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The PDP- 1l,’20 is both host and target computer for the Loll language and
compiler. It is operated in a single—user, hands—on environment. Loll
is the system implementation language among a planned family of
lan guages (NID11 , HIll) and a single—user operating system, collectively
called the Evelyn system. The LOll compiler and the operating system
h ave been implemented, but the other compilers have not.

Currently, LOll is implemented as a single—pass, recursive descent
compiler. However, the design of the language and the design of some
aspects of the operating system reflect our intent to tiplement the
Evelyn compilers using multiple—pass techniques based on an LR(l)
parser.

n~~ a~
_
~~ci ~~~~~

L o l l  is a member of the RPLW class of languages, based on the ideas
introd uced in Wirth ’s PL360 (6], and including BLISS (7], C (3], P L I 1
(5], and LIL (2). The language facilities for modular construction of
programs , and for  control of the  sequence of execution, are high—level

• -— comparable to those of algebraic langu ages. The language facilities
for data access are low— level —— approximatel y 1:1 with the hardwar e
instructions of the target computer, comparable to an assembler.

Inclu ded in the modular facilities are the declarations of modules,
procedures, and data, and access restriction statements and compile—tile
definitions. The modular facilities only indicate the existence of data
declarations; the details of data declara tions are included in the data
facilities.

Included in the sequencing facilities are conditional statements (IF,
T HEN, ELSE, CASE) , procedure calls and loop control (CALL, R EPEAT ,
RETURN) , and assignments.

Included in the data facilities are the details of data declarations,
t he  P D P — l 1  i n s t ruc t ion  set, PDP—ll addressing mod es and register usage,
etc.

~~~~~ •~~~~~~~~~~~~~~~~~~~~~~ _~~_1•._ •.
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The modular, sequencing, and data facilities of Loll are described by 3
separ ate subgra.mars , whose union forms the complete grammar  of Loll .
The subgram ma rs are nearly disjoint; each pair of subgramaars shares
only a few non—terminal symbols.

The modular and seq uencing subgr am aars  may be included in the complete
g rammars of other Evelyn lanquages, but the data subgraamar is unique to
the low— level data access of Loll.

B

The grammar defines a mapping frDm Loll source statements to parse
trees. Parse trees are mapped onto abstract syntax trees, which carry
structura l information to the code generators. P~ny change in the
grammar would result in a change in the parse trees. We define
syntactic sugar changes to be those changes in the source language which
can be made not to cause changes in the abstract syntax trees.

We consider the Loll language to be describable by any grammar which
d i f f e r s  at most in its syntac t ic  sugar f rom the  g r a m m a r  presented
below. In practical t e rms , we ha ve freed ourselves from concern over
minor stylistic issues, without significantly increasing the burden on
the compiler implesentor.

_ _ _ _ _ _ _ _  
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$ Subgramm a r of the modular  faci l i ty

Program = Nodule  +
Mod ule =

Nodule _ n a m e  ‘ :

‘MODIJLE ’ ‘;‘
Module_ bod y_ element +

‘END’ ‘;‘
M odule_name = ‘Identifier ’ ;
N odu le_ body _ e lement

ACCESS_statement
I CONSTANT _statement
SPECIFY_ statemen t
DECLAR E_ statemen t
Procedure

ACCES S_statement =
‘ACCESS’ Accessed_ names ‘ONLY’ ‘FROM ’ Scop es ‘;‘ ;

Acc~~sed_ names Accessed_ na me ( ‘, ‘ Accessed _name ) *
Accessed _ nam e = ‘Identifier ’ ;
Scopes Scope ( ‘, ‘ Scope ) * ; H
Scope = Entry _name ( • (‘ Path ‘THROUGH’ Path ‘) ‘ ) ;
Entry _ nam e ‘Identifier ’ ;
Path = Direct ion Distanc e ‘DISTANT’ ;
D irec tion ‘CALLEES ’ J ‘CALLERS ’ ;
Distance Co nstant_expression I ‘ARBITRARILY’ ;
C0NSTANT_ statem~ nt‘CONSTANT’ Name_Of_cons tan t ‘= • Constant_expression ‘;‘ ;
Name_ of _constant = ‘Identifier ’
Constant_ expression = Const_ numeric_expression

Const_ binary _ logic_ op Const_ numeric_ expr ession ) *
Const_ nu m er ic_ exprøssion

Const_ term ( Const_ binary _add _ op Const _ term ) *
Const_ term

Const_ factor ( Const_ binary_ mul t_ op Const_ factor ) * ;
Const _ f ac to r = Const _ priwary I Const_ unar y_ op Const_ factor
Const _ p r i m a r y  = Value I ‘ (‘ Constant_expression ‘)  ‘ ;
Const_binary_ logic_ op = ‘6 ’ I ‘I’ ;
Const_binary_ add _op ‘ 4 ’ I ‘—
Const_ binary m’ilt_ op ‘4 ,  I ‘ /‘  I ‘/ / ‘
Const_ unary _op = •- ‘ ‘ I — ‘
SPECIFY_statement = ‘SPECIFY’ Speciticatiort ‘ ;‘
DECLARE _statem~nt = ‘DECLARE’ Declaration ‘ ;‘
Procedure =

Entry_ name ‘ : ‘

‘PROCEDURE ’ ( Forma l _ i n p u t s  ) C I ‘ R E T U R N S ’  Forma l_ o u t p u t s  ) ‘;‘
CONSTAN T _ s ta temen t  SPEC IFY _ s tat emen t I DECLARE _statemen t ) *

- Local _procedure *
Sta tement  •

‘END’ ‘ ;‘
Formal _ inputs = Formal _ parameters
Form al_ outputs = Forma l _ par a me ters ;
Formal _pa rame ters = ‘C ’ Formal _ nam e C ‘ , ‘ Formal_ name ) * ‘ )‘

Formal_ name = ‘Identifier ’
Local_ procedure =

Entry _ nam e ‘ : ‘

‘PR ~ CED rJRE’ ‘ ;‘
+ 

~~•~~ -~~~~~~~~~—~~~~~~~ • Ilha.r •~•~



$ Su bgra mm ar  of the sequencing fac i l i ty

Sta tement  = IF_ s ta tement  I Simple_ sta tement ;
IF_ statemen t =

‘IF’ Loqical_ expressior
‘T H E N ’  Simple_ s ta tement
( I ‘ELSE’ Statement ) ;

Logical_ expression = Logical_term ( ‘OR’ Logical_ term ) * ;
Logical _ term = Logical_ factor ( ‘AND’ Logical_factor ) *
Logical_factor = ‘NOT ’ * ( Test I ‘(‘ Logical_expression ‘) ‘  ) ;
Simpl e_statement

= Assignment_ statement
I Grou p
I CAL L_sta tement
I REPEAT_statement

RETURN _statement
I Empty_ s ta tem ent

Assig nmen t_statement = Assignment ‘; ;
G roup

( Label ‘:‘ )
‘DO’ ‘;‘

Statement +

‘END’ ‘ ;‘

I C I Label ‘:‘ )
‘DO ’ ‘CA SE ’  D a t u m  ‘;‘

( ‘CASE’ Constants ‘:‘ Statement ) +

‘E N D ’  ‘ ;‘

Label = ‘Id en t i f ie r ’ ;
COnst ants

= Constant_expiession ( ‘ , ‘ Constant _ expression ) *

I ‘DEFA ULT ’

CALL _ statenent  =
‘CALL’

Entry_ name ( I Actua l_ inputs
C I ‘RETURNS’ Actual_outputs ) ‘;‘

Actua l _ inputs  = Actual _ parameters  ;
Ac tual_outputs = Actual_ para me ter s
Ac tual_pa rame ters = ‘( ‘  Actual _ parameter ( ‘, ‘ Actual_parameter ) * ‘ ) ‘ ; I
Actua l_pa rame te r  = I Passed_ pa ramete r ;
REP EAT _statement = ‘R E P E A T ’  ( I ‘Id e n t i f i e r ’ ) ‘;‘ ;
RETURN _ s ta temen t = ‘ R E T U R N ’  ( I ‘ FROM ’ ‘I d e n t i f i e r’ ) ‘;‘ ;
Empty _ statement = ‘ ;‘ ;

6
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$ Subgramaa r of the data facil i ty

S pecifica tion
= ( I Da ta _ name ) ‘( ‘ Size •

Data_ n a m e  ‘( ‘ Specification ( ‘, ‘ Specification ) * ‘1’
Declaration

= C I Data_name ) ‘[‘ Size ‘ ] ‘  C I Initialization )
Data _ name  ‘( ‘  Declaration C ‘, ‘ Declaration ) * IJ I

Data _ n a m e  = ‘Identifier ’ ;
S ize = Constant_ expression ;
Ini t ia l ization = ‘<— ‘ Cons tan t _expression ;
Passe d_pa rameter  = Da tum ;
Ass ignment  = Expression ;
Ex pression

= Pref ix  P recision Datum
I Term
I Expression Infix Precision Term

Prefix = ‘-‘ 1 ‘-i ’r I n f i x  ‘<— I ‘
~~~~

‘ I ‘— ‘ I ‘ I ’  I ‘&-“ 
~ 

‘~~~ ‘ I ‘I’ I ‘/1 ’  I ‘\ ‘ I ‘\\‘
I ‘<<‘ I ‘<<< ‘ I ‘>>‘ I .>> > ‘

Precision = I ‘W ’ I ‘B’ ;
Term = Da tum I ‘ ( ‘ Expression ‘) ‘
Datum

= Register
I ‘~~~+‘ Reg ister
I ‘—th’ Register
I ‘

~~~‘ ‘ ( Regis ter  Value ‘) ‘
‘~~~‘ Register

I ‘~a+’ Register‘~~~~~~~‘ Register
I ~~th’ ‘(‘ Register Value ‘ ) ‘

I V a l u e
I ‘~~~ ‘ Value
I ‘~~th’ Value
I ‘NEGATIVE ’
I ‘ZER O’
I ‘ O V E R F L O W ’

‘CARRY ’

Register = ‘H ’  ‘. ‘ Value ;
Value  = Numer ic_ constant I Qualified _ nam e
N umeric_constant

= ‘Constant’
I Compil e_ time_ function_ name

‘ (‘ Con stant_expression ( ‘ , ‘ Constant_expr ession ) *

Compi le_ t ime _ f u n c t i o n _ n a m e  = ‘Identifier ’ ;
Qualified _name = t d e n t i f ie r ’ ( ‘.‘ Tdentifipr ) *
Test

= Comparand Felation Signed precision Coaparand
D a t u m  ‘F ’  Precision Datum R e l a t i o n  D a t u m

Compa rand Datum I ‘LAST _ RESULT ’
Rela t ion ‘

~~~~ I ‘ ‘ ‘ I < ‘ I ‘ < ‘  I ‘ >‘  I ‘>‘
S igned = I ‘9 ’

7
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There is a s imple  compiler control  language  by which a user can name the
fi les of Lol l  source cod e which mus t  be compiled (in the order the! were
named ) to create a n y  par t i cu la r  program.  The compiler control language
is not descr ibed in th i s  paper.

Transla tion of a LOll program, from source code to start of execution,
is accomplished by a compila tion ste p and a loading step. There is no
l inking step for separate ly  compi led modules. Conceptua l ly ,  each
recom pilation of a Loll program is a compilation of the entire prog ram.
External to the Loll language, there is an optimization mechanism
embedded in the LOl l compiler, the Evelyn text editor, and the Evelyn
operating system which permits the compiler to perform a partial
recom pila ti&n of only  those source files whic h have been changed since
the  last preceding pa r t i a l recompilat ion . Our exist ing single—pass
compiler  ca nn ot tak e a d v a n t a g e  of the o p t i m i z a t i o n  mechanism , but  the
multiple— pass compile r w i l l  be able to.

Each module (a linguistic entity) is stored in a separate file (an
operating system entity).

Access restriction statements are described in a separate section of
th i s  report .

Constant expressions are evaluated at compile time. Subsequently during
compilation , the name of a constant may be used in any context in which
the constant itself could be used.

Data must be specified or declared preceding its first use. Procedur es
should be declared preceding their first use, alt hough the compiler does
permit a few exceptions. The exceptions should be restricted to those
procedures which are recursive. Execution begins at the last compiled
p rocedure.

Constants , da ta specif icat ions  and dec lara t ions, and procedure
decla rations are local if they appear within the declaration of som e
pr ocedure ; o the rwise  t h e y  are qiobal .  Local proc edures , or
subrout ines, are parameterless and cannot, contain any declarations.

G loba l declared variables are allocated fixed storage. Local decla red
variables and parameters to procedure s are allocated storage on the
stack. Specified variables are not allocated sto rage at compile
time, but the sp~ cifications are used in the implementation of access
algor i thms.  i lobal declared var iab les  can be ini t ia l ized at compile
time.

There is a clear d i s t inc t ion  between i n p u t  and output parameters to a
procedure. Within the body of the procedure , all parameters may be
used in exac t ly  the same manner as local variables. The difference is
t h a t  f o r m a l  i n p u t  pa ramete r s  are initiali zed to their actual input
values during the invocation of the procedure, and the contents of
forma l output parameters are copied to their actual output variables
during the return from the procedure.

8

~
__

~A~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~_



• r~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -~~~ -~~—

Case statements are implemented such that  the case values must be
small  non—negat ive  integers.

Program blocks are procedure bodies or group statements (DO, DO CAS E).
Repea t and return statements cause execution to go to the beginning or
the end of program blocks. The identifier in a repeat or return
statement mus t name the label of a program block which statically

• encloses the repeat or re turn  statem~ it .  In the absence of an
ident i f ier, the  innermost  enclosing program block is repeated or
returned from.

_~~~~~~~~~~~~ _ f.~~i1iti
Each procedur e pa ramete r  consists of exac t ly  one 2—byte  word.

Specified or declared data is typeless. On ly the size (in bytes) is
desig nated. Access to the various fields of structured dat~ is
described by using quali f ied na mes.

Expression evaluation is performed from left to right, with no hier-
archy except tha t imposed by parentkiesization . The leftmost datum in
an ex pression, or in a parenthesized subexpression , acts as the
destination operand of every operation execut*~d during ex pression
evaluation. Examples:

J&1i_ __ _ _ _ _ _ _  _ _ _ _  LQfl _~9~ili~~flt __ ____

~ Yl + 5; V i := V i + 5;
th V i  + ~ V2 + 5; ~ Vi + ~ V2; ~ Vi + • ; V i  : Vi + V2 + 5;

W ord or b yte precision may be designa ted ex plici tly for each operation,
• or de fau l t precision may be used. If the  leftmos t operand is of size =

1 byte , then byte  precision is the de fau l t .  In all other  cases , word
p recision is the defau l t .

Ill_k 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~ ~~~ _ _ _ _ _
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The following table shows the Lol l operators, and the set of PDP—i1/20
instr uctions which are used to implement  the operators. The exact
PDP—li/20 instruc tion used depend s on the value of the operand to the
r igh t  of the operator , an d depen ds on the precision.

Q~~ &~~~ L

p r e f i x  - NEG
Co~i n f i x  <— MOV ,CLR

+ A DD , ADC , INC
- SUB ,SBC ,DEC
I BIS

SIC
* macro : multiply in Extended Arithmet ic Element (EAE)

periphera l hard ware
/ macro : divide in EAE , retain qu otient
// macro: divide in EAE, retain remainder

macro : reverse divide in EAE , retain quotient
macro : reverse divide in EAE , retain remainder
multip le ALSF <<< multiple ROL

>> multiple ARS
>>> multiple POP

As an aside, the left operand was chosen to be the destination ra ther
than the right op~ rand , only so that the “— “  operator would be
intui tive.

The following table shows datum synta x and the usual PDP-l1/2 0
addressing mode. In some context—dependent special cases , the
compile r’s optimizers will change the addressing mode or the
instruction. “a~” means “contents of”.

Register Register
‘ê+’ Regist er Autoincr ement
‘—a’ Register Auto decrement
‘
~~~~

‘ ‘ C ’  Reg ister Valu e ‘)‘ Indexed
‘d’ Registe r Register deferred
‘~~W+’ Reg ister A utoincrement deferred
‘—fl’ Register Autodecrement deferred
‘~~~~~~‘ ‘ (‘ Register Value ‘) ‘ Inde xed deferred
Value Immediate
‘~~~~‘ Value Absolute (for global variables) , or

Indexed by the stack register (for
parameters and local variables)

‘di ’ Value Relative deferred (for globa l variable s) ,
or Indexed by the stack register
deferred (for parameters and local
varia bles)

‘NEGATIVE ’,’ZERO’ ,’OVE~ FLOW ’,’CAR !’ Condition code bits

In  a formal  sense, a register is identified by its numeric value. But
in prac tice, a named con5t~ fl~ is used for the value of the register , so
the register can be identified by the funct ional role for which it is
u~ ed. Exampl e :

DECLARE BUFFER (72);
CONSTANT CTIRSOR = 3;
P.CURSOR <~ BtJP P’ER ; 
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If an express ion consists of a single ter m of constant value, tha t
constant value is compiled in line with the surrounding code. This
provides a me chanism for implementing some PDP—ii/20 instructions
(HALT. RESET. WAIT , RTI, BPT) w hich most ea sily are descr ibed as name d
constants. It also provides an escape mechanism for generating code not
otherwise describable in Loll. For example, the code implementing the
Loll compiler contains (exactly) one GO TO wh ich violates the nesting
rules of prog ram blocks.

If an expression consists of a single varia ble term , that variable is
accessed with a PDP—1l/20 TST or TSTB instruc tion.

All compile—time values are constant. A quoted constant ‘Constant’ is a
constant recognized by the compiler ’s scan mechanism. A ‘Constant’ may
be:

an unsigned decima l integer in the interva l 0 <= integer <= 32767
‘I’ follow ed by an unsig n ed octal integer in the interva l

*0 <= integer <~ *177777
‘%‘ followed by an unsigned binary integer in the interval

%0 <= integer <= %1 111111111111111
a quoted string of 0, 1, or 2 characters, delimited by ““ or by ‘‘

(longer quoted strings may be used on ly for initializing global
declared data)

The compi ler has the built—in compile—time fu nctions:
S lzECQualifie d_ name ) Value = size (in bytes) of specified

or declared data.
END_LOC (Qualified _ nanie) Value 1st b c . after end of

specified or global declared data.
All specified data is assumed to
start at b c. 0.

BITS (Constant _ expression) Value bit count of a mask for the
binary representation of the
value of the expression-

COWST_ VALUE (constant _ expression) Value = value of the expression.
P e r m it s  a cons tan t  expression to bo
used as a single numeric constant,
w i t h o u t  h a v i n g  to assign a n a m e  to
the expression using a constant
sta temen t.

Unrnodified re lations are determined between 1~ -bit signed compa rands.
Relations modified by ‘U’ are determined between 16—bit unsigned
compa rands.

The compa rand LAST_ RESULT utilizes the PDP—ll/20 condition codes which
were set as a side effect of a previously execute d instruction. If
LAST_ RESULT is used as a comparan d , the other comparand must be a
(constant) value = 0.

A test described by
Datum ‘&‘ Precision Datum Relation Datum

is a compar i son  of bits , i~~p I.emen ted by th e p~ p— 1 1/20 BIT or BITH
i n s t r uct ion . The 3rd datum described above must be a (constant)
value 0.

ii
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In order that the side effects of any stated computation can be under-
stood completely, Lol l clearly grants authority for controlling the
t arget computer.

Th~ PDP— 1 l/20 hardware interrupt mechanism , and the high—leve l compiled
code (CALL, REPEAT, RETURN, IF, THEN, ELSE, CASE) can change the run—
time contents of the stack register (R.6) and the program counter (R.7).
The user ’s program cannot change the contents of these registers by
explicit assignment sta tements.

The user’s assignment statements can change the run—time contents of the
other registers (P.O to P.5) and the declared variables. The high— level
compiled code does not change these, except that formal output
parameters are copied into actual output parameters during the return
f r o m  a procedure.

Partly for these reasons, Loll does not include:
hierarchical eva luation of expressions
automatic loop control statements (FOR , WHILE, UNTIL)
subscripted variables
I/O statements
memory management statements

In most compu ter environment s, user programs request “system ” or
“monitor” services by executing hardware trap instructions. Any

• additiona l pa rameters for the tra p instructions are passed on the
stack. Lol l forbids the user to expand or contract the stack by
explicit assignment statements, thereby precluding effective use ot the
tra p instructions. In our single—user , hands—on environment , there is
no need for hardware protection against the actions of user programs.
Since each compilation is (in principle) a total compilation, there is
no need to distinguish “system” procedure s from “user ” procedures.
Syste m services are requested by conventional procedure calls.

• Access res t r ic t ion  s ta tements  g ran t  to specific procedures the use of
the names of global data , global named constants, or global procedures.
This is the protectio n mechanism which Loll substitutes for the nesting
facilities commonly found in high—level languages. Access to the name
of declared data (for example) may be granted to the procedures whose
entry names appear in the scope of the access restriction statement.

If a path also appears, access also may he granted to the callers or
callees of the name d proced u re. The designated distance is a count of
the number of calls of calls of procedures , leading to or from the
named procedure.

Unres t r ic ted  access is permitted to global data , global named constants,
a n d  g loba l  procedures  whose names do not appear  in access restr ict ion
statements.

A ccess res t r ic t ion  s t a t emen t s  hav e not been imple mented in the single—
pass Loll compiler.

12
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FOUR_ FUNCT ION _ INFIX _ CALCULATOR _Op_OCT AL_ INT EGERS:
MODULE ;

$T his module is a com plete, self-contained program which emulates the
$o perat ion of a f o u r — f u n c t i o n  calculator .  The principal operational
$characteristics of this program are:
$1. Integ er I/O is in oc tal.
$2. I/O is per formed  on a TTY.
$3. Expressions are evalua ted from left to right with no hierarchy,
$ using in f ix operators and ending  wi th  ~~~~~~

$This prog ram accepts on ly  the keys:
$ the  digits 0 to 7

$ C mean ing  cancel this  computat ion

$Names for PDP—ll hardware constants
CONSTANT BYTE = 1;
CONSTANT WOR D = 2;

$T OP_ 0F T HE _ STA CK mus t  be the  f i r s t  declarat ion of the program.
$Dur ing  i n i t i a l i z a t i o n, the stack is made  to extend downward  in
$m em ory  f rom TOP _OF _ THE _ STACK.
DECLARE TOP_OF_THE_STACK (0);

$Type out 1 character to the TTY , synchronous I/O
ITY _OUT:

PROCEDURE (CHAR) ;
$Unibus addresses of TTY output registers
CO NSTANT ‘TT!_Ot!T_ CSR = *17756U;
CONSTANT TTY_OUT5 DATA = TTY OUT_CSR + WORD;
Sid le unti l the TTY has finished any prev ious typing
IF ~ TTY_OUT_CSR >=B 0 THEN REPEAT ;

~ TTY_0UT_ DA~ A <— th CHAR ;
EN D;

T YPE _ OUT CR_LF:
PROCEDURE;

CONSTAN T ASCII_ CAR _ RET = # 15;
CONSTANT ASCII_ LINE _ FEED = # 12 ;
CALL TTY OUT(ASCII_ CAR _ RET) ;
CALL TTY_ OUT(ASCII_ t.INE FEED)

END;

13
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$Read and echo 1 charac ter typed in f r o m  the  TTY , synchronous I/O
TTY _IN:

PROCEDUR E RETURNS (CHAR) ;
$Un ibus addresses of TTY i n p u t  register.s

• CONSTANT TTY _ IN _ CSR = $177560;
CONSTANT TTY_ IN_DATA = TTY_IN _ CSR + WORD ;
$Nask for the complement of a 7—bit ASCII character
CONSTAN T ASCII_ MASK _CO MPLEMENT = *177600;
SId le un t i l  a character  has been typed in
IF ~ TTY _ IN _CSR >=B 0 THEN REPEAT;
~ CHAR <— ~ TTY _ IN DAT A &-‘ ASCII_ MASK _ COMPLEMENT;
$Echo the character
CALL TT Y _ OU T ( ~ CHA R ) ;

END;

T Y P E _ OUT _ OCTAL:
PR OCEDURE (INTEGER)

SAil in tegers are typed out as the same number of octal digits
CONSTANT DIGITS_ PER_OCTAL_ INTEGER = 6;
CONSTANT OCTAL_ MASK _CO MPLEMENT = *370; SOne byte only
CONSTANT TOP_ 3_ BITS = #160000;
DECLARE COUNT_OF_DIGITS_ REMAINING (WORD);
DECLARE BUFFER _ FOR_DIGITS (DIGITS_PER_OCTAL_INTEGER];
$Designate the registers used in this procedure
CONSTANT ASCII_ DIGIT = 0;
CONSTANT BUF_CURSOR = 1;
$The digits are generated in the reverse of the order in which
$they are typed out
B. BUP C UPS OP (— 3D FFER FOB _ DIGITS;
$Generate the dig i t s
~ COU NT_OF_ DIGITS_ REMAINING <— DIGITS_ PER _OCTAL _INTEGER;
DO;

SExtract an octal digit, but do not convert it to ASCII yet
~ R.BUF_CURSOR <—B ~ INTEGER;
~~+ R.B!JF_CUR SOR &~B OCTA L_ MASK _ COMPLEMENT;
SPotate right , discarding any carry bits that are rotated in
th INTEGER )>> 3 &-‘ TOP_ 3_BITS ;
~ COUNT _OF_ DIGITS_ REMAINING — 1;
IF LAST _ RESULT > 0 THEN REPEAT;

END;
SType out the digits
~ COUNT_OF_ DIGITS_REMAINING <— DIGITS_ PER _OCTAL_ INT EGER;
DO;

SExpand the byte to a full word and convert to an ASCII octal
Sd ig it
R.ASCII_DIGIT <—B —

~~~ R.BUF_CURSOR + “0”;
CALL TTY_OUT (R.ASCII_ DI G IT);
~ COUNT _OF_DIGITS_ REMAINING — 1;
IF LAST _ RESULT > 0 THEN REPEAT;

E ND;
EN D;

STable of operator characters
DECLARE OPERATORS (

(BYTE] <— “.“,
( B Y T E ]  (— “— “ ,
[BYrEI <— “*“ .

f B Y T E )  <— “/“ ,
EQ ( B Y T E )  <— “= “

14 
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• CALCULATOR:
PR OCEDURE;

CON STANT TOP_ 3_ BITS = *160000 ;
$Designate the registers used in this procedure
CON STANT CHAR = 0;
CONSTANT OPERAND = 1;
CONST ANT ACCU MULATOR = 2;
CONSTANT INDEX _OF LAST_OPERATOR = 3;
CONSTANT INDH_OF_ NEXT_OPERATOR = U ;
Sunibus addresses of the registers in the Extended Arithmetic
$Element (BA!) peripheral hardware device for performing integer
Smultiplica tion an d d ivision
CONSTANT EkE_ DIVIDE = #177300;
CONST AN T EkE_ AC = EkE _DIVIDE + WORD;
CONSTANT EAE_ MQ = EAE_ DIVIDE • 2*WORD;
CONSTANT EkE_ MULTIPLY = Eke_DIVIDE • 3*WORD;

CANCEL:
DO;

R .ACC UMULATO R <— 0;
R.INDEX _ OF_ NEXT _OPERATOR

CONST_ VALUE (OPERATORS.EQ — OPERATORS) ;
CALL T Y PE_OUT_CR LF;
Do; $Next operand

R.OPERAND <— 0;
R .INDEX _OF_ LAST_OPERAT0R <— R.INDEX _OF_ N EXT _OPERATOR ;

N EXT _ CH AR :
DO;

CALL TTY_ IN RETURN S (R.CHAR) ;
IF R.CHAR “C” THEN REPEAT CANCEL ;

S EARCH _ FOR_OPERATOR:
DO;

R . I N D E X _ OF _ N !XT _ O P E R A T O R  <— OPE RATORS ;
DO;

IF ~ + R . I N D E X _ OF _ N E X T _ O P E R A T O R  =B R. CH A R
THEN RETURN FR OK SEARCH_ FOR_ OP E R A T O R ;
IF  P. I N D E X _OF _ N E X T _ O P E R A T O R  (U END _ LJC ( O P E R A T O R S )
T H E N  R E P E A T ;

E ND;
S te  execu t i on  passes throuq h here, the character just
Styped in is not an operator.
SConvert from ASCII to an octal digit
P.CH A R — “0” ;
SV e r i f y  t h a t  the c h a r a c t e r  is an octal digit
IF IL C H A R  >U 7
T H E N

DO;
CALL TTY _ O U T ( ” ? ” )
$ I qn o r e  t he  c h a rac ter
R E P E A T  N E X T _ C H A R ;

F . N D ;
STest f o r  o v e r f l o w

F R . O P F P A N D  & TOP _ 3_ BITS 0
T l I EN

DO;
C A L L  TTY _ O U T ( ” - ~”)
REPEAT CANCEL ;

E N D ;
$Acctimulat e the  octal d i g i t  in to  the operand
P .O P F R A N D  << 3 I R.CHA R;
REPEAT NE XT CHAR ;

—~~~~~~~~~
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SDeteriine the relative loc. of the character in the
Stable of operator characters
R.IN DEX_OF_N EXT _OPEPATOR — CON ST_V &LUE(OPERAT ORS • BYTE);
DO CASE R.INDEX_OF_ LA ST_OPERATOR;

CASE 0: ~ +

R .ACCUMULATOR • R .OPERAND;
Slgnore possible overflow

CASE 1:
R .ACCUMULATOR R.OPERAND;
S lgnore possible overflow

CASE 2: $ *

DO;
R .ACCUNULATOR * R.OPERAND;
$Test for overflow in the EkE peripheral hardware
IF ~ EAE _ N Q >= 0 A N D  ~ Ek E _ AC -= 0 OR

~ EAE
_ NQ < 0 AND ~ RAE_AC -

~= *177777
T H E N

DO;
CALL TT Y _OUT (“-“) ;
REPEAT CAN CEL;

END;
E N D ;

CASE 3: ~ /
$Test for divid e by 0
IF R.OPERAND 0
THEN

DO;
CALL TTY_ OUT (”-”) ;
R E P E A T  CANCEL ;

END;
ELSE R .ACCUNULATOR / R.OPERAND;

CASE 4:
R.ACCUMULATOR <— R.OPERAND;

E N D ;
STest whether “=“ just was typed in
IF R.INDEX_OF_ NEXT _OPE RA T O R =

CONST_ VALUE (OPERATORS. EQ — OPERATORS)
T H E N

DO;
CALL T Y P E _OUT _ OCTAL ( R .A C C U N U L A T O R ) ;
R E P E A T  C A N C E L ;

E N D ;
E N D ;  Sof N E X T _ C H A R
R E P E A T ;

END;  $of n e x t  opera nd
E N D ;  Sof C A N C EL

E N D ;  Sof C A L C U L A T O R

16



_______ - -~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~,. ~~~~~~~~~~~~~~~~

SEzecution starts here. This must be the last compiled procedure,
• Sand it must not have any para meters or local variables.

MAIN:
PROCEDURE;

CONSTANT RESET_ INSTRUCTiON = *5;
RESET _INST RUCTION ;
Slnitia lize the stack register. This must be done onve at the
$start of every program , before any procedures can be called. It
Sviolated the normal LOll rules, so a kiuge is necessary.
*012706; S MOY *Next ,R.STACK
TOP_OF_ THE _STACK;
CALL CALCULATOR ;
SProced ure CALCULATOR never returns.

END;

END;

17
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The single— pass recursive descent compiler mainta ins a string tile,
con taining one copy of •ach identifier and each quoted string tha t has
been scan ned. In a typical large compi la tion (of the compiler itself ,
or of the ope ratinq system) , the string table occupies 50000 bytes.
This necessitates storinq the string table on a disk file. There are ~4
b uffe rs in main memory, each hold ing one block of the string table.
A lso in main memory is a 5—byte refere nce to each entry in the table.

The sym bol ta ble is entirely in main memory. It is accessed serially,
in order to avoid the extra storage that would be required if any
a ddit iona l s t ruc tu re  were imposed on the symbol table.

As is typical of recursive descent compilers, the code for parsing,
emitting, and optimizing is interming led, with no clean separation of
f unction.

The speed of compilation is about 2L s00 lines per minute.  Most of the
t ime is spent pertoraing disk I/O for the string table.

S

It has  become cus tomary  to compare  the  size and speed of code produced
b y low— le ve l com pilers, wi th  code for  the  same program produced by sole
mythica l pr ogrammer wri t ing in macro a ssembler language. Since such
compa ri sons can be only  wild guesses at best , it is more m e a n i n g f u l  to
indicate what further improvements could be made by hand optimization of
the  code generated by an actual  compilat ion . Lol l compiled code is
about 12% larger and about 20% slower than the same program would be
after careful hand optimization of the code. Almos t all the difference
is due to the single—pass operation of the compiler, which forces
com pilation of JMP instructions for most forward branching, where the
shorter and faster BR instruction s would suffice.

Loll has been used to implement the LOll compiler itself, the Evelyn
operating sys tem, an d several other large programs. The only other
language alternative for implementing systems would have been macro
assembler language , under the constraints of our hardware configuration.

LOl l has been ve ry  sa t i s fac tory  f o r  c r e a t i ng  P D P — l l / 2 0  system prog rams.
However , we have a Vector—Gene ra l , Inc. graph ics display connected to
our  P D P — l l / 2 0 .  The YG d isp lay  has its own specia l— purpose CPU , which
shares the PDP—1l/20 tjnjbus. LOll ne ver was intended to describe the
i n s t ruc t i on  set of the  V G d i sp lay  CPU . It is much more d i f f i c u l t  to
w r i t e  VG programs in Lo l l  t han  it would be in mac ro assem bler
language .  w r i t i ng  pro grams in Lol l  for  the  combinat ion of the P D P — l l / 2 0
a n d  VG display is feasible on ly  because very few VG instructions are
compiled ; most VG i ns t ruc t ions  a re  create d d y n a m i c a l l y  by the PDP -1l/2 0
at  run  time.

The Lo ll compile r was such more difficult to create than we had
an t ic ipa ted. All dur ing  its development  we were limited by the size of
the  computer’ s m e m o r y  (28K words — the  m a x i m u m possible fo r  a PDP—l 1/ 20)
and somet im es we were limited by the size of disk storage ( l / 2 M  bytes ,
later expanded to I M bytes) .

_  _ _ _ _  -••~~~~ 
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