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Chapter 1

INTRODUCTION

Ito .~ro attempt to formalize the deoigro process for l~r~ e digital

ay~,t em.~ many researchers have 5dvoc5ted the use of de0ign

laroguo~ es (DL) IIBar72 ,Chu72 ,flul,Mud75 ,MetJ.  Ito this thesis we

present translator which creates machine simulators from one ouch

DL; thio DL is used to describe large asytlchronouo ~i~ ita’.

oy~,te~s[Mud ,Pet) .

The purpose for building simulators i~ threefold. First , a

sof tware simulator will facilitate the testing of a design at the

functional level end will obviate testing of ~ bre5dboarded design

at thi~ level . Second , the simulator will permit the desiRrier to

easily change the desi~ ro end try different approaches without costly

rewirin g arid time expenditures. Third , the simulator cart detect

structural problems such as hangups in the control structure or

non—determinism of the data structure . These problems might riot he

detected in a hardwired design for some time after it was

operational arId would be difficult to locate.

7 This thesis will describe how simulators are created by the

translator arid some of the problems that were erlcourotered that are

unique to asyn chron ous systems. This thesis is not intended to be a

programming manual or ~ detailed description of each and every

j rout ine . It is Sri overview of the translator and the translatin g

process .

4 . 
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.~~ how the different phases of the tr~arIo1ator are tied

too~ether . Th~ ni we will look at  e5ch ph5se Inidividu0llv .

r. -.t th~-’ ‘1.~tc. otructur~’ is read arid a data  base is built based

Ott d oeri-~ -~~~~ de~ larat1oni .~t~~temenit s. In the process of creatini~

t 1~e 1~ t~ ~~~~~ we check for errors arid inconsi0teneies. If the data

H- .~~ j .~ ~~r~~~ y ~crreet , we will go to the second phase , in which  we

an~ ivz ~ the syntax ~C the input arid generate the appropriate code.

The ~yritax i.~ ~n~ lyzed using state diagram arid a parser , wh ich ha~

sone error recovery procedure~ to patch up simple errors so the

paroini~ OaIl corit inlue . If all errors cart be corrected we then go to

the I~~ t pha..e , the actual simulation of the design . The simulator

that is generated by the translator is passed to the SAIL compiler ,

and then compiled arid executed . With this simulator , the user cart

use SA iL ’0 debugging package to test the design .

The structure of this thesis is as follows. Chapter 2 will

F review the DL , di scussing some of’ the limitations imposed on the

register transfer s ta tements , some of the problems inheren t to art

~~

‘ I asyn chron ous digital design , and f i n a l l y  the choice of SAIL aS our

programming language. Chapter 3 will discuss the idea of a data

~~~~ how data types are declared arid how the data base i0

J implemented . Chapter ~ will examine syntax an alysis arid code

generation . Chapter 5 will present a desi~n examole and a simulator

j created to test the desi&ni . Chapter 6 will conclude the report with

a discussion of the methodology used in buildin g the translator arid

different areas of future growth for the translator . 

- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ 
- . — -—
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Chapter 2

GENERAL STRUCTU RE

A design is a complex network of control structure (CS ) modules

forminc- the CS, which controls resister transfers in the data

structure. This network consists of a hierarchy of sub—networks

organized in a top down manner . A sub—network at a higher level can

control several sub—networks at a lower level. Communications

between sub—networks go from level to level but not laterally, see

Fig 2.1 . This collection of sub—networks forms a tree structure

where each node represents a sub—network . Each node Is called a

“process” .

Each process Is composed of two basic statement tymes , the

register transfer (reg—trf) or the process call (proc—call). A

block of statements Is Illustrated in Fig 2.2a. Statements 1 and 3

are reg—trf statements . Statements 2 and ~1 are proc—calls. These

statements are analogous to assignment expressions and procedure

‘ 
calls in programming languages . The order In which the statement

types, reg—trf and oroc—call , are to be exec uted is Indicated

explicitly by the number(s) In narentheses (order—info) to the right

of the statement. If order information does not appear then the

L statement nu mber (order number) Is taken to be statement number

zero(0). This can most easily be illustrated by a directed graph as

in, Fig 2.2b. The ordering must form a nartial ordering with

statement num ber zero (0) as the top most node in the orderini .

Statement zero is implied to be the entry Doint of the block , and as

such , statement number zero is flQ.L used by basic statements except

• 

~~~~~~ ~L_. T ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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the contro l statements (to be discussed later) which have no effect

on the ordering . This method of explicitly declaring the order of

statement executlo:’ allows the designer to declare the concurrency

he wishes In executing the sub—network . This is an excellent tool

that other DL’s don ’t have , however , it is potentiall y dangerous

because unrestricted use may cause the control structure to be

non—determinate.

A collection of these basic statements is generally called a

block . There are three different types of blocks: PROC . DPROC , and

WPROC . The PROC represents a collection of the basic statements

without any control structure ,see Fig 2. 3a. The DPROC represents a

branch depending on its branch variable; this is analogous to a

CASE statement. Control is passed to one of the blocks listed in

the DPROC or returned Immediately to the block callinq the DPROC ,

Fig 2 .3b.  The WPROC consIsts of a collection of basic statements

but is only initiated if the predicate , controlling entry into the

block , is true . Upon completion the block will be reinitiated only

if the predicate is true; this is analogous to a WHILE statement ,

Fig 2 . 3c.

We present an example using all three blocks In Fi~ 2.14.
-

~~~~~ I There is a third statement type , contro l statemen t

( control—stint) , in the translator which is not found In the DL.

This statement type was incorporated to aid in debu~~ing the design

and in controlling some of the code generated for the simulator .

This statement type has no effect on the design . The three

statements of this type are CHECKPOINT , OPE P AT I ON I CH EC KION , and

I
____________ - 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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P 
(7~l ) A

2) B ( 1 )  3 FIg 2.3a

3)
4) A (2 , 3) 

2 ~ oc

D
DECODE XA~

00 ~~~A 

Fig 2.3b

NONE~~ COMPLETE 
DPROC

WHILE X~~1 DO (7)
1) A 

F jp 2. 3c

- 2) Dl~4— S 1 ( 1) WPROC

3) D2 4—S2 ( 1) (\ 3~)
Fe- 4993

Fig 2.~

Example Blocks
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M

I
I LOOP

~~~ L~~ RUN~~~ Q~j D O

1 1)
2)  FETCH ( 1)

I
DECODE INT A.S

1 1 ~~~ INTERRUPT ! INT ERRUPT S I ’MA LED;
0 ~QE~ COt4PLETE ! MO INTERRUPT;

FETCH

I ) MAR <— PC
2)  DA TA !PEG<—MEMORY (1)
3) PC<— PC ÷1 (1)

INTERRUPT

1) MAR <—O
2) MEMORY <—PC (1)
3) MA R<—MAR + 1 (2 )
14) PC<—MEMORY (3)

END

Fig 2. 14
- .  A collection of connected blocks

~~~~~~~~~~ i~~~~~i~~~
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OPEPAT InN !CHECK! OF F . The statement n umber for this type ~1

ot a temerit sh~ uld be zero ; otherwise , a mys tery warniirj~ ~~~~~~~~ wi l l

appear wh l~ h rpf lects a mistake which actually wasn ’t, made . Th~

conitr ~’l—st mt s may appear anywhere within a WPP O C or PROC block

wit hout affecting th~ execution or statementt orde rini~~.

~‘Pt-~PATION !CHECK !OM wil l  in di~~ te to the translator that it

shou ld generate code for detect i n g overflow and other conditions

(zero ,positive) after every reg—t rf. OPER AT ION !CHECK!OF F does the

opposite , ti-Ili rig the translator riot to genierate arty 0tatu0 settini~

code . Thus , the user can decrease the simulator ’s size by judicious

use of’ these statemen ts when checking isn ‘t ne c e s s a r y .  The switches

take effect when they are “seen ” by the parser , and as a resul t , any

cod e within the sam e block which precedes the switch is riot affected

by the switch ’s action . The order information , in parenthesis , has

~~ significan ce when used with these switches and consepuenitly will

be ignored .

CHECKPOINT allows the designer to out put the values of

variablea at certain key points while executing a WPROC or a ~ ROC .

For example ,

0)  CHECKPOINT A ,B ,C [ 1 to 3] (‘4 ,8)

0) CHECKPOINT D ,E,F[ 1 to 5 ]

i i The first statement will gen erate code to output the values of A , P ,

arid elements 1 to 3 of C. The code will be placed after the code

~~ 
for statements 14 aiid A .  The second CHECKPOINT is different in that

41 
-~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

=
~~~~~
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rio orth~r— inifo is u5ed , which mean s the CHECKPOINT will he executed

imr~e 1 iat’~ly on entering the block. The order—i n fo tells the

t ra n s lator to put CHECKPOI NT code after every stateme n t appearing it

the order in formation list.

~‘ e’Jera l design lani~~uc~ges use register t ransfer  st0te menits as

their baste state ment type , but the degree of complexity of the

r~’~~i5ter transfer stateme n ts di f fers greatly among the design

aniguages [Bar75 ,Dul]. We are limiting the register transfers to be

e ither uniarv or binary operations , thus preventing complex resister
r

transfer stateme n ts.  We feel that this i5 closer to a “true ”

descriptio n of a dIgItal system , arid more importantl y, closer to the
4

actual construct ion of the digital system . Complex boolean

p statem en ts are permitted but they must be handled in a special

manner whe n building the data base , which will be discussed in

Chapter ‘~.

I There are several problems unique to ant asynchronous dl~~it~l

system design and this design language in particular. These are

I discovering hangups in the CS , insuring that the statements form a

I partial ordering , serializing the statements for execution ,and

in suring that the data structure is determinate .

Hangups are analogous to deadlocks in operating systems . To

I look for these , we must determin e if any direct cycles exist mi the

directed graph represenitinig the Inter—bl ock ( INT ER!E~L0CK)

I conn ections. For the initra—block structure we must determine if the

statements form a partial ordering . There are several methods for

I detecting these direct cycles [Joh ,Knu ,Mud75] ;  we chose to use a

— ~~~
. - ,,

~ ~~~~~~~~~ - ~~~~‘ s v ~’ z~w~~~~—’~~ -—- —- - - _ -~~~--~
--

~--. T ‘ -
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method calle d the topological sort[Kniu]. We must alSO be able to

serialize the intra— block ordering for executio n . This task is also

donie by the topological sort routine .

A~ art ex5m p le , if the statements aren ’t m i  a partial ordering

th e f lowjruz could occur:

2)  A< — r~ ( 3 )

fl •~<— n ( 2 )

wh teh says statemen t 2 is to be ex ec uted af ter  statement 3 but

- statem-nit 3 is to be executed after statement 2. This would result

— 
in a hangup; oausir~~ the entire block to he ignored , arid a nu l l

procedure to be generated for this block.

The biggest arid most intractable problem resulting from

I ~~ynichroniou~ designi is that of testing for determinism . A system is

de terminate if’ the result of the computationi depends uniiouely on the

I iniit i~ contents of the storage elements for any execution sequence

that does riot violate the process ’s orderinig[Cof] .

A system is nioni—determir iate if one of the followin g three cases

I occurs : read after write , write after read , or wr i te after wri te.

I The read after write or the write after read case occurs when for

concurrent instruct ion s i arid J , i reads from a region arid j  writes

into the sam e re~ ioni. In write after write concurrent instructionis ,

I
i arid j  write into the same reg ioni [Cof ,Pet] .  S ince all these

operationis are asyn chron ous and concurrent , the system can

I guaran tee that the sequence of’ operations will be the sam e every

time the block is executed . Theref ore , the results in, the above

I cases would he nioni—determ iniate. We are currenitlv investigatin g two

I
— — —~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ,,,~ -~~~~ , - 

‘ i_1_ 
~~
‘ 
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d i f f ~renit te5ts for determinism .

The fir5t test , which woulri be easiest to implement , ~“re at~ s

two ~imulators . fl r~~ simulator executes all cor ’~urren~~~”s that

appear in ci h~~ ck from left to right , atid the ‘ ther ~i~~ul-ato r

ex -~eut~~ t he5e same conicurrenicies In the opposite order  ( r iT ht - to

lef t ) , thus revers ing the order of execut ion . By v’~heck ing the

Ou t t u t  Vi SUally the user determ ines if there is a difference in the

outputs , wh ich wou ld inidicate that the designs is  no n— d e t e r m i na t e .

The visual in spection is one of the method ’s maj or -~ra wb ack s .  If’

the n etwork Is nioni—determini~ te the problem is locating this

nioni— determ iniism . To do thi5 , the user must move output st~ temeni t~

around until the group of stateme n ts forming a conicurreniov whi~ h

caused the oroblem(s) is oinipoinited . Thus , thIs method is ~‘rod for

qu ickly deteot inig no n —determi n ism but riot for lo~ atirig it.

The other possible solution is achieved by forming “read” sets

J arid “wri te ” se ts which conitairi the elements of the right arid left

par t of the assignment expressions respectively. The n the

initersectioni of the “read” arid “write” se ts where the conicurrencies

appear I~ ex0mined [Cof] . If it i5 riot null , the cause of the

ni oni—determinism is identified. We have glossed over m ueh of t he

- - -‘-I detail in this approach. The aporoach is excellen t for locating the

cause (s ) of non— determi nism .

In choosing a programmini~ language , we had a choice from a

large collection of lan guages : ~‘ORTRA N , ALGOL , SAIL , PASCAL , arid

SIMULA . After anialy7inig the programming in volved we saw that a

language with flexible I/O , character handling , arid the ab ility to

~~~~~~~~~~‘~~~~~~‘- ‘ .‘~~‘ ~~~~~ ~~~~~~ :~~~~~~~~ -~———------——-- -
~~~~~~ ~~~~~~~~~~~~~~~~ ‘~~~~~~~~ ~~~~~~~~~~~~~~~~~
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mn5mi ipu l~~te iinik—d lists would he ~ n e cess i ty .  Thi5 immediately

~1im imi~ ted FO RTRAN at id ALGOL . PASCAL W cis  eliminated bec~ u~~ its I/O

Wa s riot f lex ib le enough . SI~~IJLA W aS eliminated since there Was

l ittle syst ems backup if problems wer e enicounite red wi th the

l5ngu5ge. ThIs left SAIL [Rei ]  which turned out to he at i Cx~~~l erj t

~hcl~ e. SAiL  has very  powerful at id flexible I/O , Pvpe llen t

character h~ nid l inig , stra i~ ht forward record man ipulat ~~~~ arid

exce ll-’nit macro ~5oil it i~ s . The record st ructure was used to

imo lemenit the lin ked list structure for the topological sort

routine. He~ vv use was made of the macro facility throughout the

tran s lator to parameterize it; most of the code we gen erate for the

s imulators is mi the form of macros . Macros alon g with condit ion al

compilat ioni enabled us to tailor the simulator ’s c ode and make it

much more e f f ic ient .

I-

‘ I

F 

.
~ 
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Chap ter 3

DA TA ST RUCT IJR F~

In order to simulate regj 5te r  transfer operat ions , there mu5t

b~ da ta e lement5 on which oper~~tionis Cat i be per formed . Thjs raises

the ~r-~~lem5 of how to determine the data e lements , how to declare

them , ari d how to represen t them . These problems will be discussed

in the rest of this chapter. We wi l l  alSO discuss the

~mr leme ni tat io r of the data base arid the signiificanice of the data

b~~ e entrie s. Lastly, we will look at the procedure INTEGRITY which

checks the data base to in sure that it i5 error free .

A da ta base serves two purposes . It establishes the width of

the data paths arid the data type of each element. The data baci& in

combination with register transfer statements i~’rlies the data

st ructure ( DS) , which is the entity on which the simulation is

based .

A d~ t~ base is created by a series of declarations which bind

object n ames to data element types. These statements are ana logous

* to declarationi statements in most programming lan guages .
I
I’

-

There is a rich variety of data elements , allowing the designer

a great deal of flexibility. In the near future , hardware will

replace manly functions now performed/simulated in software ,

(specifically, parts of the operatin g system [Chu72b ,Chu77 ,Smifl .

Thus , man y of the elements allowed in this 1)5 will become ~
necessity mi future designs.

.11 
_ _ _ _ _ _ _ _ _- -, —- -~ - —- -*— -  —~-~-~-.~~ ,.-- - - ,  - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~ ~~-* —
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The most basic data elernenit I~ the reg ister:

R1
~~ISTER Name (width)

~h~-’n -~ ‘~~rn’-~ is the reg~~ ter ’
~ na m e  arid “width”  is the width of’ ~J5me

i t  hi ts , not to exc eed some maximum w id th .

A usefu l. el~~m~ rit is the named subfield , which  allOWs t he user

t i iam~ particular subs et of contiguous hits within a ny other data

~‘i e~~-~r j t .

SUBFIELD Name l (width)  OF Ndme2 ( b eg i n n i ng — po i n t )

~ame~ is defined to be a subfield of Name2 , where Na~ e 1 starts at

bit hei~inini1nig_poinit mi Name2 arid is “width” bits wide , the h it5 are

numbered riv nt to left , with the rightmost hit being niumbered zero .

The subf iel~1 idea is extended to several of the other declaration s

by pref ixing the “regular ” declaration statement wi th “~ ubfld” to

in d icate that this declared element is a subfield of sortie other

element. Thi5 allOWS the user to specify that certain, subfields of

a lar gc’r field have a specific function .

A dec laration that generates more than one elemenit is a member

of’ Vector — class , which in cludes MEMORY , STAC K , and QUEUE.

Vector-class Name (s ize) (width )

Name j~ defined t o b~~a member of’ Vector—class with “si7e ” element s 

—-
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(0 to s ize— i) , with each element “width” hits wid e .

To ~et around some of the limitations that were imoosed on

register transfer statements , we have a declaration called DEFINE.

DEFINE creates a function which allows only the boolean operators

and/or the concatenation operator.

DEFINE Name opni opi opn2 ooj opnk

Thus , Name can be defined to be an arbitrarily complex boolean

function or a collection of different fields concatenated together.

The ooerator precedence is the same as SAIL’ s ooerator precedence.

Hattie can now be used just as any named register would be used in a

register transfer statement. A width for Name is calculated .

An important data element is the M€ MI ADDR E R , which is the ~nhi

link to a MEMORY data element . The value of’ the M EM! ADDRE R

associated with some memory element is used to index into this

memory for read/write operations. There is no other way to access

memory , so if some data elements are declared to be M FM ORY s then

t here must be a M EMt ADD R ER associa ted wit h th em or an erro r will

occur.

MEM IADDR ER MAR( 16) FOR M i~M 1 ,MEM2

SU B FL D I M EM 1 ADDR ~R M AR I CAC HE (8) TO PC (12) FOR CACHE

M

~

R ~ d a  to be 16 bits wide and associated to MEM1 and MEM2 ,

which must be MEMORYs or an error will occur. M A R ? C A CHF is declared

-- ----.~~~~~~- 
- _ _ _
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to be an 8 bit wide subfield of PC and associated to CACH E .

Af ter  a register transfer operation takes place , how can the

des ign check the result of the operation or check if an error

occurred? This brings up the concept of dependency, for which there

are two types. The first dependency is based on the data elements

involved in the register transfer . If the object is dependent upon

I another object of data tyne STACK or QU EU E then whenever stack/oueue

is involved in an operation its dependent variable is set to reflect

whether the stack/aueue overflowed , underfiowed , or remained within

its limits.

DEP!VAR Narnel (widthi) FOR Name?

Name l is declared to be denendent on Name2 ; for Name2 to have any

effect on Name l then Name2 must be either a STACK or a QUEUE.

I The second type of dependency i~ based on the operation ’s

result. This dependent variable can be set to indicate the result

V of an operation , if OPERATION ICHFC~ ION switch has been previously

set . The switches will have no effect if no variable has been

J declared to be ooeratlon dependent. After the operation two

segments of code will be generated to set the correct bits in the

operation derendent variable. One segment of code tests and sets

1 for overflow , and the ot her segmen t tests for pos it ive , negative, or
I

a zero result. The designer need not use this “feature” , but can

implemen t his own design to check for these conditions , if so

I 
desired .

I!
.Z~ L 

— - — vw~’ 
— 
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OPmRAT ION !1’~ K NamPl( 11 )

-t W ~. Ifl f tPER !CUK Name2 (?~) T~
) 
~1ameR (2)

-1 ’- -~ ~~re ~‘ ~- 1 
~~j~~ 5 wi ~~

- a t l (1 c~~~-’r ~~~~. d~- r enidenit

I 1r~~d . i t~ wi 1~ 8nd ~, .,ut f~ e i f ’ ~~~~~~ ~. If’ ~rr’ e

e r ~~ ~‘~~-‘m’-~nit ~~ ~eOlared to he opsrc t ir~rj le pe n ide n t , ‘- r I  y the fi’- .~t

w~ l I b’-~ ss~-~ l .

~ rrup of’ 1e~~Iaratjoni s t 5 te O 5tj t 5  L~ ~r~~~~r t ~~d ~r ~‘l~ ~.
in order to im p leme n t t he data  h~ 5e, there must t~~

universal way to cre5te descriptors for each declaration , Three

routi nes are used to c reate new descriptors. They are OATA! BLOC~~,

- NA M I t G , and 1NSEPT !rIAMP !TYPE . These routines set up the descriptors

~ r d  then call other routines to collect further informatior~ to

comp . ete  t he descriptors .

I We use two arrays ID!LIST arid SYMBOL !TA RLE as the data base .

They are both indexed by a hash niumber that is ~eniera ted by a

f hashing function ( HASH!F UNCT) which uses the object ’s name .

ID!L1ST ha~ the character string repre5enting the objec t ’~
- -~~ name. SYMBOL !TABLE ’

~ entrie s hold all the other iniformaticni

I con cern ing the object. The entries are affected by the data tyoe of

the object. The first entry in SYMBOL !TAPLE i5 always the object ’s

I data type (STACK ,RECJISTER,SUBFIELD). The second entry is either the

I 

l hash niurrber of th~ dep~ nideni t variable for stacks arid Queues or the

hash niu’n t ’-’r of the field of which the object is a subfield . The

I third elømpnit j .~ either the size of the Vector —cl as s  or the hit 

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — — - - ________________________________________
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REGISTER RUN ( 1 )

REGISTER INSTRIW RD(~4 )

REGISTER PAGE !ADD R (~~)

STACK STK (10)  (12);

DEP!VAR A (2) FOR STK ;

MEMORY M(1O211) (12)

MEM ! ADDRER MAR ( 2~~) FOR M

RE GISTER DR (36) ;

SUBFIELD D R 1( 1 2 )  TO D R ( O )

SUBFIELD DR2 (12) TO DR(12);

I REGISTER STATUS!WRD (20)

I 
SUBFIELD POS!NEG (l) TO STATUS!WRD(17)

SUBFIELD ZERO(1) TO STATUS!WRD (16)

I SUBFIELD Pc (16) TO STATUS!WRD (O)

SUBFLD!OPERICHK OVFLW U3IT(1) TO STATEJSIWRD (18)

I DEFINE BOOL :( B OR C) & E;

— 
DEFINE ADDRESS : PAGE&P C;

I
Fi~ 3.1

I A collec tior~ of’ declarations

III 

__________4-., 
__________________. .~~ .7- ~~~~~~~~~~ — - —-—---- ---- —
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i~~~ st1~~ri where the suhf ieli will star t .  The fourth entry i5 th~

w i it h  of th~ ob jec t  in bit5 (f ields are numbered right to l~~ft wi th

th~ f’ir~ t b it being ze ro) .  The f i f th  arid last  enitrv holds the hash

r~~~b~ r of ’  the oh ,Iect which 5cts as rc~ mor v address regi- ,t~~r ( MA P )

for’ ~ ~pecified MEMO RY ( s ) .  Al l  the entrie~ in the tahi~ for anV ore

ob ject  5r ’e c~erier ’5lly niot used , al lowiri~ for futur~ “xpani sioni .

The last procedure to deal with the data b.,,-,e Is c~~1led

INFL”I RITY. [NT FGR ITY ‘ 5 job is to go through the data b a s P 5nid

insure that it is self corisistenit. There are severa l r r ~ b le m5 that

INTE G R ITY searches for . First , it checks that all r~~it ~~~r5 ro init to

Va lid elements arid that they don ’t po int back on tnem 5elves .

Second , it checks to see if certaini data types rr~ et minimum

requiremen t for width;  depe nde n t variables for STA C n Ks arid QUEUEs

must be at least two bits wide. Third , it checks if Vector—class

c lemen its have their associated variable. For inistanice , all memory

elements must have a MFM!ADDRER associated with them ; STA C Ks arid

OUEUFs must have a depen d en t variable for error coniditionis.

This covers the procedure DATA !BLOCK which oversees all of

these activities . DATA!BLOCK i5 the controllinig procedure which

conitairi s several other routines. These routine~ ass ist DATA! R LOCK

in c reat ing  the data base arid checking for consistenicy .

I

I

‘- , .~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘r. ’- _  ‘ “



21

Chapter ~1

SYNTAX ANALYS IS A ND CODE GENERATION

In this chapt er we will discuss the last two major comnonents

of the translator which generates the simulators. These are the

syntax analyzer and code zenerator .

Let us first look at the implementation of’ syntax analysis ,

which checks the input to see if it is leual. If’ there is an error

in the input , various error recovery schemes are tried so that

parsing can continue [Rau ,Tin ,Wi l ] .  If’ the error recovery attempt

fails , the whole program is aborted and no simulator is generated .

The parser that does this syntax analysis is driven by a s te

table (ST A T ~ !TA PL E) .  STA T E !TA PL E was generated from the state

diag ram in Fig ~ .1a.  States 17 and 18 are missing from the state

1~ agr~rn , hav in~ been deleted by standard rtate reductior methods .

Inrt !t to the state table consists of the orevious state of the table

and the tokenised innut (Fir u .lb ).

A scanner reads the input and breaks it into meaningful r~roups

of characters (names, symbols , numbers , etc .). The scanner then

classifies each group of characters with a classification technlaue ,

with the final result being a tokenised Input .

Selecting the next state and doing error recovery is the

function of a procedure called STATF,I MAC’4INE. The output from

STA TEI MAC H I N~ is either the next state or the number zero,

indicating an error from which recovery Is not nossible (terminal

error).

I
- 
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TOKENS INPUT

Identifiers .

Keywords except “00” .

The keyword “DO” .

num : Numbers.

Binary numbers (only 0’~ arid l ’s).

Operators ( + , — , AND , &, SHL).

r’el : Binary relations (< , > , >:, <> ).

brk : Symbo ls “ ( “  or “ ) “ .

Symbol “ , “ .

del : End of the line (or or “ ; “ ) .

r End of the input .

Fig ‘l.lb

Token s and their correspond ing input characters

• -t 1’

I
-

~
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A variety of error recover’, schemes is tried depending on what

type of’ error occurred . Some of our methods may appear draconian ,

but this simplifies the error recovery. One method is to flush and

i~ nore the current line and then to create a dummy line of input

that the parser will accent , thereby allowing the parser to

continue . However , with the straightforward urammer and syntax

structure of the DL , the use of such harsh methods should be

infrequent.

The parser itself Is very straightforward . It consists of’ a

large CASE statement whose index variable is the next state of the

state table. This CASE statement is within a large loop which looøs

until either the end of the input is reached or a terminal error

occurs. The action of the parser can most easily be followed by

tracing through its actions with the state diagram (Fig LL 1). The

oarser ’s documentation will explain the actions at each state.

- - The parser works on a block by block basis, where each block is

translated into a SAIL procedure. At the entry to each block , the

parser calls a routine (END t OF!BLOC~
() that checks the ordering of the

prev ious bloc k , serializes the block’s basic statements and outputs

them . Then another routine (NEW I RLOCK) will initialize some key

variables in preparation for parsing the current block

At the entry to each block, the parser first determines the

P type of block (PROC, WPR OC , or DPROC). The WPROC and DPROC blocks

r reouire some extra code (the block’s preamble) to be generated at

the beginning of’ the procedure. In the case of’ the WPROC , a WHILE

f loop Is created with the predicate and a counter which controls the

I

— - ~~ - - . - ‘ ~~~~~~ —.~~~ —‘—~~~~~~ ----- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 
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loop, to prevent in fin ite looping.

The parser ’s code is ~enierally straightforward with most of it

giver to cheekinig in put legality. The only place the COd iri~ is

awkw a rd is in the hanid linR of the statements for the O PROC . They

are

binary—number ~~~ Proc—call

binary—number 
~~~ ~~~~~~~

~~~~ Proc—c all

~~~ QQ~~. _ _ _ _ _ _ _ _

If there i5 more than one NONE stateme n t , we ignore ~ll but the

f ir3t . Generally code is generated on a state me nit—by—statemenit

bas is , but cod e is riot generated for a NONE statement at thi5 point

mi pars ing ; instead , we wait until the entire block is written out

arid then genierate some closing code called the DECODE!POSTAMBLE .

Thi~ postamble generates the appropriate code for the NONE

statement. If a NONE statement does not occur in the DPROC , code

will be generated to catch values that are riot covered by the

DPROC ’s statements , and an error message will be displayed .

— 

Two different types of code are generated . One type of code is

ta ilored for the DPROC stateme n ts arid the other type of’ code is for

“ the register transfer arid proc—call stateme n ts in the WPROC and PROC

blocks.
r

_ _ _ _ _ _ _ _ _ _ _ _ _ _  •‘. ..
~~~~~

—.--—— ——---—‘
~~~~~~
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The code generated for the DPROC stdtemenits was basically

covered mi the precedin g oaragraphs , so we will niot disciss the

DPROC statemen ts any further . ‘~e will also ignore code genierationi

f-o r the proc—call since it is very ~imple. Instead , we w i l l  look at

t t,e m ore interesti n g arid difficult problem s of ~~nier~ tj r ig t ight code

for r~~~Ister transfer statements. Pirst , some terminiolo~v i5

iiee -1~ d . The elemen t on the left hand side of the assignmen t will he

oa l led  the “object”  or the “object of the assign ment ” . Poth

oper5nds will be called operands wi th no distirictioni made between

them . The term “result” is used to indicate the value generated by

an operat ion , arid a temporary result is a temporary that has been

genierated with the value of the “result” . “Vector ” will be used to

denote any member of Vector—c lass.

Before code can be venerated for a statement , several checks

must be made. First , are there sufficient operands for the operator

arid can the operation cause an overfloq? Second , are the operands

and object subfields? If so , will we need to generate intermed iate

results? Third , are the data paths of sufficient width for the

operation? (A 7 bit result cannot be put in a ~4 bit object field.)

There are four routines associated with code gen eration :

MACRO !NAME , OPN!CHK , WRT !REG !T RF , arid OBJ !GEN.

J 
MACRO!NA ME is very simple; it is passed the operator arid

return s the name of the macro that per forms the operation , the

number of operands required by the operator , arid a flat indicating

if the operator earl cause all overflow.

~‘~1

— ~~~ -- ~~~
_
— ..,.~~~~_,..___.__* 
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I
O PN !CHK is Call~ d from the parser; its input i5 a register

tranisfer operand . OPN! CHK makes some decision s eoncerniinig the

oüe ranid , w h i c h  ~c~ul d he d subfield , a vector , or a register. If the

or~ ranid ~s a subfield , the subfield must be extracted ; if the

ofl~ rar~i 15 a vector a f unct ion for hanidlin ig this class of eleme n ts

m~u5t t e  renierat ed . The output of OPN ? CHK is a s t r i ng  that is used

directly as an oper5nd for the macro gen~ r~ ted by MACRO !PJAMF . The

~ tn’ in i~ will belong to one of three eategorie~~. If the operan d is a

suh~ iel 1 , a temporary i5 5ssignied to the extracted field alid the

ni&r~ of the temporary is returned . If the ooeranid is a ve c tor , a

funict~ oni that hand les this type of data elemen t is returned . (There

are at presen t three groups of fu nct ions.  Each group has a function

that retrieves an, element arid inserts ani element. MEt~ORY , .ST~ CW a~ d

OtJEUE each have a group (2) of functions associated with it.) If’ the

operan d i5 a register , the operand i5 returned with oni~
modif icat ion,: the operand i5 ANDed with a “ones ” mask to ext ract

the proper size bit field .

E 
WRT!REG !TRF has the job of first checking to see if the data

path requirements are met arid secondly to call ORJ !GEM . WRT !PEO!TRF

will take the operator n ame and concatenate it with the operands to

form a macro which is oassed to OP.J !GEN. It will alSO Dass the hash

1 number of the object , a switch indicati ng if the operation Cafl Cause

ati overf low(OVER !FLOW ) , arid a switch Indicati ng if the right hand

I side expression, is “simple ” or niot(SIMPLE !OP ) .

I
I
I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — ,~~~, 
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OPJ !GEN does the same as OPN !CHK excent that It works on the

object and not the ooer an ds .  OBJ !GFN will generate code similar to

t h a t  of O P N I C H K , depending on whether the object is a subfield ,

vector , or a register. The SIMPLEIOP and OVERFLOW switches are used

to minimize the amount of code generated . If SIMPLE!OP is on , no

“temporary result” is generated . If the OVERFLOW switch is on , then

when generating code to set status conditions , the overflow checking

code will be generated .

Looking at the orocess as a whole , we see that OPN !CHK will

receive each operand and return either a string with the modified

operand , the name of a temporary where the operand ’s current value

now resides , or a function for oroperly accessing the element .

MACRO INAM E will take the operator and return its associated macro

and some switches. WRT !REG!TRF will concatenate the macro name and

the operands to form a macro representing the right hand side of the

statement. This will be passed to O~ J !GEN , which will generate the

final code for the register transfer statement and , in some cases ,

code to set status conditions.

This conclu des the discussion of syntax analys is an d code

• generation for the individual blocks. Next we consider in what

order we output the code for execution . Since we have a serial

mach ine , all the parallelism within a block must be serialized for

q execution without violating the ordering that was declared . This

brings fort h the second cro b lem : insur ine that the statements form

a partial ordering .

‘4. - -— -..- .—, - - -— 
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Js inç~ the routine TOPOLOG ICPL !SORT , we test if the state men ts

for the current bloc k form a partial ordering. This rout ine return s

in~ MAPPE R the statement n umbers in ~ to tal ordering without

V i O l at i r i~ the original partial ordering . If a partial ordering does

not exist , cod e for thi5 block i5 niot outputted , arid the routine

returni~ a “fa lse ” value which Is A NDed wi th previous

‘~flDr!P LncK !~~’,, thus any in correct block will cause GOOD ! RLOCK !~~

to he false . If the bloc k i5 syn tactically correct , WRITE!O (JT!BLOCK

Is oalled to output the code arid the checkpoin ts. This will

co nt i nue  until the end of the input  is encountered .

Next we check the inter—bloc k conn ection s , IMT EP!RLOCK , to see

if any direct cycles exist. TOPOLOGICAL!SORT i5 also used to check

thi5 ord ering. If direct cycles exist , PGM !~~4 is set to false . If

direct cycles do riot exist , we write out the l5st lines of code for

— the simulator. We must check if the simulator has been improperly

generated . This is don e by ANDinig (‘.OOD!BLOCK !~~4 arid PGM!~~
t

together . If’ the result Is false , a nionrecoverable error occurred

arid the simulator is destroyed . If the result is true , a simulator

has been generated . The SAIL compiler compiles the simulator anid

execut

~

.

~ 

It. At the enid of the execut ion , we have the simulation ’s

executio n time output and the simulator , wh ich the user can now run

at a ny  time.
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Chapter ~

DF .SIG~J EXA MPLE

In this chapter we will look at a deslen example which was

developed and tested using the translator.

The design is a simple computer calle’l the Sin~’le Instruction

‘achine (SIN). As SIN’s name Implies it executes a single subtract

and test instruction , SUBTST A , R , P , see top of FiR 5.1. The

machine has been thoroughly described in two previous articles by

Mudge . The only changes made have been the addition of a data

structure and the insertion of a checkpoint . This is not the only

DS possible; for example , it could have easily been made 16 bits

wide rather than 12 bits wide am chosen here.

Fig 5.1 is the program which SIN will execute as a test

program. The program calculates the Fibonacci seauence until the

WPROC ’s built in counter reaches its predetermined value and stops

looping (see page 214). The program is loaded into memory via the

r INITIALIZE statement; other key variables PC and RUN are

initialized in the same way. Fig 5.2 is the input to the

translator. Fig 5.3 is the simulator that was generated by the

trans lator , and Fig 5,14 is the simulator ’s output(i.e. the

simulat ion) , which is generated by the CHECKPOINT . When the PC is

equal to 2 and 5 the DR is a calculated Fibonacci number. At the

other locations DR has intermediate results. The PC is written out

after the PC has been incremented therefore this does not conflict

with the test program which shows the Fibonnaci number beine

calculated at locations I and 14.

- —  -- -~~~~~~~~
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SIM

A single initructioni machine

SUBTST A , B , P
1. A<— C [ A ] — C I P I
2 .  I F  C I A ]  0 THEN PC<—C [ P]

LOC
O LOOP: SURTST ZERO ,B ! ZERO<—— B
1 SUBTST A ,ZERO ! A<— B — ZE RO

-. 2 SUBTST ZERO ,ZERO ,NEXT ! ZERO<—ZERO—ZERO
3 NEXT: SUBTST ZERO ,A I ZERO<——A

StJB TST B,ZERO B<—B—ZERO
5 SUBT ST ZE R O ,ZFRO ,LOOP ‘ ZERO<—Z ERO-ZERO
6 ZERO:O I ZERO IS A CONSTANT
7 A~ 1 ! INITIAL VALUE
8 B~ 1 I INITIAL VALUE

a

Fig 5.1
Program to calculate the ~‘iboninaaci sequence

I
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SIN
DATA STRUCTURE and CONTROL -STRUCTURE

INITIAL 10Ll ,118 ,870,103, 1 314,102,0,1 ,l
MEMORY N (16) (12)
MEMJADD RER NAR( 12) FOR N

IN ITIAL ON;
REGISTER RUN( 1)
REGISTER INT(1)
REGISTER IR( 12 )
SUBFIELD IRP(~~) TO IR(8)
SUBFIELD IRA (14) TO I R ( 1 4 )
SUBFIELD IRB(14) TO IR(0)

INITIAL 0;
REGISTER PC( 14 )
REGISTER DR(12)
REGISTER DR1( 12)
REGISTER DR2( 12)
REGISTER A ( 12 )
REGISTER IPA(12)
REG ISTER IP (12 )

BLOCK SIN;
BLOCK DECI
BLOCK FETCH
BLOCK EXEC
BLOCK INfl
BLOCK DEC
BLOCK BR

END IDA TA

SIN
_ WHIL E TRUE DO

1 ) DECI
2) FETCH (1 )

— 3) EXEC (2)

DECI
DECODE IN T AS

1 DOES INTR
U 0 DOES COMPLETE

(Fig 5.2)

~1
I i  

_ _ _ _  
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$
I NT R
1) MA R <— IPA
2)  DR <—IP

~) ~i — r ~ (1 ,2)

Ft ’TCrI
1) MAR <—PC
2) DR<— N ( 1)
3) PC<—INC PC ( 1)

E X EC
1) IR<—DR
12) DEC (10 ,11)
11 ) M<—DR (8,9)
2) MA R <— IRA (1)
3) DR<— M (2 )
14) DR 1<—DR (3 )
5)  A<— D R (3 )
6) MAR <—I RP. ( 3)
7) DR(— N (14 ,5 ,6)
8) DR<—A —DR ( 7)
9) MAR (—IRA (7)
10) DR2(—D R (8)
0) CHKPT DR ,PC ( 12)

DEC
DECODE DR AS

O DOES BR
NONE DOES COMPLETE

BR
1) DR(— PC
2) PC<— IRP (1)
3) MAR<— PC (2)
II) DR(— M (3 )

END

Fig 5.2
Design example for SIN

— 
input to the translator

V
I
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P~:GIN “MAI~.”
RFCUIRE’ NACRO ’~.SAI” SOEIRCF!FILF ;
REQUIR~

’ “DCL.SAJ ’ SOURCF !FIL~~;

~F~~LOPD ! ’~IT~-I 1fl Z4 ,11~~,870 ,1O3 ,13 14 ,1O2 ,fl ,1 ,1

lNT EC,~~R A R R A Y  ‘
~[O:16I;IN T~ 3F.R MAP ;

INT FC~:9 RUN ;
INT~~F~P INT;
INTE~~EP IR;
INT EGFR PC;
INrEGER DR;
INC FGE ~P DR1
INTF~ EP DR2;
INT E’~~R A ;
INF~~’,fr’ R IPA ;
T~ T ECER IP;
FORWARD PROCEDURE SIM;
FORWARD PROCEDURE r)ECI ;
FORWA R D PROCEDURE ~‘ETCH;
FORWARD PROCEDURE EXEC ;
FO RWA RD PROCEDUPE INTR;
FORWARD PROCEDURE DEC ;
FORWARD PROCEDURE BR;

— RECUIRF “F’UNC .SAI” SOURCEIFILF ;

PROCEDURE SIN;
BEGIN “SIN”
PROCESS INAME<— ”S IM” ;
W PROC !PRE (TRU E );
DECI ;
FETCH;
EX EC ;
W~ROC I POSTAM8LE
RETURN ;
EN!) “SIM” ;

PROCEDU RE DECI ;
PEGIN “DFCI”
PROCESS I NAM.E<— ”DECI” ;
DECODE. IPREAMB LE ( IN’!’ ,O , 1) ;
DE COD EI ST (1 ,INTR ,O);
DECODE 1ST(O ,INTR ,1);
E)ECODE IPOSTAMeL~ (NULL) ;
RETURN ;
END “ DECI” ;

(Fig 5.3)
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P R O C E D U R E  I N T R ;
BEGIN “INTR”
PROCV ~~ !NAM E <— ”INT R” ;
MA R <— I PA
DR< — IP;
WRITE! (N , “t~Y’ , 16 ,14095 ,MA R ,14095 ,O ,D R ) ;
RET URN ;
ENC “INTR” ;

~~~)CEDURE FETCH;
FC ;I~ “FETCH ’
~~~i ~~~~ I NANE<— “FETCH” ;
Mpp<_ PC ;

~ H <_ 1~EAD!MEM (M ,”M” ,1h ,14O95 ,MA R ,t IO95 ,O ) ;

F C R N ;
L’NL “FETCH” ;

PHUCE [)UPE EXE;C ;

~~-~1N v A ~~:”
PPoc~:s~ INAM E <— ”!~ X E C ”;
I H<—DR ;
EXT RACTO R (1 ,IP ,14 ,15);
MAR <—TMP{ ii;
DR (—~ EADIM ~M(fr,”M” ,16 ,l4O95 ,MAR ,14O95,O);
DR1 <— DR ;
A < — D
E X T RA CTOR ( 1 ,1P ,O ,15);
MAR (—TMP ( ii;
DP<— HEAD !MEN (M ,”M” ,16 ,14O95 ,’~’AR ,’4095 ,0);

PT PACT ( <A> , <DR> )
EXTRACTOR (1 ,IR ,LI ,15);
MAR< — ’rMPI 1];
DH~ K— DR ,
WRITE IM EM( N, “N” , 16 , 14095 , MAR , L1095 ,O , DR
DEC

OUT(CHANNELIWRT ,CHLF&” CHKPT FOR STATMENT 12 IN PROCESS

CHK PTS ( “DR “ , DR ,O ,O , 140 95 ,— 1 ,0)
CHKPTS ( “PC” ,PC ,O ,0, 15 ,— i ,O);

R~.TUf4N;
EN D “ EX EC U

PROCEDURE DEC ;
P~~~C IN  “ DEC”

PROCFsS !NAMF (— ”DEC” ;
DECODF!PREAMBLE (DR ,O ,4095);
DECODEIST (O ,BR ,O);
DECODE IPOSTAM HLE( N !JLL) ;
R E T U R N ;
END “DEC” ;

(Fi g 5 . 3 )

_ _ _ _ _  _ _ _

~ 
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P P O C E D U R E  P R ;
F~EGIN “BR”
PROC ESS I NAM E<— ”PR” ;
DR <—PC;
E X T RAC TOR ( 1  ,IR ,P ,15) ;
PC<— TMP[ 11;
MAR <—PC;
CH <_ REA DINEM (M ,”M” ,16 ,14O95 ,MAR ,1JO 9~~,

(
~) ;

RE TURN;
F - ND “ P R ” ;

I INITIALIZATION OF VARIA BLES;

R ’J N < —  O N ;
PC<— 0 ;

MAX ITIMES !THRU ILOOP <— 30 ;
CHANNEL !WRT<—OPENFILE ( “FILE” ,“W”);
SIN;
C Lfl S ( CHANN EL WRT)
~ND ‘!.~A IN” ;

Fi” 5.~
The simulator for SIN based on the given

data structure and control structure

r

t r
I. 

— - -  — -
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CHKPT FOR STATMENT 12 IN PROCESS F.XEC
DR:14O95
PC:1

CHKPT FOR STATMF.NT 12 IN PROCESS FXF.C
DR:2
PC = 2

CHKPT FOR STATMENT 12 IN PROCESS EXEC
DR:10 3
PC:3

CHKPT FOR STA TM~’NT 12 IN PROCESS EXEC
DR :14 09
PC :14

CHKPT FOR STATMENT 12 IN PROCESS EXEC
DR=3
PC :5
CHKPT FOR STATMENT 12 IN PROCESS EXEC

DR : 101 4

PC:O
CHKPT FOR STAThEN!’ 12 IN PROCES S EXEC

DR :1409 3
PC:1

CHKPT FOR STATNENT 12 IN PROCESS EX EC
DR :5
PC:2

CHKPT FOR STATMENT 12 IN PROCESS EXEC
D R:1 03

PC: 3
CHKPT FOR STATMENT 12 IN PROCE SS EX E C

DR= 140 91
PC=U

CHKPT FOR STATMEN T 12 IN PROCESS EXEC
DR=8
PC:5

CHKPT FOR STATMENT 12 IN PROCESS EXF.C
DR= 1014
PC :0

CH KPT FOR STA TME NT 12 IN PROCES S EXEC
DR&4088
PC:1
CHKPT FOR STATMENT 12 IN PROCESS EXEC

OR: 13
PC:2

— CHK PT FOR STAT MENT 12 IN PROCESS EXF C
II 

DR 103
PC:3

CHKPT FOR STATMENT 12 IN PROCESS EXEC
-. DR:140a3

PC:14

(Fig 5.14)

L j
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“4
CHKPT FOR STATMF.NF 12 IN PROCESS FXEC

DR:2i

PC:5
• CHKPT FOP STATM ENT 12 IN PROCESS EX EC
-: DR:1014

PC:0
C H K P T FOR STATM ENT 12 IN PROCESS EXEC

DR:14 075
P0=1

CHKPT FOR STATMENT 12 IN PROCESS EXEC
DR:314
PC:?

r CHKPT F-OR STAT MENT 12 IN PROCESS EX EC
DR:103
PC!3

CHKPT FOR STATM ENT 12 IN PROCESS EX FC
DR=14 062
PC: 14

CH K P T FOR STATMENT 12 IN PROCESS EXE C
DR :55
PC:5

CHKPT FOR STATM ENT 12 IN PROCESS FXF.C
DP:104
PC :0
CHKPT F-OR STATMENT 12 IN PROCESS EXEC

DR= 140141
PC:1

CHKPT FOR STAT MENT 12 IN PROCESS EXEC
DR =t~9PC:2

CHKPT FOR .STATNENT 12 IN PROCESS EXEC
DR:10 3
PC= 3

CHKPT FOR STATMENT 12 IN PROCESS EXEC
DR:14007

- . PC:14
CdKPT FOR STATMENT 12 IN PROCESS EXEC

DR:11414
PC:5

CHKPT FOR STATM ENT 12 IN PROCESS F.XEC
DR :1011

PC:0
- .  CHKPT FOR STATM ENT 12 IN PROCESS EX EC

OR: 3952
PC:1

Fic~ 5.14
Output from the simulator Renerated by the ohecknoint

1 - - - - - -  - -  ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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Chanter 6

CONCLUSION

In this concluding chapter , we will discuss the methods used to

build the translator , and we will look at some areas where the

translator can be improved or expanded .

The translator has two major components; the data base

component and syntax/code veneration component . Each of these

components is encapsulated in its own procedure , thus oreventing

interaction except through external variables. All of the routines

exchange information through nrocedure parameters or external

variables. Modularization is one of the key features of the

translator. This modulari ty allows us to change routines in one

module without affecting other routines, unlike the case of’ closely

intertwined rout ines. Because of this feature, the translator can

be expanded , changed , repaired , an~ maintained easily. This is very

important since any system that is freauently used will be

undergoing constant change and maintenance as new bugs are found and

repaired .

The translator itself makes heavy use of macros internall y as

well as for code generation purposes. Macros were used to

parameterize the translator so changes in constants would require

changes only in the macros. This reduced the chances of error. We

also used macros to replace sections of code that were fre~iuently

used , to implement sections of’ code that involved shared variables,

and to replace similar lines of code throughout the translator.

This improved the readability and understandability of’ the program .

- - 
—— . _______________ - - 
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Py the.,e method s , the translator can be easily mai rit~ iried arid

improved in the fut ure .

A~ we buil t th i~ t ran~ i~ tor , rrarly features were eric~ urtere’i

that we relt wou ld be n e  s~~rv in the system if it were to be used.

Man ’; 1 the features wou d be difficult to implerrerit arid could

cor4 ~ ur~ a ~re,~t deal of t i~re , w h i l e  other s are replacements of

current routines which , in, hiridsi~ ht , could have beer, improved on ,

—1 n d  some werer ,  ‘t needed to wet basic translator Foin~~.

Two of the easier chari~ es possible co ncer n the data base arid

set ting of tran slator constants  extern ally. The routines deal jni~

with the data base should he replaced or improveni . The nresen t

rout irie.~ areri ‘t very flexible nor are they very tolerant of input

error . One of the problems is the proliferation of keywords j r the

declaration stateme n ts (“the more keywords the greater the chance of

error ”) .  An example is the keywords prefixed with “subfld” ; this

prefix car l be eliminated and the syn tax carl be allowed instead to

declare the item to he a subfield.

At presen t , if certain bounds con sta nts are to be

- -  chan~ ed ( SYMBOL !TA RLE size , maximum number of basic statements in a

block) , the values assigned to macro names must be changed In the

translator. This is clumsy arid inefficient . Routines could be

written to allow the user to set these constants from the con,aole.

There are two approaches : either auery the user from the translator

— or read the constants off  a command line. This latter dr)prodch is
.4 used by the SAIL com piler to set switches and acquire constants .

— ~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ . — -  —~~- ‘~~~~~~~~~—~~~~~~
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Other areas  are more difficult to Implemen t 0nid much more

~hc~u~~ht will he involved in design,iniw thom . One area i~ ver y

im portan t , ~n,d the ot~ er two areas wou ld be useful arid n,ecess3rv if

the 3y3t~~ i~ to be freouenitly used.

The mn~ t important. area i3 that of deterrninii3 r’i . Two possible

~iterr,ative solution s to the problem have beer, suwgested arid some

“honk~ ” have been, left in, the translator or, whi ’~h to har,w one of the

~~~~~~~~~ sol ution s (the “set” soi~ tj ~n) .  ThIs problem 3hould

receiv e priority , since a larwe scale system can n ot be checked for

deter’nir2 ism by “eveb~ llin,~ ” the design,. This W aS the method u~ ed to

ch-~~k the determinl5rn of SF4 in Chapter 5.

At some time someon e will want to test his simulator under the

in f luence of interrupts . This will involve desi~ nin,~ routines to

generate ~n terrupts ( i .e .  ran dom number generators) , arid some mean s

of defining the desired In terrupt structure , and tran,slatin,g it for

use by the simulator. Thus , a designer could specify , perhaps in,

t he  data base , the interrupt system he wants (such as the PDP/8 ’s

interrupt syst em or a mor e complex PDP/11 type interrupt structure) ,

aS well ~~ how the Interrupts will aopear.

At presen t if the user has designed arid created a simulator for

machine “X ” arid wishes to add , delete , or chanwe the CHECKPOINTs, he

must change the tranislator s input arid retranslate the entire

desiir . The simulator would he the same with CHECKPOINTs in

different locatIon~~. It would be more coniveniienit if the user could

specify CHECKPOINT~ from the terminal before the simulator was run

J 

r or during simulation like a debug oackaRe. Routines for doinw this

I
— — -—n —. ~~~

-.~~~~~----~ — —. — - —_— ~- 
_
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wjll be quite l~ r~ e since IO !LIST arid SYMBOL!TAkLF must he kept

~ l-~ ni~’ wi th  tables eont~ iniin,g the location, of each bas~ O statement ,

~n 1  the lOOdt1Ot of ~ll the current CHECEPOINTs.

The5e routines cover the more important areas for wrowth in, the

tr5r~~i-~tor , arid the user is sure to have man ly more ideas. The

present vers ion, of the tran,s lator is basic . It can, handle small

Jesi~ r~ oulte well , arid w ith some of the add itionia l rout in,es

reni t i- ’~n,ed , it will be a very powerful tool for desi~ n, inig large

d igital sy st ems.

I.

t

I.

I- - ’
I I  

_ _  
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