE SYM • CVS(N*M • N12) & c -SQRT( N*M. I
to typ. mere than onc. ’~ , DEFINE SY MI  • c3-SQRT(N* M,t )~ ,

However , the aut omatic conversion of string Here SYM is exactl y the same as SYM1.
constants to character strings is helpful and
indeed essential for aut omatic generation of
identifiers:

9.4 Macros with Parameters
DEFINE N •

COMMENT we will us• this like , variable, One defines a macro with parameters by
specifying the f ormal parameters in a list

DEFINE GENSYM • c fo llowing the macro name:
DEFINE SYM . cTE MP_~ & CVS(N)

COMMENT SYM ; defined to be the character DEFINE MAC (A , B) • c IF A THEN B EL~~ ERR~.. I .~~
s t r i n g  TEMP _u where 5 is an number,

One calls a macro with param eiers by including
REDEFINE N - N.1. a list of delimited character strings that will ~e
COMMENT This nicr. rn.nts N. substituted for each Occurrerce of the

corresponding formal in the macro body. For
SYM ~~. exampl e,
COMMENT At the call of SYM, th. character
strin g is read i ke program text  E g

INT EGEP GENSYM , GE’,SYM , GENSYM, GENSYM.
REAL GENSY M , GENSYM ,

COMMENT We have generated 6 id ent ifi er i W ith
unique cam.,, arid declared 4 as integers ,
2 as ri~ Is,
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having ‘177, n f or each appearance of the nth

~‘~4MENT we assume that “<“ and ‘ >“ are thi formal parameter in the body.
para me ter deli miters at this point;

MAC (<BYTES LAND (BITMASK • ‘2000)>, <
BEGIN

WW DAT ~ FETCH (BYTES , ENVIRON). 9.5 Condition& Compi’ation
COLOR[WWDAT ) w ‘2000,

END >) Tne compile time equivalents o f the  Sai l IF ,
WHILE, FOR and CASE statements are

expands to
IFC <CT sxpr> THENC <anyth ing> ENDC

IF BYTES LA ’~D (BITMASK • ‘2000) THEN
BEGIN IFC <CT esp r > THENC <anything> ELSEC

W.V DA T e. FETCH (BYTES , ENVIRON), <anything> ENOC
COLOR[WWDAT ) ~ ‘2000,

END Wni~LEC c.CT .xpr> ~ DOC c<anyth ,ng>~ ENOC
ELS E ERR .- i .

FORC <CT vsr iabie > .. <CT ex pr STEPC <CT .xpr>
Parar i~.eter de iimite rs nest. Furtherr ’ore , if no UNTILC <CT uxpr> DOC c<anything>~ ENDC
delim ;ters are used about a parameter , nesting
counts are kept of “0”, “a”, and “

~
} “ character FORLC <CT var iable> ,- (<macro parx m 

pairs. The parameter scan will not term inate <macro param>) DOC c any thi ng >~ ENDC
until the nesting counts of each of the three
pairs is zero , One may temporarily override CASEC <CT expr> OFC c<anything>D , c<anyt hing>~,
tr.e ac t ive  parameter delim iters by including a ~. , c a nything>~ ENDC
tw o character st ring ahead of the parameter
list in the macro ca ll: where <CT expr> is any compile time

express ion. <CT ex pr> could itself include FCc,,
MAC ‘~3” (( BYTES > ‘20003, (MATCH (BYT ES)3) FORCs or whatever. <CT variable> is a macro

name such as N from a define such as DEFINE N
Formal parameters may not appear itt compile MUMBLE; <macro param> is anything that is
time express i ons that are used to specify macro delimited like a macro parameter . <any thing>
bodies , This is quite natural: compi le time can be anything one could want in his program
expressi ons must be evaluated as they are at that point , including Defines and other
scanned , but the value of a formal parameter conditional compilation statements. The usual
isn ’t known until later. However , if the macr o care must be take n with nested IFCs so that the
body is a hybrid of expressions and delimited ELSECs match the des ired THENCs. The “c” and
cha racter  st rings , then f ormal parameters may ‘5” charac ters above are to stand for the

~ppear in the delimited string parts. cumrent MACRO BODY DELIMITER pair.

VIt ~en doing a CVMS on a m acro with The semantics are exactly those of the
pa rameters , use Only the macr o name in the correspo nding runtime statements , w i t h  one
ca l l ;  the parameters are unnecessary. The exception. When the list to a FORLC is null (i.e.
str ing returned wi ll have the tw o character it looks like “ ( )“ ), then the <anything> is
strings “>~I”, “X2”, etc. (here X stands for tne inserted in the compilation once , with the <CT
A sc i i  character ‘177) where the formal variable> assigned to the null macro body.
pararreters were in the macr o body. A “>~1”
will appear wherever the first f ormal parameter Situations frequently occur where the false
of the formal parameter list appear in the part of an IFC must have the macros in it
macro body, a ~

‘X2” will appear whereve r the expanded in order to delimit the false part
sec ond parameter appeared , etc. The correct ly. For example ,
unfortunate appearance of the Ascii character
‘177 in CVMS-generated strings is a product of
the representat ion of mac ro bodies as strings
ending in ‘177 , ‘0 (which CVMS removes),
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per iodically anyway. The best way to decode
DEFINE DEBUG_SELECT the integer returned by Declaration is to

clFC DEBNUM • 2 THENC ~ , compare it to the integer returned by
DEFINE DEBUG_END • CHECK_TYPE (<a string of Sail declarators> ) . A

cELSEC OUTSTR (“DEBUG POINT”) ENDC~ ; Sail declarat o r is any of the reserved words
use d an a declaration. Furtherr rore , the

Debug_ select dec larators m ust be listed in a legal order ,
OUTSTR (“DEBUG POINT s ’ & CVS (DBN)), namely, an order that is legal in dec lar a t ic r~s

Debug_ end (i.e. ARRAY INTEGER won ’t wor k) . One may
include as arguments to CHECK_TYP E the

If DEBNUM is not 2, then the program must following special t okens:
expand the macr o Debug_ end in order to p ick
up the ELSEC that terminates the false part of TOKEN EFFECT
the conditi onal. The expans ion is only to pick
up such tokens -- the text of the false part is BUILT_IN The bit hat is on when a
not sent to the scanner as the true part is. In procedure is known to
order to avoid such expansion, one may use preserve ACs 0- ’i 1 (except
FOR (the R stands for “r ecurs ive ”) instead of AC1 if returning a va lue) is
IFC. returne d. Sail does not

clear the ACs when
As an added feature , when delimiters are compiling a cal l  on a
required about art <anything> in the above BUILT_iN pr ocedure.
(such const ructs are named
<delimited _anything> in the BNF), one may I LEAP_ARRAY The bit that is on when an
subst itute a concatenati on of constant identifier is an tern or
exp ressions and delimited strings. This is just itemvar with a declared
like a macro body, excep t the concate nation array datum is returned
MUSI contain at least one deiimi~ed string, (the discussion of Leap
thereby f orcing the result of the concatenat ion starts on page 83).
to be a delimited string, rat her than a naked
expressi on. RESERVED The bit that is on for a

reserved w ord is returned ,
As a further added feature ,

DEFINE The bit that ind icates the
IFC <CT ex p r > THENC c ’canyt hi ng >~ ELSEC identifier is a macro name

c<anylhirrg>3 ENDC is returned (note: a rracro
name as the argument to

may be subs tituted in FORCs, FORLCs, and DECLARATION will not be
WHILECs for the <anything> following DCC. expanded).

NOTE: In a WHILEC, the expression must be CONOK The bit which says “thk
delimited wi th the appropriate macro body procedure will be evaluated
delimiters (hence the construct at compile time if all its
<delimited_expr> in the BNF). argumen ts are constant

expressi ons” is returned.

Examples:
9.6 Type Det erminatior at Compile Time

DECLARATION (F0O) CHECK _TYPE (INTEGER )
To ascertain the type of an ident ifier at compile This is ~n sas c i compare Only if Foo is
time , one may use the integer function an integer variable will equality hold
DECLARATION (<identifier>). This returns an
integer wit h bits turned on to represent the DECLARATION (A) LAND CHECK_TYPE (ARRAY )
type of identif ier. Exactly what the bits This is not s ri exact compa re If A a any
represen t is a dark secret and changes kind of an array, the LAND will be non-zero
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ASSIG NC
DECLARATION (CVS) - CHECK _ TYPE ( EXT ER NAL CONOK The followi ng compile time construct rra~,es

OWN BUILT_ IN FORWARD STRING PROCEDURE) recursive macr os easier.
The equality hold s. FORWARD so that you can
redeciare it without comp laints, OWN as a hack ASSIONC <name I> — <macro _body> ;
which saves space in t i e  compiler.

<narr ie l> must be a formal to a ri,~ cr o , ~~a
DECLARATION (BEG) LAND CHECK _ TYPE (RESERVED ) <macro _body > may be arty rr acr o boay.

ThiS is non-zero oni y if one has s aid Thereafter , whenever <name I~> is irT $~a n t ; a t e c ~,
LET BEG BEGIN. DEFINE BEG BEGIN the body correspo nding t o <macro _bOdy > is
w I  only turn the Define bit of BEG on. used in the expansion rather than the te x t

passe d to the formal at the macro call.
NOTE: if the <identifier> of DECLARATION has
not yet been declared or was dec lared in an RESTRICTION: ASSIGNC may only appear In the
inner block , then 0 is returned -- it is body of the macro that <namel> is a fo rmal  of ,
undeclared so it has no type. If it appears anywhere else , the <name 1> wil l

be expanded like any good formal , and that tex t
EXPR _TYPE returns the same bits that used in the ASSIGNC as <namel> . Unless
DECLARATION does, except that the argument t o you’re being very clever , this is probably not
EXPR_TYPE may be an expression and not just what you want.
an identifier.

NOMAC
Preceding any thing by the token NOMAC w ill
inhibi t the expansion of that thing should that

9.7 Miscellaneous Feat ures thing turn out to be a macro .

COMPILE TIME I/O COMPILER.$ANNER
Compile time input is handled by the REQUIRE This is a predefined macro which expands to a
“< f i l e_name> ” SOURCE _FILE con struct. string consta nt containing t he text of the two-
<fHe _name > cart be any legal file , including TTY: line banner which would appear at the top of
and MTAO: and of course disk files. (MTA does the current page if a listing file were being
not work for TENEX. ) The file will be read until made. This string contains the date , tirrie , narr.e
trie its end of f ile de limiter is scanned (<ctr l>Z and page of the source f ile , the value of all
for TTYs or <meta><ctrl>< lf> at SUAI), arid its c ompiler switches , the name of the outer block ,
text  will replace the REQUIRE stateme nt in the and the name of the current block. Thus you
main fi le , ca rt automatically include the date of

c o m p la t o n  in a program by using
Comp ile time Output is limited to typing a COMPILER_BANNER[n TO m] for appropriate ii

message on the user ’s teletype. To do this say and rn. Try REQUIRE COMPILER_BA N N E R
REQUIRE <string_ constant> MESSAGE , and the MESSAGE; or look at a listing f or the exact
<string_ c onstant> w ill appear on your te letype format.
w heii the compilation hits that point in your file.

EVALDEFINE , EVALREDEFINE
Tne reserved word EVALDEFINE may be used in 9.3 Hints
place of the word DEFINE if one would like the
ider ,t if ier that f o llows to be expanded. Whe n The following is a set of hints and aids ;r,
one fol lows a DEFINE with a macro name , the debugging programs with macros , Unless
macr o is not expanded , but rather the macro otherwise stated array brackets “ [] “ are the
name is declared at the curren t lexical level and macro body delimiters.
assi gned the specif ie d macro body.
EVALDEE NE gets you around that. Helps with IFC and fr iends will not tri gger at the point of
automat :c generati on of macro names. macro defin it ion , in a macro actual parameter
EVALREDEFINE is also available , lis t , or inside a string constant.
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T h e same reas oning holds for parameter l iSts to
DEFINE FO0 . (IFC A THENC B ELSEC D ENOC], FORLC.

which ii not the same as
DEFINE FOO - IFC A THENC (B] ELSEC (D] ENDC DEFINE FOO . (A , B, C).

which is the same as FORLC I • fF00) DOC [OUTS T R (“I”),) ENX
IFC A THENC DEFINE FOO [B) will result in FOO typed Out Oh your term in al

ELSEC DEFINE F0O (D) ENDC,
DEFINE FOO [ (A , B, C) ] ,

DEFINE BAZ (A) - (OUTSTR (“A”);]; FORLC I FOO DCC (OUTS IR (“I”),) ENDC
BAZ (IFC B THENC C ELSEC 0 ENDC) will hav e the desir ed result ABC typed out

will result in the following string typed
on your termina l. In order to take advantage of the nestab e

IFC B THENC C ELSE~ 0 ENDC character feature in the parameters to a macro
call , one must be in REQUIRE DELIMITERS rroce.

STRING A, Otherw ise scanning will break upon seeing a
A.-”IFC WILL NOT TRIGGER HERE” ; c omma or a right parenthesis.

Macros w ill not be expanded in strings , but BEGIN
macr o formal paramete rs will be expanded DEFINE FOO(A) • “A” ;
when they occur in strings within macro bodies INTEGER ARRAY ABC (I lO , 1 10],
as seen in the sec ond examp le above. FOO (ABC(I , 23)4-3;

END;
DEFINE FOG - (BAZ) ,
OUTST R (“FOO l; This is identical to:

which will type out the str ing FOD on your BEGIN
terminal rather than BAZ. INTEGER ARP~Y ABC [1 IO , 1 10),

ABC(I* .3; Comment illegal;

Caution should be emp loyed w hen using le t ters END;
(specifical l y CD) as delimiters. This may lead t o
pr oblems when defining macros within macros. However , if the ori ginal progra m had incIude~ a

REQUIRE DELIMITERS statement prior to the
DEFINE MACfA) “

~~~~
“ • cREDEFINE FOO .cA~~ ; macro call , as below , then the desired e f fec t

w ould have resulted - i.e., ABC[i , 2)*- 3
Inside the macr o body of MAC , A wi l l  not be
rec ognized as a forma l since the scanner has BEGIN
scanned CAD as an identif ier by virtue of CD REQUIR E “{ }7S” DELIMITERS;
being internally represented as letters so that DEFINE FOO (A)

they could be defined to mean BEGIN and END INTEGER AR RAY ABC(I lO , 1 10],
respectivel y (als o c as COMMENT). More FOO (ABC[ I, 2]h-3.
just i f icat ion f or this feature is seen by the END;
f ollowing example:

DEFINE MAC(ABC) “AC” A V~-ABC , C,

We want ABC in the text to be the paramete r
and not B if we were to ignore the macro
delim iters.

When scanning lists of actual parameters ,
macros are not expanded.

DEFINE FOO (A ,B),
MA C (FOOl w i ll not have the result MAC(A ,B). However ,

DEFINE F0O - [(A , B) ] .
followed by MAC F0O will have th , same effect as
MAC (A , B)
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SECTION 10 10.3 Declarat ion Semantics

RECORD STRUCTURES T re <f ;el d _decl arat ion s> have the sar ~.e f o r m
as the <fom n- .a i _p aram _decl> of a p rocecu re ,
exc e pt  t ha t  tne words VALuE arid RE~~E~~[NCE

not  oc used , and d € f a u ( t  va iuc .. are
igrr o~eo . Each record cla ss declarat on is

~~~ Introduction com p ec into a record descriptor (wh ich is a
record of c o nsta nt  record class SC~A SS) and is

R,~co rd st ructures are new to Sail. They used by the runt ime system for al ocat ;on ,
provide a means by wh ;ch a number of closely Oea l ,o ;at ;On , gar bage collection , etc. At runt ;rr e
re la ted  var iables may be al located and reco rd pointer var iables contain either Ine
manipulated as a unit , with out the overhead or value NU. L_RECORD (internall y, zero ) or else a
i mni tat ,o m i s associated with using parallel oo ;nte r to a record. The <classid list> is used

ar ra y s  and without the rest r ic t ion that the to make a corr .pi le-tir rte check on assi gnments
“ar ables all be of Inc same data t ype. In the and field references. The pseudo—c lass
c~~rren i  irn plementat .on , each record is an ANY _CLASS matches all c lasse s , and ef fect ive l y
instance of a user-def .ned record class , which disables this compile -time check.
serves as a template describing the vari ous
t elds of the recor d. Internal ly, records are For instance ,
small bi OCr.s of storage wh ich contain space for
the va rious f elds and a po nter Co a class RECORD _CLASS VECTOR (REAL X , Y , Z);
descr iptor  record. F;elds are allocated one RECORD_CLASS CELL
pe~ w ord and ar e accessed by constant (RECORD _ PO ;NTE R (ANY _CLASS ) CAR , COP),
index o~t the record pointer. Deallocation is RECORD _CLASS TABLEAU
pe rfo ’ r c 0 a..~t orr a t c a l l y by a ga rbage co l lector  ( REAL ARRAY A , B, C. INT EGER N, M ,
or manually t r iro~~ h ex pl ;c it cal ls  to a RECORD _CLASS FOG (LIST L. IT EMVAR A).
cea l locat ion procedu re.

PEC O R~_PO!NTER (VECTOR) VI ,V2
RECOR D _P0(NT c R (VECTOR , TABLEAU ) TI ,12,
RECORD _POINT ER (ANY_CLASS) R.

10.2 Declaration Syntax
RECC _ PO~(TER (FOG, BAR) FBI , F82;
RECORD _POINTER (FOG) F83;

<recor cj _c ias s _dec larat ion> RECOR D,._ POINTE R (CELL) C;
RECORD _CLA SS <class _id> ( RECORD _POINTER (ANY _CLASS) PP

<f iel d_dec la ra t i ons>
::= RECORD_CLASS <class _ id> ( COMMENT the folIowin~ are all ok syntacticall y,

<field _declamati ons> ) [ <handIer> 3 C ,- NEW _RECORD (CELL).
RP .- C
F32 .. NEW _RECORD W OO),

<record _ po nter _de c lamat ion> FBI .. FB3,
::= R ECORO _ PO~NTER ( <classi ci _list> F03 ~ PP. COMMENT This is probably a run tim S bup,

<d _ l lst > si nce RP will conta in a cell record Sa,;

RECORD _ POINTER ( ANY_CLASS won ’ t catch it , however,

<id list> C EL L :CAR ) R P i .. FBI .
CELL:CA R(R P) ~- FBI .

COMMENT The compiler will complain about these
FBI ~ C
F83 .- NEW _ RECORD (CELL ) .
PP CEL L:CA Rj F B3) ;

NO runtir r ie cias s information is kept W i t h  tne
rec ord pointer var ab les , and no runti rne class
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checks are made on record assi gnment or field record , then a runt;mn e error  n’,essa~,e v. ,
access. Record pointer variables are allocated generated. This is the onl y runt , r ,e cir~ c ’  t r a l
quantities , and should not appear inside SIMPL E 5 made at present. I.e., no runt irr i e c no c ,~s are
procedures. They resemble lists in t hat they made to veri f y that the <classid > in tne f i e. c
are not given any special value upon block stater rient mnatche n the class of the record
entry and they are set to a null value whose field is being extracted.
(NULL_ RECORD) when the block in which they
are declared is exited , (This is so that any An array field may be used as an array r,arr.e ,
records referred to only in that block can be as in
reclaimed by the garbage col lector.)

RECORD_ POINTER (TABLEAU ) T ,
Record pointers are regular Sail data types ,
just like integers or strings; record pointer TABLEAU:A ]T][I ,J] — 25 ,
procedures , arrays , and items all work in the
normal way. As indicated earlier , the constant pr ovided that a valid array desc r ip~cr nas bee n
NULL_RECORD produces a null reference. stored into the field. Unfortunately, S a l  dceu

not provide a i.y clean way to do tr. i~. One
unclean way is

10.4 Allocation EXTERNAL INTEGER PROCEDURE ARMAK
i~~T EC E R LB, UB, sDIMSI,

Records are allocated by COMMENT retu rn s addr ess of f i r s t  data word of new
array For String arrays set eDIMS to — I n

NEW _ RECORD (<c lassid >) For hig her dimen si ons dec lare with more LB . UB px. rs.

which returns a new record of the s pecified EXTERNAL PROCEDURE A PYEL ( INTEGER APR) .
c lass.  A l  f ie ics of the new record are set to COMME NT deallocates an array APR is the ador es s of
the null or zero value for that fie ld; i.e., real the fir st data word,
and integer f ields will be set to 0, i te rnvar fields
to ANY, lists to N;L , etc. Note that entry into a RECORD _CLASS FUBAR IINTEGER ARRAY A) .
block wi th local record pointer variables does RECORD _ POINTER (FUBAR) FB.
NOT cause records to be allocated and assigned
to those variables. MEMORY(L OCATI ON (FUBA R:A[FB)l] .- A 5’.’A K (I , 100 , I).

ARVEL Ih4 EYOR ~~ OCATI ON (FUBAR :A [FB )j ) .

(Warning: the above aov ;ce is prirr .ar i ly
10.5 Fields intended for hackers. No promises are rr.ace

that it w i ll a lways work , although this par t ic u :ar
Record fields are referenced by trick is unlikel y to be made Obsolete in the

forseeab le future.)
.cc lassid> : .c f .eid ,d > ( <record po inter expr es sion s

arid may be used whereve r an array element
rray be used. For examp le 10.6 Garbage Collection

RECORD _ PoINTER IVECTOR ) v, The Sail record service routines a. I o cate
RECORD _ POINTER (CELL ) C. rec ords as sma l l bloc~ s f r Q m larger buf fers  of
RECORD _ POINT ER (FOO) F free sto rage obtained from t~ie nomrrial Sa f r e  e

st orage si~c 4 ern. (The ~o’ - ‘at of these rc’co rd r .
VECTOR:X (v] .. V ECT0R :V(V J . w ,lI be O.S c us c e C in. a later section .) Fran; j; n.e
CELL:CA R[C NEW _RECORD (CELL)].- v. to t im e a garbage c ollector is cal led to r e c l a i m
VECT O R:Z (V 3 .. VECTOR:X [CELL:CAR [Cfl . tne st o raT e for records which are no IOn~ er
SUBLIS .- FOO:LfFJ~I TO 3). accessi ble by ire user ’s pro 3ra r- . (i .e ., no

var ables or accessible records po r t  to Inem ’
If the <record pointer expression> gives a null
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The ga rba E,e co l lect or may be ca lled exp I~c it l y SP ECS, which is the standard procedure for
tr om Sail programs as exter nal procedure such funct ions as allocation , deallocation , etc.
SRECGC, and automa tic invocation of the
g~ ru.age co : lcc l io n may be inhibited by setting TYPAP R and TXTARR are indexed [0:RECSIZ).
uner table entry RGCOFF to TRUE. (In this case , TXTARR [0) is the name of the record class.
Sa l  w I  jus t keep al ocat ing more space , with TYPAPR[0] contains type bits for the record
r.otni ng be rg reclaimed until RGCOFF is set class.
bacic to FALSE or SR ECGC is called explicit l y).
In addition , Sa. provides a num ber of hooks Examp le.
t nat a l low a user tc control the automatic
nvoc at on of Inc garbage collector. These are RECORD _CLASS FOO (LIST L; ITEMVA R A) .

ciscussed late r.
The recor d class descri pt or for FOO contain

EGO-)’ cptrs for ring of all records of SCLASS>

10.7 Internal Representations FO0 <~t~ t~ SCLASS>
FOO. I <ptr s for ring of all records of class FOG;

Each record nas the follow Ing form: initialized to <F0O.2 >FOO.2> >.

FOOx2 <ptr to handle, proce dure SPECS>
- I <ptr s to rine of a l  records of class> FOO.3 2
o ‘ <ga rba g e col lector  ptrs ,,<ptr to class desc riptor > F00.4 <ptr to TYPAR P>

• I <f i r s t  fie ld> F00.5: <ptr to TXTARR >

•r, <last ‘e .~> The fields of FOG are

Record p0. ~te r  var ia bles point at wo rd 0 SCLASS .RECRNG( FO0 1 <in it ial iz ed to null ring,
of such records. A String f ield contains the is., xwd( loc(FOO).2 ,loc(FOO)x2)>
a r c  reon 0) .. ord2 of a string descriptor , like SCLASS HNDLER[FOO] . SPECS
t i C  str ng wa~ a REFERENCE parameter to a ~CLASS RECSlZ( F0O) . 2
pr oc ec ~ure. Tne s~ring descriptors are also ~CLASS. TXTARR1FO0) (0) . “EGO”
dynam ical l y al located. SCLASS TXTAR R(FOOJ [I] . “L’

SCLASS TXTAR P(FOO) (2) . ‘A”
Tne p~edef ined record class SCLASS defines all SCLASS TYPAR P(FOOJ (03 . <bits for garbage collecto r>
rec ord classes , arid is itself a record of class SCLASS.TYPARRtFOO] (I) . <descriptor for LIST>
SCLASS. $CLA SSTVPA PRf F0O) (2) - descriptor for ITEMVAR >

RECCiRlT _C~ASS SCLASS
IN T EGE R RECRNG , HNDLER, RECSIZ.
INT EGER ARRAY TYPAR P , ST RING ARRAY TX TARR ) 10.8 HardIer Procedures

RECRNS is a ring (bidirectional I nked list) of Sail uses a sing le runtime routine SRECFN (OP,
all records of the particular class. REC) to handle such system functions as

allocation , deallocation , etc. The code compiled
mN~~.ER is a pointer to the handler procedure for r ~

- NEW_RECORD (foo) is
fcr the class (default SRECS).

PUSH P , (1)
REC SIZ is the number of fields in the class. PUSH P, tfoo )

PUSHJ P ,SRECFN
TVPA ~ R is an a ray  of f eld desc riptors for flO VE M 1,r

each field of the class .
SRECFN performs some type check ing and then

TXT ARR is an array of f ie ld names for the jumps to the handler procedure for the class.
class. The normal value f or this handler procedure is

SRECS. It is possible to substitute another
The normal value for the handler procedure is handler procedure for a given class of records
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by including the proced ure name in brackets sho .,ld a lco be urec t O re.ease tne s pac e.
af ter  the rec ord class dec laration. The handler These po;nts are i l ius tratea by tne f oi l ow ;rr g
must have the form 

, 
example:

RECORJ _ PO~NT ER (ANY _CLASS ) PROCE DUR E <proc .c ~ FO RWARD RECORD _ POINTER ANY _CLASS I P CED~ RE
(INT EG ER OP . RECORD _POINTER (ANY _CLASS ) R). FOOH ( INTEGER OP

RECOR D_ POINTER (ANY _ CLASS ) R).
RECORD _CLASS EGO ( ITE YVAR VI ~FCO’i

Here OP will be a small integer say ing what is RECORD _ POINTER (ANY _CLASS ) PROCEDURE FOOH
t o be done. The current ass i gnments for OP ( INTEGER OP. RECOR D_POINTER (ANY _CLASS ) Ri.
are: BEGiN

PR :NT (” CALLI NC FGOH OP . “, OP .
va:ue meaning . IF OP . I THEN

BEG :N
0 invalid RECORD _POINTER (FOG) F,
I a l iocate a new record of record class P F ~RECS (l ip),
2 not used FOG lylE] — NEW,
3 not used RETURN (F),

4 marx al l  f ie lds  of record P END
5 delete all s pace for record P ELSE IF OP . S TH E N

DELETE (FOG lV ] R)) .
At SUAI, macr o definit ions for these functions RETURN (SPECS (OP, R));
may be found in the fi le SYS:RECORD.CEF , which END.
also includes EXTERNAL declarations for
SCLASS , SRECS , and SRECFN.

SRECS (1 , R) all ocates a record of the record 10.9 More about Garbage Collection
class s pec i f i ed  by R, w h ich must be a record of
c lass SCLAS S. A l  f ie lds (except str ing ) are Tne infor mat ion used by the sys tem to dec ce
nit a l ized to zero. Str i ng f ie lds are init ial ized when t o call  SRECGC on its own is a c c e s s b e

to a pointer to a st r ng descriptor with length throug h the global array SSPCAR. In ge-era ’ ,
zero (nu ll s t r ng). SSPCAR~nJ points at a descriptor block used to

control the al locat ion of srr iall blocks of n
SRECS (‘T , P) is used by the garbage collector to words. This descriptor includes the following
mark al l  record f ields of R. fields:

SRECS (5 , R) deal locates record R, arid BLKSiZ number of words per block in this space

dea locate s all s t r ing and ar ray  f ields of record TR IGGER a counter controlling time of garbage collection

P. Care rr,~,st be exercised to prevent mult i ple TG Rf . f iN  described below

pointers to string and array fie ds; i.e., DO \OT TL’NUSEO number of unused blocks on t he free st
sto re the location of an array in fields of two T NLSE to ta l  number of bloc ks in use for this space

different records unless extreme caution is CULPRIT the number of times this space has co use d
taken to handle de let.o n. Th s  can be collectio n
accomplished through user handler procedures
which zero array fie lds (without actuall y The appropriate macr o definitions for access to
deleting the arrays )  prior to the call on these fields may be found in the source f i le
SPECS (5, R). cSUAl~ SYS:REC0RD.DEF. The dec ision to invoke

the garbage c ollector is made as part of tri e
NOTE: Whe n an a l ternate handler procedUre is blOck allocation procedure , which works roug hly
supp lied it must perform all the necessary as follows:
functi ons. One good way t o do this is to te s t
for those OPs performed by the alternate
handler and cafl  SR ECS for the others. If SPECS
is used t o allocate space for the reco rd then it
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which contains a number of useful examp les

INTEG ER spc si z e , and auxiliary functions.
SCLASS REC$ll( c lase id ] .2;

IF size> 16 THEN return a CORGET block;
s pc ,- SSPCAR (siz e3 .
LI .
IF (MEMORY (spc .TRIGGER)

MEMO RY(s pc.T RIGG ER]-I ) <0
T HE N BEGIN

IF .ME VORY[G OGTAB,RGCO FF] THEN BEGIN
MEMORY (spc.CULPRIT3 MEMOPY (spCsCULPRIT].I ,
SRECOC.
GO TO LI;

END END.
<allocate t he block from space epc ,
update counters , etc >

Once SRECGC has returned all unused records
to the free lists ass ociated with their
res pect ve bl ock sizes , it must adjust the
tr i gger levels in the vari ous spaces. To do this,
it f i rs t  looks to see if the user has spec ified the
location of an adjustment procedure in
TGRADJ(USER). If this cell is non-zero then
SRECCC cal ls  that procedure (which must have
no parameters ) .  Othe rwise it calls a default
system procedure that works roughly like this:

<set a,i T~ .DCER levels to - I>
FOR size ~ 3 STE P I UNTIL 16 DO BEGIN

spc SSPCA R]s ize]
IF MEMORY (spc,’TRIGGER]’cO THEN BEGIN

E MO PY ( s pc•T IN USE P OCR HO( USER );
t.-MAX(t, MEMORY(spc .TUNUSED3,

MEMORY(spc •T GRMIN));
END END

RGCPHO(USER) is a real number currently
init ialize d by the system to 0.33. Thus the
behavi or of Sail’s automatic garbage collection
sys tem may be modified by

Setting PGCOFF (USER).
Supp lying a procedure in TGRADJ(USER).
Modif ying RGCRHO (USER).
Modif yi ng th. TGRMIN entries in the space descr iptors.

One word of caution: User procedures that set
tr i gger levels must set the trigger level of the
space that caused garbage collection to some
positive value. If not then a runtime error
message w ill be generated .

Look at the f i le cSUAIDRECAUX.SA l[CSP,SYS),
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SECTION 11 same channel number. In TENEX Sail ,
GETCHAN returns the number of a

TENEX ROUTINES channel for wh ich r.o OPEN or
GETCHAN is currentl y in ef fe ct; thus
successive GETCHANs wil l return
different channel numbers.

11.1 Introduction GETSTS not available; see GDSTS , GTSTS.

This section describes routines which interface INOUT not available.
Sail with the TENEX operating system. Routines
for file input/ output , terminal handling, and INPUT assumes 200 characters maximurri if
miscellane ous system ca lls are described here. no length variable has been
For TENEX-s pecif ic details of other routines associated with the channel.
(such as interrup ts) consult the appropriate
chapter. INTIN no differences.

LINOUT no differences.

11.2 TOPS- 10 Style Input/Output LOOKUP no differences.

“Standard” Sail programs written using TOPS- MTAPE Options “I’s and NULL are not
10 I/O routines such as OPEN, LOOKUP, e tc., wi l l available.
run under TENEX with little or no conversion
necessary. The TENEX Sail routines simulate OPEN MODE is mostly ignored (exception:
most of the ef fects of the TOPS- lO I/O calls dump mode on a dectape ignores the
without using the PA-1050 emulator. direc tory). The number of input and

output buffers serves only to indicate
In TENEX Sail the non-zero values of error flags whether reading or writ ing is desired.
returned by routines such as LOOKUP are
ERSTR JSYS error numbers. The interpre tation OUT no differences.
of zero/ nonzero is the same as w ith the TOPS-
10 I/O routines , but the specific nonzero values REALIN no differences.
are pr obably diffe rent.

RELEASE The close inhibit bits have no effect .
Here are the TOPS- lO I/O routines and the
di f fe rences , if any, under TENEX. RENAME Changing the protection does not

work. See GTFDB and CI-1FDB.
ARRYIN TENEX dump mode implies a single

DUMPI JSYS. SETPL The routines CHARIN and SINI do not
update the variables associated w ith

ARRYOUT similar to ARRYIN. the channel by SETPL.

CLOSE The close inhibit bits have no effe ct. SETSTS not avai lable; see SDSTS, STSTS.

CLOSIN same as CLOSE. STDBRK no differences.

CLOSO same as CLOSE. TMPIN not available.

ENTER no differences. TMPOUT not available.

GETCHAN ri TOPS - b , GETCHAN returns the USETI works only on those devices where
number of a channel for which no the SFPTR .JSYS works. On a dectape
OPEN is currently in effect. Thus the MTOPR JSYS is used, and may not
successive GETCHANs without produce the same results as on a
intervening OPENs will return the TOPS- lO system. USETI takes e f f ec t
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imriiediately (the rt ondeterm inancy of ARRYIN Read in an array (36-bit words )
the standard TOPS- 1O (not SUAI)
USETI is not simulated ). Equivalent to ARRYOUT Write an array
SFPTR (chart, (N-1)* ’200);

CFILE Release a fi le
USETO same as USETI. TENEX has only one

f i l e  pointer , so in fact USETI and CPR1NT Write a string
USETO are EXACTLY the same
function. INPUT Read in a string

W ORDIN no differences. JFNS Read file name

WORDOUT n0 differences. OPENFILE Obta in a fi le

MACTAPE I/O OUT Write a st ring
The user is warned that there are seri ous
l . m t a t ons in TENEX regarding rragtapes. W hile SETINPUT Set paramete rs for Input
T ENEX is SLpposed to have device-independent
I/O, the magtape code in TENEX (as of v. 1-3 1) OBTAINING ACCESS
is rr,inir , .a I , allowing onl y dump mode transfers. The main procedure for obtaining access to
Further , end of file markers must be wri t ten f i les is OPENFILE. In te rms of JSYSe5 , OPENFILE
exp licit l y, and it is sometimes necessa ry t o do does a GTJFN and OPENF. Additional routines
an MT OPR operation 0 to reset the magtape provide support to OPENFILE, including
sta Ls. o its . SETINPUT, INDEXFILE, and CFILE.

T ENEX Ca l l  has been desi gned to handle some DATA TRANSFER
of thes e tnings in a way that makes features T he TENEX routines for transferring data are
available on a standard TOPS-ID system generally the sarrie as the TO PS- 1O routines.
available in a transparent way. For exam ple , One improve m ent in TENEX Sail is that
string input and output functions work , with Sail characters and words can be mixed in reading
assuming 128-word records on the tape. or writing to a file , provided the file is on the
APRYI N and ARRYOUT cause the DUMPI and disk. Such I/O is called “data mixed I/ O”.
DUM.PO JSYSes to be executed for the specified
word counts. TENEX Sail does not actua lly open The following interpretation is given to data
tapes for wri te until a wri te operation is mixed I/O. There is one logical character
requested. A CLOSF or CFILE on a tape will pointer into the fi le. When a character is read
wri te two EOF’S (MTAPE (ch, “E”)) and or wr i t ten the routines access the byte
backspace over one of them , if and only if the designated by the pointer and then iricrerrient
f i le has been opened. Do not rewind a ta pe the pointer. There is Onl y one pointer for both
unless It has been cl osed. The user who wants input and output. When a word is read or
to w r . te  rriag tape code for operat ions other wr i t ten , the next fu ll word in the file is
than the ab ove is hereby warned that the accessed. Accessing a word advances th e
T ET .EX rr.ag ta pe code is fraug ht with peril , character pointer to the next fu ll word in the
T ENEX Sail certa in ly allows full access to TENEX fi le , where five 7-bit ASCII characters occupy
in tnis regard , however. one 36-bit word. If a read passes the end of

the file then the EOF variable (specified by
SETINPUT or OPEN) and the external integer

SKIP_ are se t to -1. If a write passes the end
1 1.3 TENEX Style Input/Output of fi le then the end of file is advanced.

Tne folI o.~;rig functions satisfy most Sail and RANDOM I/O
TENEX needs: The routines RCHPTR, SCHPTR, RWDPTR, and

SWDPTR give access to the file pointer . USETI
and USETO are equivalent to SWDPTR (chan ,
( N -i )* ‘2O0)~
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ERROR HAN DLING CHA RI N
When er rors occur the runtime routines will
sometimes trap the err ors themselves. This CHAR ~ CHARIN (CHAN)
pract ice is held to a minimum since the error
itself may be inf ormation that the user is The next character from CHAN is returned. Zero
interested in seeing. Usuall y the routines (as is returned if the file is at the end.
marked) put the TENEX error code in _SKIP...,
which may be exam ined by the program. The
TENEX error numbers do not always make good
sense , but for the cases that they do the ERSTR CHAROUT
routine will print out on the terminal the
message associated with a given error number. CHAROUT (CHAN, CHAR)

DIRECT DSK OPERATIONS The single character CHAR is written to CHAN.
The routines DSKIN and DSKOUT do direct DSK
operations in TENEX Sail , using the OSKOP JSYS.
These routines relate only to the IMSSS version
of TENEX-Sai l. CHFDB

CHFDB (CHAN, DISPLACEMENT,
MASK, CHANGED_BITS)

ASND, RELD
This routine performs the CHFOB JSYS on

SUCCESS +- ASNO (DEVICE_DESCRIPTOR); CHAN, with DISPLACEMENT, MASK , and
SUCCESS ~ RELD (DEVICE_DESCRIPTOR) . CHANGED_BITS as described in the JSYS

manua l.
DEVICE_DESCRIPTOR (in the TENEX sense) is
assigned t o or deassi gned from t he job. If
DEVICE _DESCRIPTOR is -1 when calling RELD
then all devices assigned to the job are CLOSE
deassigrted. TENEX error codos are returned in
_SKIP_, which is zero if no errors occurred. CLOSF (CHAN)

This routine does a CLOSE on CHAN. CHAN is
not released. If the device is a magtape open

BKJFN for output then 2 file marks are wri t ten and a
backspace is performed. This writes a standard

BKJEN (CHAN) end-of-fi le on the tape.

Does the BKJFN JSYS on CHAN. TENEX error
codes are re t ur n ed in _SKIP..~ which is zero if
no errors occurred. This function is escape CVJFN
fr om Sail.

REAL_JFN ~- CVJEN (CHAN)

The full TENEX JFN (including flags in the left
CFILE half ) corresponding to Sail channel CHAN is

re turned. Only a hacker will ever need this.
SUCCESS ~- CEILE (CHAN)

This routine closes the file (CLOSF) and
releases the Cl-IAN (RLJFN). This is the ordinary DELF
way to dispense with a f ile. CFILE returns
TRUE if CHAN is legal and released; it returns DELF (CHAN)
FALSE otherwise.

The file on CHAN (which must NOT be open), is
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deleted. T ENEX error codes are returned in DVCHR
_SKIP_, which is zero if no errors occurred.

DEVICE_CHAR ~- DVCHR (Cl-IAN, ~AC 1, ~ AC3)

The DEVCHR .JSYS is performed. The flags from
DELNF AC2 are returned as the value of the call , and

AC 1 and AC3 get the contents of ac’s 1 and 3.
DELETED .- DELNF (CHAN, KEPT)

This routine deletes all but KEPT versions of
tne fi le on CHAN, which must have had a CLOSE ERSTR
done on it f i rst .  If KEPT~O then all vers ions of
the f l e  are deleted. If KEPT~ 1 then all versio ns ERSTR (ERRNO, FORK)
except the most recent are deleted. The
number of fi les actual ly deleted is returned as Using the ERSTR JSYS, t his routine types on the
the value of DELNF. console the T ENEX error string associated with

ERRNO fo r fork FORK (‘400000 for the curre nt
fork ). Parameters (in the sense of the ERSTR
.ISYS) are expanded. Types ERSTR:

DEVST , STDEV UNDEF INED ERROR NUMBER (and sets _SKIP_ to
-1) if something is wrong with ERRNO or FORK.

‘ DEVICE _ NAME’ DEVST (DEVICE_DESIGNATOR);
DEVICE_DESIGNATOR 4- STDEV (“DEVICE_NAME”)

These routines convert between string GDSTS , SDSTS
DEVICE _ N AM Es (such as “DTAO”) and TENEX
DEV CE _DES.ONATORs. TENEX does not believe STATUS 4- GDSTS (CHAN, ~WORD_COUNT);
that lower case le t ters  are equiva lent to upper SDSTS (CHAN, NEW_STATUS)
case letters in STDEV. TENEX error codes are
returned in _SKIP_a w hich is zero if no errors The status of the device on CHAN is returned
occurred . or changed. For GDSTS, i~WORD_COUNT is set

to the contents of AC3.

Remark: some magta pe statuses (such as EOF)
DEVTYPE are set by MTOPR and not by SDSTS.

Ordinari ly the Sail runtime system takes care of
DEVICE _TYPE ~ DEVTYPE (CHAN) this , but it is worth mentioning since so many

users have run into this poorly documented fact
m e  DVCHR .JSYS is used to return the device about TENEX.

~,pe of the device open on CHAN.

GNJFN
DSKIN, DSKOUT

MORE_FILES GNJFN (CHAN)
DSKiN (MODULE, RECNO, COUNT, ~ LOC);
DSKOUT (MODULE, RECNO, COUNT, i~LOC) Does the GNJFN JSYS. A file that is open

cannot have GNJFN applied to it. INDEXFILE
{ IMSSS only.) These routines do direct DSK I/O. should normally be used instead of GNJFN. An

MODULEs ~- 7 are legal for everyone; other exception is if files are being indexed w ithout
modules require enabled status. The rout ines actually being opened (i.e., without an OPENF
transfer COUNT (�‘iOOO) words , starting at JSYS), whic h is a sens ible way of perf orming
location LOC in memory and at record RECNO ri operations such as counting the number of f i les
MODULE. TENEX error codes are returned in. in a group.
_SKIP_ , which is zero if no errors occurred.
WARN ING: No bounds checking is performed to
see if the LOC is a legal Sail array.
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GTFDB Argument Where placed What

GTFDB (CHAN, ~BUF) ‘ORIGSTR” AC 2 Parti al or complete string
FLAGS E.O Flaas to GTJFN

The entire FDB of CHAN is read into the array JFN_JFN E.I xwd input .IFN, output .IFN
BUF. No bounds checking is perf ormed, so BUF “0EV” E.2 devic.
should be at least ‘25 words. “ DI R ’  E.3 dire ctory

“NAM E’ E.4 name
“EXT E.5 eXtSn$ion
‘PROT E.6 protectio n

GTJFN “ACCOUNT ” E.7 account
DES I RED_JFN E.’lO desired .IFN if B it on

CHAN 4- GTJFN (“NAME”, FLAGS)

Does a GTJFN. If NAME is non-null then it is
used, otherwise the terminal is queried for a GTSTS, STSTS
f ilename. Any error code is returned in _SKIP_.
The Sail channel number obtained is returned STATUS ~- GTSTS (CHAN);
as the value of GTJFN. STSTS (Cl-IAN, NEW_STATUS)

The following values for FLAGS ~e These routines examine and change the fi le
translated by Sail before doing the JSYS: status using the JSYSes. TENEX error codes

are re turned in _SKIP_, wh ich is zero if no
value translated to err ors occurred.

0 ‘10000 1000000 (ordinary input> WARNING: The results of GTSTS are not
I ‘600001000000 (ordinary output) necessarily appropriate for determining end-of-

f ile if the file is being page-mapped by Sail.
Other values are taken literally. Look at the EOF variab le instead. See

SETINPUT.
Ordinarily OPENFILE will be used rather than
GTJFN. The routines GTJFN, OPENF, GNJFN,
CLOSF, RLJFN, and DVCHR are all in the
categ ory of being included only for INDEXFILE
completeness; they are not necessary in most
pr ograms. ANOTHER 4- INDEXFILE (CHAN)

If CHAN was opened with the “ ic ” option by
OPENFILE then INDEXFILE will t ry to get the

GTJFNL next file in the “
*
“ gr oup. INDEXFILE returns

TRUE as long as another file can be found on
Cl-IAN ~- GT,JFNL (“ORIGSTR” , FLAGS, JFN_JFN, CHAN. Example:

“DEV”, “DIR”, “NAM”, “EXT” ,
“PROT”, “ACCOUNT”, DESIRED_JFN) JFN ~. OPENFILE (“. JONES * SAI .* ’ , ~~~~COMMENT Read all of Jo nes ’, Sail programs.

Does the long form of the GT.JFN JSYS (and SETINPUT (JFN, 200, 0, EOF);
does not do an OPENF). The arguments are put
int o the accumulators and locations in the table DO BEGIN “INDEX”
accep ted by the long form of the GTJFN .ISYS. DO BEGIN ‘READ FILE”
These arguments are given below , where “AC STRING S.
X” means an accumula t or and “E+X” means in S.- INPUT (JFN , BREAK _TABLE > .
the Xth address of the table. COMMEN T process

END “READ FIL E UNTIL EOF.
END ‘INDEX” UNTiL NOT INDEXFILE (.JFN).
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The ‘ c ’ option takes the place of reading the va lue tran sl3 ted to

MFD and UFD on a TOPS- lO system. INDEXEILE 0 ‘070000200000 (input character.)
clears the EOF, LINNUM, SOSNUM, and PAGNUM I ‘070000100000 (output character.)
variab les associated with CHAN if these have 2 ‘440000200000 (input wor ds )

been set by SETINPUT and SETPL. 3 ‘440000100000 (output words>
4 ‘447400200000 (dump read )
5 ‘447400 100000 (dump write)

JFNS Va lues 6-10 are reserved for expansion; other
values are taken literally.

“NAME” s- JFNS (CHAN, FLAGS)
Best results are obtained by opening a TTY in

The narr e of the fi le associated with CHAN is 7-bit rriode , the DSK or DTA in 36-bit mode , and
returned. FLAGS are for accumulator 3 as a mag tape in 36-bit dump mode.
described in the JSYS manual. Zero is a
reasonable value for FLAGS.

OPENFILE

JFNSL CHAN ~- OPENFILE (“NAME”, “OPTIONS”)

“NAME” .- .IFNSL (CHAN, FLAGS , LHFLAGS) NAME is the name of the file to be opened. If it
is null t hen OPENFILE gets the fi lename from the

~Tn s  routine corrects a deficiency in the .)FN’S terminal using TENEX fi enarre recogn on.
funct i on.) The name of the fi le associated w itn CHAN, the value returned by OPENFILE, is a S a l
CHAN is returned , using FLAGS for accumu lator channel number. This is not necessaril y the
3 ana pi..~ t i  ~ LHF LAGS into the left half of same as the TENEX JFN (see CVJFN). All TENEX
accumulator 2 as described in the .JSYS manual. Sail functions (except SETCHAN) require Sail
If LHFLAGS is -1 ~nen the value returned by channel numbers for argume its. CPT O’~S is
GTJFN is used. on e or more characters spec r ying the Kind of

access desired. The legal characters are

Read or write:
MT OPR R read

W wri te
MT3PR (CHAN, FUNCTION, VALUE) A append

The MT OPR JSYS is executed wi th  FUNCTIC~ Versi on numbering, 0 0-new:
placed into AC2 and VALUE into AC3. The 0 old fi le
TOPS-~ O s ty le MTAPE function may be more N new file
com fo rta b ie. [(Stup id!) IMSSS and SUMEX: skip T temporary file
to end of tape does not work.) * index with INDEXFILE routine

Independent bits t o be set:
C require confirmation

OPENF C ign o re deleted bi t
H “thawed” access

OPENF (CHAN, FLAGS)
Error handling:

Does tne OPENF JSYS on CHAN with FLAGS as E return errors to user in the ex tern ai
the c ontents of accumulator 2. TENEX error integer _SKIP_. TENEX error codes are used.
codes are returned in _SKIP_, which iS zero if (CHAN Wil i  be released in this case. )
r.o errors occurred. The foll ow ing values f or
FIJ~G S w iH be translated by Sail before setting If an error occurs and n’Qoe “E” was not
AC2: specified then OPENFILE gives an err or me~,sage

and attempts to obtain a ~.ie name from the

74

U .--~~~~~ - 

-

. -,



SAIL TENEX ROUTINES

terminal. If an err or occurs when “E” was RFBSZ
specifie d then OPENFILE will return -1 for CHAN
and the TENEX error code will be put into BYTE _SIZE 4- RFBSZ (CHAN)
_SKIP_.

The byte_size of the file open on CH~~ iS

Examp les: returned. This function is esca pe from Sa : .

COMMENT get a f ,Ienams from th. ter minal
and write the fi t e;

BEGIN RFPTR, SFPTR
INTEGER JFN.
OUTSTR (CRLF & “FILE NAMES ”) PTR ~- RFPTR (CHAN);
.JFN .- OPENFILE (NULL, “wc” , SFPTR (CHAR NEWPTR)

COMMENT write , co nf irm name,
CP~INT JFN, ~te*t These routines perform JSYSes and are escape
“> fr om Sail. TENEX error codes are retur r -.ec n
CFILE (JFN ), COMMENT d oss th e fi la. _SKIP_, which is zero if no erro rs occurred.
END.

COMME NT read a known f il e,
BEGIN R LJFN
STRING S.
INTEGER JFN , BRCHAR , EOF , RLJFN (CHAN)
SETBREAK (I , ‘12 , ‘ 15/~’ l4 , ‘~NI .

JFN — OPENFILE (“~JONES>SECRET 0ATA”, “~co” . This routine does the RLJFN ..ISYS.
SETINPUT (JFN, 200, BPCHAR, LOF),
DO BEGIN

S INPUT (JFN, I);
END UNTIL EOF , RNAMF

CFIL E (JFN),
END. SUCCESS 4- RNAMF (EXISTINGCHAN, NEWCf-IAN)

Wizards: The OPENF is for 36-bit transfers; The RNAMF JSYS is perfor med , renaming the
except that TTY , LPT, and a device for which a file on EX ISTINGCHAN to the name of the
36-bit OPENF fails get 7-bit mode. (vesti gial) file on NEWCHAN. It is necessary

that CLOSF(EXISTINGCHAN) be done before
RNAMF and that OPENF be done af terwards.
The TOPS- lO sty le RENAME is sometimes more

RCHPTR, SCHPTR . 
convenient to use than RNAMF, since R EN A M E
performs the GTJFN and OPENFs necessary for

PTR 4- RCHPTR (CHAN); the renam ing operation. However , the actual
SCHPTR (Cl-IAN, NEWPTR) JFN assoc iated with CHAN is changed by

RENAME.
The number of the byte which will be accessed
next by character I/O is returned or set , The
first rharacter of a fi le i~ character number 0.
If NEWPT R—-1 for SCHPTR then the pointer is RWDPTR, SWDPTR
set to end of file. Setting the pointer beyond
erd of file will change the length of the file if it PTR ~- RWDPTR (CHAN);
is being writ ten. TENEX error codes are SWDPTR (CHAN, NEWPTR)
returne d in _SKIP_. which is zero if no errors
occurred. The riurriber of the word which will be accessed

nex t by word I/O is returned or set. The f i rs t
w ord of a file is word number 0. If NEWPTR=- 1
f or SWDPTR then the pointer is set to end of

__ __ __ ___ __ __ __ _  
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file. Setting the pointer beyond end of file wi ll _SKIP _ to -1 if the string was terminated fo r
change the length of the f i le if it is being count; otherwise _SKIP_ will be set to BRCHAR.
written. To determine end-of-file , examine the EOF

var iable for the channel (see SETINPUT).

SETCHAN
SIZEF

CH.AN .- SETCHAN (REAL_JFN,
GTJFN_FLAGS, OPENF_FLAGS) SIZE 4- SIZEF (CHAN)

This function is liberation from Sail I/O. It is The size in pages of the file open on CHAN is
pr ovided for doing Sail I/O on a .JFN that is returned. TENEX error codes are returned ii
obtained fr om some means other than the Sail _S K IP .J wh ich is zero if no errors occurred.
f , Ie-opening routines -- for example , a JF N
passed from a superior fork.

R EAL _,JFN is a 36-bit JFN (or JFN substitute , UNDELETE
such as a Teletype number), GTJFN _FLAG S and
OPENF _FLA GS are the flags that should be UNDELETE (CHAN)
recorded describing how the GTJFN and OPENF
were accomp lished. REAL_JFN need not be The file open on CHAN is undeleted. TENEX
open. The value returned by SETCHAN is the error codes are returned in _SKIP_, which is
Sa il channel number which should be used for zero if no errors occurred.
subsequent Sail I/O. SETCI-IAN is the only
functio n ,n T ENEX Sail that takes an actual ,JFN
as an argument.

1 1.4 Termina l Handling
The simp lest way to wri te strings on the

SETINPUT - terminal is with PRINT. See page 53. The
simplest way to read strings from the ter m inal

SET INPUT (CHAN, ~C0UNT, I~BRCHAR, ~E0F) is with INTTY. See page 79. The fo l lowing
detailed discussion about terminal handling wi i l

T ’~,m, h...r,ct on relates the COUNT, BROHAR , and riorr raIIy be of inte rest only to advar ’.ced
EOF var ables to channel CHAN in the same way programmers. The rest of this section is new.
t ra t  O~ EN does. The INPUT function (page 39)
~~es 200 for the default value of COUNT if no THE TERMINAL AS A DEVICE
oc at io r ,  has been associated with Cl-IAN. We f i rs t  discuss some of the problems in using

the terminal as a device (i.e., when device
~~~. I/O tra nsfer routines also set _SKIP_ to “TTY: ” is opened by OPENFILE or a similar
.r-.a .ca t e  e nd-of- f !e and I/ O erro rs. For function ). Since Sail has various functions for
exa r r ,p e , on return from INPUT _SKIP.. will be reading strings , reals , and integers from an
- I an end-of-file occurred , a TENEX error arbitrary device , this can be a useful feature.
number f an error occurred , and zero
otherwise. T ENEX provides quite general teletype & e r v c e .

However , the Jack of a default system line
e ditor creates some problems. Note the
pr oliferation of line editors in the many

SINI commonl y used T ENEX programs. Some of then ,
suc h as the .NTERLISP editor , are ca r r f ~.: ly anc

“STRING” .- SN: (CHAN , MAXLENGTH, BRCHAR) cleanly w r tten. Most TENEX uti l i ty programs ,
however , w ork quite poor.~ end inconsi s te ntt ,

A str.r.~ of characte rs terminated by BRCHAR or with regard to the controlling ter m nal.
oy reac hi ’~ MAX L E’~GT H characters , w hichever
happens firs t , is read fr om CHAN. SiN] sets The TOPS- lO syste m has a sirno le line eo.tor.
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On a sta ndard Teletype device , the standard years there have been severa.
TOPS-lO editor activates on a carriage return , altm odes: ‘33, ‘175, and ‘176. On
al tmode , control-G , or contro l-Z. ASCII DEL terminals that TENEX believes tu be a
(‘177) deletes the previous character; control-U model 33 teletype , the c h a r a c t e r m ,  ‘17~
deletes the current line; contr ol-R retypes the and ‘176 are t ransl i terated to ‘33 by
current line; and contro l-’ Z si gnifies end- of-f i le TENEX before the Sail runt irr e Syste r r i
when the terminal is INiTted as a device. (The sees ‘iriem.
SUAI display line editor also has cha racter
insertion , deletion, searching, kil l-to-character , ‘37 (US, TENEX EOL), which is found in Crc
and settable activation charac ters.) The great input buffer when CR is t yped at t t~e
virtue of this is that programs can be wri t l~n in terrr iinal , is transl i terated to a 2
a device-independent manner. When the (CRLF) sequence.
terminal is accessed as a device the system
handles line editing. ‘177 (DEL, rubout) deletes the last charac te r ;

consecutive deleted charact e rs are
Many TOPS-b programs take advantage of this echoed , surrounded by backslashes “\“ .

device-independence , using the INPUT, REALIN (At IMSSS and SUMEX the de ]etec
and INTIN funct ions to access the system line characters are removed from Ire scree n
editor. TENEX has had no system line editor; with the DELCH .JSYS, w hich is not
while IMSSS and SUMEX have had a line editor supported by BBN.)
in their TENEX for some time , it is not in
general use . The editor activates on line feed , altrn ode ,

contro l-G , and control Z.
Therefore , the features of a “system ” line
edit or have been put into the TENEX Sail All this means that prograrri s wr i t ten for the
runtinne system. Several schemes have been TOPS -lO syste m , accessing the contr oII~ng
implem ented in TENEX Sail as of th is writing, terminal with INPUT et al , should wor r. w : h
When a channel is opened to the controlling regard to teletype input. The above is also a
terminal , three kinds of line editing are desc ription of the operation of INCHWL , except
available: 1) a TOPS- lO style line editor , 2) a that contro l-Z is simpl y a break character to
TENEX-sty le line editor , and 3) no line editor at INCHWL.
all. The TOPS- lO sty le edit or is the default
with a channel opened via OPEN; the TENEX-Style Editor . The OPENFILE , GLEN, and
T ENEX-sty le editor is the default when a T ENEX GTJFNL functions to the controlling term inal set
function (such as OPENFILE or GTJFN) is used to the TENEX Sail line editor to the fol lowing
obtain the channel . The function SETEDIT can conventions:
be used to change which convention is used.
More detailed description of these three kinds IM.SSS and SUMEX. These sites use the PSIN
of editing follows. JSYS for line editing in T ENEX , with the

fol owing conventions:
TOPS-IO St y le Editor. The OPEN function to
tne contr olling terminal , usually “TTY” in t he ‘12 (linefeed) allows input to continue on the
se cond argument , gets the following editing next line.
c onventions for functions INPUT, INTIN and
REALIN: ‘22 (contro l-R) retypes the current line.

‘25 (control-U ) deletes the entire line and ‘27 (contro l-W ) deletes a “w ord ” (up to the
echoes control-G (9EL) CR LF to the next space). This prints as “

~~~“-‘-
“ on

terminal , the terminal.

‘32 (control-Z ) means end-of-file , after a ll ‘30 (contro l-X) deletes the entire line.
previous input is read in.

‘32 (contro l-Z ) si gnifies end of file.
‘33 (ESC, a ltm ode) activates and is sent to the

program as ‘33. This is co nsistent with ‘37 (TENEX LOL) is transliterated to a ‘15 ‘12
current TOPS- b pract ice. Over the sequence.
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‘177 (mubou t ) or ‘1 (control-A ) deletes the last SETEDIT is a no-op. Otherwise , it sets tne I re
charact er , using the DELCH JSYS to ed iting mode to NEW _MODE” and returns
rem ove it from the display (if any). OLD_MODE, both according to the following

code:
The PSTIN JSYS trans l i te rates ‘175 and ‘176 to

‘33. MODE Meaning

The ec i tor ac t ;v a tes  on tne characters def i ned “D” TOPS- IO mode , as above
by the PSTIN JSYS (q.v.); these include “T” TENEX mode , as above
linefeed (‘ 12 after EOL), escape (‘33), B (BBN bag)Byte(ing) m ode, no ed iting
control- G, control - Z.

Notes:
S ites other than MSSS and SUMEX have tre
fo .Iowi ng editing conventions when the channe l (1) MODE SETTINGS. SETEDIT does not change
is opened wi th  the TENEX routines OPENIFILE, or access the parameters set by such
GTJFN, etc.: functions as SFMOD, SF’COC, STPAR,

T TYUP , e tc. Changes made with these
‘22 (contr ol -R) retypes the current contents latter functions will af fect  editing.

of the buffer.
(2) NON-CONTROLLiNG TERMINALS. Terminals

‘30 (contr o -X) deletes the entire line and other than the controlling terminal w ill
echoes CR LF to the tern’.inal. have byte mode -- no editing.

‘32 (co ntro l-Z ) si gnifies end- of -fi le. (3) INCHWL no longer transl ite rates ‘33 to ‘175.
Previous versions of TENEX Sail

‘37 (TENEX EOL) is transl i terated to a ‘15 ‘12 t ransli terated ‘33 to ‘175.
sequence.

TERMINAL MODE FUNCTIONS
‘177 (rubout) or ‘1 (control-A) deletes the The routines in this section real ly  re fer  to

last  character.  Consecutive de leted ter minals only in the “mini—syster r i ” version of
characters are echoed surrounded by TENEX. The argument CHAN may be e t h e r
backslashes. Sai l channel number associated with a ter mina l ,

or a terminal specifier (such as ‘100 or ‘101 fur
The editor act ivates on line feed (‘12), escape the con tro iling terminal ) .

(‘33), contr ol-G (7) and co ntr ol-Z (‘32).

~hls is also the action of the NTTY routine ,
except that contr ol-Z is simply a break GTTVP, STTYP
cn a macte r  t o NIT TY.

TERMINAL _TYPE GTTYP (CHAN, ~ BUFFERS);
The tr. rd mode is the BBN standard mode. In STTYP (CHAN, AC2)
t’- s mode all characters are simply passed
~~~~~~~~~ In particular , control- Z does not The indicated JSYS is performed. In GTTYP the

. y e” u  of file , typing a rub out gives a ‘177 , additional values returned fr om acc Umu iat o r 2

~~C g. es a ‘33, CR gives a ‘37 , etc. No edi ing are stored into reference parameter BUFFERS.
..~ ne ~j  t~.e sys t e i ’ . This is the rriode in

- d ~e ’ rnL r , a other than the cont roll ing
-~ -a . .s occes sed using any of the functions.

RFCOC, SFCOC

RFCOC (CHAN, I~tAC2 , ~AC3);
SET E~~T SFCOC (CHAN, AC2 , AC3)

Ce-A N , “NEW _ vO~ E”) The indicated .JSYS is pe rfor m ed.

:or ’ ’o g t e r m ; na l  then
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RFMOD, SFMOD PBTIN

MODE_WORD ~- RF’MOD (Cl-IAN); CHAR ~ PBTIN (SECONDS)
SFMOD (CHAN, AC2)

[IMSSS onl y.) Executes t he PBT IN. .JSYS w i th
A f i le ’s mode word is queried or altered using timing of SECONDS.
the .ISYS. WARNING: some features , such as
upper case conversion , that are advertised by SUPPRESSiNG OUTPUT
BBN as being accomp lished with the SEMOD This new section is for advan ceo Sa l  ucc ~rs
JSYS are ac tuall y acc omplished wit h t he STPAR only, and supposes a know Ied~,e of the pseucc-
JSYS. in t e r r u p t syste m; see the JSYS manual and the

interrupt section of this manual .

The TOPS-iC system allows the user to type a
STPAR contro l-O and suspend prograrri output to t r e

terminal until either another c o ntro t- O is t yped
STPAR (CHAN, AC2) or pr ogram input is requested. (See [MonCorr ]

for a comp lete description. ) TENEX does rio t
Does the STPAR JSYS, setting to AC2. have this at the system level , but pseudo-

interrupts provide an alternative with which ( r e
program can receive control and abort
process ing as well as flush output.

STI
TENEX Sail has complete access to the TE~~ X

STI (CF-IAN , CHAR) pseudo-inte rrupt system. In order to fac i l i t a te
handling of contro l-O an EXTERNAL INT EG ER

Does the STI )sys (Simulate Terminal Input) to CTLOSW has been added to the TE NEX Sail
channel CHAN (usuall y the controlling terminal ) , runtime system. If CTLOSW is TRUE then any
inserting byte CHAR into the input stream. Output to the controlling terminal (device “TTY ” )

is flushed by the following functions:
DATA TRANSFER
The usual Sail routines fo r tele t ype I/O (see PBOUT
page 43) are available. In addition , PBIN, PSOUT
PBOUT, end PSOUT have been added, al though OUT to a c han risi ope n to “TTY’ , or to ‘101
they execute exactly the same code as INCI-IRW, OUTCHR
OUTCHR, and OUTSTR respectivel y. OUTST R

CTLOSW is likewise made FALSE when input is
requested by any of the following:

INTTY
INCNRS INPUT INTiN TTV I N

“STRING” ~ INTTY INCHPW INSTP INTTY TTV I NS
INCHSL INSIRL PBTIN

INTTY does a TENEX-sty le input. (Note that INCI’IWL INSTRS REALIN TTYU P
INCHVJL does a TOPS- lO style input.) Up to
200 characters are transfered. The activation Note: functions SINI, CHARIN and CHAROUT are
character is not appended to the string, but is not affected. CTLOSW may be accessed by
put into _SKIP_. The value -1 is placed into declaring it as an EXTERNAL INTEGER.
_SKIP_ if the input is t erm i na t ed f o r exceeding
the 200 character limit. . Here is an example of a contro l-O handler.

The normal activation characters are EOL, ESC,
contmol-Z , and control-C; however , see the
section regarding line editing in TENEX Se I . At
IMSSS and SUMEX this routine uses the PSTIN
JSYS wit h the standard system break
characters; no tir ring is available.
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i return i f  user code ;
E.TR ’ ; 1 1i, IF (USERPC L P t ~3 ‘OIO333O030 ~~

) THE N RETU RN ;
R~~~~t F~ ~~~~~~~~ DE~.. irl TERS ;
E~~1NE 

t
~~. C C . I E t ~’i > ;  I in m o rit o r. Return i f  not i n  the m d d )

~
Tii s ~~~~~~~~ sets up a contr oi— O interr upt of a PSOIJ T or ( S D. IT to ‘18 1);
us i n g  PSI cn a r i re I  0 , I S v C )  0. IF NOT I

(USER INST — ME IORY IUSERP C— 1J I ~PS QJT ~~I$Y 3
OR (iJSE R NST~S0UT _ JS~S ~~EATE R N - , L IN E .E a CT L OSi ~,. s~PCS~ ( CR C !  — MEI1ORYILC ~~ T ION ( P S 1RCS ) •

~5Øj OR 0EV ~~21)~ Cv ~S C ( ” T T Y ” f l f l
S irP~E P R3 CE3 ~RE CTLO; BEGIN tniEN RETURN ;
INT EGE R uSERP C ,P$L1 , USERINST , RC I ,SRV ER3 DR ;
L~ BEL LEA.E ; ‘ c d i f ~ return so that outpu t stops;
D E FiNE PsO uT sYs~< ’1o~OO aO888 76> , S~ ,E~2 R  rEIIO RY(PSLII LRND ‘7777 7 70 0008 0 1

S3UT _JSY S~< ’ 104000800853> ; • ~3 CPTID ~i( LE RVE )
iErI CRYI PSLI2 Sl.IRP SRVERQQR ;

S I ~P,.E INTEGER PROCEDURE 0EV (INTEGER JFN) ; RETURN ; to Sai l lnt ~ rrupt handier ;
ST ~RT COO E

HRR 2 ,JFN ; THE .JFN; SIRRI_COD E LERV E : .IRST eSRvE PDDR ; END;
SET : 4,; END ;
h~ROi .1 ,.; PUT STRING IN 4 ;
M 3 . S I  3 , ‘ 200000~ ONLY Ti lE DEVICE;  INTERN ~L PR O CEDURE Z N I T 1 R L I Z E ;
JrN3~ I GET THE STRING; BEGIN
MOVEII 4,1; CVRSC (”OEV”); PSIrIRP (0 ,CT LO ,0,1);

END ; ENRB LE(O )~PT I (8 , ‘0 “— ‘ 180)
t h i s i s  S a i l  i m m s d i a t e  i n te r rup t  l e v e l .  END ;
No dynamic s t r i ngs  are ac C ess e d . ;

REQUIRE INITI RLIZE INIT IR L IZ RT ION ;
IF CT LOS U THEN

END ;
C iLCS I~ . FRLSE; TOGGLE IT ;
RETURN~ RND RETURN ;

END;
ST~RT _CDOE 11.5 UUl~ty TENEX System Calls

MOVE ! 1, ‘iai~
C FO BF ; An effort  has been made to provide cells that

END ; read and wri te strings wh ich may be
OU TS T R (“T O inconvenient to perf orm from START _CODE.
“I ; Note that the T ENEX Sail corrip iler has the
CTL D S U TRUE; NO MORE OUTPUT ; TENEX JSYS mnemonics defined in START _CODE.

in START _CODE these definitions take
I get user PC aro addres s into LEV TR B; precedence over the function calls of the same

STP PT r : E  name.
r.c c i  ~,‘4aoaoo ;
R ;R
i.. R : 2 , 2; i LEVIPE RDDRESS ;

~O’iE 2 , 12 ) ; I PC FOR LEVEL 1; CALL
ro Eti 2 ,PSLI;
h O E  2 , (2 ) ; I USER PC ; RESULT 4- CALL (AC _ARC, “FUNCIlON”)
MOV EM 2 ,US ERPC;

END; A limited set of CALLs is simulated by TENEX
Sail. Those ava ilable are

i
go
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call. Reference values are: the nurriber of tr .e
EXIT logged directory (LOGDIRi, t ne cor.nec~eo
DATE directory (CONDIR), and t he TENEX Te letype
DATSAV ()MSSS only.] number (TTYNO).
CET INF (IMSSS only.]
DET PPN
LO CO UT
MST)ME GTAD
PiOB
PUTINF IIMSSS only. ) DT ~ GTAD
RANDOM (IMSSS onl y.]
RUN The current date and time (in TE NEX
RUNTIM representation ) is returned.
TIMER

If any other FUNCTION is specified then a
continuable error message is given. IDTIM, ODTIM

DT IDTIM (‘~DATIME”);
“DATIME’ 4- ODTIM (DT, FORMAT)

CNDIR
These routines convert between TENEX internal

CNDIR (DIRNO, “PASSWORD”) representation DT and string representat ion
DATIME. If DT is -1 in ODTIM then the current

Does the CNDIR j sys, connecting to DIRNO with date and time is used. If FORMAT is -1 then the
password “PASSWORD” . If “PASSWOR D’ is null format used is “TUESDAY, A PRI L 16, 197- ~
then the user mus t have connect privileges. 16:33:32”. For IDTIM, TENEX error codes are
TENEX error codes are returned in _SKIP._, returned in _S KI P _, w hich is zero ii no errors
which is zero if no errors occurred. occurred. WARNING: the IDTIM JSYS is nearl y

an inverse to the ODTIM JSYS; however , the
format returned by ODTIM with FORMAT~ - 1 w Ill
NOT be recognized by IDTIM unless the day

DIRST, SIDIR (“TUESDAY, “) is first removed. Blame BBN.

“DIRECTORY” DIRST (DIRNO);
D1RNO 4- STDIR (“DIRECTORY”, DORECOGNITION)

— PMAP
These routines convert between TENEX
directory numbers and strings. TENEX error PMAP (AC 1, AC2, AC3)
codes are returned in _SKIP_, which is zero if
no errors occurred. For STDIR the error codes Does the PMAP JSYS, using the accumulators
in _SKIP_ are for the arguments.

I str i ng does not mat ch

~ str ing s ambiguo us.
RDSEG

Note that DIRECTORY must be in uppercase for
the STDIR JSYS. RDSEG (i~SEGPAGES , ~BUFPAGES)

This function returns the pages which are
spe c ia l ly used by the Sail runtirr e system. The

GJINF starting and ending pages of the runtime
segmen t are returned in the left and right

JOBNO ~ GJINF (~~LOGDlR, ~CONDlR, ~TTYNO) halves , respectively, of SEGPAGES. The f i rs t
and last pages used for buf ferr ing are returned

Th e j ob numb e r is re t urned as the value of the in the left and rig ht halves of BUFPAGES. This
function is escape from Sail.
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Meri ory map, in general:

pages content s

(Comp ile time)
0-n impure data
400-450 compiler code
600-604 START _CODE table , if needed
64 0-670 ruritime system
770-rn UDDT

(Run tirr ie)
0-n impure data
400-rn code and pur e da t a
600- 637 I/O buffers
640-6 77 runtime system
770-p UDDT

RUNPRG

RUNPRG (“PROGRAM” , INCREMENT, NEWFORK)

Thi s does two entirely diffe rent things
depending on the value of NEWFORK. If
NEWFORK is true then a new fork is created ,
capabil i t ies are tr an smit ted , and PROGRAM is
run in the new fork (with the current fork
suspended by a WFORK). INCREMENT is added
to the entry vector location. If NEWFORI< is
false then the current fork is replaced with
PROGRAM. In this case RUNPRG is like the .
TOPS-IC RUN UUO; if the INCREMENT is 1 then
Inc program is started at the CCL address. If
RUNPRG returns at all then there was a
proolem with the file. Remember to say .SAV
as the PROGRAM extens ion.

RUNTIM

RuNNlNG — RUNTM (FORK , i~CONSOLE)

The r . nn.ng t u e  in millisec onds for FORK is
returned and the console connect time is
returned in CONSOLE.
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SAIL LEAP DATA TYPES

SECTION 12 by use of the DATUM construct.  Decia reo te~rs
have names which may be used t o de rit.f y t~ e~r.

LEAP DATA TYPES in expre ssions , etc. The simple var iable whose
value is an ite m is called an ITEMVAR.

12.1 Introduction 12.2 Syntax
In addition to the standard al gol-like statements The fo llowing syntax is meant to REPLACE rot
and expressi ons , S a l  contains an associative supplement the syntax of algebraic declarations ,
data store and auxi liary faci l i t ies called LEAP, except where noted.
Sail’ s version of LEAP is based on the
associat ive components of the LEAP language
i m p lemented b~ J. Feldman and P. Rovner as <declaration>
described in [Feldman). ::= <type _declaration>

::= <array_ declaration>
An assoc ia t ive  store allows the retr ieval  of data ::= <preload _specif icat ion>
based on the part ia l  speci f icat ion of that data. ::~ <label _declaration>
LEAP c t o ~es assoc ia t ive  data in the form of ::= <procedure _declaration>
ASS OC AT IONS , which are ordered three-tup les ::= <synonym_declarat ion>
of Lt E i!5. Associat ions are frequently called ::= <require _specif icat ion>
TR IPLES. Associat ions are placed in the ::~ <context _declaration>
assoc ia t i ve  store by MAK E statements and ::~ <record _class _declaration>
r e r r o : e ~ ~r~ m the store by ERASE statements. ::= <protect _ acs declaration>
T ne a~ ’ 3 c i a t ;ve sea~ches a O w  us to specify ::~ <cleanup_declaration>
ite rr .s ~-d Ihe:r pos it ion in the t r ip le and then ::~ <type _qualifier> <declarat ion>
naie Ire LEAP i n t e rp re te r  search for tr ip les in ( ::= <sprout _default _declaration>
tr - e asso c ia t :v e  store w~~ch have the same items
in I re  s~~~e positions. The interpreter will
ex~ras t  the i te r ~s f rom such tr ip les , which <simple _type>
cor respond  to the positions lef 1 unspecified in ::~ BOOLEAN
~re  o~~~ na search request. For example say ::~ INTEGER
w e  had t r ip les representing the binary relation ::~ LIST
Fa tn e - _ of , and we had “made ” associations of ::~ REAL
the fo rm ::= RECORD_POINTER ( <class id _ list>

SET
Father _of c John s Tom ::~ STRING
Fa~~er of c Torn Harry,
Father _of ~ Jerry c Tom ,

<it e m v  ar _type>
where  Father _of , John, Torn, Harry, and Jerry ::= ITEMVAR
are names of items. We could then perform <simple _type> ITEMVAR
searc hes to find the sons of Torn by spec if ying ::= <array_ type> ARR AY ITEMVA R
to tne leap search routines that we wanted to ::~ CHECKED <itemvar _t ype>
f ind t r p les v. Hose f i rs t  component v.’as J ::~ GLOBAL <iternvar _type>
Fatn. e r _of arid whose third co rr ipo rTent was Tom.
A s s o c . a t ve sea rches inherently produce
mul t i p le values (I.e., both Jerry ar.d John are < t e r n_t ype>
sons of Torn). To deal w i th  mult iple values , ::~ ITEM
L e ap has SE Ts and LISTs of items. ::~ <simple _type> ITEM

Items are constants. They may be created by
dec lar at on or by the funct ion NEW. Items may <array_ type>
have a s~ng le algebraic variable , set , li st or ::— <sirriple _type>
array ass ociated with them which is access ib ie ::~ <itemvar _ type>

::~ <item _t ype>
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<type _declarat ion> 12.3 Semantics
::~ <simple _type> <identif ier _ l is t>

<~ternvar _type> <identifier _list> ITEM GENESIS
<item_type> <identifier _ list> Althoug h items are constants , they mrust be
<array_ type> ARRAY <array _ list > created before they can be used. Items may

::= <array_ t ype> ARRAY ITEM <array_ list> be created in three ways:
:: <type_qualifier > <type _declarati on>

1) A DecIls ’ed Item may created by
declaration of an identif ier to be of

<array_ list> -- as on page 3 type ITEM.

2) An item may be created with the
<p roc eoj re _dec laratiOn> NEW construct (see page 9~ ).

::= PROCEDURE <identifier>
<procedure _head> 3) A bracketed trip le iterri is created
<procedure _body> by the MAKEing of a bracketed

::r~ <pr ocedure _type> PROCEDURE tri ple (see MAKE , page 90).
<identifier>
<procedure _head> <procedure _body> lterr s of type 1 and 2 are the same exce pt

::= <type _qualifier> those of type 1 may be referred to by the
<procedure_declaration> identif ier that is associated wi th  therri. For

exam p le one may say ... ITEM DAD; ... X*-DAD 
NOTE: DAD is the name of an tern, not a

<procedure _type> variable! Saying DAD€-X is just as i l legal as
::= <simple _type> say ing 15~-X.
::= <tem var _type>

MATCHiNG <procedure _type> Iterris of type 3 are different fro m those of
::= MESSAGE pr ocedure_ type> type 1 and 2. Discussion of them will be left

until the creation of associat ions with the MAKE
s tatement is discussed (page 90).

<procedure _ head> and <procedure _body> -- as
on page 4 except: SCOPE OF ITEMS

Ite m s do not obey the traditional Algol sco pe
rules. A l declared items are al located in the

<s mp le_for rna l _ type> outer block. All other items are al located
::= <sirrple _type> dynamically. All items exist until a
::~ <iternvar _type> DELETE (<item expression> ) is done on them
::~ ? <itemvar _type> (see page 90 for the detai ls of DELETE), or
:: <simp le _type> ARRAY until the outer block is exited at the end of the

::= <itemvar _type> ARRAY program. HOWEVER , the identifiers of declared
<simp le_type> PROCEDURE iterri s (type 1 above) DO obey scope rules.
<iternvar _type> PROCEDURE After exiting the block in which ite m X was

declared , it will be impossible to refer to X by
its declared narrie. However , X may have been

<prelOad _spec if icat iof l >, <synonym_declaration >, stored in an itemvar , associations , etc. and thus

~iabeI _dec larat ion>, stil l be re trieved and used.

and <require _specif icat i on> as on page 3 Warning: iterri s in recu rsive procedures behave
differentl y fr om variables in recursive
pr ocedures. At each recursive cal l  of a

cc ontext _deciar ati on> as on page 101 procedure , the local variables are reinstant iated
(unless they were dec lared OWN). te n s are
constants. There is never more than one
instan tiat ion of an item around at a tirrie.
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DATLJMS OF ITEMS ITEM VARS
An item of type 1 or 2 may have an assoc iated An ltemvar is a variable whose va lue IS an ~e- . .
variable , called its DATUM. The Datum of an Just as the statements °X— 3 ; Y.-X” and “Y—3
item is like any variable; it may be declared to are equivalent with respect to Y, Ire s ta teme nt s
have any type that a variable may have , except  “X— DAD~ Y+-X ’ and “Y4- DAD” ame eq . i / a c n t  v. Ir.
the type ltemvar. Because an i tem may have respect to Y, if X and Y are i ternvar s, DA~ an
onl y one datum from its creation unti l its tern. The distinction between ite r rivars arc
death, we frequently will say the “type of an items is identical to the c nct i nct i on bet ~ieen
tern ” referr ing t o the type of the datum. integ er variables and integers. An r Ieger

RESTRICTIONS: It is currently imposs ible to variable may only contain an integer arc a
make either items or the ir datums either variable declared ITEMVAR may only conta in an
Internal or External. However , the effect of item. This may be confusing since h s t o r ic a.  l y ,
External items can be duplicated by integer variables have always been ca cc
manipulating the order in which te n s are iNTEGER rather than INTEGERVAR.
declared (see page 87). OWN is not applicable
as items are constants , not variables. Items of Properl y speaking, one should ha’.’e
type ARRAY must be declared with constant INTEGERVAR ARRAYs instead of ‘ ,T EG ER
bounds since they are al located upon entering ARRAYs. Originally, Sa i l onl y all owed T E Vj ~.P
the Outer block. ARRAYs. However , so many people fc~~ c Ins .

confusing that now one may say ITEM AR ~~A Y ,
Example declamations of items with datums: and it will be interpreted to rr.ean IT EV.~ R

ARRA Y. Similarl y, an Item pr ocedure s e x a c t l y
INTEGER ITEM FATH ER _OF. the same as an lter nvar procedure.
STRING ITEM FOO ,
INTEGER AR RAY ITEM NAMES [14 , 1~~). COMMENT note An iternvar may contain iterris of any t y pe .

th e specif icati on of the array ’s dimension;; However , when one says DATUM (ITMVR where

SHORT PEAL ITEM POINT; ITMVR is an iternvar , the co m piler must v,n3~.
the type of the datum of the ite m (i .e. the type

EXTERNAL ITEM 8LAT~ COMMENT illegal of the ite m ) contained in the ite mvam so I ra t
IT EMVAR ITEM BLAT ; COMMENT ill eg a i; the the correct conve rsions , etc. may be done.
STRIN G IT EMVAR ITEM BLAT COMMENT illegal; Thus , one may declare itemvars to have t re
REAL PROCEDURE ITEM BLAT , COMMENT i llegal ; sarri e types that are legal for items. If One has
PROCEDURE ITEM BLAT. COMMENT illegal , declared STRING ITEMVAR TMV R, tne n Ire

~s• ASSIGN , comp iler assumes that you have stored an
st r i ng  i tem in ITMV R, and and will t rea t

The syntax f or variable includes the Datum DATUM (ITMVR) as a string variable.
construct. That is , if AGE is a declared an
Integer Item, then DATUM (AGE ) behaves An lte rnvar may be dec la med CHECKED f the
e x a c t l y like an Integer variable. If AR R is user desires the type of i ter rv a r checked
dec lared as against the type of the datum of the l ien

expressi ons assi gned t o it. That is , onl y a
STRING ARRAY ITEM A RR 12:4 , 1 9.2) st ring item could be stored in a Chec kec

String ltem var . If the iternvar is not declared
then DATUM (APR) is a string array with two Checked , it may have an term , of any t~ pe
dimensi ons of the declared s ize. A new array assigned to it and their types need not r rat c h at
m a y  not be assi gned t o the Datum of APR, all. This can be vemy dangerous. For c ’xa n ple ,
th ough of course the individual elements of the an integer array item might be ass i gnc o to a
array may be changed. Datums obey the same string ite mnvar . When the datu m of t H s  i te r r ivar

type checking and type conversion rules that is later assigned to an integer va r abie , say , S a l
the al gebrai c variables of Sa il do. For example , v,’ill try t o treat the array header as a st r i r . O
when a string is assigned to an integer datur ri , pointer and get very confused. The ru’,t ;r:,e
the integer stored in the integer datum is the routine TYPEIT , page 123, returns a c ode for
ASCII of the first character of the string , the type of its argu m ent , and can be usef u l ~or

avoiding type matching errors  w i th  un-chec i~~d
it e my a r S.
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C[.( 3A~ it e mva rs are a special kind for SUAI sto re , its component items can not be changed ,
global model users. Global model operat ion although an approxi m ation to th is can be
a l lows several  j obs to sha me a data se~ rnent , obtained by erasing the association then making
and GLOBAL itemvars are used to build the data a new association with the altered components .
structumes in this segment. MESSAGE You will note there is no syntax for declaring a
procedures are also related to global model tr i ple. Triples can only be created with the
operat ions.  These features have fal len into MAKE statement. In the examples which follow ,
disuse. a triple is represented by

EXTERNAL , OWN and INTERNAL ltemvars are A ~ 0 e V
legal. SAFE applies to et ther the ar ray of an
array Ic ~V ar , the array of art iterr ivar array, or where A, 0, and V represent the items stored in
both ar rays of an array itemva r array. the association. The associative store is

accessed by t he FOREACH stater rent , derived
ten /ar c  obey t rad i t ional  Algol block structure. sets , and binding trip les (see Searching the
Upon e x t  in~ the block of their decla ration , their Associat ive Store , page 91).
narres are unavailable and their storage is
real located. However , the item stored in an PROCEDURES
t e r r iva-  is nOt a f fected -- it continues to exist Itemn va m , Item, List , and Set procedures all ex ,s t.

un t i l  DE~ETEd or until the end of the program. ltemvar procedures may be CHECKED if one
desires the item RETURNed to have the sa m e

tem r vars  are init ial ized to the specia l item ANY type as the type of the lter nvar procedure.
at inc beg:rining of ore ’s pm ogram. Otherw ise , the c orripiier only checks t o see t r ial

the value re turned to an itemvar procedure s
SETS AND LISTS an item.
Sets and Lists are collections of items. There
are two  dist inctions between Sets and Lists: a Every type except Item may be used in form al
list may contain multiple occ urrences of any parar r ietem declamations; ite m s are consta nts yet
ite mr ~ while a set contains at most a sing le param eters always have something assi gned t o
ir ,ct a rrce of an item. Second , the order in which the rr in the procedure call. Since you can ’t
i tems appear within a list is com pletel y within assign something to a constant , you can’t have
tne co ntmo l of the user program , while wi th a item parame ters.
set , the order is f ixed by the internal
representat I on of the ite m s. Lists and Sets do WARNING: when using Checked Reference
not care what type if any the daturns of th e im lter rivam for mals , no type checking is performed
mer roers are , as the ac t ual  i~ assigned to the f ormal at the

pr ocedure call. However , type checking will
Lis . t  and Set Arrays , te mnvar s , Iterri s, and only be done during the procedure , and when
Pr oredures are al legal , as we ll as Ex terna l , the f ormal is assigned to the actual upon the
3w n and Internal Sets and Lists. Lii~e ter r ivars , (norrriai) exit of the procedure.
the scope of Set and List variables is the block
t r io > ’  were declared iri. Exiting that block does IMPLEMENTATION
not ces~~oy the i tems stored in the departed Each Ite m is represented by a unique integer in
sets or l is ts , the compiler. The numbers are assigned in the

order the items are declared , e.g. t he f i r s t
ASSOCIAT IONS declared ite m gets 1, the sec ond gets 2, etc.
Per r iaos .  Ire most imrportant form , of storage of (Actually, Sail has already dec lared 8 items that
item s is the Associat ion , or TRIPL.E, Trip les o f it nee ds, so user item numbers start w i th  9.
te ms nra >’ be wr i t ten  into or retr ieved frorri a REQUIRE n ITEM_START changes the nurribem at

spec ial s to re , the associative store. The which user items start  (only useful for SUAI
r re t r od of ctor a ’ n o’ these tri ples is designed global model users). Lexical nesting is not
to fac l i t a te  f ac t  and f iexio le retrieval. Sail uses observed; it is only t he sequence in which the
appr o~~mraiei y two words of storage for each dec larations are scanned that determines the ir
t r p le ri the associat ive store. T here is at most numbers. The NEW function does not a f fec t  this
ore copy of a Irp le  in the store at any t ime. assignment of numbers. Items created by the
Once a t r ip le has been st ored in the associative New function are assigned the next availab le

number at the time of the execution of the New.

86

L~~L



SAIL LEAP DATA TYPES

Those who use separate ly compiled procedures
(see page 12) may wish to have decla red items
comm on to both programs. However , Internal
and External items do not exist. T he same
ef fec t  may be achieved by carefull y declaring
the desired items in the same order in both
pr ograms so that their numbers match . The
message “Warning two programs with iterris
in them. ” will be issued at the beg ining of
execution , and may be ignored if you are
cer ta in  the items are declared in the same
relat ive positions. No checking of names , types ,
arrays bounds, etc. is done, so be very careful.

Items occupy no spac e (nei ther does the
constant integer 15). The numbers asc ribed to
ite m s are stored in lter nvars and Associations.
I te nv a rs are simp ly a word of storage. An
association is tw o words of storage , one w ith
three 12 bit bytes , each con taining the number
of one of the items of the association , and a
second w ord containing tw o pointers relating
the association to the assoc iative searc h
struc ture. Since the number of an item must fit
in 12 b,ts , the number of items is limited to
about ‘~O9O.

The num ber of an item may be retr ieved from
the item as a integer with the pmed ec lared
funct ion CVN (<item _expression> ). The i tem
represented by a ce rtain integer may be
ret r ieved by the predec lared function
CVI (<algebraic _expressi on>). CVN and CVI
should only be used by those who know what
they ’re doing and have kep t themselves up to
date on changes in Leap.
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SECTION 13 <element _lOcation>
::~ <item _expressio n>

LEAP STATEMENTS ::— <algebraic _express ion>

<associat ive _Statemen t>
::~ DELETE ( <item _expressi on>

13.1 Syntax ::~ MAK E <triple>
ERASE <triple >

<leap_ state ment>
::= <Ieap_ a5signment _5ta tem~~t>

<leap_ swap_ stateme nt> <tri p le>

<set _stateme nt> ::~ <item _expressi on> ~ <item _express i on>

::~ <l ist _sta teme nt> <item _express ion>

::= <assoc iative _statement >
:: <foreach _stateme nt>

<sue_fail _sta teme nt> <f o reach _sta t ement>
FOREACH <binding_list> SUCH THAT

<elemen t _list> DO <state ment>

<leap_ assi gnment _St atemen t> ::~ NEEDNEXT <foreach _state rnent>

::= <itemva r _va miab le > 4-

<item _express ion>
<set _variable > (set _express ion> <binaing_liSt>

:: <l i s t _var iab le > 4- <list _expres si on> ::~ <itemnvar _vaniable>
::— <binding_list> , <itemvar _vam iab le>

<leap_ swap_ stateme nt>
<itemvar _vamiab le > €. <elemen t _ l is t >

<itemvam _var iab le> ::~ <element>
<set _variable > ~ <set _variable > ::~ <element _ lis t> AND <element>

::~ <list _variable> <list _var iable>

<element>

<set _state ment> <item _expression > IN

PUT <item _expressi on> IN <list _expressio n>
<set _variable > ::= ( <boo lean _expreSsion >

:: REMOVE <item _expressio n> FROM <re tr ieval _trip le>

<se t _variable> ::~ <rnatching_ procedure _~~ l>

<list _statement > <retrieval _tr iple>

::~ PUT <iterri _express i on> IN ::~ <ret _trip_ element> e

<list _variable> <ret _trip_ elemen t>

<location _specif ica tiOn> e <re t _trip_ element>

::= REMOVE <item _expressio n> FROM
<list _variable>

::- REMOVE ALL <item _express ion> FROM <ret _trip_ eleme nt>
<lis t _variable> ::~ <item_express ion>

<deriv ed_set >

<locatiOn _Specifica tiOn>
::~ BEFORE <element _ locati on> <matching_pr ocedure _call>

AFTER <element _ l ocati on> ::— <procedure _cal l >
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PROPS (X), where X c an i er r C ~ r 
- n- ,

<suc _fa i i _ statement > c~ al regardless of the type of / . x - a , e . c -
::= SUCCEED evaluate to a bracketed t r i pe  Ion , o~~ :c
::~ FAIL item , or event item. PROPS (XI s cyn~ac~ c i  . > ‘

an integer variable. It is I i r : t €  d to r~e~ er s.
where 0 ~ n ~4O95. If negat ve ( c . ~ ..corri plement ) integers Or i r i t e re r~. ~~~ ~ t-

~o95 are assigned to a PROPS , on.y I n  ~
13.2 Restrictions ~2 bits are stored. The rest of : re ~~ - - r :5

.05 1.
SUOCE E~ and FAIL statements rriust be Iex ca l ly
nested inside a matching procedure to be legal. PUT

Sets and lists are init ial l y err pti. C e  ~ a ,
te rr s in them with the PUT c t a ~c~ s.n~.

<item expression> IN <set va r ar, c~’ c~ s.s
13.3 Semantics exact ly what it says.

ASSIGNMENT STATEMENTS “PUT <item expression > IN < : r t  ~a- ar. ~~>

As s i gnmrent s tatements in Leap are sim i ar to BEFORE <algebraic ex pression> ” e .- a ; ~.a~e ~r.e
those in Al gol. Ite mvar s , Set va riables , and List item expression , evaluates. the a ,~c .r- a ’ c
v a r a b e s  may be assigned i tem , set and list expression and coerces it into an -ntc- ~ ~, ,- .

expressions , respect ivel y. Onl y one automatic then puts the item into the ri a~ ~~e n:-
cOerc on is done: a set expression rriay be position , bumping the old nth Icr:, to
asc~~ned to a list variable. NOTE: lists may not position , and so on down the
be ass .cTl ned to se t variables (use CVSET). increases the leng th of the st by or .

item IN list AFTER n” places f i rs. ,ie~~. :~ e
The t ype of an i temvar is checked against the n+ ith position and bumps the old n : - .:
type of the item expression assig ned to it i f  down to the n÷2th p osi t i on , and so ci- . - . ‘r
arid onl y if the iterr ;var is declared Checked. If or n > (1 + length-of - l ist ), then an e-~cr
a typed ter n is assi gned to an un-Checked message is given. The specia l  to~ en “. “ r: a .
i te rnvar of di f ferent or no t ype , the datum is be used in the expression fo r n to d a rn
rot af fected.  Assign an integer item to a string leng th of the list.
te n / ar  and the string itemvar wi l l now contain

ar- ter n w i t h  an integer ca tu m . Sail w i l i  not “PUT <item expressi on 1> IN ,, s.~ ~c- a: C ’
k n0 — .v th a t  you have in ef fect  switched the type BEFORE <item expression 2> ” cause a rea r m
of tne datum and w I l  get ve ry confused if you be made of the list for the item cf ~ :r
la ter  t r y  to use the datum of the iternvar; it w ill expression 2>. If it is found , ti- e It~~r ,  o ’
t reat  thr’ integer as a pointer to a two wo md expression 1> is placed in the lir, t ~~~

s t r Ing descriptor in this case. ahead of the iteri, found by t ro se arc l r . “P~~”item IN list AFTER item: ” proceeds the sa me v~a ,
DATUM (X ) is legal onl y when X is a typed item but puts the f irst i te m , in the St : : . : : c b  a t o  - ;

ex pression , namely an item express ion that the foll owing the second item. If t he seco n I n- -s
c omp iler can disc over the t ype of (not not an element of the list , a BE~ C PE
COP (<set> ) for example) . See page 128 fo~ the f irst i tem at the beg ining of t i- c ct v. - -c a -

B’ .F of typed item expressions. DATUM (X ) is AFTER will put it at the end of the l is t.
synt act ca l l y a variable. It has the type of the
typed item exp res c on, X. If X has an array REMOVE
type , then DATUM (X ) should be fo l lowed by To remove an item from a set or I;r~, ~~[<subscript _ lis t>). Appropriate coercions Wil l  use REMOVE. “REMOVE item , F~ OV mcI ”
be done (i.e., string to integer , integer t o real , jus t what it says. If the terr. to cc rc - -  .n
etc. )  just as w ith regular variables in fr om the set does not occ~j r n the set ,
expressions. NOTE: the user is responsible for statement is a no-op.
seeing that  the datum - i of an tern e x p r occ or
rea lly is the type that Datum t hnKc  it is (i .e., “REMOVE n FROM list” remov es t ’-r n t -  t s r ’-
Da turr: of a Real Iterevar that nas had a string fr om the list. The old n+lth i t e r  o e c o r r c s  tr. c
Icr stored in it will give you garbage ). nIh, and so forth. An error is i no ca te d  f r ~ C
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Or n > length-of - list. As be1or~ , ~ should stand BRACKETED TRIPLE ITEMS
f or the ler’i~ th of the s t .  Howev e r , iten~ may be created by dec la ra t .o n , by t i e

NEW t~ .nc t.on , Or by using BRACKETED TR iPLEs
REMOVE item FROM lid ” remove s tr .e f i rst  in Mar~e statements.  A Bracketed Trip le tern

occu rrence of the tern from the list. If the item ‘ ray not have a datum, but may have a PROPS
not tound, th ,s statement is a no-op. or a PUAME (see page 124 for pnarries , page 89

~or pr ops;. instead , a Bracketed Tr i ple i te m ran
“REMOVE ALL item FROM l~~I” rer r ,uve c all an Asnoc:at on connected to it. One creates a
occurrences of the ten ; f rorii tne l ist. Bracketed Triple item by execut in g a Make

s ta te  rr,e nt:
DELETE
Items are represented ny ..nqse ir lcger MAKE item t x (ilern2’.m rem3i irem4) :ern 5
r. .~mbers in Sail. Due to ti- c ov emwh elm ng
des re to store an assoc at ion in one word of w i - c rc  the itemN are i te m ex pmess ions.
st orage , these unq~ e nurnoers are ::rr ed t o 12 “ .terr i 24 > iter c 3a: te m4] ” is the Bracketed Tr ip e
~ its, Thus the tota l  n .irrber of i te ms is limi ted term , and of course need not a lways be the
to 4090. The DELETE statement a! ows one to second component of the association. The
free numbers f or reuse. it is a s o  the onl y way associat i on connected to the Bracketed Triple
t o get rid of an item short of ex i t i ng the tern is “ite rr 2 4> item3 item4” , The above
pr ogram. WARN ING: The Delete s taterrent in no Make statement actual l y creates two trip les and
way alters the instances of tr .e Ce ete d ite m s one item. Narriel y, the ass ociations
which are present in sets , l is ts , ass ociations , or
it e mnvar s . The user should be sure that theme iren> l (~ itemX X a items
are no instances of the Deleted den occurring irem2 x item3 a i lem4
in iternvars, sets, lists or assoc iations. Even
say ing DELETE (ITMVR) where iTMVR is an and the item “ item XX ” which is a Bracketed
itemvam wit h an item to cc ce ete a in it will not Tri ple item and has the second association
remove the ite m frorri ITMVR; one must be connected t o it . One can access a Bracket
careful  to change the contents of IT MV R before Trip le item , v.I th the an associ at ive search
using it again, cal led the Bracketed Triple Item Retrieval:

MAKE i rr , v ~ r — [ itr, 2 ~ itrn 3 E itm4);
Tne MAi< E statement is tne on , v. ay to create COMMENT inw ar now contain& ImXX ;
Associat ions (Triples) ana ado t i -err  to t i -c
ass oc iat ive store. If Inc a s so c l a t on a l me a~j  Tne Bracket Tri ple construct may be used in
exists in the store , no a l te ra t ori-s are made. any expression. See page 92.
The argum ent to t i-c Make state n .ent is a tr ip le
of item expressions: ri~~,’ng “itrrX X” , one may access the items of the

associat ion connected to wi th  the predec l amed
MAKE ite m t ~ it em2 a rem3 funct ions FIRST , SECOND, and THIRD (see page
MAK E temi x i te mv Cr a ~ EV. 25 for more information on these runtirne
MAKE itemvar _array [231 x rem I i i re m var2 functions):

The c omponent item expr es s - c ’ - a~e eva iua t ed FIRST (itemXX) is item?
le t t  t o right. The tn re c  te n- s. t i - a t  I re  three SECOND ( iremXX > is item 3
expressi ons eva luate Ic ace t r c .~ tO r r:C Q into an ThiRD (irern~X) is item4
asso ciat io n , , and the a s.sC : - a : .cn S na n -e Q ri- tO
the ass ociative store. t en— ex pre s . s . o rs  ERASE
mus t be coris t mucti~ e, t:’ ~t is , o r e  r a y  use tne The way to remove an association from the
t~EW funct ion but rot Ire AI ,~’ cm B,NDIT items ass oc :ativ e store and destroy it is to ERASE it:
(see NEW , page 98, A~~’, page 99 , and
B ‘,J T , page 99). ERASE ite ml ~ item2 S it em 3

w here the te rnN are item expres sions. The
tern expressi ons must be retr ieval  item
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expressions ; that is , one may use the ANY ite mr : where A, 0 and V sta nd for the “a t t m s . u t c”,

‘I. but not the NEW function or the BINDIT item “object” and “value ” item s of an associat ion ,
(see ANY , page 99 , and NEW , page 98, and
BINDIT page 99). Using ANY as one, two , or The te r m s “bound” and “unbourr c ” wi l l  f n c
three of the item expressions al l ows many heavy use in this section. Bound desc r ibes an
ass ociations to be erased in one s ta te rc e nt .  if te n-var that has an te rn acn.g re d to 1.
tne association to be erased does not ex :s t , Unbound desc ribes an i t e - r ia r  that , at t i - i s .  t m,e

Erase is a no-op. in the execut ion of the program , has. r o ten
bound to it .  The ob jec t  of s.e ar cr .n~ t : - e

Vinci -ever one Erases an assoc iat on, none of associat ive store is usuall y to ci. nn: ui- l i-our -c
the items of the association are deleted. In te rnv a ms to speci f ic , but unKncW i- , tc rr : ’n. th~
par t icular , when one Erases an assoc iat ion i temvar to be bound was dec la~ed C r u s ~,ec ,
that has a Brac keted Triple tern as one of ts then type checking W i l l  be cone , and the
corr— p onents , the Bracketed Trip le item is not appropriate error message wi l l  be : s . s . . e  t i - s
deleted. Furthermore , the associat ion b r-di ng tern does not have the sar i-c type as
connected to tne Bracketed T r p le item is not t i-c itemvar .
automatica l ly erased by erasing an assoc iat ion
containing a Bracketed Triple itemri . The Throughout this sect ion , re ferences to  ten ,
fol lowing Erase erases onl y one associat ion: expressions wil l a lways mean ret ’ ne.  a te rn

expressi ons. Do not use NEW in SuCi -

ERASE item I ~ [ item2 x iiem3aitem4) S itemS express ions.

However , erasing the ass oc iation connected to a A hashing algor thm is used in sIo r ng a ’ c
Bracketed Triple deletes the item. Deleting the retrieving associations in Leap. T Ire user c a r ’,
Bracketed Trip le item DOES NOT erase the increase the speed of as soc :at ive se a rch — r n  or
associat i on connected to it. decrease his core image by usir~~ the PE Ou n

BUCKETS construct to co nt ro l  t he  size c( i-is
associa t ive search has h table to me f i ect  Ire
number of associations he will be using. A I- ash

13.4 Searching the Assoc iat ive Store table will be al located wi th ( 2 T r , )  hasn codes
where m is the smallest integer such t i-a t

F enUb:e searching and retr ieval  are the main ~2~”:;) ? n. Sail init ializes the hash s:ze to
mot i va t ions  for using an assoc iat ive store. it ‘1000.
fol lows that  this is the most important se tion
of the Leap part of this manual. It is a mare BINDING BOOLEANS
Leap program that does not use at least one of A Binding Boolean seamc res the a n c c c a t . ve

t n-c searches described below, store f or a specif ied t r ;p le , r etu rr..n. C t rue :f
one can be found , and false o tn erwise.  A

Four meth ods of searching the assoc iative store Binding Boolean is a triple:
ex: st in Sail:

itm j ~ u rn ? C itni3

Binding Booleans
Derived Sets where “i t rriN” is one of three tn ingc :  an Ic rn

Bracketed Trip le item retr ieval express ion or the rese rvec w o rc  “
~~ .D”

Foreach Statements f ollowed by an itemvam , or t he to ’ .cr “?“

fol lowed by an itemvar. An i te r r  exp~e c c - or. as
The f i rs t  three are properl y part o f the  a compone nt of the B nding Boolean n-cans t i- at
discussi on of Leap Expressions in the next component of the triple that the boo ’ ean fHds.
chapter , but are included here for must be the item specif ed by t i- c - Ic n-ri
completeness. expressi on (unless the tern ex p~es.s:orr

eva luates t o the item ANY , ‘.‘.- hic h speci f ies tr — at

Throughout th is. section we will use the any item is okay) . If a “B ND” 1 m m - a r  is. t~ c A ,
following notation for an associat ion: 0 or V of the tr iple , then t m - c B- i-di n-C Boo can

will atterrpt t o fi nd an associat ion w n c h  n - C C Is.

A ~ 0 a V the constraints imposed by t i-c ter n expression
A , 0 or V compone nts , ar.a t i - e n-  b r-cs t o I r e

5 l
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“aND” itemvar the items occuring in the THE FOREACH STATEMENT
correspo nding positions of the ass oc iation that Th s sta tement is the heart of Leap. It is s i r r i a r

the Binding Boolean found. If no such to the FOR statement of Al gol in that a
assoc iati on ca n be found , then the Binding stateme nt is executed once for each b riding of
Booleart returns FALSE and leaves the “BIND” a variable , hi tr’ ts semi-schema tic examp le ,
ite mvars wit h their previ ous va lues. If “?“

precedes an itemvar , then the item var w i l l  FOREACH X SUCH THAT el em ent> AND A~.D
behave i i ’.e a “BIND” itemvar it it is cu rrent ly <eie ment ~ DO <staternent> ~
contains BINDIT , but w i l l  behave lilce an item
expression if it is bound to some other item the <statement> is executed once f or eacn
than BINDIT. Example: binding of the itemvar X. The <eler rent>s in the

element list (i.e. <element> AND...AND <elerre nt> )
IF Father ~ ?Son C ANY THEN PUT Son IN Sonse t determine the bindings of the iter rvar , and
iF .Fat her ~ BIND Son Bob THEN CHILDLESS (Bob ), hence how m any times the <staterrent> is
ERCHEK e. Father ~ COP(Sons et ) i ANY , executed. If t he <elemert>s are such that there

s no binding possible for X, then the
DERIVED SETS <statemen t> is never execu ted. Like a Sail FOR
Derived Sets are quite simple: “Foo e Carp ” statement , one may use DONE, NEXT , anc
where Foo and Garp are item expressions , is CONTINUE w ithin the <statement> . A~ bef ore ,
the set of all items X such that Foo ~ Carp X vihen one uses a NEXT inside the loop, the
exists. “Carp u Sister ” is the set of all items X word NEEDNEXT must precede the FOREACH of
such that X 0 Carp C Sister ex ists , the Foreach that one wants checked and
“Foo ‘ Sister ” is the set of all items X such that possibly terminated. See pages 18, 19 , and 19
Foo ~ X a Siste r exists. Examples: for more information about Done, Next , arid

Continue.
Dad~,et .- Father 0 ANY ,
Dans on Father ‘ Dan , Restr ict i on: Jumping (i.e. with a GO TO) into a
New. ,- (Son Dad) (1 at ts e t ,  Foreach is illegal. However , it is legal to j i r n p

out of a Foreach , or to .iump around within the
ANY specif ies “I don’t care ” to the search , same Foreach.
B:ND:T has no special meaning to the search ,
and behaves like any other items. Since B NDIT Foreac h statements differ from For sta: er en s
can never appear in an associatio n , this means in that more than one itemvar may be InCl ..id
the set re turned will always be the empty set to be given bindings:
PHI.

FOREACH X , Y , 2 SUCH THAT <eI em ent> .~
BRACKETED TRIPLE ITEM RETRIEVAL
A Bracketed Tri ple item can be referenced by X , Y, and Z are ca~ed Foreach itemvars. Just as
specif y ing t he association it is connected to. one must declare the integer I before using it in
For examp le, the Sail For stater rent

ltmvar - [ ImI  0 itm2 ANY) FOR I.- I STEP 2 UNTiL 2 1 DO..
PUT (ANY ~ AN Y e ANY ) IN Br acs et
IF Foo 0 Carp a [ilmi ® tm2 a ANY) THEN so must one declare Fo reach iternvar s he~ore
Itmv ar  ~ ( imi  ® ( t m 2 ® m3’ trn4) a it m 5) using them in Foreaches. Foreach te r r v a r s  are

no more than normal itemva rs receiv irg spec a~
where it ri N is any item expression not ass~gnmertts ; they may hav e any t ype. If a
c o r t a n n g  NEW or BINDIT. ANY means you Fo reach itemvar that has been declared
don’t care what item occupies tha t component. Checked is assi gned an item by the search that

f tne designated Bracketed Triple is not found has a different t ype than the Checked itemvar ,
then BINDIT is returned and no error message is an error message wil l result.
given.

Foreach ite mvars differ from For var a~~es ri a
more radical way. It i i  possible to specif y to
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the Foreach that a certa in Foreach itemvar be a associative context is s . e u )  t ’ -
~~r~ t - e

variable to the search only on the condition <statement> is executed , aria the Fc’eac r oacv . ’
that that the itemvar conta ins the spec ia l item up to the last <element> of the e~c~~e rt
BINDIT at the time the Foreach is called. One When the Foreach backs up off the e~t c~ ci c’
precedes such itemvars with the “?“ token. For the element list , the Foreach is ex i tec.
exam pie:

When a Foreach is exited by bac ,cir ~ up o~ ~re
FOREACH ?X , ‘V , Z SUCH THAT <e lem ent>.. , lef t , the Foreach iter rivars are res tor co to t i~e

last satisf ier group bound to tri e rô , regard c~ss
If X contains BINDIT but Y does not when this of what the <statement> may have done. If t~ e
Foreach starts execution , then the search wil l associative context was never sat i ~ f e d , ~~

‘ en
be conducted exactl y as if the statement the Foreach itemvars have the vaILe~ ~nat t - e ,’

had bef ore the Foreach. When a Foreach is
FOREACH X ,Z SUCH THAT <element>. .., exited with a GO TO, DONE , or RET~ ?~ , ne

Foreach leave the itemvar s with t re  h.n d r~~ ,
were the Foreach specified. The iternvar X will they had at the GO TO, or whate ’ ,er , Inc~ua r g
then act jus t like an ordinary, rion-foreach any modifications that the <staten- .er.~> may
iterrvar that was bound previous to the have made to them.
Foreach. All Foreach itemvars may be “ ?“

itemvars if this is desired. THE LIST MEMBERSHIP <ELEMENT>
[In the following, one may also read ‘se: ” ~or

There are four different types of <element> “list” ; Sail automatically coerces set expressio ns
that may be used in foreac h element lists: into list expressions.] This <elerr erit> does nc,t

search the assoc iative store to bind an tem ’ .’a ,
Set Membership but merely binds it with an item of a spec t ed
Boolean Expressions list. In the Foreach ,
Retrieval Trip les
Mat ching Procedures FOR EACH X I X IN L 00 <statement>,

(here we have used the Sa l  synonym “j ” ~or
The order of the <e lement>s in the element list “SUCH THAT” ), the Fo reach iter rva r X is bouna
is very imp ortant , as we shall see. succes sively to each element of the set L,

starting at the beg inning of the l ist. f an ite rr ,
Termi nology: we say that a certain binding of occu rs r times in L, then X wi ll be bound to t n~.:
the the Foreach itemvars “satisfies ” an item n times in the course of the Foreac n.
<elemen t>. If that binding sat isf ies each Thus , the number of satisf iers t o the abc’ .’c’
<element> of the element list , then we say it Foreach is LENGTH (L).
“satisf ies the ass ociative context ” . A fancy way
of refering to the element list is “ass ociative In the current implementat ion of Leap, there is
context” . We als o refer to the collection of a difficulty that should be pointed out. ~ inside
bindings that sa t isfy the assoc iative co ntext as tr.e <statement> , one changes L by
the “satisf ier group ” of the Foreach. . ass ignment , Rerroves , etc. in such a w~y as to

remove the next item of the l i s t  tn~~t t~ e
The executi on of a Foreach proceeds as follows. Foreach itemvar would have been bound to ,
After initialization , the Foreach proceeds with a Leap may go crazy. Foreach searche s oc~.
search specified by the first <element> of the one ahead arid save a pointer to the nex t i te r ,~s
eleme nt lis t. If a binding can be found that to be bound to the Foreach te rrvars. T i-is
sat is f ies the f irs t <element> , the Foreach allows one to remove the items of the c L - - c r t
pr oceeds forward to the new <element> of the bind ings of the Foreach i temvar s f r o - -  r.~ .. or
list and tries to sat isf y it , and so on. When the whatever , but makes other rerr3v als nazarc ous .
Foreach can not satisf y an <elerrent> , it “oacks For exar r pe ,
up” t o the previous element and t ries to get a
di f ferent binding. If it can ’t find sat s fact i on FOREAC H X IX N . DO REMOVE X ~~~~~
there , it backs up again and tr ies again t o get a
dif ferent binding. When a Foreac h proceeds w I  wor K , but
f orward off the end of the element list (i .e. the
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WA RNl ’~3: Foreach itemvars ca rt riot be bour~O
P .1 V N L BEFORE FOO. by a Boolean Expression <elem ent> . Therefore ,
FOREACN X I X I~ I DO REMOVE V FROM I. all tcmvar s used in a Boolean Expression

<ele ;’~ent> must be bound by previous
will probably fai l . No error checking is done. <eler ent>s in the element list. A Boolean

Express ion <element> with urbo ur,d Foreach
W rier .ever the Foreach itemvar of a list itemvars in it causes an error message.
<element> has been bound previousl y, the list
elerrent behaves like a booleani. It does not THE RETRIEVAL TRIPLE <ELEMENT>
rebind the itemvar but only checks t o see that To search the associative store w i t h  a Foreach ,
it is in the list. For examp le, one uses the Retrieval Triple <element>. A

Retrieval Trip le is satisfied if a binding of the
FO REAC i-4 X ~i IN I. AND )( IN LI DO <statement > ; Foreach itemvars can be found such that the

tri ple is an ex tant association. If all of the
X is bound by the <element> “X IN L”. itemv ars of the Retrieval Triple <eler ent> were
<element> “X IN LL ” is satisfied if the item bound previous to the execution of the
conta ined ri the itemvar X is in the list LL. Retrieval Triple <element> , then the Tri ple does

no further binding; it is satisfi ed if the
If two o f ferent  Foreach itemvars are used with specified triple is in the associative st ore. For
tw o different lists , i.e. example ,

FOREACH XY I X IN I AND V IN LI FOREACH X I FATHER e TOM e X AND
DO <s t ate n ant> , X iN PTA _SET DO <statement > ;

then a f te r  executio n of the <s~ateme it> , the FOREACH X I X IN PTA _SET AND
Foreach will go back the last <element> tnat  FATHER x TOM E X DO <stat.ment ,,
searches b:nid ngs , in this case “V .~~ ~ u ” and
gets a new ~i r-dr ~ for V. it is OnI j’ on f a ; .~ re The tw o Foreaches have the same e f fec t .
of this search tha t the Foreach goes bac.’. t o however , ri the f i rst  case , X is bound by a
the f irst  <element’ , “X ;N S”, and gets a new sea rch of the associative store for anj t r~ple
binding f or X. Thus the <state m ent> w i : l  be trat  has FATnER as its attr ibute corrpo nent , and
executed once for eacn poss ble X,Y pair . in TOM as its object component. When such a
the Forea c h, t r p l e is fOund , X is bound to the item that is

the value cor~~~’’ - t .  Then, if X is in the
FOREACH X,Y I X IN I AND V IN I .., PTA _SET, t~ ach lets the staterre nt

execute. If t in PTA _SET , t ren the
X and V will be bound to all possible pairs of Fo reach ac . . id tries to find another
elements in L. Tnis includes pairs w t h  t r i p~e with FATHEI’< as its attr ibute and TOM as
dupl icate eleme nts , like (a ,a). Different its value. In the second Foreach , X is bound
orderi ngs of the same elements will NOT be w Ith an item from PTA _SET , then the
ignored. T hus , pairs like (a ,b) and (b,a) will ass ociative store is checked to see that the
each be a satisfier group sometime during the tr i pe  FATH EReTOMxx , where x is the binding of
Foreacr. Furtherm ore , if the list L contains X , is in the store. If it is , the <statement> is
dupl cations of the same item , identical pairs executed , otherwise the Foreach backs up and
wI l l  occ u r in proportion to tne number of gets a different i tem f rom PTA _SET and binds
duplicati ons. That is, regardless of the that to X. Assuming that Tom has onl y one
dup l ic itions within the list , the number of father , the first search is much faster.
sa t is f er groups to the Foreach above is
LENGTH ~~~~ Using ANY in a Retrieval Triple indicated that

you don’t care what item occupies that position.
THE BOOLEAN EXPRESSION <ELEMENT> For instance , in
~~~ S a l  boolean expression m a y  be used as

an <e e ’nent> in the Associative Context of a FOREACH X I FATHER x ANY s X DO <s ta tem e n t >
Foreac h . f it is iric losed by parentheses. A
Boolean Expression <element> is sa tisfied if it is X s bound successivel y to a ; fa thers.
T~~~ E. Note that the bociean exp ressi on r~ust However , if the ass ociative store included the
have parent~ eses ar ound it. f oilowing three associations ,
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can only be guarant eed to to work safely .1 tne
FATHER ~ KAREN ’ PAUL association erased is the one we j ust got a
FATHER i~ LYNN • PAUL binding from , e.g.
FATHER ® T ER~ Y ‘ PAUL

FOREACN X I A a O E X D O ERASE A~~O E X
then X would be bound to PAUL only on ce , not
thrice. BINDIT has no special meaning to the or if the association erased could not poss i~ le
search. Since BINDIT can never appear in an be used for a binding of a Foreach iternivar ,
ass ocia t ion, a Retrieval Triple containing t will such as,
cause the search to always fail.

FOREACH X I Link ® X I Node DO
Different kinds of associati ve searches proceed ERASE Node ~ X i ANY
with dif ferent efficienc ies. Listed below in
order of decreasing efficiency are the various Foreaches look one ahead to the next bino r.g
forms of Retrieval Triple <element>s that are of its itemvars , and leaves a pointer to those
legal. A , 0, and V represent either bound associations. If you Erase any of those
Foreach itemvars or items from explicit item associations , the Foreach gets lost in the
expressions in the triple. x , y, and z represent boondocks. No error checking is done.
unbound Foreach itemvars or the item ANY.
(note that x e x x V is reall y x 0 0 a V , and so However , as long as t he associative store is not
on). The two f orms of the List Membership changed during the execution of the Foreach , a
<element> are included for comparison. Retrieval Triple will not itself repeat a

particular set of bindings that it bound before.
IN I All te m s a in the list L

A x~ 0 C x Onl y the value is free THE MATCHING PROCEDURE <ELEMENT>
x y 5 V Attr ibute and obiect are free Mat ching Procedures are the most general

A IN I Veri f i cat ion that item A is in list L. search mechanism in Leap. They also prov :de
A x 0 a V Ver i f icat io n that th. trip le a convenient method of writ ing coroutines.

is in the sto re
A ~ x V Onl y the obj e ct is free A MATCHING Procedure is very similar to a

x 0 a V Onl y the attr i bute is fr ee. boolean procedure (in fact outside of Fore ach
A ~ a C y Object and value are free associative contexts , it behaves like a boolean
a 0 0 ~ y Attribute and value are free procedure and may be ca lled w i t n in
a ~ y 5 z Attribute , value and object are free, expressions , etc.). It must be declared type

MATCHING. It may not be declared SIMPLE. The
Note that MAKEing an association inside a formal parameters of a Matching Pr ocedure may
Foreach may or may not affect subsequent include zero or more “?“ itemvars (pronouncec
bindings. For example , in “ question itemvars ”) which may have any datum

type but m ay not be VALUE or REFERENCE.
FOREACH X V  I Link 0 X V DO These parameters correspond roughl y to eithe r

MAKE Link 0 X a New iink . call by value or call by refere nce , depending on
the actual pa rameter when the procedure is

it is uncertain whe ther V will ever receive called. When the actual parameter is an item
Newlink as its binding or not. expression or a bound itemvar the parameter is

equivalen t to a value parameter. However , if
The A , 0, and V used in a Retrieval Tri ple of a the actual parameter is an unbound Foreach
Foreach may be a derived set expressi ons as itemvar , then the parameter is t reated as a
wel l as i tem expressions. For example , reference parameter , and on entry is is

initialized t o the special item BINDIT.
FOPEACH X, Y I Link 0 (Fath erOY ) I X DO

Mat ching Procedures are exited by SUCCEED
ERASE in the <statement> of a Foreach that and FAIL state rr i e r,ts instead of PETU~ N
binds any of its i temvars with Retrieval Triples statements. When used outside of an
may cause pr oblems. Th is is similar to REMOVE associative context , SUCCEED co rrespo nds to
used in Foreaches with List Membership RETURN(TRUE) and FAIL corresponds to
<element’s contro ling some bindings. ERASE RETURN(FALSE) [this is not st r ic t ly  true when
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the match ing procedure is sprouted as a The following program illustrates techni ques
process -- see page 106]. Inside an associative one may use with matching procedures by
co ntext , Succeed and Fail determine whether s imulating the List Membership and Retrieval
the Foreach is to proceed to the next Trip le <element>s with matching procedures.
<element> of the element list or to backup to
the previ ous <element> of the element list. RECURSIVE MATCHING PROCEDURE INLIST
~‘. r~eni the Foreach backs up into a Matching C? ITEMVAR X LIST U.
Procedure , the procedure is not reca lled , but BEGIN “INLIST”
resumed at the statement follow ing the last COMMENT THIS PROCEDURE SIMULATES THE CONSTRUCT
Succeed executed. On the other hand, when a X I FOR ALL CASES EXCEPT THE SIMPLE
Foreach proceeds forward into a Matching PREDICATE 8INDIflL~
Procedure , the pr ocedure is called , not IF X ,’ BINDIT THEN
resun~.ed. BEGIN WHILE LENGTH (I) DO IF X • LOP (I)

THEN BEGIN SUCCEED DONE END,
Wnen a Matching Procedure is the last FAIL
<element> of the ass ociative contex t , END
Succeeding w ill cause the <statement> to be WHILE LENGTH CI) DO BEGIN Xa.LOP CL) ;
executed; the Foreach then backs up into SUCCEED END,
the Matching Procedure , and the Matching END “INLISr
Pr ocedure is resumed at the stateme nt
following the Succeed. When a Matching MATCHING PROCEDURE TRIPLE C’ ITEUVAR A , 0, V)
Procedure is the f irst <element> of an BEGIN “TRIPLE”
associat ive context , Failing will exit the Foreach. DEFINE BINDING (A)~”(A.BINDIT)”~SET SETI INTEGER INDX;
W ARNING: Matching procedures are~ RECURSIVE PROCEDURE SUCC_SET (REFERENCE
imp lemented as processes and two calls of the ITEMVAR X~ SET SI)
same rratc nir i g procedure may share the same WHILE LENGTH (Si) DO BEGIN X. ~P (Si);
memory unless the procedure is declared SUCCEED END
RECURSIVE. See Memory Access ible to a
Process , page 105. ~DX .- 0.

IF B;NDINS (A > THEN INDX ~- I ,
If a Matching Procedure is explicitly SPROUTed IF BINDING (0) THEN INDX .- INDX • 2
as a process then the Matching Procedure can IF BINDING CV) THEN INDX .- INDX • 4,
be made running by a RESUME. In such a case CASE INDX OF
the item sen t by RESUME is returned as the BEGIN (0] “Ax OeV” IF A~ OsV THEN SUCCEED,
value of the SUCCEED or FAIL state ment which [I) “?i~0aV” SLJCC_SET (A , Oa V)
suspended the Matching Procedure , just as (2] “Aa? ;V” SUCC_SET (0, A’V) ,
though SUCCEED or FAIL were an item (3) “ aV” BEGIN SET J ANY e

pr ocedure. (In fact Succeed and Fail always WHILE (LENGTH (SET 1)> DO
return an item value , but the value is ANY BEGIN A .- LOP (SET I);
except in this special case.) Being Resumed is SUCC_SET (0, A’V ) END END;
the only was in which a Matching Procedure can [4)  “AsOE” SUCC_SET CV , AoV)
be react ivated after a FAIL. [5) ‘?oOE?” BEGIN SET I O s  ANY ;

WHILE (LENGTH (SET U) DO
When a Matching Procedure is used exterior to BEGIN A ~ LOP (SETI ),
the assoc iat ive context of a Foreach , one may 511CC_SET CV , A~O) END END,
use “Bl~iC” fl the call preceding those actuals j6) ”A ~~a~” BEGIN SET I ,- A ‘ ANY
which ore wishes bound regard less of their WHILE (LENGTH (SET > )) DO
current  bir ’.d.r.~~, Preceding the actual with “?“ BEGIN 0.- LOP (SET > ) .
‘,v Il have the save ef fect  as “aIND” if the SUCC_SET CV , A~O) END END,
current v~ :ue of the ite mvar is BINDIT , and will [7] ‘“ ‘~~x~”
ha’,e no ef fec t  otherw ise (the procedure w i l  USERERR(O , ~, “ANY~ANVeANY IS IN BAD TASTE” )
not a t tempt  to find it a binding). END

END ~TR I?LE” .
T hat  is a l. there is to Matching Procedures.
T f ,e ; r  power lies in the using them cleverly.
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SECTION 14 <item _expr _iist>
:: <item_expression>

LEAP EXPRESSIONS ::— <item _expr _list> , <item _expression>

<set _express ion>
::— <set _term>

14.1 Syntax ::— <set _expression> u <set _term>

<leap_express ion> <set _term>
;:— <item_expression> ::— <set _factor>
::~ <set _expression> :: <set _term> ti <set _factor>
::= <list _expression >

<set _f actor>
<item _expressio n> ::— <set _prim ary>

<item _primary> ::— <set _factor> - <set _primary>
<item _primary> e <item _pr imary> e
<item_pr imary> ]

<set _pr imary>
PHI

<item _pr imary > ::= <set _variable>
NEW ::~ ~it em_expr _Iist}
NEW ( <algebraic _expression> ) ::= ( <set _expression>

::~ NEW ( <set _expressio n> ) ::~ <derived _set>
:: NEW ( <list _expression>

NEW ( <array_ name>
::~ ANY <derived _set>
:: BINDIT ::— <item _express ion>
::— <item _identifier> <associative _Operat or>
::~ <itemvar _variab le> <item_expression>

::~ <lis t _expressi on>
<algebraic _expression >

::= <itemvar _prOcedur e_CalI> <associative _Operator>
::— <resume _construct> ::— ~
::~ <interrogate _construct>

:: I

<i temvar _pr ocedure _caII>
::= <procedure _call> <itemvar _variable >

::~ <var iable>

<list _express i on>
::~ <lis t _primary > <set _variab le>
::= <list _expression> & <list _expression> ::— <variable >

<list _primary > <list_var iable>
::a NIL :: <variable>
::— <list _variable>

{
~ 

<iterr _expr _list > ))
::— ( <list _expression> ) 

‘ 
<leap_relati onal>

:; <list _primary> [ <substr ing_ spec> ] ::— <item _expression> IN
::— <set _primary> <set _expressiO n>

:: <item _expression> IN
<list _expressi on>
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::~ <item _expression> RECORD(S ) .- ITMVR ,
<item _relational _operator> ITMVR .- REC0RD(c ~- I),
<item _express i on> RECORD(~ ] RECORD( I ).

::~ <set _express ion>
<set _relational _operat or> are all legal. The special token “ce” means the
<set _expression> leng th of the list when used in this context.

:;= <list _expression> The contents of the square brackets may be
<list _ rela tional _operator> any algeb raic expressi on as long as it evaluates
<lis t _expressi on> to an integer n where 1 5 n S LENGTH (Ii~t) .

<triple>
<list _expressi on> [<algebraic _expression>)
returns a particular element of a list , but may

<item _relational _operator> not appear on the left of an assignrrent
= ex pression , because ass ignment must be to

::= variables.

NEW
<set _relati onal _Op erator> The function NEW creates an item at execution

ti m e. Since space must be allocated at loading
::= fo r var ious tables , one must indicate
::~ < approximatel y how may NEW items he will

> create (the corri piler counts the declared tems
fo r you). Therefore , one should say “R~Q~~R n
NEW _ITEMS” where n is some integer less than
409 0 (the maximum num ber of ite m s allowed in
Sail ) . ri may be larger than the actual nuriioer

<list _ re lat i o nal _operator> of New items created , but the excess w ill be
wasted space. If 0 < n < 50, you get tables for

::= 50 New items anyway.

NEW may take an argument. In this case , the
da tum of the created item is preloaded wit h the
value passed as argumen t. If this argument is

14.2 Semantics al gebraic , set or list , then the datum wIll be of
the same type. No type conversions are done

ITEM EXPRESSIONS when passing the al gebra ic argument. NEW wi U
itemvars and itemvar arrays may be used in als o accept an array name as argument. In this
item expr essions just as algebraic variables and case , the created item will be of the type array.
algebraic arrays are used in algebraic In fact , the array cited as argument will be
expressi ons. ltemvars and itemvar arrays are copied into the newl y created array. The new
in it ia l i zed to the special Sail item ANY. array wil l have the same bounds and nurriber of

dimensi ons as the array cited as argu m ent.
:te n~s may be retrieved from sets and lists with This array will not Cisappear even if the block
the Sail functions COP and LOP. COP (<set that the ori ginal array was declared in is exited.
expressi on or list express ion>) yields the item It wil l only be deallocated if the item is deleted.
whi ch is the f irs t element of the set or list that
the set or list ex pressi on evaluated to. LOP NEW in an ite m expression makes that ter n
a L~.C. ye !c ~ the first item of the set or l ist , but ex pression a “constructive item expressio n ”.
removes that i tem from the set or list. Because Co nstructive item expressions are illegal in
LOP changes the contents of the set or list that soro e places , namely anywhere that a t ter ’ p ts  to
is its argument , it can only ac cept set or list gets an item from an existing structure (i .e.,
var iab es , not express ions. See page 48. ERASE , REMOVE , and Associativ e searches ) . It is

us ual j  clear whether or not a constructive term
LiS t  e lement designators may be used as expressi on is illegal.
~ern iars in expressions. For example , if

RECORD is a list , and ITMVR an itemvar ,
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ANy SET AND LIST EXPRESSIONS
Some associat ive searches may need only Three rather standard operations are
partial specification. The ANY item is used to imp lemented for use with sets. These are union
spec ify exactly which parts of the specification Cu), intersection (n), and subtraction C—). These
are “don’t cares ”s. Examples: ‘ operators have the standard rriathe matica l

interpretations. The only possible confusion
FOREACH X SUCH THAT Father e X I ANY DO ... pertains to subtractions: if we perform the set
IF Fat h. r ® BIND X £ ANY THEN .. operation

ANY in an item expression makes that item set ) - ..t2
expr ession a “re trieval item expression ”. This
is the opposite of a constructive item and if there is an instance of an item x in set2
expression, and is illegal anywhere the but not in set 1, the subtraction proceeds and
statement is creating new structure , name ly, a no error message is given.
MAKE statement. Thus, ANY is legal
everywhere items are, except a MAKE If one considers a list to be a st ring of items ,
stateme nt. then concatenation and taking sublists suggest

themselves as likely list operations. The syntax
BINDIT and semantics for sublistirig and list
Like ANY, BINDIT specifies no constraints on the concatenation are identical with those of
ass ociative search. However , BINDIT has a strings , w ith the natural exception that the
special meaning to some searc hes, namely the results are lists , and not strings. There is also
Binding Boolean and Matching Procedures a difference in that if the indices to the
(depending on how they ’re wri tten) . An substringer do not make sense , an err or
itemvar containing BINDIT will be bound by the message is generated rather than setting of the
sear ch to an item of the associat ion that the _SKIP_ variable. Examples:
search found. For example:

IISTVAR .- LISTVA R[2 TO ~~- > ) .

X . .  BINDIT , LIS T VA R .- L1STVA R(9 FOR 2*NJ.
IF Father ~ ? X E  Bob LISTVAR s- L ISTVAR ( I FOR 2] & LISTVAR [3 TO a) .

THEN PUT X IN Bo bf at hers et,
One may generate sets with

Like ANY, BINDIT is illegal in MAKE state ments.
In certain associative searches , namely the (item> , ite m2 , it.m3)
ERASE statement , the Bracketed Trip le Item
re t rieval expression, and the Retrieval Triple and may generate lists with
<element> of a Foreach , inclusion of BINDIT will
cause the search to always fai l , because BINDIT ((i tem > , te rn> , ;tem 2, it em 3fl .
can appear in no association.

Sets are initialized to the empty set , PHI. Lists
TYPES AGAIN are initialized to the null list , NIL. Initialization
The compiler can determine the type of items occurs at the beg inning of the execution of the
when the item expressi on is a typed itemvar , a pr ogram. Sets and list are reinitialized on
t yped itemvar pr ocedure , a declared item wi th entering the blocks of their declaration only
a t ype, a typed itemvar array, or a NEW with when such blocks are in recursive procedures.
an argument. When the compiler can determine
the type of the item expression , then and only DERIVED SETS
then is it legal to use the Datum const ruct on Derived sets are really sets of answers to
the item expressi on or to assign the item questions which search the associative memory.
expressi on to a Checked temvar. For example , The conventions are:
the following are ILLEGAL:

a e b  —— the set of aII x such t hat a~~~b ! x
DATUM (COP (<se t> )) $ I b -— t he set of all x su ch that x ~ a E b
DATUM (RECORO(~ j). COMMENT RECORD is a list . a ‘ b •- the set of ill x such that a ~ x E b
CHEC .- NEW; COMMENT CHEC ii • Checked t emv ar ,
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BOOLEANS not follow Algol scope rules. See page 124 to
Several boolean primaries are implemented fo r find out how to use the above four functions.
comparing sets , lists , and items. In the fo llowing
discussi on, “ix ” means item expression , “Se ” If you would like your declared items to have
means se t expressions , and “Ic ” means list Pnames that are the same as the identifier used
expressi on. These are: in their declaration , say “REQUIRE PNAMES” or

“REQUIRE n PNAMES” before their declarat ion at
1) Set and List Membership. The the beginning of the program. The n is an

boolean “ix IN se ’ evalua tes the set estimate of the number of dynam icall y created
or list expression , and returns TRUE items with pnames you will use -- this causes
f the item value specified by the tables for rt pnames to be allocated at compile

item expressi on is a member of the time rather than runtime, thus making your
set or list , program more efficient.

2) Association Existence. The binding PROPS
boolean “ix e ix • ix ”, where the ix Any item may have a PROPS. This is an extra
are item expressions or itemvars 12 bits of storage (frequently used for bits).
preceded by ? or BIND, returns PROPS (X) where X is an item expression is
TRUE if a binding of the BIND exactly an integer variable in its syntax. See
itemvars (and ? itemvars that page 89 for further information on props.
contained BINDIT) can be found such
that the association exists in the
associat ive store. See page 91 for
mc~e .nformati on on binding
h

3)

is -~ ous i n terp re tat ion
• . obv ious int erp retation

as se 2 true if eel is a proper
subset of ss 2

a.> < se 2 true if eel is identi ca l to
se 2 or is a proper subset of se2

ee l • s e2 obvio us interpretatio n
ee l  ~ se 2 obv ious i nterpretation
ee l > s .2 equiv a lent to ee2 < eel
ee l  ~ se 2 equivalent to se2 S ee l
e l • 1.2 obvious interpretation
e l ~ le 2 obvious inte rpretetion

PNAMES
For those desire them, each item may have a
string, called its PNAME, linked with it. This is
comp letel y independent of the Datum construct.
New items and Bracketed Triple items are
created with NULL strings as their Pnames. One
may delete an item ’s Pname with the
DEL _PNAME function which takes an item
expression as its argumen t. One may give a
Pnameless item a Pname with the NEW_PNAME
procedure , which takes an item expression and
a string as its arguments. CVSI will give you
the Pname of an item , and CVIS with give you
the item with the specified Pname. No two
items may have the same Pname. Pnames do
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SECTION 15 <van >
::— <variable>

BACKTRACKING :;— <array_ ident ifier >

<context _variable>
::— <variable>

15.1 Introduction
Backup or backtracki ng is the ability to “back <array_ identifier>
up” execution to a previous point. Sail ::— <identifier>
facili tates backtracking by allowing one to
REMEMBER, FORGET, or RESTORE var ables in
the data type CONTEXT. <context _element>

::— <context _variable> : <var iable>

15.2 Syntax
15.3 Semantics

<context _declaration> THE CONTEXT DATA TYPE
::~ CONTEXT <id_ list> A context is essentiall y a sto rage place of

CONTEXT ARRAY <array_ list> undefined capacity. When we REMEMBER a
::— CONTEXT ITEM <id_list> variable in a context , we remember the name of
::— CONTEXT ITEMVAR <id_list> the var iable along with its current value (if an

array, values) . If we remember a value which
we have already remembered in the named

<backtracking_ statement> context , we des troy the old value we had
::— <rem_keyword> <variable_list> remembe red and replace it with the current

<rem_preposit ion> <context _variable> value of the variab le. Values can be given back
to variables with the RESTORE state ment.

<rem_keyw ord> Context variables are just like any other
:: REMEMBER variables with respect to scope. Also , at
::— FORGET execution time, context variables are destroyed
::— RESTORE when the block in which they were declared is

exited in order to reclaim their space. Context
arrays , items , and itemvars are legal (items and

<rem_preposition> itemvars are part of Leap). NEW( <context
::~ IN variable> ) is legal (NEW is also part of Leap).
::- FROM

RESTRICTIONS:

<variable_list> 1. Context procedures do not exist. Use
::— <van _list> context itemvar procedures instead.
::— ( <van _list> )
:: ALL 2. Context va riables may Only be passed
::= <context _var iable> by reference to procedures (i.e.,

contexts are not copied).

<van _list> 3. Contexts may not be declared “GLOBAL”
<van > (shared be tween jobs - SUAI onl y).

:: <van _list> , <van >
4. +, s, /, and all other ar i thmetic

operators have no meaning when
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applied to Context variables. Therefore , W ARN~NC!~ Restoring variables that have been
con text variable expressions always destroyed by block exits will give you garbage.
consist only of a context variab le. For examp le , the f ollowing will blow up:

The empty context is NULL_CONTEXT. Context BEGIN “BLOWS UP”
variables are initialized to NULL_CONTEXT at CON~rEXT .11,
pr ogram entry. INTEGER .1;

BEGIN INTEGER ARRAY L[ I
REMEMBER REMEMBER J, L IN .1>
To save the current values of variables , list END
them , with or wi thout surrounding parentheses , RESTORE ALL FROM .1 ) ;
in the remember statement. All of an array will END “BLOWS UP” ;
be remembered if subscr ipts of an array are
not used, m~therw ise , only the value indicated FORGET
will be remembered. If a variable has alrea dy The forget statement just deletes the variable
been remembered in context , its value is from the context without touching the current
replaced by the current value. If one wants to variable ’s value. Variables remembered in a
update all t he variables so far remembered in context should be forgotten before the block in
this context , one may say which the va riables were declared is exited.

FORGET ALL FROM X~ arid FORGET CNTXT 1
REMEMBER ALL IN <context>. FROM CNTXT2 work just as the similar Restore

statements work , onl y the variables are
If you have several contexts active , Forgotten instead of Restored.

REMEMBER CNTXT I IN CNTX’12 IN_CONTEXT
The runtime boolean IN_CONTEXT returns true

w ill note the variables Remembered in CNTXT 1, if the spec ified variable is in the specif ied
and automaticall y Remember their CURRENT context , For detai ls , see page 51.
values in CNTXT2.

CONTEXT ELEMENTS
RESTORE Context elements provide a convenient method
To restore the values of variables that were of accessing a variable that is being
saved in a context , list them (with or without remembered in a context. Examples of context
surrounding parentheses) in a res tore elements:
statement. Rest oring an arra y w it hout us ing
subscrip ts causes as much of the array that CNTXT _VAR I SOME.,VAR I
was remembered to be restored magicall y t o DATUM (CNTXT _ ITEM) SOME_VARI
the night locations in the array. You can CNTXT _AR~2,~ ARR Y(4]
remember a whole array, then restore all or DATUM (CNTXT _VA RI IIMVR)
selected pants (e.g. RESTORE A[1, 2] FROM IX;). CNTXT _VAR I . DATU M(ITMV R)
If you remembered only A[1, 2), then restoring
A will only update A[1, 2]. RESTORE ALL IN IX A context element is syntactical l y and
will of course res tore alt the variables from IX. semantically equivalent to a variable of the
RESTORE CNTXT1 FROM CNTXT2 will act like a same type as the variable following the colon.
list of the var iables in CNTXT 1 was presented For the complete syntax of variab les , see page
to the Restore ins tead of the identifier CNTXT I. 128. Assignments to context elements change

the Remembered value (i.e., X’-S; REMEMBER X
Astute Leap users will have noted that the IN C; C:X4-6; RESTORE X FROM C; will leave X
syntax for variables includes Datum(typed with the value 6).
itemvar) and similar th ings. If one executes
REMEMBER DATUM (typed _item _expression _ i) As with the Restore statement , one may not use
IN CNTXT , then RESTORE DATUM Context Elements of variables destroyed by
(< tem _exp ress iori_2>) FROM CNTXT will give an block exi ts .
error message unless the
<typed_item _expressi on_2> returns the same RESTRICTIONS: (1) One may not Remember
item as <typed_item _expression _ i>. Context Elements. (2) Passing Context Elements
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by refer ence to procedures that change
contexts is dangerous. Namely, if the
pr ocedure Forgets the element that was passed
t o it by referen ce 1 ihen the user is left with a
dang ling pointer. A more subtle variation of
this disas ter occurs when the Context element
pass’9 d is an array e lement. If the procedure
Remembers the array that that array element
was a pan t of , the formal that had the array
element Context Element passed to it is left
with a dangling pointer.
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SECTION 16 that is running. Since Sail is current l ,
implem ented on a sing le processor machine , one

PROCESSES cannot really execute two procedures
simultaneously. Sail uses a scheduler to swa p
processes from ready to running status. A

running process is actuall y execut ing, while a
ready pr ocess is One which may be picked by

16.1 Introduction the scheduler to become the running process.
The user may retrieve the status of a process

A PROCESS is a procedure cal’ that may be run with the execution time routine PSTATUS, page
independently of the main program. Several 109.
processes may “run” concurren tly. When
dealing with a multi-process system , it is not SPROUTING A PROCESS
quite correct to speak of “t he main program ”. One creates a process with the SPROUT
The main program is actually a process itself , statement:
the main pr ocess.

SPROUT (<i tem> , <proc edur e call> , <options >)
This section will deal wit h the creation , contr ol, SPROUT (<item> , <procedure call> )
and destruc tion of processes , as well as def ine
the memory accessible to a process. The <item> is a construction item expression (i.e. do
f ollowing section will describe communicatio n not use ANY or BINDIT). Such an iterri will be
between processes. ca lled a process item. The item may be of any

type; however , its current da tum will be wr i te n
over by the SPROUT statement , and its t ype wil l
be changed t o “process item ” (see TYPEIT , page

16.2 Syntax 123). RESTRICTION: A user must never modif y
the datum of a process item.

<process _statemen t> <procedure call> is any procedure call on a
<spr out _statement> regular or recursive procedure , but not a

simp le pr ocedure. This procedure will be called
the process procedure for the new process.

<sprout _statement>
::~ SPROUT ( <item _expression> , <options> is an integer that may be used to

<pr ocedure _c all> , specify special Options to the SPROUTer. If
<algebraic _expression> ) <options> is left out , 0 will be used. The

::~ SPROUT ( <item_expressi on> , different fie lds of the word are as follows:
<procedure _call>

::~ SPROUT ( <item _expressi on> , BITS NAME DESCRIPTION
<apply_construct>

1~ -17 QUANTUM (X) 0 IF X~ O THEN 4 ELSE
21X; The process wil l  be

<sprout _defau lt _declarati on> given a quantum of Q clock
SPROUT_DEFAULTS <integer _constant> t icks , indicating thnt if the

user is using CLKMOD to
handle cl ock interrupts , the
process should be run f or at

16.3 Semantics most Q clock ticks , bef ore
ca lling the scheduler. (see

STATUS OF A PROCESS about CLKMOD, page 120 for
A process can be in one of four states: details on making processes
terminated , suspende d, rea dy, or running. A “time share ”).
terminated process can never be run again. A
suspended process can be run again, but it 18~21 STRINGSTACK (X) S ~- IF X.O THEN 16
must be explici tly told to run by some process ELSE Xs32; The process wi l l
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be given S words of string corresponding field of t re  spec if i&d
stack. <integer _constant> of the SPROUT _DEFAULTS

for the procedure being sprouted. If the field
• 22-27 PSTACK (X) P4-IF X~O THEN 32 ELSE is non-zero then that value will be used;

X*32; The process will be otherwise the current “system ” defa u!t will be
given P words of arithmetic used.

• stack.
NOTE: SPROUT_DEFAULTS only app i ies t o

28-3 1 PRIORITY (X) P ~ IF X— O THEN 7 ELSE “allocations ”, i.e., the process status control bits
X; The process will be given (e.g. SUSPME) are not affected. Example:
a priority of P. 0 is the
highest priority, and RECURSIVE PROCEDURE FOO;
reserved for the Sail system. BEGIN

• 15 is the lowest priority. SPROUT _DEFAULTS STRING STACK (10),
Priorities determine which INTEGER XXXi

• ready process the scheduler
• wilt nex t pick to make
• running. END;

• 32 SUSPI-IIM If set , suspend the newly SPROUT (P1, FOO, STRINGSTACI( (3)),
sprouted process. SPROUT ~~~~~ FuO)

• COMMENT P2 will have a strin g sta ck of .~t32 worbe
33 Not used at present. P2 will have a string stac k ~f iO*32 words ;

34 SUSPME If set , suspend the process
in which this sprout

• s tatement occurs. MEMORY ACCESSIBLE TO A PROCESS
A process has access to the same global

35 RUNME If set , continue to run the variables as would a “normal” call of the
process in which this sprout process procedure at the point of the SPROUT
statement occurs. statement. For examp le, suppose you Sprouted

a pr ocess in the first instant iation of a
The names are defined in the file recursive procedure and immediately suspended
cSUAl~ SY5:PROCES.DEF, which one may require it. Then in another instantiation of the
as a source file. Options words may be procedure , you resumed the process. Since
assembled by simple addition, e.g. RUNME + each recursive instantiation of a procedure
PRIORITY (3) + PSTACI< (2). crea tes ard initializes new instances of its local

var iables , the process uses the instances of the
DEFAULT STATUS: If none of bits 32, 34, or 35 recursive procedure ’s locals that were current
are se t, then the process in which the sprout at the time of the SPROUT, namely those of the
statement occurs will revert to ready status , f irst instantiation.
and the newly sprouted process wil l become
the running process. Sail w ill give you an error message whenever

t he global variables of a process a re
The default values of QUANTUM, STRINGSTACK , deallocated but the process still exists. Usuall y,
PSTACK , and PRIORITY are stored in the system this means that when the block in which the
variables DEFQNT, DEFSSS, DEFPSS, and DEFPRI process procedure was declared is exited , the
respec tively. These values may be changed. corresponding process must be te rminated (one
The variables are declared EXTERNAL INTEGERs can insure this by using a small Cleanup
in c SUAl~ SYS:PROCES.DEF. pr ocedure that will TERMINATE the fated

process or JOIN it to the current one -- see
SPROUT _DEFAULTS about Cleanup, page 10, Terminate , page 107,
If one of the “allocati on” fields of the options and Join, page 109). When the process

word passed to the SPROUT routine -- i.e., procedure has i~een declared inside a recursive
QUANTUM, STRINGSTACK, PSTACK, or PRIORITY procedure , things become a bit more complex.
-- is zero, then SPROUT wil l look at the As mentioned above , the process takes its
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• glohals fr om the context of the Sprout ’ “X4-5” in process A will store 5 in the same
statemen t. Therefore , it is only in the location that “X~~1O” in process B would stor e
instantiation of the recursive procedure that 10. If such sharing of memory is undesirable ,
executed the Sprout that trouble can occur. declare the process procedure RECURSIVE , arid
For examp le, then new instances of the local variab les of the

pr ocedure wil l be created with each Sprout
P~ CU RSLV E PROCEDURE TENLEVEL (INTEGER I); involving that procedure. Then “X” in process
BEGIN ‘T ROUBLE~ A will refer to a different memory location than

• PROCEDURE FOO, “X ” in process B.
COMMENT does nothir~~. SPROUT APPLY

IF I-S THEN SPROUT (NEW , FOO, SUSPHIM), The <procedure call> in a SPROUT state ment
may be an APPLY construct. In this case

COMMENT sprout. FOO on the 5th SPROUT will do the “right” thing about sett ing
instantiation o f TEtI ’ L EVEL , then up the stat ic link for the APPLY. That is , “up—
im me diatel y suspen ds it , leve l” references by the process will be mace

to the same variable instances that would be
IF 1<10 THEN TENLEVEL (I. I) ;  used if the APPLY did not occur in a SPROUT

~ETURN. statemen t. (See page 115.)

COMMENT assumi ng TENLEVE L is called However , there is a glitch. The sprout
with .0, it will do JO inetsntiat ione, mechanism is not yet smart enough to find Out
t ha n come back up ; • t he block of the declaration of the procedu re

used to define the procedure item. It wou ’ c be
END “TROUBLE” nice if it did, since then it could warn the user

when tha t block was exited and yet the process
TENLEVEL will nest 10 deep, t hen s t art was still a live , and thus potentiall y able t o refer
re turn ng. Ths  means “TROUBLE” w ill be exited to deallocated arrays , etc. What the sprout
five times will no ill effects. However , w hen does instead is assume the procedure was
Sail attemp ts to exit  “TROUBLE” a sixt h time , it declared in the outer block. This may be fixed
will be exiting a block in w hich a process was eventually, but in the meantime some ext ra care
spr outed and declared. It will generate the should be taken when using app ly in sprouts to
error message , “Unterminated process avoid exiting a block with dependents.
dependent on block ex ited” . Similarly, be warned that the

“DEPENDENTS (<blocicid>)” construct may not
The construct DEPENDENTS (<block _name >), give t he “right” result f or sprout applies.
where <block _name> is a string constant ,
produces a set of process items. The process SPROUTING MATCHING PROCEDURES
lems are those of all the processes which W hen a matching procedure is the object of a

depend on the current instance of the named Sprout statement , the FAIL and SUCCEED
b!nck -- i.e. all processes whose process statements are interpreted di f ferent l y than
pr ocedures obtain their global variables from they would be we re the matching procedure
that block (via the position of the process called in a Foreach or as a regular procedure.
pr ocedure ’s declara tion , or occasionaly via the FAIL is equivalent to
location of the Sprout in a nest of recursive RESUME (CALLER (MYPROC), CVI (0)). SUCCEED
procedure ins tantiati ons) . This construct may is equivalent to RESUME (CALLER (MYPROC),
be used together with a CLEANUP procedure CVI (-1)).
(see page 10) to avoid having a block exit
before all procedures dependent on it have SCHEDULING
bee,~ term inated. One may change the status of a process

between terminated , suspended arc
If one Sprouts the same non-recursive ready/ running with the TERMINATE , SUSPE~~ ,
orocedure ~ore than once (with different RESUME, and JOIN constructs discussed above ,
pr ocess iler ., of course ), the local variables of and the CAUSE and INTERROGATE constructs
the procedure are not copied. In other words , discussed in the next chapter. This section will
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describe how the the status of pr ocesses may CLKMOD) by including the dec larat or,
change be tween ready and running. “EXTERNAL INTEGER INTRPT”, then assigning

INTRPT a non-zero value any time he desires
Whenever the currently running process the next polling point to cause rescheduling.
performs some action that causes its status to NOPOLL is another external integer that is
change (to ready, terminated , or suspended) provided to give the user a means o ’
without specifying which process is to be run dynamicall y inhibiting polling points. Fo~next , the Sail process scheduler will be invoked, example , suppose one is time sharing using

• It chooses a process from the pool of ready CLKMOD. In one of the processes , a point is
processes. The process it chooses will be made reached where it becomes important that tne
the next running process. The scheduling processes not be swapped out until a ce r ta in
algorithm is essent ially round robin within tight loop is finished up. By assigning NOPOLL
priority class. In other words , the scheduler (which was declared an EXTERNAL INTEGEPi a
finds the highest priority class that has at least non-zero value , the polling points in the loop
one ready process in it. Each class has a list of are efficiently ignored. Zeroing NOPOLL
pr ocesses associated with it , and the scheduler res tores normal time sharing.
choses the firs t ready process on the list. This
process then becomes the running process and A single polling point can be inserted with the
is put on the end of the list. If no processes statement POLL. The construct
have ready status , the scheduler looks to see if
the program is enabled for any interrupts (see REQUIRE n POLLING_INTERVAL
Interrup ts , page 117). If the program is
enabled for some kind of interrupt that might wher e n is a positive integer , causes polling
still happen (not arithmetic overflow , for points to be inserted at safe points in the code ,
instance) , then the sc heduler puts the program namel y: at the start of every statement
in interrupt wait. Af ter  the interrupt is provided that at least n instructions have been
dismissed, the sche duler tries again to find a emitted since the last polling point , after every
ready pr ocess. If no interrupts that may sti l l  label , and at the end of every loop. If n ~ 0
happen are enabled, and there are no ready then no further polling points will be put out
processes , the error message “No one to run” is until another Require n (n>O) Polling_Interval is
issued. seen.

The rescheduling operation may be explici tly
invoked by calling the runtime routine URSCND,
which has no parameters. 16.4 Process Runtimes

POLLING POINTS
Polling points are located at “clean ” or “safe ”
points in the program; points where a process TERMINATE -
may change fr om running to ready and back
with no bad effects. Polling points cause TERMINATE (PROC_ITM)
conditional rescheduling. A polling point is an
eff ic ien t version of the statement: The process for which PROC_ITM is the process

item is terminated. It is legal to term inate a
IF INTRPT A ~NOPOLL THEN terminated process. A terminated process is

BEGIN INTRPT..O, URSCHO END. truly dead. The item may be used over for
anything you want , but after you have used it

INTRPT is an external integer that is used to for something else, you may not do a terminate
request res~heduIirig at the next polling point, on it. Termination of a process causes all
It is commonly set by the deferred interrupt blocks of the process to be exited.
routine DFRINT (for all about deferred
interrupts , see page 121) and by the clock
interrupt routine CLKMOD (for how to make
processes time share , see page 120). The user
may use INTRPT for his own purposes
(carefully, so as not to interfere with DFRINT or
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SUSPEND by B (so than the runtime routine CALLER can
• w ork). Finall y, A’s RESUME will return the

TM i” SUSPEND (PROC_ITM) value HAMMER, whic h will be assigned to
STARTINF O. If A had been suspended by

The process for which PROC_ITM is the process SUSPEND or JOIN then the SEND_ITM of B’s
item is suspended. If the process being RESUME is ignored.
suspended is not the currently running process
then the item returned is ANY. In cases such as A process that has been suspended in any

manner will run from the point of suspension
X SUSPEND (MYPROC), onward when it is resumed.

where the process suspends it self , it might OPTIONS is art integer used to change the e f fec t
happen that this process is made running by a of the RESUME on the current process
RESUME from anotr ier process. If so , then X (MYPROC) and the newly resumed process.
rece~ves the SEND_ITM that was an argument
to the RESUME. BITS NAME DESCRIPTION

One may suspend a suspended process. 33-32 READYME If 33-32 is 1, then tnt~
Suspending a terminated process will cause an current process will not be
error message. If the process being suspended suspende d, but be made
is the currentl y running process (i.e. the ready.
process suspends itself), then the scheduler wi ll
be called to find another process to run. A KILLME If 33-32 is 2, t hen the
process may also be suspended as the result of current process will be
RESUME or JOIN, terminated.

IRUN If 33-32 is 3, then the
current process w il l not be

RESUME suspended, but be made
r~;nning. The “~ wl y

RET_ITM ~
- RESUME (PROC.JTM, resumed process will be

SEND_ITM, OPTIONS(O)) made ready.

RESUME provides a means for one process ti ~ 34 This should always be zero.
restore a suspended process to ready/ running
status while at the sam e time communicating an 35 NOTNOW If set , this bit makes the
item to the awakened process. It may also newl y resumed pr ocess
specify what its own status should be. It may ready instead of running. If
be used anywhere that an itemv ar procedure is 33-32 are not 3, then this
syntact ical ly cor rect .  When a process wh ;c h bit causes a rescheduling.
has sj spended itself by means of a RESUME is
subsequen tl y awakened by another resume s the DEFAULT: If none of bits 35 to 32 are set , then
SEND_ ITM of the awakening RESUME is used as the current process will be suspended and the
the RET _ITM of the RESUME that caused the newly resumed process will be made running.
suspension. For example , suppose that process At SUAI include a REQUIRE “SYS:PROCES.DEF”
A has suspended itself: SOURCE_FILE in your program to get the above

bit names defined. Options may then be
STA PT INFO .. RESUME (Z, NEED_TOOL). specified by simple addition, e.g. KILLME

NOTNOW.
If later a process B executes the statement

INFOFLAG RESUMF (A , HAMME R).
CALLER

then B will suspend itself and A will become trie
running process. A’s process inf ormation will PROCITEM ~- CALLER (PROCITEM2)
be updated to remember that it was awakened

io~
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CALLER returns the process item of the process PRISET
that most recently resumed the process
referred to PROCITEM2. PROCITEM2 must be PRISET (PROCITM, PRIORITY)
the process item of an unterminated process ,
otherwise an error message will be issued. If PRISET sets the priority of the procesc
PROCITEM2’s process has never been called, specifie d by PROCITM (an item expression t ha t
then the process item of the process that must evaluate to the process item of a non-
sprouted PROCITEM2 is returned, terminated process) to the priorit y specif ied by

the integer expression PRIORITY . Meaning ful
priorities are the integer between 1, t ie
highes t priority, to 15, the lowest  prior j .

DDFINT Whenever a rescheduling is called to r , tri~
scheduler f inds the highest priority class nat

DDFINT has at least one ready process in it , and rrianes
the first process on that list the running

A polling point is SKIPE INTRPT; PUSHJ P, process. See about the scheduler , page 107.
DOFINT. DDFINT suspends the current process
(but leaves it ready to run), then calls the
scheduler; DDFINT is like SUSPEND (MYPROC,
IRUN4NOTNOW). PSTATUS

STATUS ~
- PSTATUS (PROCITM)

JOIN PSTATUS returns an integer ind;catin g the
status of the process specified by the item

JOIN (SET _OF_PROCESS_ITEMS) expression PROCITM.

The current process (the one with the JOIN -I running
• statement in it) is suspended until all of the 0 •usp.rô.~

processes in the set are terminated. WARNING: I read y
Be very careful; you can get into infinite wait 2 terminated
s ituations.

1. Do not jo in to the current process;
since the current process is now URSCHD
suspended, it will never terminate of
its own acc ord. URSCHD

2. Do not suspend any of the joined URSCHD is essentia ll y the Sail Scheduler . When
pr ocesses unless you are assured one calls URSCHD, the scheduler finds tr.e
they wi ll be resumed. highest priority class that has at least one

Ready process in it. Each class has a list of
3. Do not do an interrogate-wait in any processes assoc iated with it , and the sche~ uer

of the processes unless you are choses the first ready process on the list . T
sure tha t the event it is waiting for process then becomes the running p-o cess and
w ill be caused (page 110). is put on the end of the list. If no processes

have ready status , the scheduler looks to see if
the program is enabled for any interrupt s . If
the pr ogram is enabled fo r some kind o~

MYPROC interrupt that may stil l happen (not ar i t h rn et c
over f l ow , for instance) , then the scheduler puts

PROCITEM ~
- MYPROC the program into interrupt w a t . A f t e r  the

interrupt is dismissed, the scheduler tries aga in
MYPROC returns the process item of the to find a ready process. If no inte rrupts ( b e t
process that it is executed in. If it is ex ecuted may still happen are enabled , and there are no
not inside a process , then MAINPI (the item for ready processes , the error message “No one to
the main process) is returned, run” is issued.
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SECTION 1 7 1. a “noti ce queue ” of items which
have been “caused” for this event

EVENTS type.

2. a “wait queue” of processes wh ich
• are wait ing for an event of this

type.
17.1 Syntax

3. procedures f or manipulating the
queues.

<event _statement>
::~ <cause _statement> The principle actions associated with the event
::~ <interrupt _statement> . system are the CAUSE statement and the

INTERROGATE construct. Ordinaril y these
statements cause standard Sail runtime routines

<cause _statement> t o be invoked. However , the user may
CAUSE ( <item _expression> , substitute his own procedures for any event

<item _expression> , type (see User Defined Cause and Interrogate
<algebraic _express ion> ) procedures , page 112). The Cause and

:: CAUSE ( <item _expression> , Interrogate statements are here described in
<item _expressi on> ) terms of the Sail system supplied procedures.

<interr ogate _const ruc t >
::— INTERROGATE ( <item_expression> , 17.3 Sail-defined Cause and Interrogate

<a & ebraic _expression> )
INTERROGATE ( <item_expression> ) THE CAUSE STATEMENT

::= INTERROGATE ( <list _expression>
<algebrai c_expression> ) CAUSE (<event type> , <event notice> , <o pti ons> )

INTERROGATE ( <list _expression> ) CAUSE (<event ty pe , <event not ice>

<event type> is an item expression , which must
yield an even t type item. <event notice> is an

17.2 introduct ion item expression , and can y ield any legal item.
<options> is an integer expression. If <Options>

The Sail event mechanism is really a general is left out, 0 is used.
message processing sys tem which provides a
means by which an occurrence in one process The Cause statement causes the wait  queue of
car t influence the f low of control in other <even t type > to be examined. If i t is non-
processes. The mechanism all ows the user to empty, then the system will give the <event
classif y the messages , or “event notices ”, into notice> to the first process wait ing on the
distinct types (“event t ypes”) and specif y how queue (see about the WAIT bit in Interrogate ,
each type is to be handled. below). Otherwise , <event notice> will be

placed at the end of the notice queue for
Any leap item may be used as an even t notice. <event t ype>.
An event type is an item which has been given
a special runtime data type and datum by The effect of Cause may be modified by the
rr~ ans of the runtime routine: appropriate bits being set in the options word:

MKEVTT (et )

w nere et is any item expr ession (except ANY or
BINDIT). With each such event type Sail
associates:
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BITS NAME DESCRIPTION DONTSAVE bit in t ne Cause
statement will override Ire

35 DONTSAVE Never put the <event i tem > RETAIN bit in the
on the notice queue. If Interrogate if both a re on.
there is no pr ocess on the
wai t queue, this makes the 34 WAIT If the notice quei.,e iS
cause statemen t a no-op. empty, then s~ spend t rt e

process exec ut ing t re
34 TELLALL Set the status of all interrogate and ~~ t i ts

pr ocesses waiting for this process iterri on the .v a .t
event to READY, queue.

33 RESCHEDULE Reschedule as soon as 33 RESCHEDULE Reschedule as soon as
possible (i.e., immediately possible (i.e., mme a a t e  /
after the cause procedure after e~ecut ion of t i- c
has comp leted executed ) . interrogate procedure) .

DEFAULT: If bits 35 to 33 are 0, then the either 32 SAY _WHICH Creates the associat on
a sing le process is awakened fro m the wait EVENT _TYP E ~ <e .er. (
queue , or the event is placed on the notice notice> s <event t ype>
queue. The process doing the Cause continues where <event type> is the
to run. At SUAI, REQUIRE “SYS:PROCES.DEF” type of the event ret urned.
SOURCE_FILE to get the above bit names Useful wi th the set for m of
defined. Op ti ons can then be constructed w ith the Interrogate const ruct ,
simp le addition, e.g. DONTSAVE + TELLALL. below.

THE INTERROGATE CONSTRUCT - SIMPLE FORM DEFAULT: If bits 35 to 32 are 0, tr,er i tne
interr ogate removes an event from the event

<i temv a r> ~ INTERROGATE (<e vent type> , <o ptIon s> ) queue, and returns i t .  If the event queue is
<itemva r> .- INTERROGATE (<eve nt type>) empty, BINDIT is returned and no w at t .ng  is

done; the process continues to run . At SUA~,
<event type> is an item expression , which must use a REQUIRE “SYS:PROCES.DEF” SOURCE _FIL E
y ield an event type item. <Options> is an to get the names defined; use simp le addition to
integer expression. If <options> is left out , 0 is form options , e.g. RETAIN + WAIT.
used.

THE INTERROGATE CONSTRUCT - SET FORM
The notice queue of <event type> is examined.
If it is non—empty, then the first element is <ite mvar> INTERROGATE (<event type sot >>
removed and returned as the value of the <itemvar> .. INTERROGATE (<event type ee l> , <opt io ns> )
Interroga te. Otherwise , t he special item BINDIT
is returned. <event type set> is a set of event t ype items.

<Op tions> is an integer expression. If it is le f t
<options> modifies the effect of the interrogate out , 0 will be used.
statement as follows:

The set form of interrogate al lows the user to
BITS NAME DESCRIPTION examine a whole set of possible event t ypes.

This form of interrogate w ill f i rs t  look at the
35 RETAIN Leave the event notice on notice queues, in turn, of eac h event t ype in

the notice queue , but still <event type se t ’ . If one of these not ice queues
return the notice as the is non-empty, then the first notice in that
value of the interrogate. If queue will be remved and that not ice w il l  ~e
the process goes into a returned as the value of the Interrogate. If all
wai t state as a result of the notice queues are empty, and W~ lTing is
this interrogate , and is not specified in the options word , then B~~~•T
subsequentl y awakened by will be returned. When the WA lT bit is set , t~~e
a Cause , then the process doing the interrogate gets put at tne
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end of the wait  queues of each event type in names (e.g. WA ITQ (et) ‘MEMORY[
<event type set> . Then , when a notice is f i nall y DATUM (et )+1 , LIST ]“ ) are included in the file
avai lable , the process is removed from a ll of cSUAIDSYS:PROCES.DEF.
the wait  queues bef ore returning the notice.
Note that the option SAY _WHICH provides a USER CAUSE PROCEDURES
means for determining which event type A pr ocedure to be used as a Cause procedure
proouced the returned notice. rrust have three formal value pararret er s

correspond ing to the event t ype , event notice ,
and Options of the Cause. Such a procedure is
associated w ith an event type by means of the

~7.4 User-defined Cause and interrogate runtirn e SETCP:

By execut ing the appropriate runtirn e routine , SETCP (<event type> , <procedure specifier>> ,
the user can specif y that some non-standard
action is to be associated with CAUSE or where <event type> must y ield an event t ype
INTERR OGATE for a particular event type. Such item and <procedure specifier> is either a
user specified cause or interrogate procedures procedure name or DATUM (<procedure item >,.
may then manipulate the event data structu re For examp le:
directl y or by themselves invoking the
primit ives used by the Sail Cause and PROCEDURE CX (ITEMVAR ET , EN, INTEGER OPT) .
Interrogate cons tructs. User defined Cause and SEDIN
Interr ogate are not for novice programmers PRINT (‘Causing “, EN,
(th is is an understatement ). “ 

~~ ~ event of type ~, El)
CAUSE I (ET , EN, OPT),

EVENT TYPE DATA STRUCTURE END.
Tne datum of an event type item points to a six
word blocic of memory. This block contains the
fol lowing inf ormat !on : SETCP (FOO , CX),

WORD NAME TYPE DESCRIPTION Now ,
CAUSE (FOO , BAZ),

0 NOTCQ LIST The list of all notices
pending f or this event would cause CX (FOO, BAZ) to be called. This
type. procedure would print out “Causing BAZ as an

event of type FOO” and then call CAU SE1. Th.e
1 W AITQ LIST The list of all processes runtirr e CAUSE 1 (ITEMVAR etype , enot; INTEGER

currently wait ing for a opt) is the Sail runtime routine that does all the
notice of this type. actual work of causing a particular notice , enot ,

as an instance of event type et ype. It is
2 - - -  - - -  Procedure specifier for essentially this procedure which is rep laced by

the user specified cause a use’ specif ied cause procedure.
procedure (zero if
system pr ocedure is to CAUSEI uses an important subroutine which is
be used). also available to the user. The integer runtime

ANSWER (ITEMVAR ev _ t ype , ev _not ,
3 -- -  - - -  Procedure specifier for process _ item ) is used to wake up a process

the user specifie d that has suspended itself with an interrogate.
interrogate procedure If the process named by process _ item is
(zero if system suspended , it will be set to ready status and
procedure is to be used). be removed from any wait queues it may be on.

AN SWER will return as its value the options bits
4 USER1 INTEGER Reserved for user, f rom the interrogate that caused the process to

suspend itself.  If the named process was not
5 USER2 INTEGER Reserved for user. suspended , then ANSWER returns an integer

w ord with bit 18 (the ‘400000 bit in the right
The appropriate macro definitions for these half — NOJOY in cSUAI~ SYS:PROCES.DEF) set to
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1. The ev _type and ev _not must be included in would cause NOTI to be set to the value of
case the SAY _WHICH bit was on in the ASKNTC (FOO, 0). Then the message “Not ice
interrogate which caused the suspension. BAZ returned from interrogate of FOC” w ould
ANSWER has rio effect on the notice queue of be printed and IX would return NOTI as its
ev_type. value.

Frequently one may wish to use a cause The runtime ASKNTC (ITEMVAR etype; INTEGER
procedure to re-direct some notices to other opt) is the Sail system routine for handling the
event types. For instance: interrogation of a sing le event type.

Essen t ially it is the procedure being replaced
PROCEDURE CXX (ITEMVAR El, EN, INTEGER OPT); by the user interrogate procedure.

BEGIN ITEUVAR 0TH, LABEL C;
IF redirect test (ET, EN) THEN In the case of multiple interrogations , Sail sets a

FOREACH 0TH I OTHER_CAUSEeET.OTH DO special bit (bit 19 — ‘200000 in the right half
C CAUSE I (El, EN, OPT) MULTIN in cSUAI~ SYS:PROCES.DEF) in the

ELSE CAUSE~ (El, EN, OPT) options word before doing any of the
END, interrogates specified by the event type items

in the event type set. The ef fect  of this bit ,
In order to avoid some interesting race which will also be set in the Options word
conditions , the imp lemen tation will not execute passed to a user interrogate procedure , is to
the causes at C immediatel y. Rather , t will cause ASKNTC always to return BINDIT instead
save ET , EN and OPT, then, when the procedure of ever waiting for an event notice. Then , if
CXX is fina ll y exited , any such defe rred causes ASKNTC returns BINDIT for all event types , Sail
will be executed in the order in which they will cause the interrogating process to Wait
were reques ted. until its request is satisfied. If multin is not set ,

then ASKNTC will do the WAIT if it is told to.
USER INTERROGATE PROCEDURES
A user specified interr ogate procedure must
have two value formal parame ters
corresponding t o the two arguments to
INTERROGATE and should return an item as the
value. The statement

SETIP (<event type > , <pro cedure spec if uir> ) i

where <event type> is an event type item , and
<pr ocedure specifier> is either a procedure
name or DATUM (<procedure item>), will make
the spec ified procedure become the new
interrogate procedure for <event type>. For
instance:

ITEMVA R PROCEDURE IX (ITEMVA R ET ; INTEGER OPT)~
BEGIN IT ENVA R NOTI~NOTI .. ASKNTC (El, OPT),
PRINT (“ Not ,ce , NOTI, returne d

from interrogat io n o f “, El);
RETURN (NoTI)~END,

SETIP (FO0, IX)

Now,
.. INTERROGATE (F0O),
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SECTION 18 procedure item except in the above context
will not work. Use APPLY instead.

PROCEDURE VARIABLES
REF_ITEM
Reference items are created at run time by the
REF_ITEM construct and are used principally in
argument lists for the APPLY construct. The

18.1 Syntax datum of a reference item contains a pointer to
a data object , together with type information
about that object. To create a reference item

<assign_statement> One execu tes
::= ASSIGN ( <item_expr> ,

<pr ocedure _name> ) tm .. REF _ITEM (<expression> )
::— ASSIGN C <item_expr> ,

DATUM ( <item _expr> ) ) A NEW item is created. If the expression is (a)
a simple variable or an array element , then the
address will be saved in the item ’s datum. If

<ref _ item _construct> the expression is (b) a constant or “calculated”
::~ REF_ITEM ( <expression> ) expression , then Sail will dynamicall y al locate a
::= REF_ITEM ( VALUE <expression> ) cell into which the value of the expression wil l
::= REF_ITEM ( BIND <itemvar > ) be saved, and the address of that cell will be
::— REF_ ITEM ( ? <itemvar> ) saved in the datum of the item. The ite m is

then noted as having the datum type
“reference ” and returned as the value of the

<appl y_construct> REF_ ITEM construct. One can slightly modif y
::= AP? .Y ( <procedure _name> ) ‘ this procedure by using one o f the f ollowing

APPLY ( <procedure _name> , variations.
<arg_ Iist _specif ier> )

::— APPLY ( DATUM ( <item> ) ) itm .~ REF_ITEM (VA’.JE <expression >>
::= APPLY ( DATUM ( < i tem> ) ,

<arg_ lis t _specifie r > ) In this case , a temp cell will always be allocated.
Thus X’-3; Xh-REF_ITEM (VALUE X); X’-4; would
cause the datum of X l to point at a cell

<arg_ Iist _specifier> containing 3.
<list _expressi on>

::= ARG_LIST ( <expr _list> ) itm .. REF_ITEM (? itmvr)
tm ,. REF _ITEM (BIND itmvr)

wher e itmvr must be an itemvar or an element
18.2 Semantics of an itemvar array, w ill cause t he reference

item ’s datum to contain informat ion that Appl y
ASSIGN can use to obtain the effect of using “? itmvr ”
One may gi.ie an item a procedure “datum ” or “BIND itmvr ” as an ac tual parameter in a
using the ASSIGN statement. ASSIGN accepts procedure call.
as its f i rs t  argument an item expressi on (do
not use ANY or BINDIT). To this is bound AR G.LIST
the procedure identified by its name or to the The ARC_LIST construct assembles a list of
“datum ” of another procedure item. The “temp orary ” re ’erenc e items that will be
pr ocedure may be any type. However , the deleted by APPLY after the applied procedure
value it re i;rns wil l  only be accessible if the returns. A rguments to ARG_LIST may be
proceOure is an itemvar or item procedure. anything legal for REFITEM. Thus
A ppl y assumes that whatever the pr ocedure
lef t  in AC 1, (the register used by all non—string APPLY (p roc , A RG _ LIST (foc , bar , VALUE bsz))
procedures to return a value) on exiting is ar
item number . Warning: a procedure is no s roughl y equivalent to
Ordinary datum. Using DATUM on a
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returns is ignored. Here is an exarrip e of tne
tmp lst .. {{ RE F _ ITEM (foo) , REF _ ITEM (bar) , use of APPLY.

REF _ITEM (VALUE baz) it ,
AP PLY (proc , tmpl;t) , BEGIN
WHILE LENGTH (trnplst) DO DELETE (LOP (tmplst)); LIST L. INT EGER XX ,

INTEGER ITEMVAR YY ,ITEMVAR ZZ ,
but is somewhat easier to type. Note that the REAL ARRAY AA[ I 2],
reference items created by ARC_LIST are just PROCEDURE FOO (INTEGER X ,
like those created by REF_ITEM, excep t tha t ITEMVA R Y,Z, REAL ARRAY A)
they are marked so that APPLY will know to kill BEGIN
them. Y ,- NEW (X);

Z.. NEW (A),
APPLY
APPLY uses the items in the END;
<arg_ Iist _specif er>, together with the xx4.o;
environment information from the procedure L . UREF _ITEM (XX ) , REF _ITEM (VY ) ,
item (or from the current environment , if the REF _ ITEM (ZZ>, REF_ITEM (AA ) t ) ,
procedure is named expl icit i y) to make the XX .. 2; AA ( l J . .  A.A(23 .. I;
appropriate procedure ca ll. <arg_ lis t _specifier> APPLY (FOO, L),
is an ordinary list expressi on, except that each COMMENT V now contains an item whose
element of the list must be a reference item, datum is 2, Z contains an item whose
The elements of , the list will be used as the datum is the array ( 10 , 1 0),
actuals in the procedure call. There must be at A~I1.I.o, and A(2] .30,
least as many list elements as there are formals END;
in the procedure. The reference items must
refer to an object of the same type as the The variables accessed by a procedure cal led
corresponding formal parameter in t he with APPLY may not always be what you would
procedure being called. (EXCEPTION: if the think they were. Temporary terminology: the
formal parameter is an untyped itemvar or “envir onment ” of a procedure is the co l lect ion
untyped itemvar array, then the reference item of variables , arrays and pr ocedures
may refer to a typed itemvar or i temvar array, accessible t o it. “Environment ” is not meant
respectively. ) A t present , type checking (but t o include the state of the associative store or
not t ype coercion ) is done. If the formal the universe of items. The environment of a
parameter is a reference parameter , then a procedure item is the envir onment of the
reference to the object pointed to by the ASSIGN, and that environment will be used
reference item is passed. If the formal regardless of the position of the APPLY.
parameter is a value parameter , then the value Since procedure items are untouched by
of the object pointed to by the reference item block exits , ye t environments are , it is possible
is used. Similarly, “?“ formals are handled to Apply a procedure item when its
appropriately when the reference item contains environment is gone; Sail catches most of these
a ““ or “BIND” reference. If the pr ocedure to situations and gives an error message.
be called has no parameters , the Consider the following exam ple:
<arg_ Iist _specif ie r> may be left out.

Apply may be used wherever an itemvar
procedure call is permi tted. The value returned
will be whatever value wou ld normally be
returned by the the applied procedure , but
App ly wil l treat it as an item number. Care
should therefore be taken when using the
resul t of Apply when the procedure being
invoked is not itself an itemvar procedure, since
this may cause an invalid item number to be
used as a valid item (for instance , in a MAKE).
Recall that when a typed procedure (Or an
Apply) is called at statement level , the value it
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BEGIN
ITEM P, LABEL 1,
RECURSIVE PROCEDURE FOO (INTEGER .1);
BEGIN “FOO”

INTEGER I,
PROCEDURE BAZ,

PRINT (“J— ”. .1, “ I— ” , 1);
IF i-I THEN

BEGIN

ASSIGN (P, BAZ);
FOO (- 1);
END

ELSE APPLY (DATUM (P));
END “FOO”
FOO ( I ) .
APPLY (DATUM (P)); COMMENT will cause a

runt ime error -- see disc ussion b.Iow;
END

The effect of the program is to Ass ign Baz
to P on the first instantiation of Foo, then
A pply P on the second (recursive)
instantiation. However , the environment at
the time of the Ass ign includes {I=2, J= 1} but
the environment at the time of the App ly
includes {I=O, J~-1) instead. At the time of
the App ly, Baz is executed with the
environment from the time of the Assign, and
will print out

J— 1 .2

The Apply at L will cause a ruritime error
message because the environment of the
Assign has been destroyed by the exiting of
Foo.
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SECTION 1 9 To use interrupts a program must f i rs t  tel l  Sail
what procedure (s) to run when an interrupt

INTERRUPTS happens. The routines INTMAP and PSIMAP
perf orm this task. Deferred interrupts use t r • e
Sail process machinery (page 104), so INTSET is
used t o sprout the interrupt process. Then the
operating system must be to ld to act ivate (and

19.1 Introduction deactivate ) interrupts for the desired
conditions. ENABLE and DISABLE are used by

The interrupt facil i t ies of Sai l are based on the the program to tell Sail , which tells the
interrupt facilit ies provided by the operating operating system.
system under wh ich Sail is running. For
programs running at SUAI or on TENEX this A good knowledge of the interrupt structure of
results in satisfactory interrupt operation. the operating system which you are try ing t o
TOPS- lO programs are at a distinct use should be considered a prerequisite for this
disadvantage because the operating system chapter.
does not prevent interrupt handlers from being
interrupted themselves. At SUAI the Sail
system uses new-sty le interrup ts [Frost) ;
pr ograms may also enable for old-style 19.2 Interrupt Routines
interrupts and the two will work together
pr ovided that the same condition is not enabled
under both kinds. On TENEX the
pseud ointerrupt (PSI) system is used; programs AT I, DTI
may use the interrup t system independentl y of
Sail. Only interrupt functions pertaining to the ATI (PSICHAN, CODE);
current fork are provided. TOPS- lO interrupts DTI (PSICHAN, CODE)
are directly tied to the APRENB system; Sail and
non- Sail use do not mix. (TENEX only.) CODE is associated or dissociated

with PSICHAN, us ing the appropriate JSYS.
Sail gives control to the user program as soon Executing ATI is an additional step (beyond
as the operating system informs the Sail ENABLE) which is necessary to receive TENEX
iit errupt handler. This can be dangerous TTY interrupts.
because the Sail runtime system may be in the
middle of core allocation or garbage collecti on.
Theref ore Sail provides a special runtime
DFRINT which can receive ~‘Control in the DFR1IN
restr icted envir onment of an interrupt. DFRINT
records the fact that an interrupt happened and DFR1IN (AOBJN_PTR)
that a par ticular user procedure is to be run at
the next polling point (page 107), when the DFR1IN is the procedure used by DFRINT to
integrity of all runtime data st ructures is record the interrupt and the AOBJN_PTR. Thus
(normally ) assured. If the Sail interrupt handler DFRINT is (partiall y) equiva lent t o
passes control to DFRINT then the user
pr ocedure (which is run at the next polling SIMPLE PROCEDURE DFRINT; BEGIN
point) is called a “deferred interrupt DFRII N (<AO3JN_PTR specified
pr ocedure ”, even though the only connection it to INTMAP>) END,
has with interrupts is the spec ial status and
priority given to it by the Sail Process To have more than one procedure run
machin ery. If DFRINT is not used then the user (deferred ) as the result of an interrupt , a
procedure to which the Sail interrupt handler program may use DFR1IN to record the
passes control is called an “immedia te interrupt AOBJN_PTRs explicitl y. Example:
procedure ”. (This is orthogonal to the TENEX
distincti on between immediate and deferred TTY
interrupts.)
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handler receives an interrupt corresponding to
SIMPLE PROCEDURE ZORCH, the condition specifie d by INDEX. A separate

BEGIN INTMAP must be executed for each interru pt
DFRIIN (<AOBJN pointer for FOO call ,> , conditi on. If the same INDEX is specified on two
DFRIIN (<AOBJN pointer for BAZ caI I,)~ calls to INTMAP then the most recent ca ll is the
END, one in effect.  PROC must be a simp le

procedure with no formal parameters. If PROC
1NTMA P (IN TTTY _ INX , ZORCH, o>, is a user procedure then PROC is run as a Sail
ENABLE (INTTTY _ INX), immediate interrupt.

Both FOO and BAZ will be run (deferred) as the AOBJN_PTR should be zero unless DFRINT is
result of INTTTY _INX interrupt, specified for PROC. If PROC is OFRINT (and thus

wi ll be a Sail deferred interrupt) then
AOBJN_PTR gives t he lengt h and loca tio n of a
block of memory describing a procedure call.

DERINT Such a block has the form

DFRINT <numbe r of words in the block>
<1st parameter to the procedu re>

DFRINT is a predecla red simple procedure which <second parameter to the procedure>
handles the queueing of deferred interrupts.
Specify DFRINT to INTMAP for each interrupt <last parameter to the procedure>
which will be run as a Sail deferred interrupt. -I ,,<addr .ss of th e procedure>
When run as the result of an interrupt , DFRINT
grabs the AOBJN_PTR pointer specified t o and an AOB.JN_PTR to it has the form
INIMAP (or PSIMAP) and copies the block along
wi th other useful information into the circular -<numbe r of w o rd s > ,,<starting add rese> ~
deferred interrupt buffer. (See INTTBL.)
DFRINT then changes the status of the interrupt Here is an exa m ple in which FOO (I, J, K) is to
process INTPRO from suspend to ready, arid be ca ll ed as a deferred interrupt.
turns on the global integer INTRPT.

PROCEDURE FOO (INTEGER i, j, k) 

SAFE INTEGER ARRAY FOOBLK (15] ,
DISABLE, ENABLE ITEMVAR IPRO COMMENT for process item of INTP RO,

DISABLE (INDEX); FOOBLK [1] 5;
ENABLE (INDEX) FOOB LK (2) .. I,

FOOBLK (3) ~-

S a l  tells the operating system to ignore. FOOBLK (~J ~ K;
(DISABLE) or to send to the program (ENABLE) FOOBLK (5) .- (-I LSH 18).LOCATION (FOO);
interrupts for the condition specified by INDEX.
INDEX is a bit number (0-35) which varies from INTSET (IPRO .- NEW , 0); COMMENT sprout INTPRO ,
system to system; consult [SysCall). INDEX is INTMAP (INTTT I_INX, DFRINT ,
sometimes called a “PSI channel” on TENEX. (-5 LSH 18) • LOCATION (FOO BLK(l] ));

ENABLE( INTTT I_INX)

NOTE: The procedure (FOO in this case ) must
INIMAP not be declared inside any process except the

main program. Otherwise , its environment will
INTMAP (INDEX, PROC, AQBJN_PTR) not be available when INTPRO runs. However ,

there is a rather complex way to get around
(TENEX users should see PSIMAP.) The routine this by using <environment~,,PDA as the last
INTMAP specif ies that the simple procedure word of the calling block. See a Sail hacker if
PROC is to be run whenever the Sail interrupt you must do this and don’t know what

<environment> or PDA mean,
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INTSET INTMAP (<i ndex , , <simp li procedure name , , 0).
ENABLE (cind e*,)

INTSET (ITM, OPTIONS) or on TENEX ,
PSIMAP (‘c PSlchan, , <simp le proc. du r. name >, 0, < PS I , ev > ) .

INTSET sprouts the interrupt process INTPRO ENABLE (‘cPSlchan>)
with process options OPTIONS; see page 104.
The default priority of INTPRO is zero; this is where <index> is a code for th~ interrupt
the highest possible priority and no other condition. To turn off an interrupt use
process may have priority zero. Thus INTPRO
is sure to be run f irst at any polling point. ITM DISABLE (<index>)
must be an item; it will become the process item
of INTPRO, the interrupt process. INTSET must The system will not provide user interr upts for
be called bef ore any deferred interrupts are the specified condition until another ENAB~..E
used, stat ement is executed.

IN SUAI Sail
• A procedure specified by an INTMAP $ta te r r ,x ’ rt

• INTTBL will be executed at user interrupt level . ~pr ogram Operating in this rriode will not ~e
• INTTBL (NEW _SIZE) interrupted , but must finish whatever it is doing

w ithin 8/60 ths of a second. It may not do any
The buffer used to queue deferred interrupts is UUOs that can cause it to be rescheduled. Also ,
initiall y 128 locations long. The queue has not the accumulators will not be the same ones as
been know to overflow except for programs those that were in use by the regular program .
which do not POLL very often. INTTBL changes Certain locations are set up as follows:
the buffer size to NEW_SIZE. Do not call
INTTBL if there are any deferred interrupts ACs 1-6 Set up by the system as in

• pending; wait until they have all been executed. [Frost).

AC ‘15 (USER) Address of the Sail user
table.

PSIMAP
AC ‘16 (SP) A temporary string push

PSIMAP (PSICI’IAN, PROC, down stack pointer (for the
AOBJN_PTR, LEVEL) foolhardy who chose to

disregar d the warnings about
(TENEX only.) This routine is the same as strings in immediate
NTMAP except that LEVEL may be specified. interrup ts).

• ROUTINE is executed at interrupt level LEVEL.
(TENEX INTMAP is equivalent to PSIMAP ( ,, ,3).) AC ‘17 (P) A temporary push down
PROC and AOBJN_PTR have the same meaning stac k pointer .
as f or INTMAP.

XJBCNI (declared in SYS:PROCES.DEF
as an ex ternal integer .) S t
mask with a bit on

19.3 Immediate Interrupts corresponding to the current
condition.

Do not access , crea te, or destroy strings ,
records , arrays , sets , or lists. If these data XJBTPC (declared in SYS:PROCES.DEF
struc tures are needed then use deferred as an exte rnal integer.) Full
interrupts. PC word of regular user level

program.
To set up an immediate interrupt say

The interrupt will be dismissed and the user
pr ogram resumed when the interrupt proced~~e
is exi ted. Fur more information on interrupt
level programming consult [Frost). 
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IN TOPS- b WARNING: this does not work very well if you
The interrupt handler again wi ll decode the were interrupted at a bad time.
interrup t condition and call the approp riate
procedure. Since there is no “interrupt level” , IN TENEX Sail
the interrupt procedure must not itself Sail initialization does a SIR, setting up the
generate any interrupt conditions , since this tab les to external integers LEVTAB and
w ;~l cause Sail to lose track of where in the CHNTAB, then an EIR to turn on the interrupt
user program it was interrupted (trapped). system. PSIMAP fil ls the appropriate CHNTA~location with XWD LEV,LEVROU, where LEVROU
Also , tne Sail interrupt module sets up some is the address of the routine that handles the
temporary accumulators and JOBTPC: interrupts for level LEV. LEVROU saves the

accumulators in blocks PS1ACS , PS2ACS , and
AC ‘10 index of the interrupt PS3ACS, which are external integers , for levels

condit ion. 1 through 3 respectively. Thus for a level 3
interrupt accumulator x can be accessed by

AC ‘15 (USER) Address of the Sail user MEMORY [LOCATION (PS3ACS) + x). The PC can
table. • be obtained by reading the LEVTAB dL~dress

with the RIR JSYS. Temporary stacks are set
AC ‘16 (SP) A temporary string push up for both immediate and deferred nterrup ts

down list. Beware.
See page 79 for an example of TE~ EX

AC ‘17 (P) A temporary push down immediate interrupts. The functions GTRPW ,
pointer. RTIW , STIW provide for some of the information

set up in ACs under SUAI or TOPS-10.
~C;3TPC (an external integer) Full PC

word of regular user program.

Tre “real ” acs - -  i.e., the values of all GTRPW —________

a ccu r r u lz~ors at the time the trap occurred ——
are sto red in locations APRACS to APRACS +17. STATUS t- GTRPW (FORK);
Thus you can get at the value of accumulator x
by declaring APRACS as an external integer and The trap status of FORK is returned, using the
referring to MEMORY [LOCATION (APRACS)+x] . GTRPW .JSYS.
When the interrupt procedure is exited the acs
are restored from APRACS to APRACS+17 and
the Sail interrupt handler j umps to the location
stored in JOBTPC (which was set by the RTIW , STIW
operati ng system to the location at which the
trap occurred ). Thus, if you want to transfer AC 1 *- RTIW (PSICHAN, ~AC2);
c ontrol to some location in your user program , STIW (PSICHAN, AC2, AC3);
a way to do it is to have an interrupt routine
like: The indicated ,JSYS is performed.

S MPLE PROCEDURE IROUT ,
BES~N
EXTERNAL INTEGER JOBTPC . 19A Clock Interrupts
JOBT PC.-LOCAT ION (GIFOO), (This feature is currently available only in SLJAi
COMMENT GTFOO is a non- s imple procedure Sail and TENEX Sail.) Clock interrupts are a k;nd

that contains a GO TO FOO , where FOO of immediate interrupt used to approxir r.ate t m e
is the location to which contr o l sharing among processes. Every t r r e the
is to be passe d This allows the scheduler decides to run a process It cop ies the
“ go to solver ” to be called and clean pro cedure ’s time quantum (see all ab out
up any unwanted procedure sctivations ., quanturiis of processes , page 104) into the Sail

END. user ta ole location TIMER. Consider the
fo~owing procedure , which is roughl y
equivalent to the one predeclared in Sail:
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The current f ork is interrupted every MST VE
• SIMPLE PROCEDURE CLKMOD; mi lliseconds of runtime. The infer ,,c ,r is

IF (T IMER.-T IMER-I) ~ 0 THEN INTRPT.--1 , approximately

To time share several ready processes one W RIT : MOVE 1,MSTIrIE ~iio~ LC ’ .~
should include polling points in the relevant DISMS
process procedures and should execute the MOVE ! 1,-i ;SUP ER IOR FORe
fol lowing statements: RUNTII ;RUNT IME OF SUP ERIOR

CRu DE 1,NEXTTII’I E ;RER DV’
INTMAP (INTCLK_INX, CLKMOD , O)~ JRST WRIT ;NO
ENABLE (INTCLK _INX); ROD 1,MSTIME

or on TENEX MOVEM 1,NEXTT IME ;R ECP~~GE
PSIMAP (I, CLKMOD, 0,3); MOVE ! 1 ,..1 ;SUPERt C >
ENABLE (I); MOV E 2 ,!b it mas~);SELEc TED ~r’~i.’.EL
PSIDISMS (1 , 1000/60); IIC ;CAUSE INT E PR1J PT

JRST WRIT
The macro SCHEDULE_ON_CLOCK _INTERRUPTS

• defined in CSUAIDSYS:PROCES.DEF is equivalent
to t hese statements. When the time quantum of
a process is exceeded by the number of clock KPSITIME
ticks since it began to run, the integer INTRPT
is set , and this r.auses the next polling point in KPSITIME (PSICHAN)
the process to cause a rescheduling (see about
rescheduling and INTRPT on page 107). Th’e Discontinues clock interrupts on PSICHAN.
current running process will be made ready,
and the scheduling algorithm chooses a ready Several channels can be interrupted by
pr ocess to run. PSIRUNTM or PSIDISMS, eac h w t h  d if ferer , t

timing interval.
In TENEX Sail clock interrupts are handled
difterent ly. Since TENEX does not directly
provide for interrupting user processes on
cle ,k ticks , an inferior fork is created which 19.5 Deferred Interrupts
per iodically generates the interrupts.

Deferred interrupts use the Sa l  Process
machinery (page 104) to synchronize the S a l
runtime system with the running of uner

PSIDISMS procedures in response to interrupts. Th e
routine INTSET sprouts the interrupt process

PSIDISMS (PSICHAN, MSTIME) INTPRO, the process which eventuall y does the
calling of deferred interrupt procedures. Tr i~.

An inferior fork is created which interrupts the process is special because it is (ord nar il y)
current fork every MSTIPVIE milliseconds of real guaranteed to be the first process run a f t e r  a
time. The inferior is approximately rescheduling. (See page 107 and page 109 0-

information on rescheduling.) When DFR ’~T
WA IT: MOVE 1,MST!IIE ;HOIJ L O NG runs as the result of an inte rr upt , it copies the

DISMS ;GO nw~v calling block (specified to INT MAP w i th  t ’~e
h OVE l 1,— i ~i4RN DLE TO SUPERIOR AOBJN_PTR) into the deferred interrupt ~uf er
MOV E 2, ( b i t  mas~3 ~SELECTED CHANNEL and turns on the global integer NTRPT . At t r’.e

;CAUSE RN INTERRUPT next polling point the process supervisor w~~
JRSi WR IT 1CONTINUE suspend the current process and run l~JTP PO

INTPRO calls the procedures specified by the
calling blocks in the deferred interrupt buffer ,
t ur ns off INTRPT, and suspends itse l f . The

PSIRUNTM process scheduler then runs the p~oce ss o~
hig hest priority.

PSIRUNTM (PSICHAN, MSTIME)
One very common use of deferred interrupts is
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to ca se art event soon after some pr ocess scheduler to run INTPRO, where the
as ,‘nchrOn ous condition (say, TTY activation ) deferred interrupt calling block (which was
occurs. This effect may oe obtained by the copied by DFRINT) is used to call FOO.
fo llowing sequence:

THE DEFERRED INTERRUPT PROCESS - INTPRO
N~~ ET ~~~~~~~~~ 0), COMMENT this will cause , INTPRO first restores the following information

tn,’ nierr upt proce s s to be sprouted and which was stored by DFRINT at the time of the
ass~g r ~~ to PRO This process will enecute interrupt.
p’oc.du’e ;N~~ R1) and will nave priority xsro
(the highest po as b ie ) ,  LOCATION CONTENTS

~~MA~ <~~j ex~ , OFRiNT , USER The base of the user table
~~ C P K T  (0 , <eve nt type > , c s v en t notice , , (GOGTA3).

<cause opt ons>)),
AC 1 Status of spacewar buttons.

cNAd,. E (.n,n~ ex > i

AC 2 Your job status word (JBTSTS).
In c-SJ .’,,~ SYS:PR0CES.DEF is the useful macro See [Frost).

D~ FE RRED _ CALJSE _ONjNT ERRUPT (<index> , IJBCNI(USER) XJBCNI (i.e., JOBCNI) at time of
<event type> , not ce> , <opt ions >) interrupt.

~~b c h  i d~~ be used to rep lace the INTMAP IJBTPC(USER) XJBTPC (i.e., JOBTPC) at time
• s ta te rn e r t  of interrup t.

The f oHo w n~ program il lustrates how deferred IRUNNR(USER) Item number of running
nterr~.p’ . . n  T ENEX can be accomplished , process at time of interrupt.

8ED N ~EQ .~’RE i ~:~ _ i~FM . Then INTPRO ca lles the procedure described by
ITE MVA R PRO, COMMENT for process item , the calling block. When the procedure is

finishe d, INTPRO looks to see if the deferred
• PROCEDURE FOO (INTEGER I, J). interrupt buffer has any more entries left. If it

PRINT (~~~ 
. 1 , -

‘ 
J) , does , INTPRO handles them in the same manner.

Othe rwise INTPRO suspends itself and the
~,T EGE P A PRAV FOO8L~ [ I 4] . highest pri ority ready process takes over.

FOO BLK[ I .- 4, COMMENT a words,
FOOBLK I2 .. 12. COMMENT arguments.
FCOB~K 3  .- 3.
FC3BL~~’~) ~- - I  LSI’I 8 * LOCATION (FOOl,

NTS E T (IPRO .. NEW , 0).
PS YAP (I , DFRINT ,

-4 LSi~I 18 * LOCATION (FOO BLK[I)> , 3),
ENA BLE ( I ) .  ATI (I , “Q’ -’IOO ).

00 BEC;N OUTCHR (“ ‘1. POLL, END UNTIL FALSE,
END

Tne p ogram pr ints dots , interspersed with “HI
2 13 for each contro l-Q typed on the console.

Whenever a c ontro i-Q is typed, DFRINT buffers
the request and makes INTPRO ready to run;
then D~ R,NT DEBRKs ( n the sense of the DEBRK

• .j 5Y5 ) back to tne interrupted code. At Sail
user le~ e the POLL statement causes the’
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SECTION 20 CVSET

LEAP RUNTIMES SET ~- CVSET (LIST)

CVSET returns a set given a list expression by
We will follow the same conventions for removing duplicate occurrences of items in the
describing Leap execution time routines as list , and reordering the items into the order of
were used in describing the runtimes of the their internal integer representations.
Algol section of Sail (see page 33).

CVLIST
20.1 Types and Type Conversion

LIST ~- CVLIST (SET)

CVLIST returns a list given a set express ion, It
TYPEIT executes no machine instructions , but merel y

lets you get around Sail type checking at
CODE 4- TYPEIT (ITM); compile time.

The type of the datum linked to an item is
called the type of an item. An item without a
datum is cal led untyped. TYPEIT is an integer CVN and CVI
function which returns an integer CODE for the
type of the item expression ITM that is its INTEGR ~ CVN (ITM);
argument. The codes are: ITM ~ CVI (INTEGR)

0 - it •m deleted or never allocated CVN returns the integer that is the internal
- untyped representation of the item that is the the value

2 - Bracketed Triple item of the item expression ITM. CVI returns the
3 - str ing item that is represented by the integer
4 - real expression INTEGR that is its argument. Legal
5 - integer i tem numbers are between (inclusively) 1 and
6 - set 4095, but you’ll get in trouble if you CVI when
7 - li st no item has been created with that integer as
8 - procedure item its representa tion. Absolutely no erro r
9 - proc ess item checking is done. CVI is for daring men. See
10 - event item about item implementation , page 86, f or more
Ii - context tern information about the internal representations
12 - reference item of items.
13 - record pointer
14 - label
15 - record class
23 - string array MKEVTT
24 - real array
25 - integer array MKEVTT (ITEM)
26 — set array
27 - list array MKEVTT will convert its item argument to an
31 - context array even t type item. The old datum will be
33 - record pointer array overwritten. The type of the item will now be
37 - error (the runt ime screwed up) “event type”. Any item except an event type

item may be converted to an event type item
The user is encouraged to use TYPEIT. It by MKEVTT.
requires t he execution of only a few machine
instructions and can save considerable
debugging time.
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20.2 Make and Erase Breakpoints 20.3 Pname Runtimes

BRKERS, BRKMAK, BRKOFF . CVIS

BRKMAK (BREAKPT _PROC); “PNAME” 4- CVIS (ITEM, i~FLAG)
B~ KERS (BREAKPT_PROC);
BRKOFF The print name of ITEM is returned as a string.

Items have print names only if one includes a
In order to give the pr ogrammer some idea of REQUIRE n PNAMES statement in his program ,
w hat is going on in the associative store , t here where n is an estimate of the number of
i s a provision to interrupt each MAKE and pnames the program will use. An Item’s print
ERASE operation , a nd enter a breakpoint name is the identifier used to declare i t , or that
procedure. The user can then do whatever he pname explicitly given it by the NEW_PNAME
wants with the three items of the association function (see below). FLAG is set to False (0) if
being created or destroyed. ERASE Foo e ANY the appropriate string is found. Otherwise it is

A NY will cause the breakpoint procedure to set to TPUE (-1), and one should not put great
be activated once f or each assoc iation that faith in the string result.
matches the pa ttern. MAKE t i • it2 x[it3 • it4

it5J will cause the breakpoint procedure t o be
ac t ivated twice.

CVSI
The user ’s breakp oint procedures must have
the form: ITEM ~- CVSI (“PNAME”, t~FLAG)

PROCEDUR E Breakpt ,,,.proc (ITEUVAR a, o, v ) The Item whose pname is the same as the string
argument PNAME is returned and FLAG is set to

If the ass ociation being made or erased is FALSE if such an ITEM exists. Otherwise ,
AeOaV , then directly before doing the Make or something very random is returned, and FLAG is
Erase , BreakpLproc is called with the items A, set to TRUE.
0, and V f or the formals a, 0, and v.

To make the pr ocedure Breakpt _proc into a
breakpo int pr ocedure for MAKE, call BRKMAK DELYNAME
with Breakpt .,proc as a parameter. To make
ne procedure Breakpt _pr oc into a breakpoint DEL_PNAME (ITEM)

procedure f or ERASE, call BRK ERS with
Breakpt ,,.,proc as its parameter. To turn off This function deletes any string PNAME
oath breakpoint procedures, call BRKOFF with associates with this ITEM.
no parameters.

NOTE: BRKMAK , BRKERS and BRKOFF are not
predeclared. The user m ust i nclude the NEW_PNAME
declarati ons:

NEW_PNAME (ITEM, “STRING”)
EXTERNAL PROCEDURE BAKERS (PROCEDURE BP),
EXTERNAL PROCEDURE BRKMAI( (PROCEDURE BP)~ This function assigns to the Item the name
EXTERNAL PROCEDURE BRKOFF “STRING”. Don’t perform this twice for the

same Item without first deleting the previous
one. The corresponding name or Item may be
retr ieved using CVIS or CVSI (see above). The
NULL string is prohibited as the second
argument.
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20.4 Other Useful Runtimes COP

ITEM ‘- COP (SETEXPR);
ITEM 4- COP (LISTEXPR )

LISTX
COP will return the f i rst item of the set or list

VALUE ~- LISTX (LIST, ITEM, N) just as LOP (above) will. However , it w I l  NOT
rem ove that item from the set or list. Since the

The value of this integer function is 0 if the set or list will be unchanged, COP’s argurrent
ITEM (an item expression) does not occur in the may be a set or list expression. As w i th  LOP,
list a t least N (an integer expression) different an error message will be returned if one COPs
times in the LIST (a list expression ). Otherwise an empty set or a null list.
LISTX is the index of the Nth occurrence of
ITEM i n LIST. For example ,

LISIX (~(Foo , Baz , Carp, Bu}), Baz , 2) is 4. LENGTH

VALUE 4- LENGTH (SETEXPR);
VALUE 4- LENGTH (LISTEXPR)

FIRST, SECOND, THIRD
LENGTH will return the number of iterri s in that

ITEM ~- FIRST (BRAC_TRIP_ITEM); set or list that is its argument. LENGTH (S) 0
ITEM ~- SECOND (BRAC_TRIP_ITEM); is a much faster test for the null set or list
ITEM ~- THIRD (BRAC_TRIP_ITEM) that S — PHI or S - NIL.

The Item which is the FIRST, SECOND, or THIRD
element of the assoc iation connected to a
bracketed triple item (BRAC_TR1P_ITEM) is SAMEIV
re turned. If t he item exp ression
BRAC_TRIP.JTEM does not evaluate to a VALUE 4- SAMEIV (ITMVAR 1, ITMVAR2)
bracketed trip le, an error messages issues
for th. SAMEIV is useful in Matching Procedures to

solve a particular problem that arises when a
Matching Procedure has at least two ? iternvar
argum ents. Art exam ple will demonstrate the

ISTRIPLE problem:

RSLT 4— ISTRIPLE (ITM) FOREACH X I Matchin~proc I X , X I DO
FOREACH X, V I Match ing pr o c ( X, V I DO

If ITM is a bracketed triple item then ISTRIPLE
returns TRUE; otherwise it returns FALSE. Clearl y, the matching procedure wi th both
ISTRIPLE (ITM) is equivalent to (TYPEIT (ITM) — arguments the same may want to do something
2). different from the matching procedure wi th  two

different Foreach itemvars as its arguments.
However , there is no way inside the body of
the matching procedure to d i f ferent iate the two

LOP cases since in both cases both itemvar fo r rnals
have the value BINDIT. SAMEIV w ill return Tru’~

ITEM 4- LOP (~~SETVARlABLE); only in the first case , namel y 1) bcth of its
ITEM ~- LOP (~~LlSTVARlABLE) arguments are ? te mvar formal s to a matching

procedure , 2) both had the same Foreach
LOP will remove the first item of a set or list itemvar passed by reference to them . It wi l l
fr om the set or list , and return that item as its return False under all other condit~or.s ,
value. Note that the argument must be a including the case where the Fo reach ite rr.var is
variable because the contents of the set or list bound at the time of the call (so it is riot passed
is changed. If one LOPs an empty set or a null by reference , but its i tem value is passed by
list , an err or message will be issued. value to both forma ls).
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20.5 Runtimes for User Cause and CAUSE1
Interrogate Procedures

ITMVAR ~ CAUSE 1 (ETYPE, ENOT , OPTIONS);
ITMVAR 4- CAUSE 1 (ETYPE , ENOT);
ITMVAR ~

- CAUSE 1 (ETYPE)
SETCP AND SETIP

CAUSE 1 is essentially the procedu re executed
SETCP (ETYPE , PROC_NAME); f or CAUSE statements it no SETCP has been
SETCP (ETYPE , DATUM (PROC_ITEM)); done for the event type ETYPE. See tne
SETIP (ETYPE , PROC_NAME); descr iption of the Sail defined Cause state ment ,
SETIP (ETYPE , DATUM (PROC_ITEM)) page 112, f or further elucidation.

SETCP and SETIP associate with the event type
specif ied by the item expression ETYPE a
procedure specified by its name or the datum ASKNTC
of a procedure item expression.

ITMVR ASKNTC (ETYPE ,OPTIONS);
Af ter  the SETCP, whenever a Cause statement ITMVR ~

- ASKNTC (ETYPE)
of the specified event type is executed , the
procedure specified by PROC_NAME or ASKNTC is the procedure executed for
PROC_ITEM is called. The procedure must INTERROGATE statements if no SETIP has been
have three formal parame ters corresponding to done for the event type ETYPE. See the
the event t ype, event notice , and options words description of the Sail defined Interrogate
of the CAUSE statement. For example , statemen t , page 113, for fur ther elucidation .

P~~~~~D ~RE CAUSEIT (ITEMVAR ETVP , ENOT1
t~T E i E R O P )

ANSWER
Af ter  SETIP, whenever an Interrogate state ment
of the specified event type is execu ted , the BITS ~

- ANSWER (ETYPE, ENOT, PROC_IT EM)
procedure specified by PROC_NAME or
PROC_IT EM is called. The procedure must have ANSWER will attempt to wake up from an
tw o formal parameters correspo nding to the interrogate w a lt  the process specif ed b1 t h~
event typ e and options words of the item expression PROC_IT EM. If t he process is
Interrogate statement and return an item. For not in a suspended state , Answer wil l  r Et u r n  an
examp le , integer with the bit ‘400000 in the r ant na~’(NOJOY in c5LJAI~ SYS:PROCES.DEF) turned on .

ITEM PROCEDURE ASK _ IT (ITEMVA R ETYPI If the process is suspended , it wi l l  be rr a cie
INTEGER OP) ready, and removed from any w a~t queues it

may be on. The bits corresponding to the
is an error if a Cause or Interrogate Options word of the interrogate state ment tn a t

sta t ement tries to call a procedure whose put it in a wait state w ill be returned.
env ronrnent (sta tic - as determined by position Furthermore , if the SAY _WHICH bit was on, t re
of ts dec a rat i on, and dynamic - as determined appropriate association , namel y EVENT _TYPE ~
oy the execution of the SETCP or SETIP) has ENOT a ETYPE, will be made. See oage 112 for
oeen exited. more information on the use of ANSWER.

See page 112 and page 113 for more
information on the use of SETCP and SETIP,
respect ivel y. DFCPKT

AOBJN_PTR ‘- DFCPKT (~ BLOCK , EVTYP ,
EVNOT , OPTS)

This routine is a convenience for causing an
even t as a deferred interrupt. If BLOCK is non-
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zero then it should be an array with at least 5
elements; if BLOCK is zero then a five-word
block is allocated . DFCPKT constructs a call for
CAUSE (EVTYP, EVNOT, OPTS) in this block and
returns an AOBJN pointer to it.
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SECTION 21 2 i.2 Semantics

BASIC CONSTRUCTS VARIABLES
~ a va r a~~e is simp ly an ident i f ier , it

represe nts a sing le value of the type given in
ts dec ar a t on .

2 ~.i Syntax If it & ar ide nt ,f ier q .j a l ified by a su os cr ip t  list
it represents an element from t ne array bearing
the name of the identif ie - . howe v er , an

<variable> c e nt f i e r  qua~fied by a subscr ipt l ist c onta ;ning
::~ < ae nt i f er> only a s ingie subscript rr.ay be e the r  an

<ident ’ier > [ <s.,bscript _iis t> J e lemen t f rom a one dimensional array,  or an
~~~~~~ ( <typed _ item _express ion> ) e lerrent of a st. Note t rat  the token i” may
DATuf ’.A ( <t yped _ item _express ion> ) ce used in the subscript expression of a i i5 t  to

<subscr.pt _ .st> 3 stand for the length of the 1st , e.g. LISTVAR{ co-
PROPS ( < iten _express ion> ) 2~ -~ lSTV AR[c0 i).

::= <con t ex t _eeme nt >
::— <record _class > : <field> [ The array should contain as many dimens ons as

<rec ord _pointer _expr ession> ] there are e ;ements in the subscript l ist. A C IJ
represents t re +1th element of the vector A ( if
the vector has a lower bound of 0). 3 i , J3 is

<t yped _ te r L.ex pres si o n> the element from the I+ lth row and J+~ th
::= <t ypeJ ..~te rr iar> coL~mn of tne two-dimensional array B. To

<~~ped tern > exp ia the indexing scheme precisely, all
<i y ~~~ te m~~ r _procedure> ar rays behave as if each dimension had its

::= <typeJ . e m _ proce oure> orig in at 0, wi th ( integral ) indices extending
<typed _ te n . ar _ array > infin ite l y far in either directi on. However , onl y

<subscr ,pt _ list> ] t he part  of an array between (and including)
<typed _ item _ array> the lower and upper oounds given in the

<subscript _ list> 3 declarat ion are available for use (and in fact ,
::= <i temvar> <t ype d_ it em_expression> these are the onl y parts allocated ) . If the array

IF <boolean _ex pressi on> THEN Is not declared SAFE , each subscript is tested
<typed _ item _expression> ELSE aga inst the bouncs for its d mens.ori . If it is
<typed _ item _expression> outs ide Is range , a fatal message is printed

::— CASE <algebraic _expressi on> OF ( ic~entify ing the array and subscript position at
<typed _ item _expressi on_list> ) fault. SAFE arrays are not bounds-checked.

Users mus t take the consequences of the
j ourneys of errant subscri pts for SAFE arrays.

<typed _ item _expression _ list> The bounds chec king causes at least three
<t yped _ item _expressi on> ext ra  machine instructions (two of which are

::= <typed _ item _expressi on_ list> , a ways executed f or va lid subscripts) to be
<t . p e _ i tem _expression> added for each subscri pt in each array

reference. The algebraic express ions fo r lower
<subscr~~t _ st> and upper bounds in array declarations , and for

<al gebraic _expressi on> subscripts in subscripted vari a~ Ies , are always
<subscript _ list> , c onverted to Integer values (see page 23)

<algebraic _expressi on> before use.

For more information about the implementation
of Sa I arrays , see page 157.

DATUMS
DATUM (X ) where X is a typed item e~ press on,
will act exactl y like a var iable with the type of
the item expression. The programmer is
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responsible for seeing that the type of the item used for any purpose Other than those given
is that which the DATUM construct thinks it is. explicitl y in the syntax , or ri declarat ions
For examp le , the Datum of a Real ltemva r will (DEFINES) which mask their reserved-word
always interpret the contents of the Datum status over the scope of the declarations. E.g.,
locati on as a floating point number even if the “INTEGER BEGIN” is allowed , but a Synonym (see
program has assigned a string item t o the Real page 10) should have been provided for BEG N
Itemvar . if any new blocks are desired within this one ,

because BEGIN is ONLY an Integer in this block .
PROPS Another set of identifiers have preset
The PROPS of an item will always act as an declarations -- these are the execution time
integer variable. Any algebraic value assigned functions. These latter identif iers may also be
to a props will be coerced to an integer (see redefined by the user; they behave as if they
about type conversions , page 23) then the low were dec lared in a block surrounding the outer
order 12 bits will be stored in the props of the block. A list of reserved words and
item. Thus, the value returned fr om a props predeclared identifiers may be found in the
will always be a non-negative integer less than appendices. it should be noted that due to the
‘7777 (4095 in decimal). stupidity of the parser , it is impossible to

declare cer tain reserved words to be
RECORD FIELDS identifiers. For example , INTEGER REAL; will
A field in a rec ord is also a variab le. The give one the syntax error “Bogus token in
variable is all ocated and dea llocated with the declaration ”.
other fields of the same record as the result of
cal ls to NEW_RECORD and the record garbage Some of the reserved words are equivalent to
c ollector. For more information see page 65. ce rtain special characters (e.g. “J” for “SUCH

THAT”). A table of these equivalences may be
IDENTIFIERS found in the appendices.
You wil l  notice that no syntax was included for
the non-terminal symbols <identifier> or ARITHMETIC CONSTANTS
<c onstant> . It is far eas ier to explain these
c onstructs in an informal manner. 12369 Integer with decim al value 12369

‘ 12357 Integer with octal value 12357
A Sail letter is any of the upper or lower case 123. Real with floating point value 1230
letters A thr ough Z, or the underline character 0123.0 Real with floating point value 123 0
(_ or !, they are trea ted equivalently). Lower .524 Real with f loating po int value 0.524
case let ters are mapped into the corresponding 5.3~2 Real with floa t ing point value 5300

upper case letters for purposes of symbol table S.342e-3 Real with f loat t ng point value 0005342
c omparisons (SCHLUFF is the same symbol as
Schluff). A digit is any of the characters 0 The character ‘ (r ight quote) precedes a string
through 9. of digits to be converted into an OCTAL

number.
An identifier is a string of characters consisti ng
of a letter followed by virtua lly any number of If a . c- a i~ appears in a numeric constant , the
let ters and digi ts There must be a characte r type of the constant is returned as Real (even
which is neither a letter nor a digit (nor either if it has an integral value). Otherwise it is an
of the characters “.“ or “S”) both before and integer. Type conversions are made at compile
after every identifier. In other words , if YOU time to make the type of a constant
can ’t determine where one identifier ends and commensurate with that required by a given
another beg ins in a program you have never operation. Expressions involving onl y constants
seen bef ore , well , neither can Sail. are eva luated by the compiler and the resultant

valu es are substituted for the expressions.
There is a se t of identifiers which are used as
Sail delimiters (in the Algol sense -- that is , The reserved w ord TRUE is equivalent to the
BEGIN is treated by Algol as if it were a sing le Integer (Boolean) constant -1; FALSE is
character; such an appr oach is not pract ical , so equivalen t to the constant 0.
a reserved identifier is used). These identifiers
are called Reserved Words and may not be
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STRING CONSTANTS
A String constant is a string of ASCII cha racters
(any which you can get into a text file )
delimi ted at each end by the character ‘ . If the

charact er is desired in the string, insert two
characters (af t er the initial delimiting
character , of course).

A String consta nt behaves like any other
(al gebraic) primary. It is orig inally of type
String, but may be converted to Integer by
extract ing the first character if necessary (see
page 23).

The reserved word NULL represents a String
constant containing no characters ($ength—O).

Examples: The left hand column in the table that
follows gives the required input

INPUT RESULT LENGTH

‘A STR ING ’ A STR ING 8
WHAT’S “ ‘00K’’ MEAN’” W HA T’S ‘00K” IIEAN? 18

“~‘fl QUOTED STRING”” ‘A QUOTED STRING ” 17
8

NULL 8

COMMENTS
If the scanner detects the identifier COMMENT,
all c haracte rs up to and including the next
semicolon (;) will be ignored. A comment may
appear anywhere as long as the word
COMMENT is properly delimited (not in a String
c onstant , of course);

A string constant appearing just bef ore a
statemen t also has the effect of a comment.
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SECTION 22 be com’~’iIation errors (bad syntax , t ype
mismat ch, begin-end mismatch , u n ~ now n

USING SAIL identifiers , etc.). See page 138 about these.

If you get through comp ilation (step 3) w i tn  no
error messages, the loading of your pr ograr.
will rare ly fail. If it somehow does, it will tell

22.1 For TOPS— lO Beginners you. See a Sail hacker about these.

If you simply want your Sail program comp i led , If you also get throug h loading (step ~) w : t r i  no
loaded, and exec uted , do the follow ing: errors, you aren’t yet safe. Sail wilt give you

error messages during the execution of your
1. Create a file called “XXXXXX.SAI” program if you exceed the bounds of an array,

with your program in it , where refer to a field of a null record , etc. See
“XXXXXX” may be any name you section 1 about these too.
wish.

If you never get an error message , ard yet you
2. Get your job to monitor level and don’t get the results you thought ,~ou’d get ,

type “EXECUTE XXXXXX”. then you’ve probably made some rr;stakes in
your programming. Use BAIL (or RAID or DDT)

3. The system program (variously and section 2 to aid in deb...gging . It is
ca lied SNAIL, COMPILE, RPG’ which qu ite rare for Sail to have corr.pi cc runable but
handles requests like EXECUTE will incorrect code from a correct prograrr . The
then start Sail. Sail will say “Sa il: Only way to ascertain whether tn s is the case
XXXXXX”. When Sail hits a page is to isolate the section of your program that is
boundary in your file , it will type causing Sail to generate the oac code , and then
“1” or whatever the number of the patiently step through it rst ruc t ion by
page trial it is starting to read, instruction using RAID or DOT, a-d check t o see

that every thing it does makes se’se.
4. When the compilation is complete

Sail swaps to the loader, which will
say “LOADING”.

22.2 For TENEX Beginners
5. When the loading is complete the

loader will type “LOADER nP CORE” If you simply want your Sail program comp iled,
where n is your core size. The loaded , and executed , do the following.
loade r the n says “EXECUTION”.

1. Create a file called “XXXXXX.SAI ”
6. When execution is complete Sail will with your program in it , where

type “End of Sail execut ion” and XXXXXX may be any name you wish .
ex it.

2. Type “Sail”, followed by a carriage
At any t ime during 3 through 6 above , you return , to the TENEX EXEC.
could get an error message from Sail of the
form “DRYROT: <cryptic text> ”, or from the 3. The EXEC will load and start Sail.
system , such as “ILL MEM REF”, “ILLEGAL UUO” Sail w ill say “Tenex Sail 8.1 8-5-76
etc. foll owed by some core locations. These *“. Type “XXXXXX<c r> ” (your fi le
are Sail bugs. You will have to see a Sail name). Sail will create a t i le
hacker about them , or attempt to avoid them by XXXXXX.REL , and w ill type the page
rewriting the offending part of your program, number of the source file as it
or try again tomorrow, begins to compile each page.

If you misspell the name of your file then SNAIL 4. When Sail finishes it will type “E nd
will complain “File not found: YYYYYY ” w here of comp ilati on.”. Return to the EXEC
“YYYYYY” is your misspelling. Otherwise , the and t ype “LOADER<cr> ”. The loader
err or messages you receive during 3 above will will type “c ’ . Type
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“SYS:LOWTSA ,DSK:XXXXXXS ” , where EXec ut e compi l. , load , s tar t

S is the altmode key. This loads TRY compile , load with BAIL , star t

your program into core. DEBug compi le , load with BAIL,
star t  BAIL

5. When the LOADER exits , the program is LOAd compile , loa d

loaded. You may now either SAVE the program , PREPa re co m pile , load with BAIL .
for later use, or run it with the EXEC START COMpile compile

command.
See [MonCom) for more information about the
use of SNAIL and the switches available to it.

22.3 The Complete use of Sa1 COMMAND LINE SYNTAX
TOPS- lO COMMAND LINE SYNTAX

The general sequence of events in using Sail is:

1. Start Sail. <comman d_line>
<binary_name> <listing_name > 4-~

2. Comp ile one or more fi les int o one <source _list>
or more binary files , with possibly a ::= <fi l e _spec> ~
listing f i le gene rated . ::— <file _spec>

3. Load the binary file(s) with the
appropr iate upper segme nt or with <binary_ name>
the Sail runtime library, and ::= <file _spec>
possibly with RAID or CDT. ::— <empty>

4. Start  the program , poss ibly under
the control of BAIL, RAID or DDT. <listing_name>

<file _spec>
5. Let the program finish , or sto p i t to ::~ <empty>

use a debugger or to reallocate
storage wth the REENTER command.

<source _list>
Sta rt ing Sail is automatic with the SNAIL :: <file _spec >
c ommands described below. Otherwise , “R SAIL” ::— <source _list> , <file _spec>
wil l do.

<file _spec>
<file _name> <file _ext> <proj_prog>

22.4 Compiling Sail Programs ::~ <devic e_name > <file _spec> <switches>
<dev ice_name > <switches>

When sta rted explicit ly by monitor command ,
Sail will type back an “s” at you and wa it f or
you to type in a <command line>. It will do the <file _name>
c omp ilat io n specified by that command line, then :~ <lega l_six bit _id>
ask for ano ther , etc.

If you use SNAIL then follow the SNAIL <file _ext>
command wi th a list of <command Iine>s :: . <legal _sixbit _id>
separated by c ommas. The compila tion of each ::— <empty>
<c ommand line> w ill be done before thi~ nex t
<c ommana line> is read and processed. The
SNAIL commands are: <pr oj_prOg>

( <Iega l_sixbit _id>
<lega l _sixbit _id> )

:: <empty>
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<device_name> ::— <file> , <file _list>
::— <Iega l_sixbit _id>

<subcOmmand>
<switches> ::— CR

• ::— ( <unslas hed_swi t ch_ list > ) ::— <cont rol-R>
::— <slashed_switch _list> ::— (control-L>

• ::— <empt y> / <switch>

<unslas hed_switch _Iist>
:: <switch_spec> <swi t ch>
:: <unslashed_switch_list> <switch_spec > ::~ <number> switch>

::— <TOPS-lO switch>
G

<slashed_switch _list> T
::= / <swi tch_spec>
::— <slashed_switc h_list> / <switch_spec> COMMAND LINE SEMANTICS

All this is by way of say ing that S a l  accep t&
commands in essentially the same format

<switch_spec> accepted by other processors wr i t ten for tne
::= <valid_switch_name> operating system on which you are runr n~ .
::= <signed_integer> <valid_switch _name> The binary f ile name is the name of the outp~ I

device and file on which the ready to load
object program will be written. The list ir.g t I e ,

<valid_switch _name> if include d, will contain a copy of the source
::— A files with a header at the top of each page and
::~ B an octal pr ogram counter entry at the head of
::~ C each line (see page 134). The listing file name
::— 0 is often omitted (no listing created). The source
::— F file list specifies a set of user—prepared fi les
::~ H which, when concatenated , f orm a valid Sail
::~ K program (one outer block).
::— L

P If file _ext is omitted from the binary_ name then
:: Q the extension for the output file will be • REL.
::= R The default extension for the listing fi l e is .LST .
::= S Sail will first try to find source files under the

V names given. If this fails , and the extension
W omitted , the same file with a SAl extension wil l

::= X be tried.

If devi ce _name is omitted then DSK: is
TENEX SAIL COMMAND LINE SYNTAX assumed. If proj_prog is omitted , the proj ect -

programmer number for the job is assumed.
<command _line>

::— <file _list> CR Switches are parameters which a f f e c t  the
:: <fi le _list> , CR operation of the compiler. A list of sw i t c h es
::~ <file_list> 4- m ay appear after any file name on TO PS-lO;
::~ <f ile_list> , i- use suhcommand mode on TENEX . The
:: .- <file _list> parameters specified are changed in .m ec i iatel y
::— ? after the fi le name assoc iated wi th  them is

pr ocessed. The meanings of the switches are
given below.

<file _list>
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The binary, listing and (first) source file names ARG SWITCH FUNCTION
are processed bef ore compilation -- subsequent
source names (and their switches ) are 0 A The octal number 0 specifies bits
pr ocessed whenever an end-of-file condition is which determine the code compiIec~ in
detected in the current source file. Source f i les certain cases.
whicn appear after the one containing the outer
bl ocic ’s END delimiter are not ignored, but I use KIFIX for real to integer conversion

• should contain only comments. 2 use FIXR
otherwiss use UUOFIX

Each new line in the command file (or entered 4 use FLIR for integer to real conversion
from the te letype) specifies a separate pr ogram othsrw ,es use UUOFLOAT
c ompilation. Any number of programs can be 10 use ADJSP w h.n ,~s r poisi bie
compiled by the same Sail core image. otherwise use SUB, or ADD with

PDLOV detection
The f i e _spec~ command causes the compile r to 20 use FORTRAN -t O ca lli r~g s eq uenc e for ca i i ng
open the specified file as the command file, Fortran Procedures , eisa old F40 st y le

• Subsequent commands will come from th is file.
if any of these commands is fi le _spec i~, another The compiler is initialized with IDA;
switch will occur. the compiled code will run on a KA 1O

using F40 calling sequence for
The ti le _spec ! command will cause the Fortran Procedures.
specified fi le to be run as the next pr ocessor.
Th is program will be star ted in “RPG mode ”. 0 B The octal number 0 specif ies bits
That is , it Wi l l  look on the disk for its which determine how much
commmands if its s tandard command f i le is there info mation is produced for BAIL.
-- othe r .vise , command control will revert to
the TTY . ~~~ ciefau lt option for this file name I Program counter to source/ i st ing director y.
is .DMP. The de~a~ It device is SYS. 2 Include information on al l symbols. If not

selected then do not include non—internal
T ENEX Sail command syntax is much like the local variables
syntax of the T ENEX DIRECTORY command. 4 SIMPLE procedures get proc descriptors.
Filenames are obta ined from the termin ai using tO Don ’ t automatical l y load SYS BAIL REL
rec ognition; .5Al, .REL, and .LST are the defauit 20 Make the Sail predeclared rv ntime s
extensi ons. Command lines ending in comma or known by requiring SYS BA IPDaREL

• comma backarr ow enter subcommand mode.
Command lines ending in backarrow cause C This switch turns on CREFfing . The
terminat ion of command scanning and start listing file (whic h must exist) will be
compilation; the program will be loaded with in a format suitable for processing by
~ DT and CDT will be started. A file name CREF, the program which w~lI
appearing bef ore a backarrow is taken as a generate a cross-reference listing c f
source file; the .REL file will have the same your Sail program from your listing
(f i r s t )  filename. A command line beginning with files.
bac icar -ow causes no .REL file to be generated.
In subcomr~and n~~de the characters contr ol-R D C If the decimal number C is zero or
and contro l-L allow comp lete specif ication of does not appear then double the
the binary and listing file names, respectively , amount of space for the push down

stack used in expanding macros (see
SWITCHES page 57). If D is not zero then set

• The following table describes the Sail the stack size to D. Use this swi tch if
parameter switches, If the switch letter is the compiler indicates to you that this
preceded in the table by the D character , a stac k has overflowed. This shouldn ’t
decimal number is expe :ted as an argument. 0 happen unless you nest DEFINE calls
is the default value. The character 0 indicates extreme l y deeply.
that an Octal number is expected for this
switch. Otherwise the argument is ignored. 0 F 0 is an octal number which specif es

exactl y w hat kind of listing f ormat is
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generated. 0 contains infomniation One) for each word of coc e
about 7 separa te lis t ing featur es, generated. This value, in t al ,’ 0,
eac h of which is assigned a bit in 0. represents the address of a w o r d  c ’

code in the running program , re :at ve
L ist th , pro gram counter (s ee / L switch ). to the load point for th is prcgra r’ .

2 List with line numbe rs from the source text. The current octal value of P0~~T p .~s
4 List the macro names before expa nsion , the value of another internal var iab e

10 Expand macro te x ts in the liet ing f i le , called LSTOFFSET , is printed at the
20 Surround each lists d macro expa nsion beginning of each output line r’. a

with < and > . listing f ile. For the first program
40 Suspend listing , compiled by a given Sail core Iriage ,
100 No banner at the top of each page LSTOFFSET is initiall y 0. It t he  L

• (This is a way to “ permanentl y ” ex j and switch occurs in the command a rd tre
macros. A / I  IOF listing is (almost ) 

• 
value 0 is non—negative , 0 re places

su ,tsb le s e a  Sail source file ) the current value of LSTOFFSET. If C
• is -1, the current size of DDT is put

The compiler is initialized with /7f into LSTOFFSET. If 0 is -2 , the
(i.e., list program counter , line curren t size if RAID is used. In ‘R?G
numbers , and macro names). mode ” the final value of PCN~ is

added to LSTOFFSET after e a c h
G (TENEX only) Load after compilation , compilation. Thus by deleting all EEL

• exiting to the monitor, files produced by Sail , and bj
compiling all Sail programs w h c h  ,~ e

H (Default on TENEX) This switch is to be loaded together w ith one PPG
used to make your program sharable. command which includes the L sw tc n ,
When loaded, the code and constants you can obtain listing files s uch t ha t
will be placed in the second (write- each of these octa l r.urnbers
protected) segment , wh ile data areas represents the actual s ta ” t .ng c oV e
w i ll be allocated in the lower , non- address of the code produced by the
shared segment. Programs compiled line it precedes. At the tir’-.e of t h s
with /H request SYS:HLBSAri as a writing , SNAIL wou ld not accept rr. n .~s
library (<SAIL>HLBSAn on TENEX). signs in switches to be sent to
The sharable library HLBSAn is processors. Keep try ing.
identical to LIBSAn, except that it
expects to run mostly in the upper C P Set the size of the system pushdown
(shared) segment. Recall that n is the list to D (decimal) . If D is zero or
current version nwmber. At SUAI, use • does not appear then double t l . e
the monitor command SETUWP to (current ) size of the list. Thus
write protect the upplr segment. /35P/P will first set the staci’. size to
Then SSAVE the core image. 35, then double it to 70. It has never

been known t o overflow.
(TENEX only) Do not com pile two-
segment code. C Q Set the size of the str ~ng push.dov. n

list to D (decimal). If D is zero or
K The counter mechanism of Sail is does not appear then double the size

act iva te d, enabling one to determine of the list. No trouble has been
the frequency of execution of each encounte red here , either.
sta tement in your Sail program. See
Appendix F, the Statement Counter D R Set the size of the compiler ’s parsir .~System . Th i s switch is i gnored un less and se m antic stacks to 0 (dec vr a ). If
a l i sting is specified with a /LIST. C is zero or does not aoo ea r the”

doub le the size of the stacks. A or~O L In compiling a Sail program , an conditional statement of the form c~
internal variable called PCNT (for ... THEN ... ELSE IF •. . T HE N
program counter) is incremented (by ELSE IF ... ) has been <-‘own to
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cause these stacl~s to overflow tneir X Enable compiler save/continue (page
normall y al locate d sizes. 159).

) S Tne size of String space is Set to C Here is an example of a compile string w h c r  a
words. String space usage is a user who just has to try every bell anc
function of the number of identifiers , wn istie avai aoie to him might type t o c o r r p i e
especia iiy macros , aeclare a oy t re a ~ie namea NuLL:
user . In the rare case of Strin g
space exhausti on, 5000 is a good first COMPILE /LIST /SAIL NULL(RR-215000S)
number to try.

The switch information containe ci in
T (TENEX onl y) Load with DOT, exit  to parentheses wil l  be sen t unchanged to S a l

DOT . Note the convention which al lows one ~et
oi parentne ses encl osing a myriad of sw i tche s

V A ’ w a y s  put loader I ri< blocks and the o rep lace a “I” character inserted oef ~ re e~ cn

characters  for c onstant st r Ings into one. Tn is st r ng tells the compiler to co rr.p .ie
the low segment , even if /H is NU LL us ng parse and semantic stacks four
selected. This is intended for use in t r , ~ s iarger tnan usual (RR . A listing f . e  s
overlay systems where code is to be made wh Ich assumes that RAID w i l  be
overlaid but data is not. loaded and NULL will be loaded rig ht after

RA ID (-2L). His program 5 big enough to
W Generate adoitional suppressed DOT r&ec 5000 words of String space 5000S

symbols. These symbols are The statement REQUIRE
desi gned to serve as comments to a COMPILER_ SWITCHES; can be used to cnargt
programmer or processor rummag ing the settings of the compiler switches. “chars ’
t hough the generated code. Symo~ls must be a string constant which is a leg l i rr at e
generated by this switch all begin switch string, containing none of the characters
with a percent sign (%), and rr.any “ (/ ) ‘ ; e.g.,
come in pairs. A %S symool points to
the first word of an area and a %. REQUIRE ‘ 20F” COMPILER _SWITCHES.
symbol points to the first wo rd
beyond the area. Thus the length of The string of characters is merely passed to
an area is the difference of its %. and the switch processor , and it may be possible to
%S symbols. The symbols are: cause all sorts of problems depending on the

switches you try to modif y. Switches A, B. and
7.SADCN ZADCN address constants F are the Only ones usuall y modified. The
7$LlT 2 LIT literal , swi tches wh ich se t stack sizes (D, P, Q, R) or
2$RL 1T 2 RLIT reference ite ral s str ing space (S) should be avoided. Switches
7~SCOD ZSCO D STAR T( or QUCK ) _CODE which control the forrr at of files (B, F) should
7SSTRC ISST RC lu ng va , a~ ies Onl y be used if ypu have such a file open.
7~VAPS 2 VARS e mp ie var a5,~s
ZA LSTO start to clear 

~~~~~~~1.$AR RY f i r s t  data wo re of s f xeo a r r ay
7~FORE FOREACI’i e a t s t i r  bioc~ . 22.5 Loa~ ng Sail Programs
Z$SUCC SUCCEED/ FAIL raturn b:srk

Load the main program , any separatel y
/W tends to increase the number of compi led procedure files (see page 12), any
DDT symbols by a factor of 2 or 3. asserithly language (see page 13) or Fort ran

procedures , and CDT or RAID ii desired. This is
a l  automatic if you use the LOAD or DEBUG or
EXECUTE system comi, .nnds (see [MonCom]).
Any of the Sail execution time routines
requestec by your program wil l  be searched
Out and loaded automatically from
SYS:iJBSAn.REL (<SA IL>LIBSAn on TENEX). If
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the shared segmen t is available and desired, allocat ions and print out what they are. Al l
type SYS:SAILOW (5YS:LQWTSA for TENEX) as entries will be prompted. Numbers should be
as your very first LOADER command (before /0 decimal. Typing alt-mode instead of CR w I
even). SUAI people can abbreviate SYS:SAILOW cause standard allocation to be used for the
as /Y. All this is done automatically by SNAIL at remaining values. The compiler will then St art ,
SUAI. Other loaders (e.g., LINKIO) can also be awaiting command input from the teletype.
used.

For SUAI “Global Model” users , the PEE
command will also delete any REQU REa or
previously typed segment name information .

22.6 Starting Sail Programs The initialization sequence will then ask fOr new
names.

For most applications , Sail programs can by
started using the START , RUN, EXECUTE, Or TRY
system commands, or by using the SG command
of CDT (RAID). The Sail storage areas Will be
in itialized. This me’.ans that all knowledge of I/O
activi ty, associative data structures , str ings, etc.
fr om any previous activation of the program
will be lost. All strings (except constants) will
be cleared to NULL. All compiled-in a rrays will
not be reinitialized (PRELOADed arrays are
preloaded at compile time - OWN arrays are
never initialized). Then execution will begin
with the first statement in the outer block of
your main program. As each block is entered ,
its arrays will be cleared as they are allocated.
Var~abJes are not cleared. The program will
ex it when it leaves this outer block.

STARTING THE PROGRAM IN “ RPG” MODE
Sail programs may be started at one of two
consecutive locations: at the address contained
in the cell JOBSA in the job data area , or at the
address just following that one. The global
variable RPGSW is set to 0 in the for mer case ,
— 1 in the latter. Aside from this , ther e is no
difference between ,the two methods. This cell
may be examined by declaring RPGSW as an

XTERNAL INTEGER.

22.7 Storage Reallocatton with REEnter
The compiler dynamically allocates working
storage for its push down lists , symbol tables ,
string spaces, etc. It normally runs with a
standard allocation adequate for most programs.
Switch settings given above may be used to
change these allocations. If des ired, these
allocations may also be changed by typing IC,
f ollowed by REE (reenter) . The compiler will
ask you if you w~,int to allocate. Type V io
allocate , N to use Ihe standard allocati on, and
any other chara~ er to use the standard
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SECTION 23 A same as <If>

DEBUGGING SAIL PROGRAMS B Enter BAIL if it is loaded.

C same as <Cr>

D Enter DDT or RAID if one is loaded.
23.1 Error Messages Otherwise , t ype “No DDT” and re-

question. Do not type C if you
If the compiler detects a syntax or semantic reall y mean B.
error while compiling a program it will provide
the user with the fo llowing information: E Edit. This command rriust be

fállowed by a carriage return , or a
1) The error message. These are space , a filename (in standard

English phrases or sentences which format , assumes DSK) and a carriage
attempt to diagnose the problem. If return. If the filename is missing,
a message is vague it is because no the SOS editor (see [Savitzky ]) is
specific test for the error has been sta rted, given instructions to edit
made and a catchall routine detected the current source file and to move
it. If the message beg ins with the the editing pointer to the current
word “DRYROT” it means that there page and line number, If a file name
is a bug in the comp iler which some is present , that file is edited starting
strangeness in your program was at the beginning. This feature is
able to tickle. See a system available outside SUAI only if the
programmer about this. SOS editor is available , and is

modified to read a standard CCL file
2) The current input line. Page and for its input, If you change your

line number , along with the text of mind and do not wish to edit , typing
the tine being scanned, are typed. an altmode will get you back to the
A line feed will occur at the point in question loop.
the line just fol lowing the last
program element scanned. The S Restart. Sometimes useful if you
absence of a position indicator are debugging the compiler (or if
means that a macro (DEFINE) body is you were compiling the wrong file ).
being expanded. The program is restarted , accepting

compilation commands from the TTY.
3) A question mark (?) or arrow (I).

T TV edit. Same as E except that E is
Respond to the prompt in any of the following used at SUAI, TVEDIT at IMSSS and
ways: SUMEX.

<Cr> Try t o continue compilation. A X Exit. All files are closed in their
message will be printed and the current state. The program exits to
sequence reentered if rec overy is the system.
impossible (if a “?“ was typed
instead of an arrow ). Any other character w ill cause the error

routines to spew forth a summary of this tab le
<If> Try to continue the com pilation , but and re-enter the question sequence.

don’t stop for user response after
future errors. I.e., automatic ERROR MODES
c ontinuation. Messages will f ly by For errors which occur during com pilation , the
(at an unreadable ra te on DPYs) above procedure can be modified slightly by
until the compilation is comp lete or sett ing various modes. One sets a mode by
an err or occurs from which no including the appropriate letter before the
rec over / is possible. In the latter response. Any of the four modes may be reset
case the ques tion sequence is by including a minus sign (-) before them. E.g.
reentered.
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“-Q”. Error modes can also be set wit h REQUIRE EXECUTION TIME ERROR MESSAGES
<string_const> ERRORJ’,400ES. When the Error messages have nearly the same format as
compiler sees this it reads through the string those from the compiler (page ~38). They
c onstant and sets the modes as it sees their indicate that
letters. These modes remain in effect until the
end of the compilation or until reset w t h  a 1) an array subscript has overf lowed;
resp onse to an error message , or another
require err or .,..modes. 2) a case index is out of range;

The available modes are: 3) a stack has overf l owed while
all ocating space for a recursive

K KEEP type-ahead. The error procedure; or
handler flushes all typeahead exce pt
a LF (linefeed). If KEEP mode is 4) one of the execution time routines
ever imp lemented then the input has detected an error.
buffer will not be flushed.

In Numbers mode , the “Called from ” address
L LOGGING. The first and sec ond identif ies , in the first 3 cases , the location n

items of the error message w ill be the user program where the error occurred
sent to a file named <prognam>.LOG the “Last SAIL call at” address gives the
where <pr ognam> is the name of the location of the faulty call on the Sail routine for
file of the main program. If you type 4 messages.
would rather have another name ,
use F<fi le specification> , where All the rep l;es to error messages descr bed r
<file specifica tion> must be a legal page 138 are valid. If no file name is t yped
file name ana PPN. The default with the “E” or “T” option , the editor re-opens
extension is .LOG and the default . the last file mentioned in the EDIT sy& te r r
PPN is that of the job. The .LOG file command.
(or whatever it ’s called) is closed
when one’s pr ogram finishes The function USERERR may be used to act iva te
compilation , or the compilation is the Sail error message mechanism. Facil i t ies
terminated w ith the S, X, E, or T are provided for chang ing the mode. See page
resp onses. 49 for details.

N NUMBERS. This mode causes the USER ERROR PROCEDURES
message “Called from xxxx Last A user error procedure is a user procedure
SAIL call at yyyy~ to be typed that is run before or instead of the Sail error
be fore the question mark or ar row. handler every time an error occurs at
Useful to compiler debuggers and runtime. This includes all array errors , 10
hand coders. errors , Leapish errors and all USERERRs. It

does not include system errors , such as Ill Mem
0 QUIET. If the error is continuable, Ref or III UUO.

none of the above will be typed.
However , you will always be notif ied The procedure one uses for a user error
of a non-continuable error , procedure must be of the following type:

Note that setting a mode does nothing but set a SIMPLE INTEGER PROCEDURE proc
mode; it does not cause continuation. (INTEGER b c  STRING ~nsg, rsp),

STOPPING RUNAWAY COMPILATIONS Only the names proc , b c , rnsg , and rsp may

Typing [ESC] I at SUAI or control-H on TENEX vary fr om the examp le above , except that
will immediatel y cause the 0 and A modes to be one may declare the procedure INTERNAL if

reset so that the next error will (a) be typed , one wishes to use it across files.
and (b) wait f or a response rather than
continuing automaticall y. Whenever the external integer _ ERRP_ is

loaded with LOCATION (proc), the error handier
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will call proc before it does anything else. It 23.2 Debugging
will se t b c  to the core location of the call to
the err or handler. Msg will be the message Sail has a high-level debugger called BAIL; see
that it wou ld have pr inted. Rsp wil l be non- the descript ion beg inning in the next
N1J~L only if the error was fr om a USERERR subsection. This subsection gives necessary

~,hich had response string argument. Proc can information f or those who wish to use DDT or
do any thing that a simple procedure can do. RAID. The code output for Sail programs is
When it ex i ts , it should return an integer desi gned to be fairly easy to understand when
which tells tne error handler if it should do ex~ rrined using the DDT debugging language or
anything more. If the integer is 0, the error S UAI’s o .s play oriented RAID program. A
r.andler will (1) print the message , (2) print knowledge of the debugger you have chosen is
Ine location , and (3) query the tty and dispatch required bef ore this section wi l l  be
on the response character (i .e., ask for a <cr> , compr ehensible.
<If> , etc.) . If the right half of the integer is
non~zer o, it is taken as the asc ii for a character SYMBOLS
to dispatch upon. The left halt may have two Only th ose symbols which have been declared
bi ts t o control printing. If bit 17 in the integer INTERNAL (see page 12) and those declared in
is on, message printing is inhibited. If bit 16 is the cu rrently open “program ” are available at a
on, then the location printing is inhibi ted. For given time. The name of a Sail program as far
examp le, “X” +( l LSH 18) will cause the location as DOT or RAID (henceforth DORAID) 5
to be printed and the pr ogram ex ited. “C”+( 3 concerned is the name of the outer block of
LSH 18) wil l  cause the error handler to continue that program. If no name is given for t h s
without p~inting anything. block , the name M. will be the default.

Note that simple procedures can not do a Only the first six non-blank characters of a
non-iocai GOTO. However , the effect of a block name or identifier wilt  be used in formin g
non-local GOTO can be achieved in a user a ODRAID symbol. If two identifiers in the same
error proce dure cy loading the external integer block have the same first six characters the
_ ERRJ_ with the LOCATION of a label. The label pr ogram using them will not get c onfused , but
should be a on a ca ll to a non-simp le procedure the user might when trying t o locate these
which does the desired GOTO. The error identifiers.
handler clears .. ERRJ_ before calling the
procedure in _ERRP_. If _ERRJ... is non-zero BLOCKS
wl en the user procedure returns , and All bloc k names and identif iers used as
cont inu ing was specified , then the err or variables , pr ocedures or labels in a given (main
nand er ’s exit consists of a simp le transfer to or separate procedure ) program are avai lable
tnat location. Note that for this s imple transfer for t ypeO ut when that program is “open ”
t o wor k properly, the place where the err or (N AM ES: has been typed). To refer to a symbol ,
occurred (or the call t o USERERR) must be in type BLOCK NAME&SYMBOL/ (substitute ; for /
t re same stat ic  (lexical ) sc ope as the label in RA D). The block name may be om itted if you
whose LOCATION is in .. ERRJ_. If this is really -ave ‘ opened ” the block with BLOCK _NAMES& .
important to you, see a Sail hacker. The syrribOl table is block-structured onl y to

the extent that block names have appeared in
W A R~,ING~ Handling errors from strange places the source program. For instance , in the
like tnc str ing garbage collector and the core program
management routine s will get you into deep
tr ouble. BEGIN NAMEI’

INTEGER I,

BEGI N
INTEGER I, K

(NO,

END NAME I ’
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the symbols J, K, and both symbols I are INSTR. : <first word>
considered by DDRAID to belong in the same INSTRI : <second word>
block. Therefore confusion can result with
respec t to I. This approach was taken to avoid
the necessi ty of genera ting meaningless block More about string descriptors on
names for DDRAID when none were given in the page 158.
source program. A compound state ment wilt be
considered by DDRAID to be a block if it has a BLOCKS The f irst word of the f i rs t
name. executable statement of every

block or compound statement
SA IL GENERATED SY MBOLS which has been given a narr e is
Some extra symbols are generated by Sail and given a label created in the sarr e
will show up when you are using DDRAID. They way as those for arrays above.
ar e: This label cannot be gone to in

the source program. It causes no
ACS The accumulators P (system push program inefficiency. This label

down list pointer), and SP (string points at the first word of the
push down pointer) are given compound tail -- not the f i rst
symbolic names. Currently P— ’17, word of code generated for the
SP— ’16. block (skips any procedure or

array dec laration code).
OPS The op codes for the UUOs FIX,

FLOAT, and ARERR (subscript START The first word of code generated
overflow UUO) are included to for any given program is given
make these easy to detect in the the name “S.”.
code.

PROCEDURES The word at
ARRAYS For each array declared in the entry address -1 of an

outer block (built-in arrays), the INTERNAL procedure contains the
fixed address of its first element address of the procedure
is given a symbolic name. This descriptor. (This enables APPLY
name is constructed from the of an EXTERNAL procedure to
characters of the array name (up work. ) The first word of the
to the firs t 5) followed by a procedure descriptor is given a
peri od. For instance , the first name consisting of the f irst 5
element of array CHT is CHT.; the characters of the procedure
first element of PDQARR is name , f ollowed by a dollar si gn
PDQAR.; The last semicolon was (S).
reall y a period. This dotted
symbol points to the second word WARNINGS
of the first descriptor for String Since only the first 6 characters of an identifier
Arrays (see page 158, page are ava ilable , it is wise to declare symbols
157). which will be examined by DORAID in such a

way that these six characters will uniquely
STRINGS For each string declared in the identif y them.

outer block (built—in strings), the
second word of the two word
string descriptor is given the
name of the string variable , 23.3 BAIL
truncated to six letters. The first
word of the string descri ptor is BAIL [Reiser) is a high-level breakp oint package
given a name consisting of the for use with Sail pr ograms. Comr~iunicati on
first five letters of the string ’s between the programmer and BAIL is in
name f ollowed by a period. For characte r strings which are the names and
examp le , if you declare a string values of Sail objects. BAIL reads general
INSTRING, then the two wo rd Sail expressions typed by the programmer ,
descriptor:
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e . a u a t e s  11cm in the context of the place in BAIL prompts the programmer for input by
tne program where execut ion was suspended , typing a number and a colon. The num ber
arid pr ints the resulting value in an indicates how many times BAIL has been
app ropr ia te  format.  The evaluation and entered but not yet exited , and thus is the
pr~nting are performed ust as if the recursion depth inside BAIL. Input to BAIL car
programmer had inserted an ext ra  stateme nt be e b t e d  using the standard Sail input-ed l ing
nb the original program at the point where characters f or the part icular operating s jst err i

e~ ecu t On ~ suspenced. BAIL also provides under w hc h  the program is running. :BAIL
a way to tai ,c about tne p r o g r a m , to requests input via INCHWL on DEC T C PS- 1C
ar.s.ver the questions ‘Where was execution systems and via INTT Y on TE NEX system s .]
suspended? ”, “By what chain of pr ocedure Input is terminated whenever the editor
c~i I s  did execution proceed to that point?” , and act ivates , string quotation marks balance ,
‘fl t, r a t  s the text of the program?” and the last character is a serriic olon;

otherw ise input lines are concatenated into
In order t o perform these functions , BAIL must one string before being processed further.
r a e  some informati on about the program
being debugged. The Sail compiler will The programmer may ask BAIL to evaluate
pr oduce t ns  info mation on a fi le w ith any Sail expression or procedure call whose
extens on .SMI if the program is compiled w ith evaluation would be legal at the point at w hich
an appr opriate value supp lied f or the /B sw itch. execution of the program being debugged was
T~ e .SMI info rmat ion consists of the name , suspended (except that expressions involving
t ,pe , and access Ing information for each AND, OR, IF-THEN-ELSE, and CASE are not
var able and pr oced~ re , the locati on of the allowed. ) BAIL evaluates the expression , prints
beginning and end of each statement , and a the resulting value in an appropriate format ,
description of the block str ucture. and requests further input.

The code tor ~A~L itself is loaded automatically Decla red inside BAIL are several procedures
when tne pr ogra~ s loaded. In or der for the whose values or side effects are useful in the
added informati on and code to be of any use, debugg ing process. These procedures handle

must be possible to give contr ol to BAIL at the insertio n and deletion of breakpoints ,
tne appropriate time. An explicit call to BAIL disp lay the static and dynamic scope of the
s possible by declaring EXTERNAL PROCEDURE current breakpoint , display selected statements

BAIL; in the program and using the procedure fr om the source program , all ow escape t o
C~~i BA:L;. This works well if it can be an assembly- language debugg ing program ,
p- ed ic ted in advance where BAlLing might be and cause resump tion of the suspended
help ful. Runtime errors , such as subscript rriain pr ogram.
.~ ,erf ow or CASE index errors , are not as
~~eaict a ble ; but responding “B” to the Sail COMPILE-TIME ACTION
error nand er w i l l  ac t i va te  BAIL. Interrupting The principal result of activating BAIL at

~e program while it is running (to investigate compile-time is the generation of a fi le of
a possible infinite loop, f or example ) can be information about the sou rce program for use
a c h e e d  under the TENEX operating syster r by by the run-time interpreter. This fi le has the

png control- B. On a DEC TO PS- lO operating sa me name as the .REL fi le produced by the
system , f i r s t return to monitor mode by typ ing co m pi lat ion , except that the extension is .SMI.
one or r-.o-e c ontrol-C’ s, then activate BAIL by f requested , BAIL will also generate some
t yping D~~ cr> . additional code for SIMPLE procedures to

make them more palatable to the run-time
BAIL performs some init ial izat ion the first t im e interpreter.

is er ’ered. The iri ’ormati on in the .SM1
f e(s ) is col~ected and pr ocessed into a .BAI Tne action of BAIL at comp ile time is governed
f i l e. T nis new fi le reflec ts all of the by the value of the /B switch passed to the
in f o r r ra t on from the .SM1 files of a r y  c o p ier. If the value of this sw itch is zero
separa te  ,-comp iled pr ograms , and the (the default if no value is specified ) t hen
re oc at .on performed by the loader . 1 the BAIL is completely inactive. Otherwise , the
core rr.age was SAVEd or SSAVEd then in low-order bits deterr i~ine the actions which
subsequent runs BAIL will use the .BAI fi le and BAIL performs. [The value of the /B
bypass rr uch of the initialization , switch is interpreted as octal.]
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bi t action if on The B switch must occur on the binary term ,
not the listing or source term. Thus:

The .SMI file will contain the program
c ounter to source/ listing text  directory. P SML o~ COM PPOGI2Th,

.PROC /278.-PROG
2 The .SMI fi le will contain symbol

inf ormation for all Sail symbols The program counter to Source / l ist I ng index is
encountered in the source. If this bit is kept in terms of coordinates. The co ordinate
off , then information is kept only for counter is zeroed at the beginn ng of the
procedures , paramete rs , blocks, and compilation and is incremented by one for eacn
internals; i.e., non-internal local BEGIN, ELSE, and semicolon seen by the parser ,
variables are not recorded. provided at least one word of code has been

compiled since the previ ous coOrdin a ’e v.’as
4 SIMPLE procedures will get procedure defined. Note that COMMENTs are seen on: y

descri pt ors , and one additional instruction by the scanner , not the parser , ana t ha t
(a JFCL 0) is inserted at the beg inning DEFINEs and many declarations merel y define
of SIMPLE procedures. Except for symbols and do not cause instructions to be
these two changes , all prop erties of genera ted. For each coordinate ‘~ieSIMPLE procedures remain the same as directory contains the coordinate number , t’- e
before. The procedure descriptor is value of the program counter , and a f ! e
necessary if the procedure is to be pointer to the appropriate place. The
called interpretivel y or if the procedure appropriate place is the source file unless a
is to be TRACEd. listing file is being produced and the CREF

switch is off , in which case it is the listing
‘10 BAIL will not be automatically loaded file. [The listing file produced for CREF is

and initialized, al though all other actions nearly unreadable.] On a non-CREF listing, the
reques ted are performed. This is pr ogram counter is replaced by the coordinate
primar ily intended to make it easier to number if bit 1 of the /B switch is on.
debug new versi ons of BAIL
with out interfering with SYS:BAIL.REL. The symbol table information consists of the
By using this switch the decision to load block st ructure and the name , access
BAIL is delayed until load time. information , and type for each symbol.

‘20 A request to load 5Y5:BAIPDn.REL is If a BEGIN-END pair has declarations (i .e., is a
generated. This file conta ins requests to true block and not just a compound statement)
load procedure descriptors for most of but does not have a name , then BAIL wi l l
the predeclared runtime routines , mak ing invent one. The name is of the form Bnnnn
it possible to call them from BAIL. The where nnnn is the decimal value of the current
procedure descriptors and their coordinate.
symbols occupy about 12P. Subsets of
these procedure descriptors can be RUN-TIME ACTION
loaded individually to reduce memory The BAIL run-time interpreter is itself a Sail
space requirements , at the cost of not program which resides on the system disk
being able to talk about the routines area. This program is usually loaded
omitted. The subsets are BAICLC automat icall y, and does some init ial ization
(containing SQRT, EXP, LOG, SIN, COS, when entered for the f irst time. The
RAN, CVOS, CVSTR, CVXSTR), BAIIO1 initialization generates a .BAI f i le of
(major input/output and string information collected from the .SM1 fi les
pr ocedures) , BAIIO2 (minor produced by separate comp ilati ons (if any).
input/output and string procedures) , The .SM1 files correspond to .REL fi les , and
BAIMSC (terminal functions and the .BAI file corresponds to the .DMP or .SAV
miscellan eous), and BAIPRC (process file. Like RPG or CCL, BAIL will try to bypass
and interrupt routines). To use these much of the ini t ia l izat ion and use an ex ;s t ing
subsets , reques t them explicit l y (e.g. , .BAI file if appropriate. During in i t ia~ z at i on
REQUIRE “SYS:BAICLC” LOAD_MODULE; BAIL disp lays the names of the .SM1 fi les it
or on TENEX , “‘ SAIL>BAICLC”) and leave is processing. For each .SM1 fi le which
the /20B bit of f .
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contains program counte r/ text index ARC S
nfo rmatio n , BAIL displays the names of tne

text  t i les  and determines whethe r the text fi les “STR” ~
- ARCS

dre accessible.
The arguments to the procedure which was

The interpreter is act ivated by explici t call , most recently called.
previ ousl y inserted breakpoints , or the Sail
error handler. For an exp licit call , say
EXTERNAL PROCEDURE BAIL; ... BAIL;. From
the err or handler , respond B. Breakpoints BREAK
will be descr ibed later in this section.

BREAK (“LOCATION”, “CONDITION”(NULL),
DEBUGGING REQUESTS “ACTION”(NULL), COUNT(O))
W nen entered , BAiL prints the debugging
recursion level fol lowed by a colon , and awaits A breakpoint is inserted. The syntax for the
a debugging request. BAIL accepts ALGOL and first argument is
LEAP expressions of the Sail language. The
fo lowing exceptions should be noted. <location>
Ex pressions involving c ontrol structure are not ::~ <label>
allowed, hence BAIL will not recognize AND, ::~ <procedure>
OR, IF-THEN-ELSE , or CASE. Bracketed triple ::— <block name>
items are not allowed. The TO and FOR ::— a<nnnn>
substr ing and sublist operators have been ::~ <block name > . <location>
extended to operate as a rray subscript
ranges , FOR PRINT-OUT ONLY. If FOO is an <nnnn>
array,  then FOO[3 TO 7]; will act like FOO[3], ::~ <decimal coordinate number>
FOOE4] , F00 5], FOO[6], FOO[7]; but is easier to
type. This e~~errsion is for print-out only; If the location is specified by t he <block
no general APL syntax or semantics are name>.<location> construct then the blocks of
provided, the core image are searched in ascending order

of address of BEGINs until the f irst <block
BAIL evaluates symbolic names according to the name> is matched. The search continues until
scope rules of ALGOL, extended to always the second <block name> is matched , etc. The
rec ognize names which are globally unique and breakpoint is inserted at the label , pr ocedure ,
have a fixed memory location (everything or coordinate declared within the scope of the
except parame ters and recursive locals). For last <block name> . This detailed specification is
any activation of BAIL, the initial scope is the not usuall y necessary. The action taken at a
ALGOL scope of the statement from which BAIL breakpoint is
~ as activated. The procedure SETLEX (see
oe low) may be used to change the scope to IF LENGTH (CONDITION ) AND EVAL (CONDITION )
tr ~at of any one of the links in the dynam ic AND (COUNT .- COLJ NT- I)cO AND LENGTH(ACT ION)
act ivat ion chain. See also the section below on THEN EVAL(ACT ION)
BLOCK STRUCTURE for a way to evade the EVAL (TTV )
sc ope rules.

Several procedures are predeclared in the
outermos t block to handle breakpoints and COORD
display informati on. These are described
individually be low. NUMBER ~

- COORD (“LOCATION”)

Returns the coordinate number of the location
given as its argurrent. LOCATION has the same
syntax as iii BREAK.
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DDT SHOW

DDT “STR” .- SHOW (FIRST , LAST(O))

This procedure trans fers control to an assembly The text of the program from the source or
language debugging program (if one was listing f ile. If last is less than f irst then set iast
loaded), to last+first . Return coordinates f irst through

last. SHOW (5, 3) gives coordinates 5, 6, 7, and
8; SHOW (5, 7) gives coordinates 5, 6, and 7;
SHOW (5) gives coordinate 5 only.

DEFINE
A plus sign (“ +“) following the coordinate

DEFINE (CHAR, “MACRO”) number indicates that the values of some
variables have been carried Over in

Macros fr om the source f ile(s) are not accumulators from the previous coordinate.
recognized at the present time. There are 26 Chang ing the value of variables mi ght not be
character macr os def inable , from “A” to “2”. successful in such a case , because BAIL w il l  not
DEFINE macros substitute the given string for change any accumu lator value directl y. The
each occurrence of <alt><char> which is not MEMORY construct can be used to rrodify any
part of a string constant. If the operating location in a core image , including the
system can send characters of more than 7 bits accumulators.
to INCHWL (INTTY under TENEX) then any
ac tivation character w ith high order bits will
also act ivate the macro. Thus at SUAI <alt>P,
0~P, and c* f~P are all equivalent. In all cases the TEXT
charac ter is converted to upper case before
doing anything else. The macros G, P, S, and X “STR” ~

- TEXT
are pre def i r ed to be “ ~!GO;”, “ !!GO;”, “
and “ !!GSTEP;° respec tively. The curr ent static and dynam c scopes , wi th

tex t from the source or listing file.

HELP
TRACE

HELP
TRACE (“PROCEDURE”)

A list of options , including short descripti ons of
the procedures described in this section , is Special breakpoints are inserted at the
printed. An input consisting of a question mark beginning and end of the procedure named. On
followed by a carriage return is interpreted as entry, the procedure name and arguments are
a call to HELP. typed. On exit , the name and value returned (if

any) are typed.

SET LEX
TRAPS

SETLEX (LEVEL)
“STR” .- TRAPS

Evaluating SETLEX(n) changes the stat ic (lexical )
sc ope to the scope of the n-th entry in the A list of the current breakpoints and traces.
dynamic scope list. SETLEX(O) is the scope of
the breakpoint; SETLEX(1) is the scope of
the mos t recent procedure call in the
dynamic scope, etc.
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UNBREAK GOCTAB

UNBREAi< (“LOCATION”) EXTERNAL INTEGER ARRAY GOGTAB~O:n]

The breakpoint at the location specified is This array is the Sail user table , c ontaining all
removed, kinds of magical information. (The procedure

US ERCON was fo rmerl y the onl y way to access
the user table. ) If you are a hacker then pick up
a copy of SYS:GOGTAB.DE F (<SAIL>000TAB.D EF

UNTRACE On TENEX and poke around. Do not change any
values unless you know what you are do ng.

UNTRACE (“PROCEDURE”)
STRING TYPEOUT

The breakpoints inserted by TRACE are Strings are usually typed so that the output
rem oved, looks the same as the input , i.e., a string is

typed wit h surrounding quotatio r . m arks and
doubled internal quotation marks. For SHOV . ,
ARC S, and T EXT this wou ld ordinari l y c rea te

!!GO confusion , so they are handled speciall y. W he~
these procedures are evaluated they set a hag

!!GO which inhibits quotation mark fiddling, providec
that no further evaluation takes place before

An immediate cx ii from the current instantiation , the next typeout. Thus SHOW (5 , 3); W i  be
of BAIL is taken and execut ion of the program t yped plain , but STR ~

- SHOW (5 , 3); w II have
is resumed. !!GO is a reserved word (the only quotat ion marks massaged.
one) n BAIL.

BLOCK STRUCTURE
Variables not in the cur rent scope can be
re 4 ere nced b~ using the same scheme used to

!!GSTEP describe locations to BREAK. If y o .  ha e
som etn~ng of your own named SHOW t~ien you

!!GSTEP can access the BAIL. SHOW function by using
SRUNS.SHOW (coord); . Warning: this mode

Temporary br eakpoints are inserted at a l  of assu mes that you know what y O u  are do ng.
the logical exits of the current statement , and
execut ion of the pr ogram is resumed. Logical BAIL and DOT
exits are the next state ment and locations to W hen B A L  is loaded by a non-TENEX system , it
which the current statement can jump, se ts .JBDDT to the add ress of one of i ts
excluding any procedure calls. All of the routines. ~lf you load both BAIL and DOT then
breakpoints which are nserted will be removed the last module loaded win s . Under TE NEX ,
as soon as one of them is encountered. BA L .  sets .JBDDT at runtime , but onl y if  it is

zer o when BAIL looks. If BAIL is in i t ia l ized in a
core image wh ich dues not have CDT or RAID
then things w ill be set up so that t ne rrOnitor

!!STEP — comrran o DDT gets you into BAIL in the rig ht
way. That is , BAIL wil l be your DDT. To enter

!!STEP BAIL from DDT (provided that the S a l
‘~~a Iza t i o n  sequence has already been

Temporary breakpoints are inserted at all performed ), use
locati ons to which the cur rent statement can
jun ’p, including procedure calls , and execution push  P , program counr. r >SX
of the program is resumed. JR3T BPI LSX

For ex a m ple , if .JBOPC contains tne progra r ’
counte r ,
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you want to get back to w here yO u wer e
PUSH P , .JBOPC$X bef ore the procedure was called. Then !L. P w i
JRST BRILSX do the trick if the value of level is correct.

The entry B. provides a path from DOT to BAIL !IQUERY
which w orks whether or not the core image has (Declare as EXT RNAL STR ING !!QJER’~’ in yc~~r

been initialized. One use of this feature is to program.) Whenever BAIL wants input , it c recic s
BREAK a procedure in an exist ing production this string first. If it is not NULL th in.  !!~~~ERV
program without recompiling. For examp le, is used instead of ask.ng tne operat ing s y s t e r ~

f or input from the terminal . (!!ç, JEPY is set to
~~ . PROC comp iled , loaded with BAIL &nd DOT , ir,d SSAVEd NULL each t ime this is done.) Thus a progra m
~ GE~ PROC cart simulate the effect of typing to it ~~ c~~.’r

-.
input buffer by stuffing the te b t  into !!QUERY.

BtG In particular , file input to BAIL and various
BAIL in ,t ,ai izat ion macro hacks can be effected Dy us.ng

procedures which assi gn values to !!QUERY.

I BREAK ( ’proc.dur e ” );
I “GO.

SE 1’ SCOPE
*0 SETSCOPE (ITEMVAR PITEM)

To enter DDT from BAIL, s imply say DDT;. For
operation under TENEX, contr~ l-B is a pseudo- If you have processes then SET SCO ?E can be
int errupt character which gets you into BAIL. used to peek around the wo r a. Spec ’ ic a y,

the stat ic and dynamic sc opes are set to those
WARNINGS of the process for which PITEM is the process
Since BAIL is itself a Sail p’ocedure , en t e r ing  item. This will allow access to variables and
BAIL from the error handler or DDT after a traceback from TEXT , but ca re must be
push-down overflow or a string garbage exercised when calling procedures. A ca ll to a
c ollection error will get you into trouble. procedure which is not defined at the top eve

will probabl y not work. Also , if the pr ocedure
SIMPLE procedures cause headaches for BAIL does not return successfull y then your stacks
because they do not keep a display pointer, will be hopelessly confused.
BAIL tries to do the right thing, but
occ asionally it gets lost. BAIL will try to wa rn Note on processes: BAIL runs in the process
you if it can. In general , looking at value string which caused the break. Thus stack space must
parameters of SIMPLE procedures does not be provided in each process. The min rn~ rr
w ork. amount is PSTACK (4)+ST RINGSTACK(2).

!!GOTO (“ LOCATION ”) RESOURCES USED
(For wizards only.) The return address is set to At compile time one channel , a small amou nt of
the location specified , and then a !!GO is done. add itional memory, and appr oxi matel y 0.3
Note that the location should be in the same seconds of KA1O CPU time per page are used.
lexical sc ope as the most recent entry to BAIL, BAIL uses two channels at ruritime ana a t h r d
or the program will probabl y ge t confused. during init ial izati on. These char rie ls are

obtained with GETCHAN. If the debugging
!!UP (LEVEL) recursion level exceeds 3 ~r ~ tnen it will be
(For wizards Only.) This procedure trims the necessa ry to increase the pushdown stacks
runtime stack back to LEVEL, then reen ters (particularl y STRINC _PDL) appropriatel y. BAIL
BAIL. CLEANUPs and deal locations are uses 7 of the privileged breaktab les , obtaining
r’erf ormed for the procedures thus killed. Level them with CETBREAK. BAIL occu p ies 19.5
has the same interpreta tion as in SETLEX , and pages. Symbols require 5 words eac n w ith an.
in addition must not designate a SIMPLE additional 2 wOrds for each block; one word ‘or
pr ocedure. Suppose you ask BAIL to eval uate a eac h 128 coordinates is also required. The disk
pr ocedure call , the procedure hits an error , ar.d space requir ed for .SL’ll and .BAI f i les is
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gene ra H y one half that required for the .REL
files. l FOO(35 ],

EXAMPLE SUBSCRIPTING ERROR
INDEX VALUE MIN MAX

a.TY ?E TEST I SAi 1 35 0 IS F00135]

.REISER>TEST I SAI l SAT 28-AUG-76 420PM PAGE I I BREAK (“ADD”);

I.ADD (3, 4) ,

BEGiN “TEST”
EXTERNAL PROCEDURE BAIL, 2.ARGS,
iNTEGER I, J, K STRING A, B, C. REAL X , Y, Z. 3 4
INTEGER ARRAY F0O[01S). STRING ARRAY STRARRft 5, 2.6); 2 ‘GO

INTEGER PROCEDURE ADD (INTEGER I, J); BEGIN ~A DD” HI GLAD YOU STOPPED BY. 7
OUTSTR C’ l ,iGO;
H GLAD YOU STOPPED BY.”). RETURN (I..)) END ‘ADD”~ l T EXT
FOR I.-O STEP I UNTIL 15 DO F0OII]..I.I; LEXICAL SCOPk, TOP DOWN.
FOR I,- I STEP I UNTIL 5 DO SRUNS

FOP J.-2 STE P I UNTIL 6 DO STRARR[I, J],.64.8.l.J; TEST
I.~4 , i’.-ô K,- I 12. X+.3 I4I59265~ Y~.0; 14-23 ; ADD
A,- ”BIG DEAL” . B~- ”QED”; C.-”THE LAST PICASSO”;

ROUTINE TEXT
BAIL ADD (7 , 45). USERERR (0, I , “THIS IS A TEST’ ) ; ADD .4 INTEGER PROCEDURE ADD (INTEGER I, .i).
END “TEST’ ; TES’ *24 ADD (7 , 45);

AT SET LEX (O);

~SA k SAV ,IO
Ts ’ ;EA SAIL 8 1  8-28-76 (? FOR HELP) I UNBREAK (“ADD”);

.TEST I,~-../ 27B I ‘GO,
HI GU~D YOU S’TOPPED BY.

TEST I SAI.I I THIS IS A T EST
END OF COMPILATION CALLED FROM 642124 LAST SAIL CALL AT 400303

LOADING tB
I T  EXT

LOADER 6.9K CORE
EXECUTION LEXICAL SCOPE, TOP DOWN

&RUNS
Sc
BAIL VE R 28-AUG-76 DYNAMIC SCOPE, MOST RECENT FIRST:
TEST ISM I ,2 ROUTINE ‘TEXT

TEST I SAI,1 SIMPLE. ‘642 124 72Z FILE NOT VI EWABLE
End of BAIL ,n it ,aI,~atieri TEST .26 USERERR (0, 1, “THIS IS A TEST”);

I 65 , 708 9, ‘SOME RANDOM STRING”~ 
AT SETLEX (0) ;

45 7 089000 SOME RANDOM STRING” II,

I ‘ 275 , T RJE , FALSE , NULL,
I 89 - I 0 “ UNKNOWN ID I

IJ , X , I.-46
6 3 141593 46 I SETLEX ( I)

I i ,
46 0 LEXICAL SCOPE , TOP DOWN

145 (894-53 06), SRUN~
1635300 TEST

I AD D (3, ~ I

p1; GLAD YOU STOPP ED BY 7 
I

I ~OO I

~A A A Y > 0 IS]
I FOO~4]. END OF SAIL EXECUTION

16
I STRA RR[ I FOR 2, 4 TO 6]

“L” “M’ “N’ “T” ‘U’ “V

1 48
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CURRENT STATUS things which are globally unioue) and prograr r. s
which do not use BAIL will not have it loaded

Th~ state of the world is determined by just because the library was used. Th is s~ r~e
the va lues of the accu mulators and problem occurs with EXTERNAL RECORD _CLASS
the value of the Sail variable _SKIP_. declarations. Use of the field index

inf ormation does not cause a reference to t he
The run-time interpreter recognizes only c lass name but NEW_RECORD does. Thus the

the first 15 characte rs of identifier same /1DB trick must be used it there are no
names; the rest are discarded without NEW....RECORD calls.
comment. The characters which are
legal in identifiers are BAIL and other language processors: If OALCCV

RBCDEFGHI JKL nNO PO RSTUV WXYZ in the paragraph above was compiled by sor .e
abcd .f g h i  j~ imnopqr .tuvwx~Jz processor other than Sail (e.g. FAIL, MACRO,
O12345 6789 ! _a~n’,c ,Y3..#$\l BLISS, ...) then further steps must be taken if

Notable for its absence : period. BAIL is to know about the procedures
contained in the file. BAIL must have access

LOCATION of a procedure does not work. t o a procedure descriptor in Order to ca ~ ry
pr ocedure (cf. the /4B switch). Thus a user

PROPS is read-only. who wishes t o use assemb y language
procedures with BAIL must pr ov d e

Bracketed triple items are not allowed, appr opriate procedure descriptors. Tne f i le
cSUAl~ SAlLPD.FAI[S ,AlL) def Ines a FAIL macro

A procedure cal l containing the name of a which will generate a Sail procedure
parame tric procedure (functional descriptor. The procedure descripto rs may

argumen t) is not handled properly. reside in a separate load module if des red;
but they mus t be in the core image when BAIL

Contexts are not recognized. is being used.

External linkage: If an identifier is never
referenced by code (i.e., has an emp t y fixup
c hain at the time fixups are put out to the
loader) then that identifier is not defined by
Sail. Thus var iables which are never used do
not take up space and a request to the
loader is not made for EXTERNALS which are
not referenced. This feature of Sail. As a
result , the following DOES NOT WORK unless
special precau tions are taken:

BEGIN
EXTERNAL PROCEDURE BAIL.
EXTERNAL PROCEDURE

PLOT (REAL X0, VO, X I , Y l ) .
REQUIRE “CALCOM” LIBRARY;

BAIL END

PLOT will not be defined by Sail , hence BAIL
will not know about it. However if there are
any references to PLOT (real or “dummy ” calls )
then BAIL will know. The following tric k can
also be used, assuming that CALCOM is a Sail-
corr.piled library: Compile CALCOM with / 103,
which says “make the .SMI f ile but don’t
automatically load SYS:BAIL.REL ”. Then the
above will win (due to BAIL recognizing
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APPENDIX A similar te rminals with restricted character sets.
The obscure names for the ASCII codes below

Characters 40 are listed just for confus ion. Notes: “DEL”
(177) is the ASCII delete. “ESC” (33) is t r e~r a t
mode. Codes 136 and 137 have two d ;iferent
interpre tations , as shown below. Tne SC~S

CHARACTER EQUIVALENT RESERVED WORD representation is so called because it is
provided by SOS, the Teletype editor . Certa r.

A AND other programs also know about tr,is
EQV representation , but it is not built into Sail in

- NOT any way.
v OR

XOR Standard A SC II
(XJ INF
( IN 8 1 2 3 4 S 6 7

SUCH THAT
NEQ 000 NUL Soil STX ETX EDT ENQ ACK BEL
LEQ 010 BS TAB LF VT FF CR SO SI
GEQ 020 OLE DC L 0C2 0C3 0C4 NRK SYN ETO
SETO 038 CAN Eli SUB ESC FS CS RS US

} SETC 040 $P “ # $ ‘/ 8
u UNION 050 1 1 ~ + , — . /
ci INTER 060 8 1 2 3 4 5 6 7

ASSOC 070 8 9 ; < >
SWAP 100 € A B C  D E F’ C
I IIO H I J K I. 11 N 0

120 P 0 R S T U V W
Stanford (SUAI) Character Set 130 X V 2 1 \
Th e Stanford ASCII character set is displayed in 140 ‘ a b c d s 1 g
t b6 f ollowing table. The three digit octal code 150 h K I m n 0
for a character is c omposed of the number at 160 p q r $ t u v ~
t~ e left of its row plus the digit at the top of 170 x y z I I I — DEL
its cOlumn. For examp le , the code for “A” is
10O+~ or 101. SOS Representation of Standard ASCII

A S C I I  8 1 2 3 4 5 6 7 ‘ 8 1 2 3 4 5 6 7

000 NLL ~ U ,3 A — n 008 — — — ‘‘ ‘“ ‘1 ?$ ‘/ 7 8

810 a TPB LF VT FF CR 010 ‘1 TA B LF VT FF CR ‘I
SIKBI T 070 c fl U V 3 e — 020 ‘+ ‘, ‘— ‘. ‘I ‘0 ‘1 ‘2

030 — — S ~ v 030 ‘9 ‘6 ‘4 ‘. “ ‘‘ ‘7 ‘8
00 0~ 0 SP “ I S 8 ‘ 840 SP “ I $ / 8
10 050 C ) * + , — . / 050 C I + , — . /
20 068 0 1 2 3 4 5 6 7  060 0 2 3 4 5 6 7
30 0’O 8 9 < . ‘ ‘ 070 8 9 ‘‘40 130 ~ A B C 0 6 F C 100 € A B C 0 E F C
50 U) ~ I J K L li N 0 110 H I .J K L M N 0
60 120 P Q R S I U V W 120 P 0 R S T U V U
70 133 X Y 2 1 \ 1 130 X V 2 C \ I t

1.0 ‘ a b c a • f q 140 ‘€ ~A .8 ~C .0 ‘E ?F ‘C
150 p~ i i m n o 153 ‘H ‘I ‘.1 7K .L ‘II ~N .0
163 p q r $ t u v w 160 ‘P ‘0 ‘R ‘S ‘I ‘U ‘V ‘U
170 • y z I I A LT I 55 178 ‘X ‘V ‘2 71 ‘: ‘1 ‘3 ‘\

The Sail cor rpHer automaticall y t ran s l i terates “!“
to “

_
“ before doing anything else (outside of

re tables below display the standard ASCiI string constants , of course) . It also believes
codes , and tne SOS representation for entering that BOTH ‘175 and ‘176 represent the right
the Ii.. . ASCII character set from Teletypes or brace character “}“.
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APPENDIX B LIST REQUIRE
LISTC RESERVED

Sail Reserved Words LISTO RESTORE
LNOT RETURN
LOAD_MODULE ROT

ABS END LOCATION SAFE
ACCESS ENDC LOP SAMEIV
AFTER ENTRY LOR SECOND
ALL EQV LSH SEGMENT _FILE
ALLGLOBAL ERASE MAKE SEGMENT_NAME
AND ERROR_MODES MATCHING SET
ANY_CLASS EVALDEFINE MAX SETC
APPLY EVALREDEFINE MEMORY SETCP
ARC_LIST EXPR_TYPE MESSAGE SETIP
ARRAY EXTERNAL MIN SETO
ASH FAIL MOD SHORT
ASSIGN FALSE NEEDNEXT SIMPLE
ASSIGNC FIRST NEQ SOURCE_FlLE
ASSOC FOR NEW SPROUT
BBPP FORC NEW_ITEMS SPROUT _DEFAULTS
BEFORE FOREACH NEW_RECORD START _CODE
BEGIN FORGET NEXT STEP
BIND FORLC NIL STEPC
BOOLEAN FORTRAN NOMAC STRING
BUCKETS FORWARD NOT STRING_PDL
BUILT_IN FROM NOW_SAFE STRING_SPACE
CASE GEQ NOW_UNSAFE SUCCEED
CASEC GLOBAL NULL SUCH
CAUSE GO NULL_CONTEXT SWAP
CHECK_TYPE GOTO NULL_DELIMITERS SYSTEM_PDL
CLEANUP IBP NULL_RECORD THAT
COMMENT IDPB OF THEN
COMPILER_SWITCHES IF OFC THENC
CONOK IFC OR THIRD
CONTEXT IFCR OWN TO
CONTINUE ILDB PH1 TRUE
COP IN PNAMES UNION
CPRINT IN_CONTEXT POLL UNSTACK _DELIMITERS
CVI INF POLLING_INTERVAL UNTIL
CVLIST INITIALIZATION PRELOAD _WITH UNTILC
CVMS INTEGER PRESET_WITH VALUE
CVN INTER PRINT VERSION
CVPS INTERNAL PROCEDURE WHILE
CVSET INTERROGATE PROCESSES WHILEC
DATUM ISTRIPLE PROTECT _ACS XOR
DECLARATION ITEM PUT
DEFINE ITEM_START QUICK_CODE
DELETE ITEMVAR REAL
DELIMITERS KILL_SET RECORD_CLASS
DEPENDENTS LABEL RECORD_POINTER
DIV LAND RECURSIVE
DO LDB REDEFINE
DOC LEAP _ARRAY REFJTEM
DONE LENGTH REFERENCE
DPB LEQ REMEMBER
ELSa LET REMOVE
ELSEC LIBRARY REPLACE_DELIMITERS
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APPENDIX C SUAI ONLY
GET _BIT PTCHRS PTYALL

Sail Predeclared Identif iers GET _ DATA PTCHRW PTYGET
GET _ENTRY PTIFRE PTYIN
GET _SET PTOCHS PTYREL

SPINT CVSTR RAN IFGLOBAL PTOCHW PTYSTR
~PT M  CVXSTR REAL IN ISSUE PTOCNT PUT_DATA
SPLST DDFINT REALSCAN LODED PTOSTR QUEUE
SPREC DEL_PNAME RELEASE
SPREL DFCPKT RENAME
SPP ~~T DFRIIN RESUME TOPS-iD ONLY
SPSEI DERINT SCAN BACKUP INOUT INTMOD
SPS~~R DISABLE SCANC CHNCDB GETSTS TMPIN
ACOS ECFILE SETBREAK ERENAME SETSTS TMPOUT
AI~SSWER ENABLE SETFORMAT
APP~1.T ENTER SETPL
~-.RRCLR EQU SETPRINT CMU ONLY
ARR . ’~FO ERMSBF SIN ARDINIT DOTVEC SEA INIT
AP PTRAN EVENT _TYPE SIND ARDSTR INITSEA SEAREL
ARRYIN EXP SINH CHARSZ INVVEC SETPNT
ARRYOUT FILEINFO SQRT CHRMOD MOUSES SVEC
AS IN GETBREAK STDBRK CLEAR MOUSEW V ISVEC
ASr~NTC GETCHAN SUBSR
AlAN GETFORMAT SUBST
~. 1 AN2 GETPRINT SUSPEND TYMSHARE ONLY
~BPP. INCHRS TANH AUXCLR CALLI CHN:QV
E3.N DIT INCHRW TERMINATE AUXCLV CHNIOR IONEOU
~PEAK SET INCHSL TRIGINI
CALL INCHWL TTY IN

A~ LER INPUT TTYINL TENEX ONLY
CAUSE 1 INSTR TTY INS ASND INDEXFILE RTIW
CHNCDB INSTRL TTYUP ATI INTTY RUNPRG
CLKMOD INSTRS TYPEIT BKJFN JFNS RUNTM
CLOSE INTIN URSCHD CFILE JFNSL RWDPTR
CLOSIN INTMAP USERCON CHARIN KPSITIME SCHPTR
CLOSO INTPRO USERERR CHAROUT MTOPR SDSTS
CLRBUF NTSCAN USETI CHFDB ODTIM SETCHAN
CODE INTSET USETO CLOSF OPENF SETEDIT
COMRLER_ INTTBL WORD N CNDIR OPENFILE SETINPUT

BANNER JOiN WORDOUT CVJFN PBIN SFCOC
COS LINOUT DEVST PBOUT SFMOD
COS~ LISTX DEVTYPE PMAP SFPTR
COSH LOG DIRST PSIDISMS SINI
CV6ST R LOOKUP DTI PSIPVIAP SIZEF
CVASC MAINPI DVCHR PSIRUNTM STDEF
CVA STR MAINPR ERSTR PSOUT STDIR
CVD MKEVTT GDSTS RCHPTR STI
CV E MTAPE GJINF ROSEG STIW
CVF MYPROC GNJFN RELD STPAR
CVFIL NEW _PNAME GTA D RFBSZ STSTS
CVG OPEN GTFDB RFCOC STTY P
CVIS OUT GT~FN RFMOD SWDPT R
CVO OUTCHR GTRPW RFPTR UNDELETE
CV3S OUTSTR GTSTS RLJFN
CV S POINT DTIM RNAMF
CVS I PRISET
CVS X PSTATU S
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APPENDIX D INTPAR_INX 9 Interrupts you on par ty
errors in your core image.

Indices for interrupts
INTCLK _INX 10 You will be interrupted at

every clock tick (1/60th of a
SUAI INTERRUPT SYSTEM second).

NAME NUMBER DESCRIPTION INTINR_iNX 11 IMP interrupt by receiver .

INTSWW _INX 0 You will receive an interrupt INTINS_INX 12 IMP interrupt by sender.
when your job is about to
be swappe d Out. INTIMS_INX 13 IMP status change interrupt.

INTSWD_INX 1 You will receive an interrupt INTINP_INX 14 IMP input waiting.
when your job is swapped
back into core. If you are INTTTI_INX 15 You wil l be interrupted
activated for interrupts for whenever <esc> I is t yped
swap out also , you will on your te letype.
receive these two interrupts
as a pair in the expected INTPOV_INX 19 Interrupts you on push-down
order every time your job is overf low.
swapped.

INTILM_INX 22 Interrupts you or illegal
INTSHW _INX 2 You will receive an interrupt memory references , that is,

when your job is about to references to m emory
be shuffled. outside of your core image.

INTSHD_INX 3 You will receive an interrupt INTNXM_INX 23 YOu will receive an interrupt
when your job has been whenever your program
shuff led. references non-existent

memory.
INTTTY _INX 4 You will recei V e an interrupt

every time your program INTFOV _INX 29 Interrupts you on floating
would be act ivat p~d due to overflow.
the teletype if it were
waiting for the te letype. As INTOV_INX 32 Interrupts you on arithmetic
long as you do not ask for overflow.
more than there is in the
teletype buffer , you may I Bits 33 throug h 3~ are left to the user .
read from the te letype at REQUIRE “SYS:PROCES.DEF” SOURCE_ FILE Cc
interrupt level, define the above names. NOTE: to prograrr

yourself for more than one interrupt , you must
INTPTO_INX 5 You will be interrupted execute two separate INTMAP stateme nts.

every time the PlY job goes
in t o a wai t  s t ate w a i t i ng  for
you to sent it characters.

INTMAIL_INX 6 nterrupts whenever
someone SENDs you mail
(see [Frost]). You may read
the letter at interrupt level.

INTPTI_INX 8 You will be interrupted
every time any job on a PTY
you own send you a
character (or line).
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TOPS- 10 INTERRUPT SYSTEM APPENDIX E

NAME NUMBER DESCRIPTION Bit Names for Process Constructs

INTPOV _APR 19 Interrupts you on push-down
stack overf low.

SPROUT OPTIONS
INTILM_APR 22 Interrupts you on illegal

memory references , that is , BITS NAME DESCRIPTION
references to memory
outside of your core image. 14-17 QUANTUM(X) Q ~

- IF X=O THEN 4 ELSE
21X; The process w I  be

INTNXM_A PR 23 You will receive an interrupt given a quanturri of Q
whenever your pr ogram clock ticks , indicating that
references non-existent if the user is ~~ rg
memory. CLKMOD to handle clock

interrupts , the process
NTFOV _APR 29 Interrupts you on floating should be run for at rr.o~.t

overf low. 0 clock t icks , before
calling the scheduler . (see

INTOV _APR 32 Interrupts you on arithmetic about CLKMOD, page 120
overflow , for details on rrak.irig

processes “time share ”).

TENEX PSI CHANNELS 18-2 1 STRINGSTACK(X) S ‘- IF X-O THEN 16
ELSE X*32; The process

CHANNEL USE will be given S words of
string stack.

0-5 terminal character
6 APR integer overfl ow, no divide 22-27 PSTACK(X) Pt-IF X~0 THEN 32 ELSE
7 APR f l o a t i n g  ov e r f l ow, exponent X*32; The process will be

underflow given P words of
8 unused arithmet ic stack.
9 pushdown overflow
10 fi le EOF 28-31 PRIORITY(X) P ~

- IF X~ O THEN 7 ELSE
11 fi le data error X; The process wil l be
12 fi le , unassigned given a priority of p. 0 is
13 tile , unassigned the highest priorit y, and
14 ti m e of day reserved for the Sail
15 illegal instruction system. 15 is the lowest
16 illegal memory read priority. Priorit ies
17 illegal memory write determine which ready
18 illegal memory execute process the scheduler will
19 subsidiary fork termination, forced next pick to make running.

freeze
20 machine size exceeded 32 SUSPHIM If set , suspend the newly
21 SPACS trap to user sprouted proces~.
22 reference to non-existent page
23 unused 33 Not used at present.
25-35 terminal character

34 SUSPME If set , suspend the
process in which this
spr out statement occurs.

35 RUNME If set , continue to run the
pr ocess in which this
spr out statement occurs.
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RESUME OPTIONS If the process goes into a
wait  state as a res ~ It of

33-32 READYME If 33-32 is 1, then the t h s  Inter rogate , and is
current pr ocess will not subsequentl y awakened
be suspended, but be by a Cause statement ,
made ready. then the DONTSAVE bit in

the Cause s ta ter ~ient w i l l
KILLME If 33-32 is 2, then the over ride the RETA IN bit

current process will be in the Interrogate if both
terminated , are on.

IRUN If 33-32 is 3, then the 34 WAIT If the notice queue
current pr ocess will not empty, then suspend the
be suspended , but be process executing the
made running. The newly interrogate and put it~resumed process will be process item on the wait
made rea dy. queue.

34 This should always be 33 RESCHEDULE Reschedule as soon as
zero. possible (i.e., immediatel y

after execution of the
35 NOTNOW If set , this bit makes the interrogate procedure).

newl y resumed process
ready instead of running. 32 SAY_WHICH Creates the association
If 33-32 are not 3, then EVENT_TYPE e <event
this bit causes a notice> <event t y p e>
reschedul ing. where <event type> is the

type of the event
CAUSE OPTIONS returned. Useful with the

set form of the
35 DONTSAVE Never put the <event Interrogate construct.

item> on the notice queue.
If there is no pr ocess on
the wait queue , this makes
the cause statement a no-
op.

34 TELLALL Wake ~lI pr ocesses
waiting f or this event.
Give them all this item.
The highest priority
pr ocess will be made
running, others will be
made ready.

33 RESCHEDULE Reschedule as soon as
possible (i.e., immediatel y
after the cause procedure
has completed executed ) .

INTERROGATE OPTIONS

35 RETAIN Leave the event notice on
the notice queue , but still
return the notice as the
value of the interrogate.
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APPENDIX F K_OUT uses GETCHAN to find a spare
channel , does a single dump mode Output

Statement Counter System which writes out all the counters for all the
pr ograms loaded having counters , and then
releases the channel. The file which it
writes is xxx .KNT, wher e xxx is the name of the

GENERAL DISCUSSION l s t  f i le of the f irst program loaded having
The statement counter system all ows you to counters (usually the name of the S a t  source
determine the num ber of times each statement file). If there are no counters , K_OUT s mpl y
in your program was executed. Sail returns.
accomp lishes this by inserting an array of
counters and placing AOS instructions at PROFILE PROGRAM
various points in the object program (such as in The program PROFIL is used to produce the
loops and conditional statements ) . Sail program profile , i.e. the listing complete with
automatically ca lls K_ZERO to zero the counter statement counts. It operates in the following
array before your pr ogram is entered and manner. First it reads in the file xxx .KNT
K_OUT to wr i te the array before exiting to the created by the execution of the user
system . If your program does not exit by program. This file contains the values of the
falling out the bottom , or you are inte rested counters and the names of the list f i les of the
only in counts during specific periods , then you programs loaded whic h had counters. It then
may declare K_OUT and K_ZERO as external reads the the list files and produces the
procedures and call them yourse lf. profile.

Another program , called PROFIL, is • used to The format of the listing is such that onl y
merge the listing file pr oduced by the Sail statements executed the same number of times
comp iler with the file of counters produced by are l isted on a single line. In the case of
the execut ion of your program . The output conditional statements , the statement is
of the PROFIL program is an indented listing continued on a new line after m e  wo rd THEN.
wi th execution counts in the ri ght hand marg in. Conditional expressions and case expression ,

on the other hand, are sti l l listed on a sing le
Since the AOS instructions access fixed line. In order that you might know the
locations , and they are placed only where execu tion counts , they are inserted into the
needed to determine program flow , they text surrounded by two “brokets ” (e.g. <<15>>).
snould not add much overhead to the
execution ti m e. Alth ough no large study has PROFIL expects a command string of the
been made , the counters seem to contr ibute forrr
about 2% to the execution time of the
prof i le  pr ogram, whic h has a fairl y deep ly <ouiput>4-<input> {switches}
nested structure.

where <input> is the name of the file containing
HOW TO GET COUNTERS the counters; extension .KNT is assumed. If
In order to use the counter system you must the output device is the DSK, t he output file will
gene rate a lis ting and also specify the /K have a default extension of .PFL. Although
switch. Specif y ing / K automatically selects the line spacing will probabl y be di f ferent
/ IOF , since the PROFIL program needs this from the source, PROFIL makes an effort to
list eng forma t. The charact ers ‘002 and ‘003 in keep any page spacing that was in the source.
the listing mark the location of counters. The switches allowed by PROFIL are

At the end of each program (i.e. each sepa rate
c ompilat ion) is the block of counters , preceded
by a sma li da ta block used by K_ZERO and
K_OUT. T his block contains the number of
counters , the name of the list file , and a link
to other such blocks. The f irst counter
locati on is given th e symbolic name .KOUNT,
which is accessible fr om DOT , but cann ot
be referenced by the Sail program itself.
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APPENDIX G
/r ,B Indent n s paces fo r blocks (d.f~ult 4)

/nC indent n spa c.s for cont inuat ions (d efaul t 2) Array Implementation
/ F I iiI out every 4th line w ith “. (d .fauit ON)
/1 Ignor. comment s , st r ip th em fr om t he l isting
/nK Make counts , ar ray of si ze n (default 200)
/nl. Maximum line length of ii (d .fau lt 120> Let STRINGAR be 1 (TRUE) if the array in
/N Suppress /F feature question is a String array, 0 (FA LSE) other w~ .e.
/5 Stop after thus profil e Then a Sail array of n dimensions has t re
fT TTY mod. / iC/2B/F/801 following f.ormat:

nEA ~ -.DATAWC , -, MEANS ‘~POINTS AT’
SAMPLE RUN HEAD-E ND- i
Suppose that you have a Sail program named ARRHED BASE _WORD SEE BELOW
FOO.SAI for which you desire a profile. The LOWE R _BD(n)
following statements will give you one. UPPER _BD(n)

MULT In)
.EX /L 151 FO0(K) (or TRY or DE6 or what have you)

any input to FOO . . . LOWEP _BD( I)
UPPER_BD( I)

EXIT MULT (I)
NUM_ DIMS ,,TOT AL _SIZ E

DATAWO. BLOCK TOTAL_SIZE
. R PROFIL <.om.tim es a few ext ra  word.>
.FOOi-F0O/T/S END 400000 ,, .HEAD

EXIT HEAD The first two words of each array,
and the last , are control words for
the dynamic st orage a l locator .
These words are always present

At this point , the file F’OO.PFL contains the for an array. The array access
pr o f i l e , suitable for typing on the TTY or code does not refer to them .
edit ing.

A RRHED Each array is preceded by a block
of 3xn+2 control words. The
BASE_WORD entry is expla ined
la ter.

NUM_DIMS This is the dimensionality of the
array. If STRINGAR, this value is
negated before storage in the left
half .

DATAWD This is stored in the core location
bearing the name of the array (see
symb o ls , page 141). If it is a string
array, DATAWD+ 1 is stored
instead.

TOTAL _SIZE The total number of accessible
elements (double if STRiNGAR) in
the array.

BOUNDS The lower bound and upper bound
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for each dimensi on are stored in APPENDIX H
this table , the lef t-hand index
values occupying the higher String Implementation
addresses (cl osest to the array
data) . If they are constants , the
compiler will remember them too
and try for better code (i.e. STRING DESCRIPTORS
immediate operands). A Sail String has two distinct parts : the

descript or and the text. The descriptor is
MULT This number , f or dimension m, is unique and has the following format:

the product of the total number of
elemen ts of dimensions m+1 WORD ): CONST ,,LENGTH
throug h n. MULT for the last WO RD2: BYTP
dimensi on is always 1.

1) CONST. This entry is 0 if the String is
BASE_WORD This is DATAWD minus the sum of a constant (the descri ptor will no t be

(STRINGAR+1) * LOWER_BD(m) * altered , and the String text is not in
MULT(m) for all m from 1 to n. If String space , is theref ore not sub ject
this is a string array then the left to garbage collection ) , and non-zero
half is -1. otherwise.

The formu la for calculating the address of 2) LENGTH. This number is zero for any
A[I,J,KJ is: null String; otherwise it is the number

of tex t characters.
address(A (l,i,K])

ad dr ess ( DATAWD ) • 3) BYTP. If LENGTH is 0, t his by te pointer
(I-LOWER _BD( l) )*MULT( I) • is never checked (it need not even be
(J- L OWER _~ O~2l) *M ULT (2) • a valid byte pointer . Otherwise , an
(K-LOW ER _BD(3)) ILDB machine instruction pointed at the

BYTP word will retrieve the f irst text
character of the String. The text for a

This expands to String may begin at any point in a
w ord. The characters are stored as

addr ess ( A ( i , J K ) )  - LENGTH contiguous characters.
addr.,,(DATAWD) *

i*MULT(i) • J*MULT(2) * K A Sail String variable contains the two word
-(LOW ER_BD(I)*MULT(I) • descriptor for that variable. The identifier

LOWEP_BD(2)*MULT(2) . naming it points to WORD 1 of that descriptor. If
LOWER _BD(3) a String is dec lared INTERNAL, a symbol is

f ormed to reference WORD2 by taking all
charac ters from the original name (up to 5) and

which is concatenating a “.“ (OUTSTRING’s sec ond word
w ould be labeled OUTST.).

BASE _WOR D • i*MULT(I) • J*MULT(2) * K
When a String is passed by reference tt a

By pre-calcu lating the effects of the lower procedure , the address of WORD2 is placed in
bounds , several instructions are saved f or each the P-stack (see page 160). For VALUE Strings
array reference. both descriptor words are pushed onto the SP

stack.
The LOADER gets confused if BASE_WORD does
not designate the same segment as DATAWD. A String array is a block of 2-word Str ing
The dif ference between BASE_WORD and the descripto rs. The array descriptor (see page
address of art y location in the array should be 157) points at the second word of the f i rs t
less than ‘400000. Avoid constructs like descriptor in the array.
INTEGER ARRAY X~1OOOOOO:10OOOO5]. Declare
large static arrays last. Information is generated by the corrpiler to
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all ow the locations of all non-constant strings APPENDIX I
to be found for purposes of garbage-c ollection
and initialization , All String variables and non- Save/Continue
preloaded arrays are cleared t o NULL whenever
a Sail program is sta rted or restarted. The
non-c onstant strings in Preloaded arrays are
als o set to null by a resta rt. I A (new) save/continue faci l i ty  has been

implemented in the Sail compiler. This al lows
INEXHAUSTIBLE STRING SPACE . co rripiling header files , saving the s tate of the
The string garbage collecto r expands string co m piler , ana resuming comp ilation at a later
space (using discoretiguous blocks) whenever t ime. The save/continue faci l i ty works w ,th
necessary to satisfy t he demand for places to files as the basic unit; compilation can be
put strings, interrupted only at the end of a file. The /X

(eXtend ) sw itch controls the new feature. The
Here are some points of interest : exam p les shown here are for TOPS- lO.

Analogous commands work under TENEX , using
1) The initial string space size is settable the TENEX RUN and SAVE commands. Examp le:

via REQUIRE or the ALLOC sequence. Each
string-space increment wi ll be the same .R SAIL
as the ori ginal size. The threshold (see .INTRMD.REL[PRJ,PRG).-A ,B,C/X
below) for expansion is 1/8 the string A,SAI 1 etc
space size (increment s ize). One can
modify these values with USERCON or by SAVE ME FOR USE AS XSAIL
st oring directly into GOGTAB. EXIT

SAVE XSAIL
Nfl!I E VRLUE JOB SAVED IN 25K

ST INCR LN : I chars i n inc rement UPPER NOT SAVED!
RH x 4+ 0 word s in increment

RU XSA IL
STREQO LH: I chars in th reshold .FINAL.- D,E,F

RN:  N words in  threshold DSA I
Copy ing DSK INTRMD.REL[PRJ,PRG )
2 3 etc.

2) (the thres hold) Assume that the garbage
c ollector was called to make room for R
characters , and that af te r garbage
collection M- 1 disconti guous string spaces The above is equivalent to
are full , w ith the M’th having N free
characters. If N is less than or equal to P SAIL
R+LH (STREQD) then expansion to M+1 .FINAL.~A,B,C,D,E,F
string spaces takes place. In other words ,
if STREQD is 1/8 the size of the current On TENEX , the user will want to save all of
space then that space wil l not be allowed core when creat ing the XSA IL.SAV file.
to bec ome more than about 7/8 full. All
but the current space are allowed to Informat ion is saved in XSA IL.SAV and in the
become as full as possible , however, binary file from the first “compilation ” (in this

case INTRMD.REL). When comp i l a t i on is
3) Wizards may cause the garbage collector resumed , the final binary file is init ial ized

t o keep some statist ics by sett ing SGCTIME by copy ing the intermediate file.
to -1. Save/continue is not allowed if the file break

occurs while scanning false conditional
compila tion or actual parameters to a macro
call.

A hint on using this feature: If the source
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term of your command st ring consists of just APPENDIX J
one f i le , and this one file does REQUIRES of
other source files , the following setup works Procedure Implementation
we 1 .

O,.~~nai f : e  FOO SAl
B E G N ” F O O” Wnen a procedure is entered it places three

RE QJ , R E ‘[ 1( 1 DELIMITERS. w ords of control information on the run t ir(e
DEFINE ‘.[COMMENT) . (P) stack. This “mark stack contro l packet ”
REQUIRE “BA! SA~ SOURCE _ FILE , contains pointers to the control packets for
REQUIRE “MUI,IBLE SAl” SOURCE_FILE. the procedure ’s dynamic and static parents.

Reg ister F (‘12) is set to point at t h s  area.
<rest of fi le> This pointer is then used to access procedure

parameters and other “in stack ” objects , such
END “FOO” as the local variables of a recurs ive procedure.

Many of the run-time routines (including the
New fl. FOOSAI string garbage collecto r) use rF to find v i ta l

FCR NOT DECLARATION IGARP LY) THE NC informa t ion. Therefore , THE U SER MUST N OT
BEGIN “FOO” HARM REGISTER ‘12. If you wish to refer in

REQUIRE ‘lit)” DELIMITERS. assembl y language to a procedure parameter ,
DEFiNE GARPL Y-T RUE , the safest way is name it , and let Sail do t ’ e

DEFINE ‘-[COMMENT) , address arithmetic. (Similarl y one may use the
R~QL RE “ BAZ SAl” SOUR CE _FIL E ACCESS co nstruct ) .
REQUIRE “MUMBLESAI SOURCE _FILE.

ENDC. STACK FRAME
Shown here is the stack frame of a recursive

cre st o’ f .ie, procedure.

END “FOO”
parameter 1

New file FOO NOR.
IF CR NOT DECLA RATION(i.ARP LY) THENC

BEGIN “FOO”
REQUIRE “ [] [)“ DELlMIT ERS~ 

u parameter n
DEFINE GAPPLY.TRUE. . 

DEFINE ‘-(COMMENT)~ 
: r e t .  addr

REQU IRE “ BA! SAl” SOURCE _FILE.
REQUIRE “MUMBLE SAl” SOURCE _FILE. rF .. : dyna mic I i  rii~ (o Id rF I

E NDC, . 

•proc desc s t a t i c  l ink irF of s t C t i c  
‘ parent)

~~~~ co m p i latio n : o ld  value o f  rSP
R SAIL
.FQ OINT[ PRJ ,PRG).- FOOHDR/X : s ta r t  of recursive loca ls

SAVE ME’
SAV X SA ; L ‘ 

rP • : end o f recurs ive loca ls  : .( rP p o i n t s
Now the command string : herS a f t e r

s ta r t  of wor k i ng  stor age er .try to a
FOO.-FOO r e c u — s i

procedure I
will work both in the case of .R SAiL and in the
rase .RU XSA IL.

If a formal parameter is a value parameter then
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the actual parameter value is kept on the stack. any intermediate reg isters (called “dispI~ 1”
If a formal parameter is a reference parameter , registers ) that may have been loaded. Thus , if
then the address of the actual parameter is put you use several up-level references to getrer ,
on the stack. Non-own string locals (to you only pay once for setting up the “di ~ p l a / ” ,
recursive procedures ) and string value unless some intervening procedure cal l Cr the
parameters are kept on the string (SP ‘16) like should cause Sail to forget whatever ~‘a~ in
stack , The stack frame for a non-recursive its accumula tors. Note here that if a c sp lay
pr ocedure is the same except that there are no register is thrown away, there is no attempt t o
local variables on the stack. The stack frame save its value. At some future date this may oe
for a S IMPLE procedure consists only of the done, It was felt , however , that the m ini rr.al
parameters and the return address. (usuall y zero) gain in speed was just not worth

the extra hair that this woulct er,ta I .
ACCESSING THINGS ON THE STACK
SIMPLE procedures access their parameters ACTI ONS IN THE PROLOGUE FOR NON-SIMPLE
relative to the top-of-stack pointers SP(for PROCEDURES
strings) and P (for every thing else). Thus the The alg rithm given here is Inat f or a recurs ive
the k’th (of n) string value parameter would be procedure being declared inside another
accessed by procedure. The examp les show how it is

simplified when possible.
OP RC , 2* k—2* n(SP) ; (SO~~’ 16)

1. Pick up proc descriptor address.
and the j ’th (of m) “arithmetic ” -- i.e., not value
string -- parameter would be accessed by 2. Push old rF Onto the stack.

OP AC , i— rn— I (P1 ‘P~ ‘ifl 3. Calculate static link. (a). ~~~ loop
back thro~~h the stat ic  links to grab

Non— SIMPLE procedures use rF (register ‘12) as it. (b). once calculated p~ t together
a base for addressing parameters and recursive with the PDA and put it on lhe
locals. Thus the fth parame ter would be stack.
accessed by

4. Push current rSP onto the sta cy ..
OP RC ,j— m—2 ( rF )

5. Increment stack past locals & check
or , in the case of a string, by for overfl ow.

MOVE A CX ,2 r F  ; po i n ts  at top of  6. Zero out whatever you have to.
;st r ing  st ack when
;p roc was • nt ered 7. Set rF to point at the MSCP.

OP RCY , 2 i ’ k —2 * m ( RCX )
EXAMPLES:

Similarl y, recursive locals ar~ addressed using
positive displacements from rF . 1. A non-recursive entry (note: in this section

only cases where F is needed are considered) .
An up-level reference to a procedure ’s parent
is made by executing the instruction . PUSH P ,rF ;SRVE DYNR1IIC L f,i

SK IPA PC ,rF
HR R Z RC ,ltrF) ;new AC points at MOVE RC ,1 (RC) ;GO UP STA TIC LIN K

;stac k frame of parent HLRZ TEIIP ,1 (AC) ;LOOK AT POP IN STACI”
CAt E TEMP ,PP OA ;IS IT THE SPME PS PA RENTS

and then using AC in the place of rF in the JR ST . -3 ; NO
access sequences above , iterating the process HRL I AC ,PDA ;PIC K UP PROC DESC

if need be to get at one’s grandparent , Or some PU SH P ,RC ;SAvE ST A TIC LINK
more distant lexical ancestor. PUSH P ,SP

iIRR2I rF ,—2 ( P l ;NEU RE
NOTE: When Sail compiled code needs to make
such an up-level reference it keeps track of In the case that the procedure is declared in

L 
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the outer block we don’t need to worry about 6. Return either via POPJ P, or by
the static link and the prologue can look like JRST ~mumble(P)

PU’~nI P ,m~ ;SR vE DYNPIIIC LINK EXAMPLES:
PU ~ II P , LX .~O POR ,8) ;ST A T IC LINK (JORO
PUSH P , Si’ ;SAVE STR ING STACK 1. No parameters.
HRRZI rF , — 2 ( P )  ; NEW F REG ISTER

<ste p 1>
2. Recursive entry -- i.e one with locals in the <Step 2>
stack. ‘lOVE rF , (r F)

SUB P,(XU O I1.3,fl.3) ;P1= S LOCAL VARS
PUSH P , rF ;SRVE OYN RMI C LINK POPJ P,
SK IPA PC ,rF
MOVE PC , 1 (AC> ;GO UP STATIC LI NK 2. n string parameters , m other parameters , Ic
HLR Z TEMP , (A C) ;LO OK AT POP IN STA CK string locals on stack , j other locals on stack.

RIE TEMP ,PPOA ;IS IT THE SAME PS PARENTS
JRST .—3 ;N O < step 1>
rii~LI AC ,PDA ;PICK UP PROC DESC <step 2).
PUSH P ,PC ;SAVE STATIC LINK M OVE “‘F ,(rF)
PUSH P ,SP SUB SP ,(XW O 2*k+2*n ,2*k+25n)
HRLZ I TEIIP ,1(P) ; SUB P , (X IJ D j+m+3 ,j.m.33 ;POP STACK
HRRI TEIIP ,2( P)  JRST €m +j (P )
Atl O P,(XWO l oca ls , loc a ls )  ;c reate s pace for
CRIL P ,Q ;~~‘ith local s SIMPLE procedures are simila r , excep t that rF is
<t r i g g e r  p d I ov error> never changed.
SETZ M — I I T E M P )  ;ze ro out l oca l s
BLT T E1IP , CP PROCEDURE DESCRIPTORS
hR LZI TET1P ,1(SP) Procedure descript ors are used by the storage
H R R I  TE IIP ,2(SP) all ocation system , the interpretive caller , BAIL,
ADO 57, TXWO 2* str i ng l o c a l s , 2e s t r i ng  locals )  and various other parts of Sa l. They are not
C A l L  SP ,O ;chec k for pd l ov put out for SIMPLE procedures. The entries are
<cause pdl ov error , shown as they are at the present time. No
SETZM — l ITEIIP) pr omise is made that they will not be different
BLI TE M P , (SP) ;zero out s t r ing  loca ls  t omorEow. If you do not understand this page,
HR RZI rF ,— i oca l s - ~ (P) do not worry too much about it.

The BLT of zeros is rep laced by repeated -I link for pd list

pushes of zero if there are onl y a few locals. 0 entry address
A gain, the loop is replaced by a simple push it I wo rd i of string for proc name
tne procedure is declared in the c’uter block. 2. wo rd 2 of string for proc name

3 type info for proced ur. ,,s pr ovt defaults
ACTIONS AT THE EPILOGUE FOR NON—SIMPLE 4 e string param e*2 ,,s ari th params. I
PROCEDURES 5 ss displ,, . as disp l

6 lexic lev ,,’.4local var info
1. f returning a value , se t it into 1 or 7: display leve l ,,-....proc par am stuf f

onto ri ght spot in the string to pda ,,O
stack . II pcr ’ at end of n ksemt ,,pare nt ’e pda

12. pcnt at prdec ,,lec for j rst ex i t
2. Do any deallocat ions that need to be 13: type info for first argu ment ,,O (or ...,def suIt value )

made.
type info for last argu ment ,,O (Or *‘ .dsfauit vai ue)

4. Restore r F. iv byte (4)type (9)I exic a l-Ievel( 23) loc at ion

5. Roll back stack.

162
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The type codes in the lvi (local variable info) REFERENCES
block are as follows:

type • 0 end of procedure area
type • I arith array BBNEXEC Bolt Beranelc and r~c~.v r ran ,

type • 2 string srr ey TENEX Executive Manual ,
type • 3 set or list Cambridge, Massachusetts ,
type — 4 set or list array April 1973.
type • 5 foreach sea r ’ h control block
type • 6 list of all processes dependent on Feldman J.A. Feldman and P.D. Ro’iner ,

this block. An Algol- Based Assoc ia~,ve
type • 7 conte xt Language , CACM 12, 8 (August
type • >0 e cleanup to be executed 1969), 439 449.

• II record poi nte r
type • >2 record pointer array J.A. Feldman, JR. Low , D.C.
type • >7 block bounda ry. Location gives base Swinehart , and RH. Tay lor ,

location of parent , block’ s information. Recent Developments in S~~L,
AFIPS FJCC 1972, 1193-1202.

local variable info for each block is organized
as . Frost M. Frost , UUO Manual (Second

Edition), Stanford A r t : f . c i a ,
info for va r Intelli gence Laboratory

Operat ing Note 55.4 (Jul y
info f o r var 1975).
1 7,tev ,loc of parent block bbw

Harvey B. Harvey (M. Fr ost , ed) ,
Monitor Comm and Mar .~ai ,
Stanford Art i f ic ial  Intell ;gence
Laboratory Operating Note 54.5
(January 1976).

JSYS Bolt , Beranek , and Newman ,
TENEX JSYS Manual , Cambridge ,
Massachusetts , September
1973.

vanLehn K. vanLehn, SAIL, SAILON 57.3,
(June 1973).

MonCom [Harvey], [BBNEXEC], [OSCMA]

Nauer P. Nauer (ed.), Revised Report
on th e A l gorithmic Language
ALGOL-6O, CACM 6 (1963) 1-
17.

OSCMA decsys tem lO Operati np, S,~~t e m
Commands Manual DEC- 0-
OSC&IA-A-O, Dig ital Ec ,..:pr~en:
Corporation, M~ yr.ar d,
Massachusetts , May 1 974.

Petit P. Petit (R. Finkel , ed.). RAI D
Manual , SAILON 58.2, (March
1975).
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Sail Addendum New Features

SECTION 1

New Features

This section describes changes and additions to Sail since the August 1976 manual , A IM—289.

- I)ouble Precision

Double precision floating-point arithmetic is available. Use the <type _qualifier> LONG in
declarations. For example ,

LONG REAL X, Y , 7.;
LONG REAL ARRAY XA[O:N);

Cu rrent ly LONG has meaning on ly when it appears as part of LONC REAL. (At some future time
LONG INTE CERs may also exist. )

The runtime routines LR EAL IN and LREALSC AN operate the same as REAL IN and REALSCAN ,
except for returning LONG REAL values. The routine CVEL takes a LONG REAL value and
returns a str ing representation like that of CVE , except that “ @@“ is used to signi fy LONG when
delimiting the exponent. An y of “0 ” , “ @0” , “ E” , or “ D” are accepta ble exponent delimiters to
L RF .AE. IN and LREALSCAN.

Va r iables which are declared LONG REAL are represented in Kllø hardware format double
precis ion , ta ke two consecutive words of stora ge , and provide 62 bits of precision (approximately
18 decim al dig its ) to represent t he fract ion part of a floating -point number. Regular REAL
varia bles occup y a single word and have 27 bits (8 decimal digits ) of prec ision. The exponent
range of both REAL and LONC REAL va riables is from -128 to 12’? , where 2t127 is approximately
18138.

[ .ONC REAL is a dominant type in arithme tic operations +-*/X1’ MAX MIN and ari thmetic
re lation al s <>~~~<). If one operand is LONC REAL then both operands will be converted to
LONG REAL (if necessary ) before performing the operation. An exponentiati on involving a LONG
REAL raked to a positive inte ger constant is an except ion to this rule. The type coerc ion path is
linear: S1’RINC IN~IECER -‘ REAL ‘. LONG REAL. Con version from REAL to LONG REAL is
per formed by assi g ning the (only ) word of the REAL to the most si g ni ficant word of the LONG
REAL and setting the second (least significant ) word of the LONG REAL to zero. Conversion I

:

from LONG REAL to REAL is by IJ LJO which rounds.

Ar i thmet ic and assi gnm ent operations are compiled into DEAD , DFSB , DUMP, DFDV , DMOVE ,
[)MOVIM instructions. The Sail operation s AS II , LSH , RO’l’ , LAND , b R , EQV , XOR are 
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p(. r1orn~~d on both words (ASII C , LSIIC , ROTC , 2 ANUs , 2 lORs , etc.). LOCATION of a LONG
R F A L  va ria b le gi~~ an address 1. such that DJ’vl OV E AC ,E fetches the appropriate wor ds of
memory . When passed by value as an actual parameter to a procedure , both words are placed on
t he F’ s t a rk :  l’(.lSIl P,X PIISII P,X +1 . LONC REAL fields in record classes are handled much
like SIRIN G fu lds , except that the address in the record field points to the f irst word of a 2—
wor d block ( rather than to the second word as in the case with STRINGs).

L ONG RI A l. A R R A Y s  are stored as contiguous blocks of 2-word values. A R R F R A N  done on two
LONG RF.AL ar ray s is a tr anspar e nt operation , but for A RRY IN, A R R Y O L IT, or A RR~ LT the
actu a l  wor d count is sp(’c iIi€d; think about wh ether you should multiply by 2! At  runtime the
arr ay des c rt pt or  for a LONG A R R A Y  has bit 12 (4 @ ,,B bi t)  set in MIJLT(n), the multiplier for the
last dimension (which would otherwise be ~1). Similarly, a LONG A R R A Y  is allocated by setting
hit 12 (40 ,,8) hit in t he parameter which spec ifies the number of dimensions to ARMAK.

Ritnignie support for l E A P  ite ms wi th LONC REAL datums does not yet exist , although the
compi ler doe~. p.c ’ ne rat e suita ble code . Runt ime support for double precision exponentiat ion is also
limited For the moment. Any e’~ponent iat ion Xt K where K is a positive integer constant is
compi led inline using the binary (“Russian peasant ”) method , regardless of the type of X. Other
ex ponent~ati on s involving LONG REALs are merely translated into procedure calls on

l ONG R IAL .  PROCF.[) IIRE [)POW (INT ECER EXPONENT; LONG REAL BASE) ;
LONG REAL PROCEDURE DLOCS (LONG REAL EXPONEN~I~, BASE) ;

depending on the type of the exponent. The Sail runtime system does not yet contain such
proce dures , so you wi ll have to roll your own.

1.2 - Ikclara i ions and Scope

Sail declarat ions must occur before usc’ . For example , in t he following program the argument to
PRINT is interpreted as the K on line 2, even though by the A LCOL6Ø notion of scope it should
be interp reted as the K on line S.

~ (ll~ “1 00”
I N IF C F R K; COMMFNF this is line 2;

Ft  GIN “R UK”
PRC)CF i)URE BAR; BEGIN PRINT(K) END;
INT FC.FR K; COMMF.NI~ this is line 5;

c (a (e men ts )
F.NU “RUB”

END “100” 
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1.3 - Two-character Operators

The comp iler now recognizes “**“ for “1” , “ : “ for “i- ”
, 
“<i” for “C ’, and “>~~~

“ for “ a” .

1.4 — Requires

REQUIRE OVERLAP _ OK; will suppress the message which occurs at initialization when two
programs have declared items.

RE QUIRE VF ;RIUY DA’rUMS; causes the compiler to generate three addit ional instructions for
eac h [)ATUM reference , to ma ke sure (dy namicall y , at run time ) t hat the type oF the item in the
DA ’ l l l M constru c t is the same as the comp iler expected. Th is is similar to (the untmphmented
e ffect of ) declaring all itemvar s CHECKED. It is planned that VERIFY _ DATUMS will soon be a
bit in the IA switch and that the corr esponding REQUIRE will disappear.

REQUIRE PROCESSES; insures that MAINPR , the main process , is initialized. You need not
specify this REQUIRE if you use APPLY or SPROUT, but if the only use of processes is via
INTSET then you must REQUIRE PROCESSES;.

i.s CASE statement .

In an expl ici t ly numbered CASE statem ent the word ELSE can appear where a bracke ted case
num ber is normall y used. The statement follo wing the ELSE is a catch—all for any case number
not ment ioned , including anything which would otherwise generate a CASE index error. For
ex amp le ,

CASE K OF BEGIN [3] Jc-3; ELSE J4~4; [5) J~-S END

is another way of accomplishing

IF K~3 1’IIEN J’- 3
ELSE IF K rS ‘I HEN J~ S
ELSE J ’4

A CASE statement containing an ELSE case does not generate a call to the CSERR runt ime
routine , and in addition the jump table usually contains only max _c ase — min ...cas e .1 words (rather
than max .. case 41).
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l b  - Circular R ECORD_CLASScs

~Io defin e Iwo record classes , both of which conta in RECORD _ POINTER fields refering to the
ot her class , say

FORWARL ) RECORL) CLASS BAR (RECORD _POINTER (ANY _CLASS) Q2);
RFCORI) CLASS FOO (RECORD _ POIN’I’ER ( BAR ) Qi);
RF.CORft .Cl.ASS BAR (RECORD _ POINTER (FOO) Q2);

In general , declare one class to be FORWARD and list its RECORD _POINTER fields as pointers
to AN Y . CLASS. l’his breaks the circularit y and allows maximum compile - time type checking.

i.’,,. I
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SECTION 2

1)ocumentat ion Errors

This is a list of known hugs in th e August 1976 Sail manual , A IM—289 .

PAGE DESCRIPTION
absir. “vata iahle s ” is a misspelling tiE R 10—22— 76]

iiiL no period after LEAP (line 6 oF paragraph ) [LES 10—22—7 6]

162L “ i.e ” in t he line “ 2. Recursive entry ” t iER 10-23—76]

I R °Nauer ” for “ Naur ” (a lso References ) . . ‘ R  11—2—76 ]

22L ,2(L “disjunct ” -‘ “ conjunct ” [JMC 11-12-76]

31!. line —9 “its ” —‘ “it ’s” [JMC 11—12—76]

162R The word P[)A+ ’13 contains som ething other than indicated.
The parameter descriptor words actually start at PDA+ ’14 ,
hut the way to find them is to foll ow the pointer in
th e ri g ht half of PDAa ’l. t iER 12-9— 16]

9L Anoth er restr ict ion on SIMP LE procedures: They should not do
up level addressin g themselves (in addition to point 4.) unless
t he user really understands what is going on with the stack.
It is possible to “ screw up ” wit hout complaints from the compi ler.
SIMPLE ought to mean “ I know what I am doing, so let me do it. ” .
[JF K/DON 12-xx -761

S6L CRL F ” (’ lS & ‘12)” , not ‘12 & ‘15 ti ER 1-15-77]

IOR It should be made c lear that LE1’ A B ;  works even if
A is a reser ved word. In particular , LE’l’ DEFINE REDEFINE;
Also note th at B can be any reserved
word except COMMEN’I’ . [COMMEN I~ ALWAYS means “ ignore through
t he next semicolon ” .]

4R PO1.LING ...POINTS is not a valid <require _spec S ’ [W FW 1-21-7’?)

SOR In FILEINFO , hidat e2 occupie s 3 bits [JFR 2-3-77)

IS2L CFINCDB and FILEINFO are defined everywhere except TENEX. [JFR 2-3-77)

-
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INDEX ANY, in Binding Boolean 91
ANY, in Derived Sets 92
ANY, in Erase statement 91
ANY, in Foreach 94
APPLY 115
<appl y_const ruct> 114

A (AND) 26 ARC_LIST 114
— (NOT) 26 <arg_ Ii st _spec ifier> 114

~ in substrings 28 ARCS 144
~~~ , in list REMOVEs 90 Array element designation 128
n (INTERSECTION) 99 <array_ declaration> 3
u (UNION) ~9 <array_ list> 3
v (OR) 26 <array_ type > 83
!!GO 146 Arrays , allocation 10
!!GSTEP 146 Arrays , as parameters 7
!!STEP 146 Arrays , declaration 6
% (integer or real divisi on) 27 Arrays , init ial izati on and reinitia l ization 10
& (CONCATENATION), of strings 27 Arrays , outer block 5, 7
&, of lists 99 Arrays , OWN 6
-
‘ 

of sets 99 Arrays , PRELOADed 7
/ (real division) 27 Arrays , SAFE declaration 6
<>~~~~~—~~ (RELATIONS) 26 Arrays , storage convention 7
~~, Foreach itemvars 93 AR RBLT 51
?, in ~inding Booleans 91 ARRCLR 51
?, Matching procedure forma ls 95 ARRJNFO 50

ARRTRAN 51
n (intersection) 97 ARRYIN 41, 69

ARRYCUT 41, 69
u (union) 97 ASCII 150

ASH 27
i (EQV) 150 ASIN 51

AS KNTC 113, 126
_ERRJ _ 140 ASND 71
_ERRP _ 139 ASSIGN 114
_SKIP_ 27 , 33, 43, 44, 48, 50, 70, 71, 72, 73, <assi gn _statement> 114

74, 75, 76, 79, 81, 149 ASSIGNC 62
<assi gnc> 56

SCLASS 66 assignment expressions 25
SRECS 66 Assi gnment statement , semantics 15
S R ECFN 66 <ass ignmen t _expre ssion> 22
SRECGC 66 <assi gnment _statement> 14
SSPCAR 67 ASSOC 150

ASSOC IATIONS 86
ABS 28 Associations, ERASE 90
ACCESS 33 Associations , implementati on 87
ACOS 51 Associations , introduction 83
ADJSP 134 Associations , MAKE 90
AFTER 88, 89 Associations , searching for 91
al gebraic variables 6 associative booleans 100
<al gebraic _expression> 22 associative context 93
ALL 88, 90 Associative search 91
a l location of variables and arrays 10 Associative search , controling hash 91
AND 26 , 88, 150 associative search , relative speeds 95
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