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Abstract : v

- ' - ' %

¢ This report contains a description of the program-
ming‘language PL/2100; which is a procedﬁre oriented, block
.'structured langugge with an extensive set of operators,
includihg arithmetic, relatio@al,,logical, bit-ﬁan}pulatidn‘
and sﬁiﬁt operators. 'Ié_iqhégéigned for writiﬁg PL/2100
programé that éonférm'td thé standard of structdre&:piograﬁmihé
and for efficienﬁ%ﬁ expressing and implemeﬁting-aléoriphms
.written in it ‘ . '-_.. ; - - oy
This reéoft, also, contains a description of. the
one-pass working .compiler (HPCOM)' {for PL/2100) written fof
. the HP/2100A _min':i.clomputer'_. ‘
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CHAPTER I o

INTRODUCTION -

1.1 Comparl ﬁﬁA;r hléﬁ Level Language and Assembly Language

J

1.1.1 Assembler Language

" An assembler language is.a symbolic form of machine

language. While machine language is numeric, assembler

language allows alphabetiq names for operation codes and
utorage locations. : B Cood

1.1.1.1 Advantage of Assembler

Assembler language permits the symbolic writing .of

nachine language instructions, thus éontfibuﬁing to the

speed "and accuracy of the programmlng and debugging prOCeSbGB.

Through an assembler, users can 4lso access all i \\\\

regigters available for programming for the machine.

1.1.1.2 Dlsadvantage of Assemblel -

r:- 9

Onlv one data type viz. WORD of a machine is available.

Operations and access on structured data need pro- ¥
g ing and required Btructure is built into’ the program.

Only two control structures are available for pro— 0

_granm;ng i) Unconditional jump instructions (ii) Conditional

’

sklp\lns;ructions.
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1.1.1.3. Conclusion

Hence a program in assembler is‘necesSarily built up -
“ LY ! ! : ;
of very small parts joined ?Y jump instructions.

;o

1.1.2 High Level Language

A_hlgh'level:language is one which is independent of

the features of a particular machlne. Hence it is more easily

a?aptable by a user who does not know any feature of a machine. -

1.1.2.1 Advantages o ‘ -

i) Many data types (e.g. in PASCAL we have an infinite

no. of possible data types) are available,
i, Structure can be buil¥ into data where it belongs
-and need not be built into'programs {as in the case of an

agsembler language).

ii) - Reasonable number of eontfol statements could be
made available in the 1enguage. So a program can be written
in a—realtively small number of parts (cempered to an assembler
program of similar size), the flow of control into and from
~ which is easily discernible provided certain rules (as provided

in”the language) are followed.

1.1.2,2. Disadvantages

The program and data of a high level language are re-
moved from the hardware of a machine. There may be machine

instructions which cannot be used (even if they could simplify

<

" the processing of a pa;ticular problem), as problem—oriented
N -

f=]
-
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. machine codes cannot_be'pfoduced by a compiler of a language.

A

o,

1.2 Need for Amalgamation of High Level Language and
Assembler Language

-

The obvious answer to the possibility of getting‘the
benefits fr%m both assembler and high leveél languages, is to -

merge the 1ow-1evel access of reglsters and instructions o% a

-l

i machine with the avallablllty of numerous- data types and con-
: "

trol structure of 4 hlgh level 1anguage.
-

ThlS has been done before V1z PL/BGO(WI) and SUE/BGO(KI)
but intenti®tnal hardware dependency of a 1anguage means that
the design of such a language must be done right from the

‘beginning for each class of computer. .

PL/2100 (Programming Language 2100) has 'been written
y - 4 - -

for HP/2100A (Hewlett~Packard 2100A) with the intention of

incorporating the above-mentioned features in the language.

L]

1.3 Mlnicomputers and Need for High Level Languages for
Minicomputers

y 1.3.1 Minicomputers

. Aithough minicomputers have been available for many
years, the, fnll range of their applicability to all aspects of
computing is, only now beginning to be adequately explored.

| The mxnicomputera are mini in several ways

i) mini wordlength

The. wordlength of the most common mini machines (e.g.
PDP, HP) is 16 bits, althou&h minicomputers arxe also available
with word gizes of 8, 12 and 18 bits..

-

s

1
1
i
A




ii) mini memory size : : >

v

Memory size of minicomputers have been,traditionally, -

Ls

sma]} They usually have 4K-or 8K (1K = 1024 words)\ of

-‘

menory,- although mlnlcomputers can be expanded 1nto larger
memory 51zes. ' |

iii) mini cost

f -

)
., : \ .
May''be the most important and attractive feature is

o

Recent advances in solid state circuit technologies )

-

have allowed instruction sets of minicomputers to be sophisti-

the low cost of the minicomputers.

cated, keeping the cost Qithin a reasonable-range;

Even though internal speed-of.minicomputers are

comparable to those of larger machines, the throhgﬁput»is
_ smaller than the larger processors because otwthe short word- -
!lengths. \

‘There ate'various-uSages of the oinicomputers, e.g.
process control, to give ereater flexibilitf to larger machine
byipsoviding tioe shergsgbor,remote jobleetryy teaching of
maoo}ﬁe organization beceusefof the simplicity og.the hardware
eetc.

A great enhancement in the use of minicomputers has
been because of the poesibility of using Disc Operating System
for the minicomputers. This, not only gives a simple and |
fiextble operatihg-system from the programmer's point of view,
but also gives a huge secondary storage {(in disc) complementing

' the small: memory size of the minicomputers.

N
“ | m
* . ’ K . : ]




" 1.3.2 Need for High Level Langua

-

The recent advances in the harpgvare design of minicomn- -

for Minidomputers

puters, have not bgen paralleled by thée development of soft-
" ware. ‘Systém pr%grams‘for minicomputerss have, generally, been
" written in the assembler language of the host machine.
Sammet(Sl} has indicated that the édvantaggs of high
leyel language for software implementatién: :
i) Easy conversion to aﬁdtﬂer machine.
ii) Greater ease for a person to pick up somebody
' else's-york. | |
-Except for a few éxceptions, high lével system.langua-
gés for minicomputers are'no% availablé at present. '
The reasons behind the use of 1ow_1éve1 languageé
for minicomputer softwéfe development were that

i) The software would have to be written only .once

and the best possiblé code sequence should be used.

ii) Compilers.for high level ‘langdages could not prod?ce

as good a code as a programmer familiar with the idiosynchraang

»

of the machine. o - | 7 , ! e

o ~

} iii) A gbod'bompiler'for an acceptable high level

langdage could not meet the meﬂory size restraints of minicom—

puters. c : g ‘ -

1

'K ‘ | -The new generakioh”df minicbmputer however, provides. the

capability of using a high level language for software develop-

4

ment as the mlnicomputers have sophisticated instruction sets
. 4

\
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. . 4
and become versatile to handle -large programs. This capa-

bility is enhanced because of the availability of discs.

t

1.4 Existing High Level Machine-oriented Language

.- The first of these two Eypes of languages lS PL/360
(w1)

li‘i\.

1

wrltten for IBM/360 machines
The other_languages have, been SUE/360(K1) written -

. ¥ ’
also for 1IBM/360 machines, the BLISS sy;;em implementa&ion

language(wzy

+

written for\PDP -10 and SUE system language for
PDP-11 family machxnea(Kl) |

‘The Burrough famlly machines are deSLgned with A;GOL
in mind. These machlnes have no symbolic machlne language as

such! ALGOL is the machlne language and system software is

implemented in an extended version of ALGOL. ' \-

1.5 Features of HP/2100A Machine

~

‘ ' - . v
v The section is devoted to a summary of the different .

features.bf?HP/2100A, so that relevant instruction sets can
be chosen from PL/Zlgp as well as to get a better understan-

dlng of the language PL/2100.

1.5.1 Word-Length

v
¢

15 14 . 1090 . .

U WU U
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‘tions) .

—~

HP/2100A has a 16-bit word length and is only woxd
addressable. ) |
b

The lower order 10-/bits (0-9) are used for addresses-

in simple memory instrurtions whereas extended memory instruc-

tions may have addresses up to 16 bits long. ' ' ‘(

. .
- -

. B /

; 1.5.2 Registers _ : ( :
- /"—\

Tﬁe 2100A computer hag six 16~bit working registers

(including two accumulators A- and B—registers),'two one-bit
reglsters (E- and O-registers) and (on the operatlng panel)
one 16- bit display register.

i) A= and B-registers

. These are two accumulators which can hold the result
of arithmetic operatmonsp(lndependent of each other). These

/
are the- absoluté‘locations 000000B and OOOOOlB in the machine

memory and hence, can be accessed through the memory reference:

nstructions (both single and extended memory reference instruc-

- *

&

ii) E-register

This is a one-bit register which can be used &ith A- 7.
.ot " Vd S . N ‘

and B-registers for many shift and rotate instructions. This

is known as, the Extend'register.'

iii) O-register

v o
This one-bit register 1s known as ove:flow—register '

and holds the overflow condition occurring from an arithmetic
. ¥

! ' . ’

‘operation.

o
PR P AP T
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iv) M-register
~ It holds the address of the memory cell currently \;
being read from or written into.

C V) “T—register

All data transferred into and out-of memory is routed
a . ) . .

through memory data'regisfer.
Vii\ S-register | - | - |
It is a 16-bit utility register. -In the halt mode of

‘the machine, it can be manually loaded via display register
on Fhe'panel. In the run mode it can be addressed as an

.I/¢ device ({select code 01).

A

vii) ﬁegisters available through microprogramming

There are other registers available in HP/2100A, which

- i + .
are available only through microprogramming, not through\soft—

N . B i

ware programming.

| - ' ~
For example: _

-a) Q-,‘E—registers ’ . . )

Theée .dre 16-bit accumulators. Spec1a1 microprograms

O

must be written in order to access ~these reglsters. ¢

b} Scratch pad regiﬁters
| | . Like the Q- and-F—, the four scratch pad registers
are available to software by special microproéramming.
The detailed discussion has been given in the booklet‘Hl)

for microprogramming (Hewlett Packard).




1.5.3 Memory

The 2100A computer can be equipped with any of six
memory configurations from 4K to 32K (1K= 1024 words). ~ The
available configurdtiops, which determine the addressing’ t

range are: 4K, 8K, 12K, 16K, 24K and 32K,

1.5.3.1 Paging

The computer memory is'logically divided into page$ Z‘ "
Aof‘1024 words each. A péée is defined as the lérgest-block

of memory'which can be directly'addreSSed by the memofy address
pits (0-9) of a memory reference instruction (single lgngéﬂ)f
Provision is made to address directly one of the two
pages: page zerv (base page) and the current page (in which

A

instruction itself is located). A memory reference instruction

word includes a bit (bit 10) to specify one or the other of
these two "pages. To address locations in any other page, ' - 1
. . i - .

indirect addressing is used. Page reference is specified by

bit 10 as follows:.

AeN

*»
hs

Logic § = Page Zero (2)

Logic 1 = Current Page (C)

1.5.3.2 Addressing - A

All addressing in HP/2100A is done through the mnemory
1] & .
reference instructions. A HP/2100A memorxy reference instrue- «
‘tion word cohtainé

(i) . for single length instructions [fig. 1.5.3.2.11 - ' }

a) bit 15 for direct or indirect addressing ;

‘b)" Bit 10 for addreésing to one of two pagég




15

10

viz page zero or .current page
14 L B} ll 10 9 * 8 " & & 4 9 e 88w O

D/I

INSTRUCTION Z/C|{MEMORY ADDRESS

fig. 1.5.3.2.
c)
ad) .

ii) for

1 Single Length Memory Instruction Word
bits 11-14 for instructions
bits 0-9 for addfesses.

extended arithmetic instructions [flg. 1.5.3.2. 2]

a)

b)

c)

fig. 1.5.3.2.2 Extended Length Memory Instruction Word

+1.5.3.3 Indirect Addressing

First word is the instruction 1tself <:::£7,/////h\

Bit 15 of the memory address word is for
direct ‘or indirect addressing. o

The second word is the address word.

INSTRUCTION
.D/I|MEMORY ADDRESS

There is no index register available but a bit is

available in membry reference instruction to indicate indirect

N !
L)

- addressing.

For aingle length memory reference instructions, bit

15 of the instruction word is used~ for extended arithmetic

Memory reference instructions, but 15 of the address word is

used, Indlrect

addressing uses the address part® of the in-

struction to atcess another word in' memory, which is taken as

a new memory reference for the same instruction. - This new

adquss word is

a full 16-bits long, 15 bits of .address plus i
1 ‘
i

another direct or indirect bit. 15-bit length of address




[y
¥

permits access to any location in memory. ~ The first address

- obtained in indirect phasewhich does not specify another

indirect level becomes the effective address fof the instruc-
tion.
Direct or Indirect addressing is specified hy bit

--‘\
15 is as follows:

Logic # = Direct
Logic 1 = Indirect,

. o
1.5.4, Instruction Format

Instructions for the HP/2100A have four formats. -

Instructions are classified according to formats.

1.5.4.1 Memory Reference o T

R

Single length memory reference instructions: .Format

is giyen,in-figlfi.5.4.l. ' - v

- -

15 14 . . 11 109 . . . . . .0
\[’D/I[INSTRUCTIONIZ/C]MEMORY ADDRESS |

fig., 1.5.4.1 . Single Length Memory Instruction

~

. ) S '
Instruction is 4-bit long and is placed in bits 14-11 (inclu-

sive).

-

1.5.4.2" Extended Arithmetic Memory Reference Instructions

Instructions : . _
Class Instruction . ‘ .
‘ HERA: .o ol )
35 T .. 1211109 . . .4 3. .0
{p/1 MEMORY ADDRESS = -
15 14 ([ I

fig. 1.5.4. 2 . Extended Arithmetic Hemory Instruotion




( ‘. .’I | | . ’ 12

Instruction code is given in the flrst word and tQ\y{

address 1s taken from the next word.

1.5.4.3 Register Reference

The 39 register reference instructions execute various
functions on data-contained in the‘A4,'B~, E-registers.

The instrgctfone are divided into two groups, the shift-
~ ' ‘

rotzte group and alter skip group. In each group, several

instructions may be packed into one word (termed "micro- . ;

\

instructions" in the HP }1teratqre). Smhce two groups are

.o bty

'Eeparate and distinct the paCked.inStructiong from two groups

" cannot be mixed. ' ’ ( : ‘ i
1.5.4.3.1 Shift-rotate, Group : ‘ -

_ / } . i

.There are 20 instructions in the _shift-rotate group. ’ :

The bit 10 is zero for skip-rotate group.

1.5.4.3.2 Alter-=skip Group .

]

There are 19 instructions iA the alter-skip group.

This group is sPecifiea by "1" in bit 10.

A detailed discussion of these instructions and the
\

_rules of packing m;croinstruction have been given in Appendix’ B.

The figure 1.5.4. 3 1 shows register reference instruction

format.
. 15 12 ll 10 0.---0-..----.--.0
CLASS |A/B S/A MICROINSTRUCTIONS

¢

> fig., 1.5.4.3.1 Register Reference‘lnstruchion Format
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e
A/B =+ denotes A- or B-register

~ Logic # + A

Logic 1 + B
S/A " denotes Skip-rotate or Alter-skip groups
Logic g + S

Logic 1 + A .

1

"1.5.5 Data Forma£

The basic data format for thg 2100A computef is a 16
bit word. Bit posiéions are numbered from 0'%iroug§ 15, in
order of increasing significance. .Data are stored in two's
complement. Bit 15 of the data format is used for the siéh bit,
a "0" in this position indicates a poéitive number and a """

- 1nd1cates a negatlve number. The data is assumed to be a

whole nunbexr, thus binary point is assumed to be the right
of the number. ‘ -

| The basic word can be divided into twé 8-bit bytes. The
byte format is used for character-oriented I/¢ devicéé. Paéging
of two bytes into -one word is accomplished by the software
drivers. 1In I/¢ operations the higher order'byte (Byte 1 viz

8-15) is the first to be transferred. .

1.5.6 Conclusion_

The section 1.5 has given briefly some_of the salient -
features of the HP/2100A computer. pr details of. the other
features may be obtained from the-Hewlett—Pacqu& reference

xms;.nur:\ls’.(H2 H3)
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' contents of a particular register.

14

1.6 Programming Language 2100 (PL/2100)

1.6.1 Choice of High Level Language

The high level language chosen for PL/2100 is pascar, W2)

The reasons for the choice of this most recently developed
language are: |

" -

i) Beautiful and powaerful data structure. =

ii) Ease of extension for implementation by bootstrapping,

1.6.2 Choice of Féatures of HP/2100A Assembler

The choice of HP/2100A instructions which will cppear
as -operators ig PL/2100A ic difficult.- For simplicity; at
present, only few shift instructions have been chbsen.as‘ghift
operato;s. _ | C *

These instructions are ALS, ARS, RAL, RAR, and ALF

‘and corresponding instructions for the B-register.

Other lnstructlons may be included easily and the
compiler can be modlfled, accordingly, without much dlfflculty.
It should not take more than a month for a persogfwho is ﬁam;« .
liar with the comﬁiler.

The-recson for che choice .of these instructions as.
operators, 13 that they allow shifting to be done on the

The memory reference insgtructions chosen.are only IOR. _
and XOR as most of the other memory reference inétructiocs could

very well be substituted by different statements cf the

language PASCAL. -
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1.6.3 Form of PL/2100

The detailed description of the- language in BNF is
7given in the Appéndix A,

Several of the most salient design features are:

a) The main statement constructions are the assignment,

while, if-then-else, case, go to, repeat and call
. 3 .
statements.

b) Every program consiSts of a sequence of procedures

Q‘whlch can access a set of global varlables, parameters

or local variables.

¢} These are compound’ statement constructions as well as

1

block constructions. -

d) Procedure may be recursive  if the}'are so declared. -

] ]

e) An.exten51ve set of operators are permitted 1n an expres—
sjon, These are arithmetlc, loglcal, relat10na1 and )
. 3 '
shift operators. “

£) A wide variety of data typeé is allowed. Scalar, subfange,

S V'Array and Record types. Véridué other data types can be-
' 'formed with these basic data types.
g) 'Another feature is the 1ntroduction of "Synonymy“

- between dlfferent 51mple variables ie. a number of

0 o simple variables can be declared to be "synonymous”
(a terulborrowedfrom PL/360(W1)). In othet words, two
_ . o L |
or more identifiers may refer to one storage location,

This is close;to "eduivalence' statement used in F@RTRAN.

or




1.7 Purpose of This,Project

This pﬁoject is; mainly, concerned with the design
"of a ﬁigh level language (PL/2100) for the HP/2100A computér
~and prngces;a working éompiler for it.
| The lahgﬁage PL/2100 has been, carefully, designed
with the hope of:
i)} Easy exténsion.
ii) Varieties of data structures.

The ease of extension and the ;arious data structure make
it attractive to be used for the miniéomputer HP/2100A which, in
the present installation, does ﬁot support a compiler for this
type of high level language.

The compiler has been written in PASCAL (which is

!

available on CDC-6400)‘éhd is one pass. Itjruns on the CDC-6400
and produces rélobataSEe binary which can, easily, be inter-
faced with the Disc Operating System (DOSM) of the HP/2100A
computer, ¢ h

| Tﬁe compiler, at the present stage, is far from being
an ideal one. It does all the basic things necessary to handle
expressioqs and various statements, but does not produce codes
for proéedﬁres. ” | -

HPCOM (the compiler for PL/2100) as a one-pass system

will not fit into HP/2100A machine.p [It takes about 55K at the
present stage]. The DOSM system of HP/2100A allows,segmental
of a program residing on the disc , to be brought onto the memory.

Attempts have been made to segment the HPCOM logically, so that

IS

L T

T

Bt Tl

IfaA,
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sw

different segments could be brought in physically from the

disc to memory. Logical segmentation was possible and it

?pis is time consuming and too cohplicatedJ‘ It was thought
to be wise to discard this appfﬁach. {A detailed discussion
of seémen;ation wiil be given in Cﬁaﬁter IV). Hence there
remain tw; possibilities viz eitﬁer to take a moxre 1imit§d
subset .of PL/2100 or use the CDC-6400 computer §p£ develqping
the softwére fof HP/2100A. The 1atterris considered to be
‘better and more feasible. HPCOM runs on CDC-6400.

Though more work has to be done to make the compiler

l . -
better, the present work is a first important step towards

a more _complete system.

We will describe the methed of complllng and different

_aspects. of HPCOM in Chapter II. Chapter III deals with the
code generatlon part of the compiler HPCOM. 1In Cﬁapter Iv,

we wxll describe I/¢ routines, the interface with the

3 i e [ p——

operating system and the segmentations of HPC0M13 Iq%Chapter
'V,4we have given the concluding remarks along with the
limitations and the possible modifications of HPCOM.

b

would have taken 9 or 10 passes to compile a program in PL/2100.:

R PPy Y -

[ T T S

g




CHAPTER IT

COMPILING AND THE HPCOM COMPILER

2.1 One-pass Compiler

e The key to-an'efficient'compiler for a fast’bomputer
with a relatively large main store is the,one-géss_scheme.
It minimizes the nuﬁber of referenéeé to secondary store
which involve the .operating system'énd exceed all othér pro—-
cesses by orders of.magniﬁude of time consumption. The
restric;;ons imposed on the language due to the choice of

-

a one-pass scheme, are minimal (viz the objects have usually

to be declared textually prior to being referenced.- Note

that prOgramm;nb language 2100 has been designed keeping
®  this in mind) and the complications due to unavoidable

forward references are Smalltws).
f‘ F-d

.Though the HP/2100A does not have lafge core, a .

E one-pass scheme was chosen.  In_the begianing it was supposed

7 t§ be bootsﬁfappedAonto BP/21605 but later the idea was dis;_

. carded as was indicated in Chapter I. The HPCOM (compiler)
runs on the CDC-6400. |

n

The'HPCOM c&mpiler generates relocatable binaxy code

. - > )
for "HP/2100A. The gain in compilation time {on the CDC-6400)
compared to the time in many—péss'compilqr isg, Bomewbit}‘r%puced

+

18
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by the use of standard relocatable'lbader (involyihg'the
 “operating Eysteﬁ of H§/2100A). The advantage is the ability

to merge “binary"‘programs’after compilation and thus one can

make full use of the library rohtines,

| In a one—ﬁasg.cpmpiler, the preparation”and the

code generation,pa;ts are fuséd with semantic routines of

‘the semantic analyser: A typical one pass scheme is given
4

fn_fig. 2.1.

..

g SYNTAX )
: (r_éOURCE ANALYSER N
. SEMANTIC
ANALYSER
. AND"
STORAGE ,
ALLOCATOR
T
! .
L i '
o i
X~UP _ * k
FIX- , "
OBJECT
. ROUTINES fj == =¥ pROGRAM

fig. 2.1 A Typical One-Pass Compiler

2.2 Tables of Reserved Words and Symbois of RL/2100

The programming language 2100 has sgvéral key words
and symbolé which are to be known at the compile time. These

syﬁbois and words are stored in differant tables. The reserved

‘words and symbols are assoclated with integef tokens which are

-

-
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stored in tables as well. The reserved words of different
lengths are stored in differgnt tables. This has been doné
to reduce séarch ﬁime. In the éctuql world of programming,
the tables are represented by arrays of integer and charac-
ters. For detéils, see Appqﬁdix-c. - c

2.3 Context Table

2:3.1 The Description of Objects buring Compilation

All identifiers occurring in a program afe stored

. in a ‘table alonq with a description of the object they name.

Since every object is characterized by various attributes with
T

different ranges of values, the record is the approprlate

e g — =

data eructure. Since various objects are descrlbed by dif-
ferent séts of attributes, the record has a varlantpart._ The
table itself is‘an array of such records. The context table
éontains description of all named objects. The definition

of the table itself is given below; it uses the following ‘data

types: i :

e . | {
AR = ARRAY[1..10] of CHAR; | ’
_SHRINT = =1777B .. + 1777B;
BITRANGE = 0..18;

- . ADDRESS = 0..1777B;

"RG3 = 0..37

1DKLASS = (T?PES,.KONST, PROC, VARS, FIELD,
TAGFIELD, DUMMYCLASS);
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TYPFORM = (NUMERIC, SYMBOLIC, ARRAYS, RECORDb,
. 'FILES, REGISTERS);
IDKINDS = (ACTUAL, FORMAL) ; !

OPTPWR = (NOOPT, PUREP, POSP, NEGP);
VAR

CONTEXTTABLE: ARRAY[0..250] OF .
: PACKED - {j>

RECORD
\ NAME: AR; NXTEL: SHRINT; SYNCELL: BOOLEAN;
| ‘ . CASE KLASS: IDKLASS OF -

TYPES : (SIZE: ADDRESS;
CASE FORM: TYPFORM OF

-

NGMERIC: (BITS: BITRANGE; MIN, MAX: INTEGER);
SYMBOLIC: (FCONST: INTEGER; BITSIZE: BITRANGE);

ARRAYS: (AELTYPE, INXTYPE: SHRINT; . >
LO,HI: SHRINT; SZE: BOOLEAN;
OPTTYP :OPTPWR; |
EXPl, EXP2: BITRANGE);

RECORDS: (FSTFLD, RECVAR: INTEGER);

KONST: (CONTYPE: INTEGER;
‘CASE CONKIND: IDKINDS OF

 ACTUAL: (SUCC: INTEGER; VALUES: INTEGER);
FORMAL: (CADDR: ADDRESS; CLEVEL: RG3) ;

. PROC1: (PROCTYPE, FORMALS: INTEGER;
: PROCKIND: IDKINDS
- DBROCADDR: ADDRESS; PROCLEVEL: RG3 ;
SEGSIZE: INTEGER):
<

VARS: ™(VTYPE: INTEGER; VKIND: IDKINDS;
SYNPTR: SHRINT;
. VADDR: ADDRESS; VLEVEL: RG3)3

. FIELD: (FLDTYPE: INTEGER; FLDADDR: ADDRESS;
' BITDISPL, BITWIDTH: B;?RANGE);

i)

N
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TAGFIELD :. (CASESIZE: INTEGER; VARIANTS: INTEGER;
. CASE TAGVAL: BOOLEAN OF '

FALSE: (CASETYPE:INTEGER) ;
TRUE: (CASEVAL: INTEGER)):

END;  [PEND OF THE DEFINITION OF THE CONTEXT
. TABLE ¢ A _ T

<

Anon§hous”objects which are- generated during compila-
tion and correspond to component variable dénoﬁations, prima-
ries, expfessions, etc. are described by’ variable local to

‘the various processing procedures. These are specified as
\ )

. i =,

folYows: ‘ | . .

TYPE

ATTRKIND = (VARBL, SVAL, LVAL, LCOND);
; ATTR = RECORD | : : . -

i TYPTR: INTEGER;
e CASE KIND: ATTRKIND OF

VARBL: (ACCESS: (DRCT, INDRCT, INXD):

BREG: RG3; DPLMT: INTEGER;

CASE PCKD: BOOLDAN ,OF
FALSE: 3 : : B
TRUE: (BITADR, BITSZ: BITRANGE)});

SVAL: (VAL: INTEGER);

LVAL: (CTERH: INTEGER);

LCOND: (IMP: 0..33 ARITH:BOOLEAN); -

END, ) |
The complete datatype defintions used by the com-

piler térdescrige objects are included, here, not oﬁly to

convey an insight into the compiler organization, bpt also to
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demonstrate_the power of PL/2100 data definition facilities

‘{similar to PASCAL). They: allow for a ﬁransparent and fully
symbolic, machine independent form of data specifications,
- but at the same time make an eéonomig usage of storage pos-

-

sible {(the packed record has been used for that purpeose}.

2.3.2 Search Method

- A linear séarch method ‘has been used to'search-through
the tables of reserve-words and the symbol table. Thel{eason
thisﬂﬁethod has been”used, is because of its simplicity. 1In
order to, reduce the time for the search, thé‘re§erved wordé of
diffgrent'lenéths are stored in different tables along with a
éable of pointers pointing to the first elemerits of the tables
"~ .of reserved words. Thus search need.not be madé through all
the tables,dﬁ the'same time. The identifieérs are put into the
objectablé as they are encountered. A pointer is used, in the
'fdescription of the identifier, to point to the previously
_encountered)identifier. Identifiers stored are, obviously, all

. different, !

.

An indication has been given in this paragraph to show
ﬁhyrﬁinary search and hash-coded se#rch ﬁethods have not been')
used. The binary search method has the disadvantage that
identifier and the reserved words are to be put into alphabetic
order. The vafiant parts of the record descrgping the‘objects
in the object aﬁe of different lengths {in no. of bits) and

s
packing would be lost as the identifiers are moved from onhe
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place to another as is necessary in binary.seaech method.
Thigawill; naturally, cause a let of treubles: The hash-coded
search seems to be beteer.but is more complicated and as such
could be time~consuming,
The linear seafch methed, compared to binary search

and hash-coded search methods, seems to be a “it slow but

much simpler. In fact, a proper study should be done with
. the tables of reserved. words and the context table used in

HPCOM compiler, to see whlch of these search methods is’ better

and more eff1c1ent.

2.1 Lexical §canner

The 31mpleat part of a cqmpller is the lexical scan-
ner used to scan the texts {or the source program). In PL/2100,

the word-delimeters ‘lor reserved words e.g, begin) are re-

presented like identifiers (without escape characters) and hust
be inteepreted'by the scanner. Identifier (end also numheﬁs)
are therefore, considered‘as-basic—symbola. ‘It is a source- .
oriented scanner and'hae made full hse of recursive“definihions
of procedures possible in PASCAL (the language in which the ¢
compiler has heen written). The .main controls of the scanner
‘is given in fig.” 2.4 and a iisting.of the program in Appendix :
D. | . | '

e e N e iy
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)

2.§$yntactic Analysis of the Source Text

The design of the programming language 2100 is based
- on syntax allowing the application of a reasonably simple
' and perspicuous analysis technique. The method ehosen was
(Cl)

first used by Conway who called it the "SEPARABLE TRANSITION

-DIAGRAM“ technique. This method has also been used by Wirth(wa)

»in the design of the PASCAL compiler. This method has been -

- chosen for the design of the compiler.(HPCOH) for PL/2100. *
The syntax'of the language is presented as a finite -~

set of pseudo—finite state recognizers. The attribute "pseudo”

Eaigndue to the fact that some of the basic symbols to be recog-

nized are replaced by sentences recognizable by one of the

members of this set. The recognizers may thus activate each
other, possibly causing recursion. This top-down parsing

technique has the following advantages: : .

-

‘i) “very single recogﬁizer-can"be-presented by a lucid finite
graph directly representing the recognizer s program.

ii) If a programming system is available offering recursive
procedures, no explicit stack mechanism need be pro-
qrammed} iIt is important to note that, as PASCAL has.
,capabilitycgf recursive @rocedures, this has been done

" in HPCOM). ‘\ | o |

iii) 'Program paths ietroduced to handle syntactic errors

can’be represented in the syntax graph.

It is‘important to note that syntax analyser ‘is top-down.
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1

The syntax analyser has recursive procedures for nonterminal

symbqls of the language and these procedures pafsa phrases

©

 for the nonterminals. The procedures are told - :re in the-

X program te begin looking for a phrase for all the nonterminals;

. -
hence syntax analyser is goal-oriented or predictive. This

- method is known as recursive descent method. The syntax analy-

3er uses a bottom-up parsing principle to obtain input (viz

' integer tokens) via the source oriented lexical scannexr

(which associates the tokens with the different éymbols and

identifiers of the 1anguagé).

“The dependence relationships between the various main pro-

' cedures of the syntax analyser are given in fig. 2.5.

COMPOUND TAIL

MAIN PROGRAM

_smrmmnb
< |
IEXP-RESSION ]..____

PRIMARY | 4

C}IELD LIST
‘ . S

B ' —— VARIABLE | K

fig. 2.5  §resents-the block diagram of the syntax analysc;
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The detailed syntax of PL/2100 in terms of 'transition

diagrams' is given in Appendix E.

i2h6 ~Semantic Routines and Code Generators

-

The advantage of using recursive descent method becomes,

Eevident in semantic routines as one can insert code for a phrase
Eanywhere within a procedure, not just at the end of it, when

a phrasé has been detected. No explicit stack mechanism is |
Jnecessarg to.store the parsed phrase.l In HPCOM Semantic
‘routines and code generators are fused:with the syntax annlyser
which calls éhem wheneve; necesspr&, If coroutines are used,
'semantic routines and code génerators:heed not be fused with
the syntax analyser. The codéxgenerators are, of course,
dependent on the features of the/target machine. Since .code

generators are very 1mportant part of the compller,,they are

discussed in detail in the next -Chapter III.

2.7 Initialization Routine_and Fix-up Routines

The 1nit1alizat10n routine is the first routine to be
called in the compller and it inltlalizes dlfferent varlables
and the symbol table.

The fix-up routines axe called at the .end of the code.
generations and are used'tb‘fix the codes up namely, placing
the proper branch addresses, allocating the constants at the
end of the data stack and assigning the teﬁpofhries used.

i
b

e i e e AT A

s

prirr =y i

[ - L o ity ki il e
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Routines Used to Produce Relocatable*ﬁinary in Proper

‘2.9

Format

These routines are used to put the code in a form

sacceptable to the relocatable loader of the HP/2100A machine.

Overall View of the Different Parts of HPCOM

In this section, the following block diagram has

from the main procedure.

MAIN
PROCEDURE
HPCOM
INITIALI- -
ZATION K//
ROUTINE
i
SYNTAX FIX-UP
ANALYSER - - ROUTINES
I
\
LEXICAL SEMANTIC ROUTINES |
ANALYSER CODE GENERATORS
AND STORAGE
& ALLOCATOR
‘ i .
]
]
{ 7
SOURCE
PROGRAM

. displayed the various parts of the compiler as being called

PREPARE THE CODE

lROUTiﬁE TO
|FOR RELOCATABLE

' LOADER AND
[ STOP
y
1
i
|
I
-
\\
‘CODE STACK
v

fig. 2.9 Displays pifferent Parts of HPCOM Compiler
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2.10 Conclusion.

The language PASCAL has been used to write the compiler

HPCOM. The reasons are that the PASCAL‘cogﬁiler is fast and

that the language PL/2100 closely resembles PASCAL in data
structure. Not much effort need be spent to write the compiler
in PL/2100, because the features available in both PASCAL and

FL/2100 have been used (except the powerset or ‘(set 9£7 type

+

which is not available in PL/2100). This would be advantageous

-

to a person who wants to bootstrap the HPCOM compiler to

HP/2100A machine.

The design of the compileriis governed by the fact that
the compiler should produce éfficient code. Efficienpy, in the
case of HPCdM, refers primarily to space (réquired to store the
object. code in the target maching),not‘time. This is becauée
the HP/2100A hés a small memory and -as ‘such a program in'PL/2100‘
sHould not occupy too’much space 1in thé core'of the target

machine (HP/2100a). _ e
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CHAPTER III : - _

CODE GENERATION

t - f ) 1

3.1 Code Generators

This part of the compiler is machine dependent i.e.
their structure and the aléofithms used depgna on the target
machine. The following diagram (fig. 3.1) -gives a YieQ in
the organization of the code emitﬁér. Needless to say that
these routines check syntax and get the Semanticg as well.

(This is apparent from the discussion in Chapter 1),

CONTROL
PROGRAM

STATEMENT
PROCESSOR

-,

, 4 , _ - ) I r . - y .
lASSIGNMENT [EXPRESSION CONTROL |. [coTo
. |PROCESSOR | 'PROCESSOR PROCESSOR PROCESSOR

i

v _ .
CODE ” : 1 &
EMITTER

«

Fig. 3.1 Code Emitter Oxganization

3.1.1 Control Program , . . - '

The control program is driven by syntactic productions

recognized by the parser. Whenever a syntactic entity is recog-

32
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,/

nized, the control program calls the statemént processor -
which,. in turn, calls the module résponsible for the code

emissicn of the class of .productions to which the recognized

' production belongs. The compiler has extensive type checking

capabilities, and it is the reésponsibility of the different

processors to initiate type ‘checking where necessary.

3.1.2 Expression Processor

Whenever an arithmetic expression is recoqhized).the 7
statement processor activates the expression précessor. The
function of the arithmetic expression processor is to prépare
all the operands of the expression for processing Qy genera-
ting‘propcr codes for their values (at run time) as réquired.\
Thus the expression prqaessor calls other modulesA(éot shown
in fig. 3.1) to get the address of the operands. Once the‘
operator .is recognized it finds out if more operands are

necessary for the operator. The processor parses from left

to right with equal precedence for all the operators. Once a

. meaningful sentence is* recognized, it generates codes which

yield tﬁe value of the expression.

There are only two hardware accumulators namely, A-
and B-registers for the HP/2100A machine. Thus it might be (
necessary to store the partial value of the expression (durin§

runtime) and hence temporary memory locations are necessary

- to store these values. At compile time, the arithmetic

processor generates proper codes and assigns the locatioqa

] .

P APPSR P

1
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necessary for this purpose. An artempt has been made to
opéimiie the number of temporaries. The maximum number of .
temporariés\nécessary for an expression are also the maximum
number of te@porariés‘for the whole program, as these temporary
locations are made free after én expréssignis executed {(during
runtime) . Egg[arlthmetlc processor calls two routlnes viz.
LDTMP (load from the temporary) and STTME (store into temporary)
for this purpose. It also keeps a~tab1e of pointers so that

fix-up routines can, properly, assign the locations.

3.1.3' Contrcl Section

The control‘section processor handles the code oenera~
tion for all the control structures of the programming languago
2100. Both selections and exits from a loop are managed bf
the compile rime tables. These tables are upda;ed by the
control section processor, and wﬁenever all pertinent informa-
tion is available, these tablos are used to emit fik—ups and

branch tables. Both the management and the use of the tables

)

Al

are machine indepégdent._ Y

3.1.4_  Assignment Processor and GOTO Processor

ASSLgnment processor is called whenever a value of

T 4

‘an expression is to be assigned to a variable.

Whenréer an unbopditional branching'is recognized in a
program, the GOTO procéioor is activated. It updates and
keeps track of the branching table (at compile time) so that
proper codes are generated. Both forward and backward jumps

are éllawed.
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3.1.5 Object Code Emitter _-// X

Ea

23

The object code’ em;éterlls responsible for the pro-
duction of HP/2X00A object code. The produced code-is placed
into a code etack conteiningiall the .codes generatea for a
program. 'The.code stack provides the compiler the capaoility
of peephole optimization but no ettemot has beern made to

optimize the code produced.
. '

3.2 Code Emitted for Different Statements and Types of Operands

In this section the code emitted for expressions, dif-
ferent statements and operands of different types will be

) .
] discussed.

3.2.1 Exgre351on Evaluation
= < X
The format of arithmetic operations on HP/2;00A ineists

that one of the operands of the expression be located in one

)

of the two accy mulators viz A-.and B-registexrs. The~ evaluation e
Sy
of expressions often results in values which.must be. stored

temporarily. These values are storeq in temporary memory
Jflocations, not rn A- and ?—reglstérs as thesb registers gould
be used in evaluatlng the. expressions. A -great deal of
effort has been spent on HPCOM to make it allocate temporory

locations efficiently. These are not allocated dynamically

at run timc. . _ _
| To evaluate an arithmetic expression, the first operand

is-loaded in the A—register (by convention, the first Operand

is always loaded in the A—rggister and also the ‘result of thq'

expression is always in the A-registar) and the HP arithmetic
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"operations ({viz, MPY, ADA, etc.).are used to evaluate the

by

expression.1 The code generated for different arithmetic
' operations, is given in teérms of HP assembly language instruc-
tions (whoge uses and meanings are described in Appendix B).

3.2.1.1 Codes Generated for Arithmetic Operators N

3.2.X.1.1 Addition

e.g 1St operand + 2nd operand'
. LDA 15t operand /x Lead first operand in the

A-register a/

ADAS o7 operand /» Add,2nd operand to the
: contents of A-register */.

3.2.1.1.2 Subtraction ' '

€.9. ls; operand - 2"d operand

st operand /x Load first operand in

A-register =/

2 ~  LDA 1

nd

LDB 2 operana’ /+» Load second operand in

_ B-register a/
CMB,INB\;:\TaKQZ'S complemegt’of the an épe:and x/
ADA 1 /&« Add Eontents of B-register to the c¢pntents

' of A-register, the result of subtraction is

in A-register'a/

3.2.1.1.3 Multiplication

e.q. 15t operand 2nd operand - -~
LDA lst‘operand./a load 1%% opérand in A-regigter #/
nd . ]

MPY 27 operand /» Multiply contents of A register

with the 27d operand s/

‘TOR 1 /n Incluéive or contents of B»regist&i
' with the contents of A-register #/
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’V\;t is important to note that the last code viz
IOR 1 is\important, as the sign bit Sf the result of multiplica-
tion is in\p-register. It is implicitly assumed that the re-
sult of multiplicatiﬁn is less than (gls—l) i;e. the lsth bit
.of A—register‘is always zero, and also that bits 0 to 14 of
of B-Fegister are zero. ) . . !

3.2.1.1.4 'Division )

a

e.q. 18t operand div an,operahd

LoA - 1%t 6perand /* load 18t operand in the A-registér 74
CLB N\ )
SSA /* s8kip next instruction if the sign
' bit of A~-register is zero i.e.
the 18t operand is positive #/

CMB, INB 4 /* lat‘operand is negative, take 28
o complement of it and store in B--
\ and A-registers cémbined s/

nd opﬁrand /» Divide the contents of B- and A-

DIV 2
o register by the 2nd operand. The
result is in A-register »/

3.2.1.2 Codes for Relational And Logical Operators

¥

302-1‘.2 .‘1 -O_R- {v’)

. 14

. e.g. 1"~ operand {gR} 2nd operand -
LDA l’t.oéerand /* Load 18t operand in the A-register t/,
.Jor 2™ opetand /* Inclusive or 204 operand to the
contents of A-register. The result
. is in A-register /
3.2.1.2.2 AND (A) . ‘ A
’ e.qg. 1%% operand {A;D} 2nd-OPQrand

LDA _1't ope}an§ /« Load 1%% operand in the A-register «/

anp ‘2™ operand /« And 2nd operand to the coantents of
. the A-register. The result is in
: A-register «/ '
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)

3.2.1.2.3 Reiational operators

T - rLT‘
LE . ,
T { ,
operand ‘4gEb 2nd operand .

~ |NE
\EQ]

. ' €e.9. lSt

In cases of the relational-operators, first operand
is subtracted from the 2nd opefand (for convenience) and the.
result (in the A-register) of the subt:acﬁion is checked a
check on the sign bit of the A—register'and/ét the contents
of the.A-regisﬁer is necessary) to see if the relatisn is truei
or false,aﬁd the result is sét to true {1 in the A—regisﬁer)
or ;false. (0 in the A~-register).
The following three words of instruction are commoﬁ
to all relational operations:
| LDAf lSt opeﬁand /* Load the ISt operand in the A-register =/
éMA,INA /* Take 28 complement of the 1gt opefand */
L operand /« Aéd an operand to the contents of

ADA . 2" ,
the A-register. The result of the
subtraction is in the A-xegister »/

m————

3.2.1.2.3.1 LT(<)

a.q. 18t operand {;T}'2nd operand

SSA,RSS /« skip the next instruction, if the result of
the sg@btraction is not positive »/

SZA,RSS /#» skip the next instruction, if the reaqlt of
\ ' the subtraction is not zero #/ i

-f

s
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3.2.1.2.3.2 LE(x)

<
e.q. 15t operand {" } 2 nd operand

SSA,SZA /* skip the next instructlon, 1f the result of the '
subtraction is not positlve */

-

3+2.1.2.3.3 GE(>) - Lo

e.qg. 18t operand {— } 2 operand.

SSA,SZA /* skip the next instructloh, if the result of the
: subtraction is positive or zero */ '

3.2.1.2.3.4 GT(>)

-

. e.g. 15t opgrand {> } 2nd operand

SSA,RSS /» sklp the next instruction, if the result of the
'~ subtraction is not positive »/ )

3.2.1.2,3.5 NE(#)

e.q. 15t opera{nd {;E} 2“_d operan{
SZA,RSS /» skip the next instruction if the reéult of the
subtraction is not zero »/

3.2.1,2:3.6 EQ{=) -~ ) -

e.q. 18t operand {ﬂ } 2™ operand

S2A /* skip the next instruction, if the result of the
suybtraction is zero t/

Next two words of code are common to all relational -

operations,
_.——-'/-

CLA,RSS /* set A regiater to zero and skip the next instruction.
That is to say that the result of relational
operation is false &/ :

CLA, INA /% set A register to 1, The result of relational
operation is true %,

3.2.1.3 Bit Operators . . .

3.2.1.3.1 IOR" ‘ L | oo

nd

e.q. 1°% operand jor 2 operand

Loa 1%% operand /+ load 1%t operand in the Arregistar 74

A
L
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I nd y - nd e ’
OR. 2"~ operand /* inclusive OR 2 operand to the contents

- .. of the Avregister. The result is in the A~register */
¥ i r .

3.2 1.3.2 XOR -

e.q. 18 st operand xor 2 operand‘

v

LDA _1 operand /t Load 18 st operand in the A*regiater x/ -

¥orR 29 operand /+ Exclusive or 279 dp@rand to the con

- tents of the Aireglater. The result is in the B-
register o/ -

L]

[

3.2.1.4 Shift Operators

6.9g. als -
ars

operand 1 ral t+ <factor>
rar
alf

for the A—régiater, where <factor>, an integer, species the

‘ number of shifts to be made.-

Similarly for the B-regiater, we have e
bla “

$a

A ' . operand <factor> .

e

For the operatdr“glg‘(or blf), the factor is dater- .
minad as a modulo 4 (because ¢ glg.or blf) shifts are the same
as no uhift). ,

 For. other. operators, the factor is detarmined ‘as

modulo 16. Following examplea will make it clear.
'3.2.1.4.1.

(a) operand alf 6 )

At compile timéﬁ factor 1: determined as a modulus <
of 4 and the result is 2. The code gagjLatod is. |

LDA ope:and /* load operand in the Apr.giat.r ' 74

ALP,ALF © /% wake alf shift twice ¢/




(b)

Code

operand alf 7

s-generated are

- LDAa bperand

3.2.1.4

(a)

Code

(b)

The

ALF,ALF
ALF

.2 '

operand rar 7
s generated:are-
LDA operand
RAR, RAR

ﬁhR,RAR /* code has been optimized
‘ in these cases »/

RAR, RAR C \
'RAR _ _ R

operand rar %P

[

resultant factor is‘3 and codes generated are
LDA operand | ’
RRR,RAR )a 3 Eﬁg-shift neceésary »/

,RARi . '

<3

3.2.1.4

(a)

. Code

operand als 18

g

s generated are
"LDA operand

r

ALS,ALS / factor = 18 mod 16 = 2 #/

.
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(b} operand als 5
Codes generated ‘arg:

U
LDA operand

ALS,ALS : -/ two ALS shift allowed per
ALS,ALS o instruction word =/
ALS

3‘2.1.4.4

(a) operand'§£§ 17
Codes generated are
LDA operand
ARS . : /* one ARS shift necessary */
‘(b) operand ars 6
Codes generated are

LDA operand

ARS,ARS /? operand is shiféed

ARS,ARS by six places »/

ARS ARS N ‘
$3.2.1.4. 5 |

{(2) operand ral 36
Codes generated are
LDA operand

ALF /* resultant factor is 4 and 4 RAL
shifts are . equa‘ to one ALF —HIft »/
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(b) operand Eél 3
Codes generated are
LDA operand )
RAL,RAL - /* 3 shifts necessary »/
3.2.1.4.6
Code generated for the shift operators for the B-

register is similar except the the result is in the B—register.

for example

operand.@shift"operétor> factor
Since the value of an-opérand is. always in the A-

reglster, we generate codes as fbllows, ‘

LDA Operand T4 1oad operand in the A-register 4/
P | STA 1 /» storxe the value of the operand from the

A-register in the absolute location 1 which

" is the B-register a/’ | |
This is followed by -similar codes for shift operators

for the B—reéister; The result is in the B-register.

3.2,2 Assignment statemént

e.g. <variable>: =<expression>

¥

”~
~

+

The result of exp:eésion is always in A register.

Hence code generated ia,

STA variable ad /+ store the contents of A—register
' in location for the variable »/




3.2.3 IF statement

IF Boolean

exPression} THEN {statement} ELSE {Statemant}

The result of the necessarily booie;n exﬁression }8'
either false {value 0 in A) or true (value 1 in A). Hence‘
. Codes generated aﬁei
- for 1IF {expresaioﬁ] THEN {st&tement}s

‘SZA,RSS /« skip next instruction,if the result of boolean
expression is true (value 1) »/

JHP LAB] /* jump to“location LAB]l . if the-result -

of boolean expression is false (value 0) f/.

-2 ./

'} /* code for the statement after THEN ./

[ AN NN NELN]

1 nop Ve a no 0peration instruction “/ |
§ Epdes generated for ’ .l\
IF {expression} THEN {statement} ELSE {statement} - s
SZA,RSS /» if result of expression is true, we go to
'\h _ THEN part */
JMP:LAB]. /* jump to élse part_ .0f if statement »/ l
g /* code for statement fpr THEN part =/ o
JMP ,LAB2 /* jump around else part of the statement s/
LABL NOP /*» else p;rt starts here a»/ A I
| § /* code generated fdr statement in else part «/
2

NOP /* A dummy no operation instruction used to know
‘ during compile time, where to jump around
alse part »/
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3.2.4 _REPEAT statement

€.g. REPEAT

UNTIL {

(ANERN

SZA,RSS /*

JMP LABL /a

Statement{s}

expression is true}

LABl NOP . 4 GENERATES DUMMY NO OP INSTRUCTION */

/% code'generated for statement{s} */

/* code generated for boolean expression
Result 'true' {(value 1) or 'false
(value 0) is in A ./

skip next 1nstructlon, if result of
boolean expression is true */

result of expression is false, repeat the
REPEAT loop =/ i -

N
NOP /* Another dummy no operation instruction =/
3.2.5 WHILE statement ' o \?
by . .
e.g. WHILE <expression> DO <statement>

LABL NOP  /a

A

/%

sdvroses

SZA,RSS  /x

JMP LAB2 [/

~ [*

JMP LABl /=

LABZ NOP /"

start of WHILE‘loob ®/

code for expre551on, result tfue or false
is _in A-register a/ .

skip next instruction if the result of
expression is true »/

jump out of the while loop, the result
of expression being false «/

'code for statement =/

GO REPEAT WHILE LOOP =/

END’OF WHILE LOOP #/

o e b b i s




3.2.6 GOTO statement:

e.g. GOTO <integer>

JMP LABEL /% JMP TO THE LABELLED LOCATION #/
' 3.2.7 FOR statement ’ el - e2
_ + +

FOR <identifier> : = <expressioni{b0$gTo]Sexpression>

- code for 1lst expression DO statement
STA <ideftifier> /« STORE the value of the first
expression in“the .location of
the identifier «/ o '
/* code for znd expression 4/

STA <TEMP> /+ store the result of 2“d expression in
a known location a/

LABY [ LDA <Jdentifier> /« lqad valuevof identifier in A =/
CMA, INA /» take 2% complement »/ . ;
{10} ] ADA <TEMP> /* calculate e2-el «/ i
. SSA,SZA . /* 1f e2-el is -ve,for loop is ]
: finished }
JMP LAB2 ~ /* jump out of for loop »/ 'mi

/« statement ccdes »/

'7
1
Ee adba”

LDA <identifier> /« load value of identifier in
_ . the A-register

INA © . '/* INCREMENT IT +/ . i

STA <identifier> /« store the new value of el in
. _ . ldentifier »/
ij

JMP LAB1 /% GO BACK TO CHECK FOR-LOOP */
LAB2 ' NOP L /* dummy no operatlon to go out:

o of for loop =/
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_For 'DOWNTO' the relation el > §2 must hold foé the loop
to continue. Hence the difference in coding would be ’
LABl LDA <TEMP> /* load e2 /-
CMA, INA /*\éomplement e2 */
ADA <identifier> /x calculate el-e2 */

\
3.3 Data representation

1
- ~

We now discuss the internal representation of the
PL/2100 data types, and the way in which operationsion them are

implemented. One of the deficiencies of the HP/2100A instruc-

tion set is the lack of facility ﬁhereby structured data types

may be eas?ly manipulated. These deficiencie$ are thel
following. |

1) The'HP/zlooAlipstruétion set allows the manipulation of .
dnly 8 bit bytes (in case of éharacter)'aﬁd/or,maximum 6 bit
word with one instruction. The‘PL)ZIOO la&gua e howe;%r Qllows
the manipulation of structured types (érrays, Zecords) which

in the majority of‘cases'are greater than 16 bits in length.
No'problem arises as‘long as those subfields of the structured
types are being handléd that f£it into a word or less. Restricting

8
the data structures to those whose lengths are at 16 bits

. would, however, destroy one of E;é most elegant features of

the PL/2100. ' P
2) The HP/2100A does ndt have convenient instructions for
address calculation. An address ﬁay be calculated through one

of the ﬁccumulators at a time. When dealing with data types

which involve either implicitly or explicitly a variable ‘offset

3




from the base'addreés of a variable of the data type (arraysj,
the use of an index register would be most useful. HP/2100A
machine has no hardware index register as such (but indirect

addressing is posgible through one bit in the instruction word).

) «%
3.3.1 Numeric types

by

Numeric types inl HP/ZlOO-impleﬁentﬁtion are those
whose interﬁal'repfesentation is a sixteén bit word.
| All numeric operations allowed by the PL/2100 sfstem
~ language, except modulo, are implemented; Arithmetic opera-.
tions are evaluated in A- and B~register and result is always

" in A-register (unless stored).

3.3.2 Scalar types

The values of the prégrammer defined scalar types
are ordered by the position of the identifier names in the
defining list. Internal values are assigned in order startlng
with zero,and the base 2 logarithms of the ‘largest value
deter&ines the number of bits ?equired.,The symbolic constants
CO0, Cl, ... Cn‘of a scalar type, are represented intefnélly

as 0,1,2,...n.

3.3.3 Arréy types .
lAn ggégx‘is.a structure consisting of a_fixgﬁ number

of coﬁponents all of the same type. The dimensionability of

an array is specified.in the array declaration. .
In PL/ZIOO,'the bounds of an array must be constant,

and known at coﬁpile time. As a result, we can allocata (at
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compile time) to a Gariab;e of the array tyﬁe the amount of .

stdrage required to hold all the elements of the array. The

address of an array element consists of the basé address of

the array-offset by the index of the element into the array.
The effective relative address  (relative to the

top of the data stack) of an array is calculated as- follows:
Let us assume that the array is cne dimensional, and

the lower and upper bounds of the array are denoted by LO

and HI respectively. The size of each element of the array

is denoted by SIZE (the size is the number of HP words required
to hold an array element of a particular type, e.q. if an

Array element is integer, SIZE = 1). The base address of the
q;iay variable is given by, say, DPLMT. The effective address
of an array element is calculated accordinglto the following

formula,

effective address = DPLMT + (value_of index-LO)*SIZE.
For a multidimensional array, the éffective_address
can be calculatéd similarly. The HPCOM compiler is capable
of handling multidimensional arrays,
' ~

We have given an example of the code required to

access an array eiement.r The declaration for éncfrray variable
is given below:
VAR |
A: - ARRAY [1..100) OF INTEGER;
The abové declaration reserves storage for 100 members
. {16-bit integer) array named A and declaies the variable

index to take a value from 1 to 100. -

>
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5

To access an array element, we emit the following

sequence of code:

CLB

5TB

LDA

STA

/*

{

Clear the B-register a/ . -

<temp> /% STORE the contents of B-register in a fixed -

<index>»

<size>

<disp>

<temp>

oL

<temp>

Ve

/e

/*

/I

location <temp> known at compilé time. - Thisg -
location will contain the address of the

array element »/ ' PN
Load the value of the index‘in the A-register;
if index is a constant, it can be calculated
at compile time »/ :

<size> is 1,in the particular example given
above, and is known at compile time x/

<disp> is the displacement from the base
address and is = base address - LO.# <size>,
This is calculated at compile time a/

contents of location <temp> is added, this

allows multidimensional arrays to be compiled

as well »/
store the effective address of the array
element in the known location <temp> #/

:3.3.4 Record types.

A record type is a\atructure éonsisting of a number

of components, possibly of different types. The recoxd defini-

tion specifies for each compbnent of thenrecord, called a field, -

the type of the field, and an identifier which denotes it.

A record type may have a variable format where one

of the fields of fhg record, called the tagfield, indicate

the chosen format of record'at any time. Por example,

TYPE

person = RECORD name, firstname: ARRAY [1..10] OF char;

- agei integer;
married: boolean;\\
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CASE s: sex OF ;
male: {enlisted, bold:B;olcan); wa/.
female: (pregnant:boolean;

size: ARRAY Il..3]~9§ integer);

END

Since PL/2100 does not allow the definition of data

types whose length may change at run time, we know at compile

time the displacement of all subfieélds from the start of

+ the
the
the
the
The

sum

record. As a result, no runtime index calculation from

- .

start address is necessary. The address of the field of
record is the base address of the record variable, plus

displacement of the field from the start of’the record.

-

max imum amounﬁ of storage allocated to a variable is the
. . _ . T
of the fixed part of the record and the largest variant.

Synonym Daclaration

Through the synonym declaration, more than one

simple variable (i.e. not of structured\type) can occupy

’the

-

same location at the run time, <

In this section“we present how these simple'synony-

mous' variables are allocated to the same location. A pointer

. A
is used to link the synonymous variables circularly.

N

For examﬁle, if the synonym’dec;aration is, namely,

SYN :
A= B,C,D;




IRy
e

the identifiers A,B.C.D are connected as given in fig. 3.4.1.
\ ] hY S

> A

[ Y
o
1

fig. 3.4.1 circular linkage of synonympus‘variableé

If the above declaration is followed by,
B = E,F-'G: * L7

the linkage is changed as given in. fig. 3.4.2

»— A

fig. '3.4.2 The changed circuilar linkage of synonymoua‘variablqs

A boolean pointer is associated with ‘each of these
syﬁonymous identifiers, and is false and remains gglgg until
the identifiers axe allocated to a }ocatioh. |

All the synonymous identifiefs are allocated to an .
address (relative to the top of the data stack) of the synonymous

_
| | \
4 ’ ' .
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-" ‘ / I
. variable encountered first in the vari,bfe declaration part,

For example, if in the variable declaratioﬁ part,
we have . - h |

C ::integer;

and its relative address is 3, then all the synoﬁymous
varlables declared above will be gaven the address 3 and the
boolean pointers will be set\to true. Thesé synonymous
'variables'will'be of type integer. T ,.

An attempt to ailécatg*épace tb any of these synonymous.
vifiables (which have been allocated to a location already)

. . . . . .
will cause a compile time error. - M

B N

3.5 Procedure

Though HPCOM compiler at thel present stage is not
capable of compiling procedures; an'in&ication of how it could
be done is given in this section. ‘ I

In the case of the ?ASChL com;ilér,,every procedure
has associa%gd with it a data segment consisting of a header
and the local data space df the proéedure. The data segments
are linked by two chains namely, static and dxnamic links,

respectively(wa).

(W3) suggests that

.The PASCAL impiementation,report
the base addresses of all active data segments (those that
may be accessed from the.éresently-axeéuting procedure} be
stored in a display. The display would then be contained in
hardware register for quick Access. But aP/2IOOA machina has

only two hard&are registers viz A- and B-registers and this .
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A
T

" method is not suitable. Another method used in the 1mp1emen—

; tation of ALGOL for the Burroughs 5500 was considered.
This method has also been used in the 1mplementat10n oé the SUE
Compller(xl). In thls method two pointers are storedin two
registeis; these two pointers point to data segments of global
:and the most recently activated procedures. The static link

is stored in another register. Again this method would be
unacceptable as the HP/2100A machine ha& two registers (viz

A- and B—registers)rwhich'are uéed, mostly, for arithmetic

calculations.

~

"The suggestion put forward here is to ﬁse cémplete
display method as has been lmplemented in PASCAL compller ﬁ\
(for simplicity and convenience) and . to store the information
at the top locations of the data stack of tLe main procedures.
These locatlons are known at compile time andxzan be set
.aside for this purpose only. These locatlons wxll ac£)a8 a set of
working- registers. . The gisadvantage of the.method is that it
requipes memory access quite‘ofteﬁ whereas the advantage is
that a compiler—ﬁritgr-can haye'as h;ny nesting of procedures

as he likes, by allocating sufficient number of working

registers,
/

3.6 ggiangement of the Code Stack for the Main Procedure

In this section,the following block diagram presents
the arrangement of the codes as generated {along with the
locations kept aside for variables, constants used in the

program and temporaries uged for expressions).




TWO WORDS USED: ONE
FOR THE LOAD POINT AND '
ANOTHER FOR SKIPPING THE
DATA STACK, viz

Load point + NOP

, JMP L1 -
TWO WORDS FOR STORING . )
¢ BUFFER ADDRESS AND BUEFER _

LENGTH FOR I/0 ROUTINES

ONE WORD FOR STORING, K THE
UPPER BOUND OF FOR LOOP

TWO WORDS FOR STORING
THE ADDRESS=OF AN ARRAY ‘ ' .
‘ELEMENT ;

AS MANY WORDS AS NECESSARY NOT
) MAY BE RESERVED FOR STORING YET
ADDRESS OF ALL ACTIVE DATA
SEGMENTS . OF PROCEDURES - IMPLEMENTED

LOCATIONS RESERVED FOR VARIABLES
DECLARED IN THE MAIN PROCEDURE

o aare CODE OF THE MAIN
PROGRAM WILL RESIDE HERE

ONE WORD FOR EACH CONSTANT _ _i
!

USED IN THE MAIN PROGRAM ) , i‘
MAXIMUM NUMBER OF TEMPORARIES ) : i[
: ' ]

i

[}

USED IN THE MAIN PROGRAM

-

fig. 3.6 diéplays code stack of a PL/ZldO‘
main procedure

[
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¢ TER IV g .

I/O IN HPCOM, INTERFACE WITH OPERATING SYSTEM
: AND SEGMENTATION

4.1 InputyOutput (I/0)

In order for a programmer to communicate with the
computer, the computer is, normally, provided with external
INPUT/OUTPUT devices. The HP/2100A machine is provided with

several of Ehese devices. These are-as follows:

device function 7_' | 1ogioa1 unit
- numbers
Teleprinter . Input/output 1
Telectype - Input/output 7
Line Printer OQutput 3 B8
Card Reader Input' 5

The logical unit number is associated with each device

e e TR

and this number'distinguishes one device from the other, so that {

the machine knows'whiohldcvice it should read from or write onto.
The HP/ZIOOA machine, at the present installation,

is provided with the Disc Operating system (DOSH) which can

pexrform input and output operations using EXEC calls.

4.1.1 Read/Write Calling Sequence in HP Assembler Langu_ge

a A typital ‘calling sequence to transfer information to
or from an external I/@ device is given below in HP/ZIOOA
assembler language.

a4




DEF RCODE (REQUEST code)
DF“ CONWD (Control
Informatlon)

R(£O£)E * DEC 1 (or 2) (1 = READ, 2 = WRITE)

CONWD -OCT fx conwd' (described latér) 7

BUFFER .. BSS n o J(Buffer of n woxds}) . J/

BUFED ~ DEC n (of--zn}- jsaﬁe n; words (+) or character (—))‘

4.1.1.1 CONWD

57

EXT EXEC

]

JSB EXEC (Transfer control to DOS-M)
DEF =+5 (Point of return from DOSM)
DﬁF BUFFER (Buffer Location)

DEF BUFL (Buffer Length)

T -

[N}

-

‘The conwd, required. in the calling sequence, contains
4 g " .

the following fields:

K V M LOCAL UNIT #

g g W

15°14 | 13 | 12 11 10 9 a‘l 716543210  °

)
FUNCTION 3

If 1, tells DOS~M to return ;o the
calling program after starting the
I/@ transfer. If W= @, DOS-M ‘
waits until the transfer is complete
efore returning. '

Used with keyboard input, specifies-
printing the input as received if
K=1, IfK=g, "noprinting" is
specified ' ‘

Used when - re&ding variable length
records from punched tape dévices 'in,
binary format .(M=1, below). If V=@

‘the record length is determined by the

.word count in the first non-zero- -

S

character which is read in. -
i

|
!




58
A

Determines the mode of data transfer,
' If M = § transfer is in ASCII
’ character format, and if M = .1,
. binary format.

4,1.1.2 'Conwd' used in the HPCOM compiler

For all the 1I/¢ devices,
W=20g ,\i.e. DOS-M waits until the trans(gr is complete, The
reason is that the execution~of the latter

(often a read statement, for example) part of

the program may depend on the data received from
. the input. . ’
K=¢orli.e K could be specified 1 if printing the
_input is required (in keyboard moded only).

V=g i.e. record length is determined by buffer length.

: In the HPCOM, a variable buffer length has been P
used as one does not need to print the whole .
buffer every time. At compile time the maximum o
buffer length is fixed to 72 HP woxds.

M="¢g d.e. All transfers are made in ASCl]l character mode,

The following table displays the conwd used for - . !?
different I/@ devices.
- Aergn u/g evices

Table 4.1.1.2 displays 'conwd' for different I/@ devices

-
a

Device ‘ conwd i

: INPUT OUTPUT 3

printing of { no printing of ' -

“the input : ‘the input 3

Teleprinter 401 (octal) ) R 1 il

(oscilloscope) L L _ i‘%

Teletype 407 (octal) 7 T

| Card Reader - 5 - - Aé;
. Line Printer - - - 8
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4.1.2 I/¢ Routines

Two 1I/@ routines (one is GET which gets input from
a particular device and the other is PUT which puts output

on to a particular deviYe) are written .in the HP assembly lan- -

guage. These routines read input into the buffer or write the

buffer on to a output device

~

Since the programs obtained from the compiler (HPCOM)
would be working under the Disc Operating Systems (DOS&) of
ﬁhe-HP/ZlOOA, the“koﬁtines GET and PUT are wri?ten;kgeping
this in mind. The GET and PUT routines use the EXEC calling'
.-sequence for input-and output.
" Different inormation necessary for input and output | L

Q _ | b

are described below.

i

A |

. ' . ¢ !
4.1.2.1' Buffer : _ . !

v

The buffer for input/output in a program in PL/2100

is allocated by the compiler HPCOM. . . +

4.1.2.1.1 Buffer Address ‘ | o

The buffer address is known at -the compile time and
is stored at thd top of the data stack. This address is

paséeq through the B-register into the GET and PUT routines

T e

and is immediately stored'og_entering the GET or PUT routine. I

4.1.2.1.2 Buffer Length

e ek

. The maximum buffer length (as specified by the compiler)
is 72.HP words (i.e. 144 ASCII charac?ers because two ASCII ¢

. | ‘ ,
characters may be stored in a single HP word).
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For iﬁput the buffer length is fixed and is 72.
The DOSM reﬁurns f;om the input mode when line feed for a
particular device is read.. " h

For‘outéut the buffer length may be vafiéble (but
< 72) ‘and the DOSM returns from the output mode after the
buffer of a particular length has been written onto a
particulaf degicé specified in the program,

4.1.2.2 'Logical Unit Number

The logical unit number of a particular device can

be provided in a PL/2100 program. This b?s been described

2
in the section 4.1.1.2.

N ‘
4.1.3 Routines to Convert ASCII Characters to Integer and
Vice Versa

Since input/output from or onto a particular device
is in ASCII character mode two routines ALLOC and ALLOK have

been used to convert ASCII character to integer and vice versa.

4.1.3.1 ALLOC

This routine 1is associated with the output routine
PUT. This routine gets the value of a variable through the

A-register. A pointer to the most recent vacant place in the

buffer (initially the pointer points to the top of the buffer)

is passed through the B-~register. The routine ALLOC converts

the integer into proper ASCII character code and allocates it
to the ﬁuffer. A poin?er'pointing to the vacant place in

the buffer is passed back to the main foutiqe through the

——t e

Y e

o L P B e g

P S

ey mee a8 e o
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B-register and is stored at a reserved placéqglthe data stack
and can be used to‘alldcaée thé va;ué of the next wariable
(in the saie WRITE statement) in the buffer. Also is passed'
the length of the buffer for a partlcular WRITE statement.
This information can be used by PUT routlne.

After an output operation’, the buffer is made free so
that it can be used for further output or input.

The figure below gives an indiéation of the use of

buffer p01nter. For exaqple, let us assume that we want to

output two 1nteger varlables A and B.

TOP OF BUFFER

Pointer passed—s value of A in~ - !
to the ALLOC ASCII length of buffer b

‘routine to character set -
allocate the .

[T — Y

a

value of A This value of the ‘
This value of - ¢ _pointer is passed back |
peintery is . to main procedure as :
passed to ALLOC : B wéll as the length’ of
to allocate : ! . buffer at that point.
.value of B : l ‘ :
- T 7T T +— This value of the |
pointer is returned i
and is passed to the Jy
. ot PUT routine. The total b
BUFFER length of the buffer used | .
is also stored and then ! ;
passed to PUT routine ;zi
: §
‘ : Ui
. . !.:
fig. 4.1.3.1 displays the use of buffer pointer, ' R
4.1.3.2 ALLOK i

The routine ALLOK works aiong with the input routine

i 14 e 45 S A e 4 <3 L o

T v P LT

GET. 1t converts the ASCII ‘character input to integex: value

and returns the value in the A-register to be stored in a variable

!
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_iocation. A pointer to the buffer is passed to the routine
through the B-register and is used to get different integers.

4,1,4 I1/¢ FORMAT

Only free format is-uﬁed in boﬁh input and outpét.
The free format is indicated by an asterisk (*) in the READ
or WRITE-statemgnt.
The input.data are all separated by commas (,) and
the comma is used to differentiate between one data to another.
Anj number of blanks could be used between the data. |
The output data are all writtén'out followed by one
‘or two blanks. Only free format is used.

The following examples will make these clear:

e s n

i). Input
If we want to read two numbers 4 and 45, the input i

should be

\

B5...B 4 bbb..b,ddB...b 45 B...b,b...b -line feed |
\_Y—-—’ \_.-._T.—J N, —y =4 — . o _‘N-ﬁ__' ' N

The blanks (b) aif all optional

ii) OQutput N ' N . o

If we want to write two numbers 4 and 45, the

output would look like

.

dB4b4Shb _
These blanks (b) would bé‘provided by the routine ALLOC, f}

et gt e

D R R R T




63

4
i

4.1.5 Code Generated for Read and erte Statement q

In thls section we describe the code generated by the

compller for READ and WRITE statements

4.1.5{1 Read statement :

e.g. READ (401B,»

where

i)

iy

iii)

v

+A,B) i

401B specifies 'conwd' i.e. it means

that the input is printed out as received

> from the device with logical unit number 1.

* specifies free format

A,B are two integer variables.

Codes generated are:

LDA

LDB

JSB

STA

STB

. LDB

JSB

STA

buffer address /%

conwd /*
GET /%
buffer pointer /»

AL /*
A /I
buffer pointer\/«

buffer pointer /

ALLOK /

B /e

Load into A the buffer address
store8 in a fixed location known
at the compile time &/
7
Load into B the value of ‘conwd' */

JUMP to the routine GET, to get the
input */.

1n1tially-1t points to the top of

S § o e e 424 < b

the buffer «/ : R

GO and GET the integer A from :
ALLOK, integer is in the A-register;
the new buffer pointer in the B
registexr »/ '

store the integer in the variable
location A »/

F T

store the new buffer pointer */}actually
‘ not

load the new buffer pointer #/
and get the integer B in the register

A\ the buffer pointer is in the B—
réglister Y

store the .integer in the variablo
location B */

LA v et s e g a5

e feat

necessary 1%

-

C e
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4.1.5.2 WRITE statement

e.g. WRITE (7,+,A,B); ?
where |
i) 7 is the 'conwd' i.e. write the values of the variables
A and B on the device with the logical unit number 7
ii). * specifies free format
1ii} A and B are two intggers to be,written out

Codes generated are:

. - r
.

CLA ' /% The content of the A-register is
" zero %/ '
STA buffer length /* Initial buffer length is zero »/

LDE buffer address /* Load into B the buffer address;
initially it is the top of the

) buffer «/
The value of an LDA A /» Load into the A-register, the ‘
i

expression may. : value of the variable A »/
be calculated NG .
here; leaving o
the result in the
A-register . -
' JSB ALLOC : /* Returns with the pointer to the
buffer vacant place.in the B-
register and the new buffer length
in the B-register »/ fﬁ

ADA buffer length /» get new bqffer length =/

5
STA buffer length /+ store the new buffer length =/ 3

.4
. E v
2
“;
1
3

‘LDA B /% load the variable B into the
A-register «/

JSB ALLOC /* put B in the buffer »/
ADA buffer length

STA buffer length
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LDB buffer address /=« lcad buffer address in the
B-register, the A-register
contains the buffer length a/

Jsg T /* write the buffer;
 RSS ékip next instruction word
DEC 7 on to the device with logical

unit no., 7 »/

See o

) . !

It is important to pote'that-the value of the variable
is in A—fegisteé, the reason is that by convention the value
of an expression is in the A-register and so thelvalﬁe of
the expression can be passed to the ALLOC routine without
the use of any other instruction. As both A and'$ are used
to pass buffer address and buffer length, the logical unit
number {or better conwd) has been passed to the'routine PUT
as shown above. Any arithmetic expression and/gr constant
(both integer and character constants) can be written out.
There is no check on the logical unié number and so the

. . /
programmer would have to know which logical number to use.

4.2 Living with thé\Qperating System

The requirements of a PL/2100 program and HPCOM in
.particular.for interactions with their environment‘(tha
operating system) take several forms.

- 4.2.1 Interaction of HPCOM with its environment

. The compiler HPCOM runs on the CDC-6400 machine under
the SCOPE operating system, Since HPCOM is written in PASCAL,

the PASCAL compiler residing on a file is ‘called to compile and




66 . .
load the program HPCOM. Only thing the operating system SCOPE i
has to do is to attach the file containing ;he PASCAL compiler
and then the PASCAL compiler compiles HPCOM and‘loads the
compiled HPCOM onto the memory. Then CDC-6400 machine'execute
the HPCOM program (compiler). The input to tﬁe HPCOM compiler

is a.program im PL/2100 and the output, the relocatable binary

fo;mat {suitable for the standard relocatable loader of the
HP/ZlOOA), is written on to a PASCAL file and then punched
on to cards. These cards cén then be read and loaded onto the
HP/2100A memory for execution. The SCOPE operating system is,
thus, called on to punch the outpu£ fro& the HPCOM compiler

on to the cards.

4.2.2 Interaction of PL/2100 program with its environment

o —— -

A PL/2100 program runs on the HP/2100A machine which

works under the Disc Operating System (DOSM).

Since the PL/2100 p:ograh is already in the relocatable
binary format and is on the cards, it may either be loaded on v
the disc by the relo&atable loader or be‘stored on the user : bii:

file on the disc and be loaded later on. This could be done -

ey
o it

either through a Prog loadr call or through’a STORE directive

by the DOSM.

The standard ‘relocatable loader called by the DOSM.

i}

|
i
§

L e Tt

will relocate the program and writes the core image (the
absolute binary program) of the program on to the disc.

This may be stored on the user file by the STORE directive.




o

Then in order to exgcuﬁe the program the ggﬁz
directive is usc” by the DOSM and the program is loaded onto
the memory and e: cuted. _

The DOSM‘system.héndles the EXEC calls (which are .the
1iné_of.communication between an executing program and

(H4)

DOS-M) . One af the operations of EXEC calls is to per-

form input and output from the external devices. Thus a

program with the help of its environment can communicate with

the outside world in a given format specified in the program;///
L S v

4.2.3 Operations done by the DOSM for a PL/ZlOO program

s
‘piler was to run it on the HP/2100A machine. Thq}idea was

In this subsection we present what the dsc Operating o
System (DOSM) does for a Pﬁ/ZlOQ program, namely, "
i) Léading alreaay éompiled PL/2100 program infb
the—memory df_%he computer_(HP/ilOOA) and then !
plqcing it in execution.
ii) String input (ASC1ll character input).

iii) String output (ASCll character output).

4.3 Segmentations of the Compilex HPCOM

. One of éarly-ideas in the implementation of the com-

fmt ek athan b

rejected (as discussed in section 1 in Chapter I) because

of the inconvenience of the implementation. In this section,

P O R

we look into the 'idea of what was thought should be done P

or could be done.
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ity

4.3.1 Necessity for segmentation

The HP/2100A machine, at the present installation

{at the Department of Applied Mathematics, McMaster University),

is provided with 12K memory (1K = 1024 machine words). Out of
this core of memory, DOSM (the operating system) takes about
4K for its own routines, so a programmer is virtually left
with 8K of memory. On the othpr nand, the HPCOM compiler

for the PL/2100A language takes at the present time, about
55K. (A smali subsgt of PL/2100 might be used to get a smaller
compiler bﬁt most of the keautiful features of the language
PL/2100 would be lostl). Hence to implement this compiler

on the HP/2100A machine, it is necessary to segment the o

compiler,

4.3.2 Segmentation

1

Once we know why we need to segment the HPCOM compiler,

we look into the matter of how segmentation could be done.

4.3.2.1 Physical Segmentation

Under the DISC operating éystem, the different parts
of the same program may be brought into the memory. This is
how it is done.

User programs may be structured into a main program
and several segments, as shown in figure 4.3.2.1., The main

program starts at the beginning of the user program area.

.-

PRt W

y
;
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i
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o whm
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s

CORE MEMORY HIGH ADDRESS

_, SEGMENT 1 ‘
:N/K§E:>« SEGMENT 2 '

¢ SEGMENT 3

~

MAIN PROGRAM

DISC MEMORY

fiqure 4.3.2.1.a Segmented Programs

The area for the segments starts immediately -following the

last location of the main program. The segments reside on

the disc, and are read into the core by an EXEC call, when

necded. Only one segment may be in core at a time. When a

segment is read into core, it overlays the segment previously

in core.

These EXEC calls may be generated by the compiler.

This may be done by using a keyword SEG followed by an integer

{to specify different segments) and whenever this kgyword

is cncountered, the compiler would generate the proper

EXEC calls. Each segment and the main program are distinct

throigh their name (NAM name {,type]) associated with it.

main program must be type 3 and the segments must be type 5.

-

The

N

PRt s o et
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Each segmented progfam-should use “unique external reference
symbols, otherwise the loader may link Segments and main

program incorrectly. The EXEC calling sequence (for loading

%

main program and the segmented pfoéram) are given below in

the HP assembler language:
EXT EXEC

JSB EXEC (transfer control to DOS-M).

DEF ».+3 (to 8) (governed by the number of

parameters)

DEF RCODE . {request code)

DEF SNAME _ {segment name)

DEF PRAM 1 ) (firs£ optional parameter)

DEF PRAM 5 (fifth optional parameter)
_RCODE DEé 8 or 10 (8 = segmented programs,

10 = main program)
SNAME ASC 3 ,xxxxx (xxtxxx*is the segment name)
PRAM] —-—— ' {(up to 5 words of parameter
PRAM2 —— information are passed to
. the segmented or the main

PRAMS progran)

When a main program and a seg?ént are currently

1

residiﬁg in core, they operate as a single program. Jumps
from a segment to a main program (or vice ygrsa) can be

programmed by declaring an external symbol and referencing
it via a JMP or JSB instruction (fig. 4.3.2.1.b). A matching

ehtry symbol must be defined As the deatindtion in the other

,
’ . . T
B \‘n
o -
.

—— s cea e -
— e e et e . -
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program. It is the programmer's responsibility to make sure
‘that the correct program is 'in core before any JMP instructions

/ére executed.

EXT Sl
S | ENT M1

- M1 JMP S1

i

MAIN PROGRAM

EXT M1

. : - ENT S1

e

+

(segment) -

A
<1
NI
}

i
[
I
r

e [ " [ =N . 4

. fig. 9.3.2.1.b mainetereegment jump

4.3.2.2. The logical'eegmentation‘of the compiler

Since the main program and only one segment ‘could be | \
1n'1he core of Téfery at a partlcular time, it is necessary g
that the information that mIght be needed from one -part of
the compller to anothig aust be kept in the main program ' g
whlch is always present in the core. These informations i

include the symbol table. tables. of reserved words in PL/2100

Y I R P R s

PENPIY S
v

and all other global variables used in;;@e‘compi;erf

ey
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The other .segments have been found conveniently from

the syntax diagram of the PL/2;00.

The following block'diagram

shows the different segments that could be called by the main

program and by each other.

{This callg}SEGZ and

fig. 4.3.2.2 "

compiler

SEGL | SEG2 SEG3
INITIALIZATION [ - . . CONSTANT DECLA- TYPE DECLARA-
e ~ | RATION PART TION PART

T USEGY T T -
[FIX U ROUTINES - syngggﬁ
_mpART J (GLOBAL VARIABLES _ PART
AND CALL TO
AR DIFFERENT
BEGS - SEGMENTS)
STATEMENT - e N SEG5 =
DART . VARIABLE DECLA- -5
. RATION PART - |/
v
{This in turn calls
SEG7 _
[PROCEDURE AND SEGE - SEG3}
VARIABLE
FUNCTION DECLARA-
P TON PART INITIALIZATION
L= " PART )

:Block diagram showing the segmented part of t e

The diagram above gives an indication of how HPCOM

might be.segmented into different parts.

As one segment is

overlayed by the other segment, it is necessary to have one

segment calling another through the main program.

For

example, when seg5 calls seg3 it is necessary to jump back

to the main program which in turns calls seg3.

on returning

e e e —— ..
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from seg3, main procedure calls the seg5 and enters at the
point in seg5 where it left before calling seg3. Another
possibility is to segment the segd> further into two parts
viz .one before the call of segjland another after the.call
of seg3 and these two segments (viz seg51 and seg52) are

—

called from the main program in the order namely,

Call segbl
call seg3

‘Call seg52

1] - L .
All the necessary information is kept in the main program.

The main program, as one can Sée, is becoming larger
in ‘size and.the other parts of the compiler need to be
segnented further into smaller sizes. The method seems to
be very complicated and cumbersome. | |

At the present stage as the HPCOM compiler does not
produce codes for the procedure, it is not possible to check
how big each segment would be.

An estimate of the amount of core required by the
symbol table and other tables shows that the main program
needs to be ébout 4.5K long (tbe size of symbol tab_e is about
2.5K). Thus one is left with 3K for_each segment. The
compiler nceds to be;segmented further. For example,—the
statement éart might be divided further into segments cqntaining'

different’statements (like if-then-else, repeat, goto etc.).

LT ress W L B LM

L ————r e S

S,



74

Eecause of the complexitj of the segmentation, the
method was discarded.

This section on segmentation at least tends to sth
the difficulty one might find in implementing a large compiler
in a machine of smali core. The swapping of one segment

T

from another could be timé-consuming and the segmentation
}
becomes very complex.

AN

PR . T XL
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CHAPTER V

CONCLUSION AND PROPOSALS FOR FURTHER WORK

~
5.1 Conclusion

The_désign of the language PL/2100 allows user-
defined data types {which could be infinite in number).  It,

also, allows the use of scme HP/2100A Assembler Instructions

as operators; this allows the programmer ‘to do bit-manipulations

on the contents of a pafticular accumulator (namely, A- or’
B-register). The language allows "synonym declaration”

(2 la PL/360) on simple variables, only, so that more than
one variable may use the same location in the core. The
language, also, allows the variable initialization through
the VALUE declaration. .

The compiler HPCOM, wriffen for PL/2100, is designed
to be one-pass and runs on the‘CDC-64b0 computér. The com-
piler HPCOM is written in PASCAL which is available on the
CDC-6400 machine.

The compiier HPCOM, produces code for the various
statements and expressions of the languaée PL/2100.

‘The input/output routines allow the transfer of
information (to and from the external deviceg) in the ASCII
éharacter mode. Further modifications need to be done to.

have binary input/output; this .is important if PL/2100 is to

75

e
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be used for writing the operating system of the HP/2100A com-
puter.
The HPCOM compiler does not produce code for the

procedure, so the compiler needs to have some routines to
7 ’

produce code for procedures (if procedures need be used in the

language PL/2100}.

The HPCOM compiler produces codes for the tafget
machine HP/2100A in relocatable binary form,ﬂso‘that the
standard relocatable loader could be used to link the object
programs and load the object programs for execution.

The design of the language PL/2100 and its compller
HPCOM facilitates the extension and modlflcatlons to be done
easily. We suggest a further modification in the language

PL/2100 in the use of EXTERNAL symbols. This could be added

in the declaration part of the language. The symbols could be

followed by the key word EXTERNAL and parameters might be
allowed, too. For example,
EXTERNAL
" IDIM{I,J) ; r*calculaté K=I-MIN(I,J)+
™K in A-register +

l{ FLOAT(T) * CONVERT I to real X +

-

- frrésult X in A- & B- register V.
_ The additi;; of externals would facilitate the use
of mathematical routineé available in the HP/élOOA library
The present work is mostly concerned with the design

of the language PL/2100 and in producing a working compiler

h




HPCOM for it. Its merits rest on being the first very

important step in building up a more complete system.
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APPENDIX A

SYNTAX AND SEMANTICS OF PL/2100

Al Informal Definition of PL/2100

This section presents an informal intrcduction ’
to the language. It 1s meant to give the reader an overview
of the basic components of the language. A full syntactic

and scmantic definition of the language is contained in the

next section.

A.l.1 The core of PL/2100

It is the core of the language which is recommended
as an educational tool for teaching programming and as a tool

for writing an operating system for the HP/2100A.

A.1.2 Basic Data

The basic data type of the language is scalar types. [
Their definition indicates an ordered set of values i.e.
introduce an identifier as a constant standing for each value

in the set. Apart from definable scalar types,. there exist

in PL/2100 two standard scalar types, whose values are not
denoted by identifiers but instead by numbers and gquotations .

respectively, which are syntactically distinct from identifiers.

These types are: integer and char. | - P
An integer may be written as a constant or it may

be represented by a variable identifier.’
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A constant may be represented in integex, octal
or character string form.
The set of values of type char is the character set
available on a particular installation (which is ASCII
character set for HP/2100A at the present installation). A charac-
ter constant could only be two characters long for HP/2100A.
A character is any elemenf of the ASCII character set.
A scalar type may also be defined as a subrange of
another scalar type by indicating the smallest and the largest
value of the subrange.
A variable identifier is defined as any sequence of -~
letters or digits beginning with a letter. Every integer and
character variable may be initialized to a constant value at .

compile time.

A.l.,3 Basic Operators

All the basic operators act only on integer values. N

They are divided into five classes:

a) the arithmetié_operators of addition (+), subtraction (-),

multiplication (*), division (div), and unary minus {-).
The arithmetic operators return the integer value which o
results from the operation.

b) the logical operators and ({(and), or (or) and not (not) .

- The logical operator returns a 1 if ;he result of the
operation is true and a zero "if the result of the operation
"i{s false. An individual operand is considered true if -

it is one and false if it is zero. : )

M x4t e h St A o o
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-V the relational operators greater than (»), greater

than or equal to (»), equal to (=), less than or equal
to (<), less than (<), and not equal to (#). The rela-
tional operator returns a 1 if the relation is trxrue and

a 0 if the relation is false.

A.1.4 Data Structures

The data structures, available in PL/2100 are arrayé
and records. Array and record must be declared. . |

The bounds for an array are scalar type or subrange
of type integer.  Arrays may be initialized to any constant
Qalue. For referencing an array variable, the subscript or
index may be any legal expression. The time needed for a
selection of an array.component does not depend on the value
of the selector (index). The array structure is therefore 7'_

called a random—access structure.

In a record structure, the components (called fields)

\ .

are not necessarily of the same type. In order that the type
of a selected component be evident from the program text
(without executing the program), a record selector does not

‘contain a computable value, but instead consists of an identi-

- \_\._

fier uniquely denoting the component tb be selected. These
component identifiers are defined in the record type defini-
tion. Again; the time needed to access a selected component
- does not depend on the selector, and the record structure is

it |

therefore also a random-access structure. LY
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A record type may be specified as consisting of
<averal variants. This implies that different variables,
although said to be of the same type, may assume structures
which differ in a certain manner. The difference may consist
of a different number and different types of components. The
variant which is assumed by the current value of a record
variable is indicated by a component field which is common
to all variants and is called the tag field. Usually the
part common to all variants will consist of several components,

including the tag field.

9.l.5 Statement Structures

The choice of statement structures was motivated by

the desire to promote structured programming. The basic state-

L__

ment structures of the language are
a) the assignment statement
<variable> ':: = <expression>

b) the if-then-else statement

if <expression> j
then <s£atement>1[ | ' -
if <expression> then <statement>,
else <statement>2
which executes <statement>, if <expression> is.true, or
<statement>

2

if <expression> is ftySQh The else part of the
statement is optional.




c)

d)

e)

84

the while statement

WHILé <expression> do <sta£ement> which executes
<statement> followed by the while statement,ﬂif
necessarily Boolean <expression> is true. If
<expression> is false, control paéses to the
statement following the while statement.

the repeat statement

repeat <statement> until <expression>

The expression controlling repetition must be of
type Boolean. The sequence of statements between
the symbols repeat and until is repeatédly {(and at
lecast once) executed until the expression becomes -
true.

the for statement

down to}

for <control variable> = <initial value> { to

v
s

<final value> do <statement>

The for statement indicates that a statement 1s

to be repeatedly executed while a progression of

values is assigned to a variable which is called

the control variable of the for statement.

The control variable, the initial wvalue and the
final value must be of the same scalar type (or
subraﬂ§é thereof). The repeated statement must alter
neitherx thé'vélue df\the control variable nor the

final value. -

s
.

PSS
i
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f) the CASE statement -

The case statement consists of an expression

S

(the selector) and a list of‘statemept§, each

being labelled by a constant of the type of the'
selector. It specifies that one stateméntlfo be .
executed whose label is ‘'equal to the current Qalue U
of the selector. ‘ |

case <expression> of <case list element> end

<case list elgpent> :: = {<ca§e label>: }<statement>
or
L e | / " |{<case. 1abel>:}

A

A.l.6 -Program Structure

The choice of program structure was motivated by the

desire to promote modular designﬂof piogréms. h.compiete PL/2100 1 ;1 

l‘
)
.
3

prograh consists of a program header card, 'ﬁollowed by a nonempty

qequence of segment defintions, followed by the maln segment ]

(or procedure) which is followed by the symbol progend. Thez

program begins execution at the start of the main procedu;e;

BEPPY B . .

A.1.7 Segment Definitions - L
A segment is either a procedure or a fuﬁétion:‘ A~

. procedure definition takes thé form: ' ' ’ t

procedure <procname> {(<paraﬁate;.lisﬁ>)} . N

{<local declaratibﬁ list>} <statement part> '

yhere <procname> is'thé-name of A procedure f{anidentifier),

<parameter list> i# an optional ﬁérametgr list which consists
pu .

-of typed formal parameters, and <local deélnration list>




-

is a oossibly empty-liSt'of lqcal_vafiables'that may not \

be initialized. A procedure could be recursive. * Global

variables may appear anywhere in the statement sequence.

-

A function definition takes the form

fupction <funcnamex {(<parameter 1ist>)}: <result type>
S . . , Y s
{<local declaration list>} <statement part>

where <funcname> is ‘the name of the function (an identifier), .
T - ."" - o] - s i '

and <parameter list> and <local declaration list> are as de-

fined above. The identifier representing the funCtion name,

returns the value of the functlon. <type> represents the type

of the function (represented by thexzdentifier)

7
A. 1 8 Comments , ' ' /,

. . A comment is any strlng of characters (except the ' El:.
symbol */) between /* and */ and may appear’ in ‘the prograrm

wherever a blank may occur.

A.2 Syntai and Semantics of P1/2100 _ ) S

|
¥ This ‘Section contains the syntactic and semantic - B !Jgf

.

definition of the language.

. ~ : Ty

A.2.1 Notation and Terminologqy . .. j : , . ﬁiﬁ

According to triditional BNE (Backus—NOrmal Porm OR - o

Backus Naur Form) notation, ayntactic constructa are denoted i i
by English words enclosed between angular brackets < and > t_ 'gg

-l

b
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These words also describe the nature or heaning

of the construct, and -are used in- the abcompanylng descrlptlons

of semantlcs.
Possible repetitions of a construct are indicated by

an asterisk viz * {0 or. more repetltlons) or a circular plus
4 Fa

sign viz ® (1 or more repetltlons)
‘If a sequence of construct to be repeated consists of
more than-one element, it is enclosed by the meta brackets

~

{ and’ }

A.2.2 Program

A.2.2.1 Syntax

<program> :: = program <identifier> <optionjlist§

. <block> Erogend o N
<option list> :: = ,R|,P], B| <option list>
[}

<block> ::.= <declaratjon list> <function or procedure

declaration> <statement part>

A.2.2.2 Semantics

A program consists of a set ef declarations which .
are global to the whole program , followed by a series of
segment definitionp’(ifapny) which are either procedure
or function declarations followed by the compound tail which
is the main program and the aymbol progend which specifies

the end of a program.

.
. e .
L= e bt e e

L
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The program starts with a s&mbol program followed by
the identifier.which is the name of the program;'and followed by
a list of oétion§ (if any). | ‘ YA
. In the list of options, R specifies thg‘pfinting(%;/J
the table containing object codes, B specifies the printing of -

the object code in relocatable h&nary formiat and P specifies

the relocatable blnarx code to be punched on the card.

s

A.2.2.3 Example

PROGRAM FACT, B, P, R
FINDS. THE FACTORIAL oF INTEGERS UP TO 4*/
CONST MAX = 4;
g VAR  K,N,FACT:INTEGER; S
./* this is theé T ‘ a : ' -
beginning of + T : '
<compound tail>*]} BEGIN

: = 13 FACT: = 1

1: IF {K .ZQ MAX) THEN GO TO 2; ' -

—_ K: = K+l1;. . - Ll
FACT: = FACT*K:: . "

« .GO TO 17 . i
2: N: = FACT; . o

g g . ' ¢ i
the end of PROGEND : - - :im
a-€ompound - ‘ S
- tail w/ o

/* there is
no procedure
or function present */

K.2.3 Declarations

A. 2 3.1 Syntax
| | <declaration list> i1 =

<label declaration part>
| <constant definition part>
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| <type definition;pa£t>

| <variable declaration part>
{<variable initialization part>}

| <synonym definition part> e
c<labe1 declaratipn paft> HH = <empty> | ®
label <label>{, <label>}i

<constant definition part> :: ; <empty>]

Qéﬂgg <constant definition>{,<constant definition>};
<type definition part> :: = <empty>|

;XE_ <type definition>{;<type def1n1t10n>},
<synonym definition part> :: = <empty>|

syn <synonym definition>t;<synony definition>};
- <variable declaratlon part 1= <nm§ty$|

var <variable declarat10n>{:<var1able declaration>};

<variable initialization part> 1: = <empty>|

value ?variable initialization>{;<variable initiglization>}:

Al2.3.-1.1
<constant definition> :: = <identifier$ = <congtant>

<constant> :: = <unsigned constant>|<sign><number>

<identifier>
<unsigned constant> : = <pumbexr>| = <character>o =

A'2'3-1¢2 »
Fy ...
<type definition> :: = <identifier> = <type>

<type> :: = <gcalar type>|<subrange type>|<array type>|
’ <record type>|<type ldentifier>

<type identifier> : = <identifier>

T

v
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A.2.3,1.2,1 .
<scalar type> :: ='{<identifier>_{,<identifier>})_
A.2.3.1.2.2 , . - o !
_<sgbrénge type> :: = <constant> .. <constant>

A.2.3.1.2.3

<array type> ::

I

array [<index type>{,<index type>1}]
of <component type> _‘ o o
<index type> :: = <scalar type>|<sibrange type>

<component type> :: = <type> .
. . - / R ~~

‘A.2.3.1.2.4 f

. <record type> :: = record <field list> end o :
Bk A ) N
<field list> :: = <fixed part>[<flxed part> <var1ant part>
' <yvdriant part> -

<fixed part> :: = <record section>{; <record section>}

\

: <type>.

<variant part> :t: = case <£ag field> : <type identifier>
of <variant>{; <variant>}

<variant> :: ={<case label>:}® (<field 1ist>) | {<case label>:}®

e 2 i e mrr e e

<case label> :: = <unsigned constant> ¢ a

<tag field> :: = <identifier> -

o i

A.2.3.1.3

s

<variable declaration> :: = <identifier>{,<identifier>}
H <£ype>

A-2|3.1,$ ' ' ) 4
‘<variable initialization> -

LN AR AR ARG

] T O ok o T, T % e

~
RSt e

:: = <identifier> -<con8tqnt>|(ﬁconatant?.{<con8tant>}°)
' oo ra
h ’ o a - /

= B e e g Rt e - e
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2.2.3.1.5 o

<synonym definition>

]

v . :: = <identifier> ‘<iden£ifier>{,<identifier>}{

»
L

A.2.3.2 Semantics O , - ’

7 ' / -

- The declaration list consists of all the .constant and

integer, character, array and record variables that are'giobal

to the program. ' - -
‘Ihteger variables and arréyS, and character variables
and arriiﬁ may- be initialized with their values a551gned at
7

complle time. 'In order to fac1lltate ‘the initializing
several elements of an array w1th the same value, any 1n1t{?11—'

zation value may.be followed by an as;arisk (*) followed by"a

o

constant,-lmplylng that 1nit1al ‘value should be assigned tg,
. ’ . . )

-

the next consecutiéé'Seguence’of EIemenEs whose length is

1

Smen

1
. . Y . - -
LY e e e ey — 4 DY

- defined by the ‘constant in parentheses. | -

A.2.3.3 Examples

A.2.3.3.1 const A=1l, B=2, C =33 .

[T

A.2.3.3.2 txhe_

color = (red, orange, yellow, green, blue); .

cards = {club, diamond, heart, spade):
¢ index = =10 .. 10; -

daygs = Mon@ay .o Friday; :

vector = array [1 .. 10] of integer)”

booltab array [1..10] of boolean:

e

N




"  calendar = record day Q 1..31;

A menth : 1..12;
__ _ year : 0..2000°" b
, . o ) ‘ ' ] S . . ¥
‘ end
. =, : “
A.2.3.3.3 .syn A
N ' ) I\.

: vector;

i v
, .

Ax :
B : char; . ‘ :. '
C : boolean ; |

D

(2]

I . -

. B
\ _ array {1':{31\9£ integgr:

A.2.4 Program Segments

‘ ll.;l
: o . : ' i“f-.
A.2.4.1 Syntax - I - - . R

fprogedhre-énd furiction declgrgtion"pafé$ ::'n ‘ | ’ .!:?
{<Proéedurefo;:func£ion-declaratiqn>;} ' _ ® ' .lx{
<procedure or?function_declaripion? 1y = r bﬁh
.L<pioceduré decla&ation>|<functign.deélar?tion> _ - "égk
<function deélarat;on> c: o= ) f?ﬁ
<func€i6n heading> élabel.deélara:}onlpart? j;é{
<bgnstant definition part>  <type definition part> - ?%ga
<varidble decl&ratién.part>» . : o /ié}
HES
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<function headings :: = L 1 T o,
f‘ function <iden£ifier$ 1<formal’paraméter'se§£i0n> 3
'f:<formal-phraq?te; section>1) :.<;egﬁlt type>; -

e _ Sresult type> :: m'{-‘étype idgntifierz

<procedure declaration> :: = <procedure heading><label
o declaration part>

<constant defiﬁi£ion,part><€ypé definition pa}£>
' <variabié declaration part>
<procéaure and fuﬁction-declgfatién part><st5£emen£'part>
<prqéedure?headihg> 1 o= 2r0cedure‘<identifier>'} |
g .- procedure %idéntifier>1<forma1'pa;ameter section>
| {;;formal parameter»sectiong})}
2formal parameter section> :: =

<parameter group>. | o L L

const <pafameter-Qroup>{;<pafameter group>}[ ‘ : i
var  <parameter group>{;<parameter group>}{ i
“function <parameter group>| _ | B
procedure <identifier>{,<identifier>}’ . ‘ . flj
<pérameter group> ; = <identif;er>{,<identifie;>}: 4

<type identifier>

A.2.4.2 Semantics

-A PL/2100 program consists of a seguence of proce-

dures and functions called program segments. o
ol . . A .
'A.2.4.3 Example -

/] Yy
R S
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_ - ) - . N
= ‘.
o

A.2.4.3.1° procedure add (var x : integer; var y : infege/z:);

" begin | o o ol

. T =‘¥+y+l: /* z is’a global variable */°

end; - ./ )

A.2.4.3.2 function sum (var ¥: integer; var y: . integer):
., - i‘ s ' R LY

integer;' - -

s/ = - begin

end; . ' / | A -'\l S

A.2.5.1° Syntax

A.2.5 Statements

_<statement part> :: = <compound statéement>
A

<compound statement> :: = g <component statement> :

-

{:<component statemant>} end

-

<component sta_tement> :1 = <statement> | ' -y

1

" <1abe1 definition> <statemnt> 3 }
- ) . <label> :1 = <integer> ‘ \ s
© A2, 5.1.1 S R L lkf
- <atatemnl:> 37 = <aimp1e Btatemenvl . - :
<structured’statement» . !
, . .<simple statemnt> 2t = <assignment statement»| S
<procedure statement>|<go to statement>
<asaignmont statement> 11 = <variable>/s - <expreuion>]
' | <function idontitiept- <expression> ,i
<proceduro statement> 3:: = <proceduro idenitifiex>] B
cprocedure 1dontiﬂer_> (<actusl parameter>s

{,<actual parameter>})




\ -

- . o - . \\ .v
v . <95
T . e c L]
.<procedure  identifier> :: = <identifier>
- - . »

<actual'parameter? HH <expression>|<variab1e$

| <parameter ithtifier>|<func5ion identif¢9r>,

<goto stétemént? ::‘= goto 3Iabel> ’ﬂ ‘ .
. <label> :: = <integer?r

‘A.2.5.1.2 . B | ‘ o
<st:ucturéd §ta£ement>' /. S
T - <compound statement>|<condit;bna1> ‘ o

statement> | <repetitive stapemént>
<condi£}onal statement> :: = <ik statement>tr‘}
Ce T ac [ .<case statement>) |
'{repetitiﬁe'étatemént>_::-é\'? ‘
1-)<whiie gtatement>l<fepeat statement> .

. " |<for statement>

i

. A.2.5.1.2.1

" <if statement> :: = if <expression> theh <statement>’

VT W — e
<

- v
[ig <expression> then <statement> else

€

" <statement>

<case statement>:: = case <expressign>‘of.'l

B

<case list element>{;<case 1ist element>} end -
o

+

——

Rt

<case. 1ist element> :: = {<case label>:}<statement>|

{< 1abe1>:}'3

"

p—

R e

. r

K.2.5.4.2.2

]
~

<repeat statement> :: = repeat <statement>. -

-
e L bt gl e vy
R il
T

{:<statement>}’until <expression>

<while statement> :: = while <expression> do <statement>
- ° [
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o <for statement> :: = for <control variable>: =
<for list> do <statement> -

<for list> :: = <inié§al value> to <final value> | .
<initial value> downto <final value>

<copt}ol Qariable? :: = <identifier>

<initial value>' :: = <expression>

<final value> :: = <expression>

A.2.5.2 Semantics

A statement part is a sequence of statements.

A.2.5.3 ;Examplés

A.2.5.3.1 .y 3 =X ;
A.2.5.3.2 if x then
y : = x -
else o
y : =2 “
A.2.5.3.3 case operator of

plus : x : = x+y ;

times : x 1 = xiy/ Co !

Ay e & e e ST

absval : if x < o then x 1 = x A

end
A.2.5.3.4 while i > o do ;
- l e .%;
EEE . | ‘
i :=14div 2 . . ﬁ}

end |




37

‘A.2.5.3.5 repeat

k @ =’i mod j; : . , J
i=3; ‘ .
=k

until § = 0;

A.2.5.3.6 for i =

2 Eglloorgg if a(il > max then
max : = al[i]

A.2.6 Expression

A.2.6.1 Syntax - . ; ‘ i

<expression> :: =7<primary>|€9perator>§expfeSSion>
j<shift><ope;ator><expression>
<primary> :: = <cohstan;>|<v§riable$|
”(<éxpression>)[<unary 0p><primary5 ' ‘ ' g
<variable$ :: = <jidentifier>|<identifier>+<identifier> . |
. - |<identifier>[<expression>] !
<gshift> : = <ghift opepgéor><factorf' . ' “}

|
<factor> :: = <integer> _ . ‘

<operator> :: = <arithmetic operator>|<logical operator>

| <relational operator>|<bit operator> i

<arithmetic operator> :: = +|-|*|div o 4l
<logical operator> :: = and|ox g

<relational operator> :: = LTI« LEI£|63|Z|EOJ'] - : b
o NE|pleTI> - S
¢ et
<shift operator> :: m ALS|BLS|ARSIBRS|ALF|BLP| ’
RAL | RBL | RAR| RBR

|
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<bit operator> :: = IOR|XOR

<unary op> :: = NOTIQ
: . &

<constant> :: = <signed constant>|<unsigned constant>

i

<éigned constant> := <sign><integer>

ﬂ
<gign> 3 = +|- fﬁ/

- 0 - ‘
<unsigned constant> :: = <integer:|<octal>]<character constant>

<integer> :: ='<digit>9

<digit> :4¢ 0L1|2|3|4|5|6|7|819

-~ <octal> z:: <octal digit> B

<octal digit> :‘= 0|1|2|3|4|5[6|7

'.‘l‘
<character constant> :: = = <character string> =

<character string> :: = <letter or digit>0

<letter or digit> :: = <letter>|<digit> -

An expression is a rule for computing a-pumerical valua.

<identifier> :: = <letter or digit:»0 - -
<letter> :: = A|B|ch|ElF]GIH|I[JIKILlMINIOIP] L
In]slriulvlwlxlrlz . | BN

A.2.6.2 Semantics - - ‘ : L é:

A primarf is either a constant, a variable or an expression ' E'E
'encloéed}in parentheses. The operators have . the foliov}nq ;g%
meaning associated Qith then. unége that several of the opera- . ééi
t;oﬁslaré machine dependent. o S f %
A.2.6.2.1 unaryminuf =) ) e &g%
Returns the negative of the primary, it preceeis. f ?éﬁ

' ‘ 7
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A.2.6.2.2 Logical‘not'(not)

Returns a 1 if the value of the primary it preceeds

is zero and returns a zero if the va{;e of the primary it

!
preceeds is one. )

A.2.6.2.3 Left Arithmetic Shift (als) ..
The Aﬂregistef is shifted left by the number of bits
specifigd ?F the <factor>. Sign bit is not affected._ Bit
shifted out of bit 14 is lost. A "0" replaces vacated b%ts.

on the riéht.

A.2.6.2.4 Right Arithmetic Shift {ars) .

) The A—regxster is shifted rlght by the number of bits
specified by the <factor> Sign bit (bit 15) is not affected;
 copy of sign bit is shifted into the bifs adjacently right to it.
Bit shifted out of bit'O is lost.

-

A.2.6.2.5 Rotate A Left (ral)

Rofate'A-register left by number of places specified

- 1
by the <factor>. Bits 15, 14 etc. are rotated respectively,
into bit 1, 0 etc.

A.2.6.2.6 Rotate A Right (rar)

—

e

"'- o - - —————— -
Bl £ einA it A et o r gt L SN L
“:.":‘. P A I Sk A . y .

Rotate A-register righf by number of places specified

y

. by the <factor>. Bits 0, 1 etc. are rotated, respectively, . if;
into bits 14, 15 etc. - | \\"Ei
A.2.6.2.7 Rotate A Left Four (alf) ok %;

" Rotate A register left four places and <factor> §onotdl ugi

ol i SN

how many of this type of rotation is to be dons. For each alf

'rotation bits 15, 14, 13, 12 are rotated ‘around to bits 3, 2, 1,0
respectively.
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A.2.6.2.8 Corresponding Shifts on the B-register

The operators brs, rbl “rbr, blr, bls, blf may be ‘used

‘to shift bits on the B¢register and these corresponﬁ exactly )

to those coperators described for the A;register.

A.2.6.2.9 Bit inglusive or (ior)

_The contents of the A-register are cembiped with the
contents of the pemory location as an "inclusive or® logic.
operation. _-

A.2.6.2.10 Bit exclusive or (xor)

[

. The contents of the memory locati?p are combined with

the contents of the A-register by an exclusiva or" operation.

A.2.6.2. 11 Addition () - T - N

Retgrps the sum of the expression and the primarf. :
A.2.6.2.12 Subtraction (-) -

- mra———— a1
TTILT LA

Returns the result of subtracting the primary from
the expreasion

A.2.6.2.13 Multiplication (*) _ . .

Returns the fasult of the nﬁltiplication of the |
primary and tﬁe-exéression, : o X s
, A.2.6.2.1¢' Division (div) -

Returns the quotient of the prin@ry and the expression. :
A256215 Equal (=) = . \ ) " y

Raturns a 1 if the relation and the a;pgflsion are
. - | o~ £
equal, and 0 otherwise. ' - : &
' N\ r':'-l
] ) ) {
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A.2.6.2.16 Other Relations . , ~

Not equal (#), greater than (5), less than (<), ' '
greater than Of equal (>) and less than or. equal (<) are .
similar to équal (n)fﬁ

A.2.6.2.17 Logical And (and)

"Returns a 1 if the both of the boolean expression

[

. . N
and the primary are nénzero and a zero otherwise.

A.2.6.2.18 Logical or (or) -

Returns a 4 if either or both of the expressions
and the primary are non-zero and Zero otherwisge.

A.2,6.2.19 Precedence

-

The operators are of the same pieéeQane. Expression'
is evaluated from left to right. Only an_ekp;ession between
two parenthesgs*have higher précedence than the ohe not?inside ' \f:
a pair of.parentheses. - L ' | o :%f

A.2.6.2.20 Character String

A character string constant occupies one machine word.

The constant is padded on'the right with blanks or truncated

on the right .as needed to fit into one,word. .Note this is
machine dependent to the extent of both word size and internal
character representation. _ . :
In HP/2100A, the word size is 16 bits and can have
only two characters which are, internally, r;presented as

Y

ASCII character sat., ,
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A.2.6.2.21 Examples '

1) xtysz div U - 2
ii) A als 6 ior mask 1 xor mask 2
iii) A and B < C
iv) -x rax 5
v)l Awx (x+y#*z) and A*x+y*z ﬁill have different results
vi)‘)(x+yiz)*3 and x+y*z*A will have the same results'
vii)

A2 =

A.2.7 Blanks

One or more blanks appear anywhere except within a
sYﬁbolfidentifier, or operator. .

“a

A.2.8 Comments . R i

. Comments are any string of characters (except the symbol

*/)between /* and */. A comnent has no effect on the pfogfam ) !:

. N )

‘and may appear‘anywhera that blanks may occur. ' .
<comment> :: = <openingb%?cket><almost apythiq§> ) , :h

<qloaiﬁg bracket> “ '

-

_<opening bracket> :: = /&

<closing bracket> 1t = wf ey

" <almost > 11 = {any string of valid ASCII characters
' apyehing which does not contain a <closing
bracket>} .. .

1
v

-

et e S T e

Tz T
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APPENDIX B

HEWLETT PACKARD ASSEMBLY LANGUAGE INSTRUCTIONS AND
THEIR MEANINGS

In this appendlx the HP instructions (only those which

have been used as operators or in compller-generated codes) are

* given along with theix meanings.
. L] )

Notations used in representing the HP assembly language \
L) . Ve S
instruction is as follows:

s

-
]

- m o Memofy location. Y -~
I .Indirect addressing lggator‘ - -
-Comments Optical comments
[ 1 . Brackets defining a field or position

of a field that is optional

?

in core and the registers. An instruction may directly address . §W§

{ i . Brackets indicating that one of the set < _
may be selected T . ’ ﬁr
1it literal P »F;
B,l. Memory ﬁefereﬁcé‘ | i’
- Memory reference instgyctions'perform arithmatic. ' i;-
logical and jump operatipns on the contents of ‘the locationa j;ﬁ'

the 2048 words &f the current and base pages. If required,
indirect addressing may be utilized to refer to all 27,777
words of memory. Expressions in the operand field may evaluate

}
modulo 219, . S ' - e%*
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1f the program is in relocatable form (which is the case
here as HPCOM produces re catable binary code), the operand
field may contain relocatable expresaions or absolute expres-

sions which are .less than 10()8 in value..

Bll Jum

L3

-

Jump 1nstructions may alter the noxmal sequence of pro--

gram execution. e : s .-

B.1.1.} JMP ' ' : T

label JMP m[,I] ' comments
- Jump to m. Jump indirect inhibits interrupt until the
transfer of control is complete. '
B.1.1.2 JSB ' S : ) o -

. 2
1abe1 JSB ) :g[ oI comments

1

Jump to aubrout.ine. The address for label+l is placed
into the location representad by @ a.nd control transfer to
m+l, On completion of the subroutine, control may be returned

. to the normal aequence by performing a JMP n,I.

.B.1.2 Add, Load and Store | | S

Add, Load and Store inst.ructions transmit/ and alter
‘the contents of memory and of the A- and B-registers. A literal,
K indicated,by "lit* 'my ba either -‘B. w D, = A or = I type.

B.l.é;l ' _A_D& P o v "
V/ 'label ADA {m{ii]) comments
. N ‘ {

Add the ‘content; of 'n_to A.

A A e

PR

e Erra
B

.k

e B Nt
e =

s

,,,
1
[

‘;
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+

B.1.2.2 ADB

m[ I]}

labe} apB {7 iy

~

Add thq‘contents of m to B,

comm_ents

B.I.2.3 LDA

label LDA {m{ 11} ' comments
. y it )

-Load A from m. .
B.1.2.4 LDB \\\. L )

m[,I] .
label LDB { 11t } ‘ comments

Ldad B from m,

- ! ' .
B.1.2,5 STA ’ . -~

: ' ) m[ I] : i
label. STA 1it } cgmments

Store contents of A in m.

B.1.2.6 STB ' . ' | _ b

: ' m[,I]y - L.
labél  STB { lit } comments :

Store contents of B in n,. o~ - oy

. In each instruction, the contents of the sending loca- !

tion is unchanged after rexecution.

X

B.1.3 Logical Operations ~
The 1ogic$1 instructiQns allow bit manipulation and
the comparison of two computer words.

orpar:
B.1.3.1 AND .

e m(, 1] .
label AND’ {1“_} comments

The logical pxoduct of the contents of m and tha

contents of A are placad in A.

, . . e
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B.1.3.2 XOR- / \

m([,I]
1ab§l 'XOR { iit } comments

The modulo-two sum (exclusive "ox") of the bits in

m and the bits in A is placéd‘iﬁqg}

"B.1.3.3 IOR

"label  IOR {m{lil} comment3

The logical sum (inclusive "or") of the bits in m

and the bits in A is placed in A.

B.2 Register Reference S . 7 '

The register reference instructions inglude a shift-
rotate group, an alter-skip group and NOP (no operation). With

the exception of NOP, they have the capability of causing -

operations within a statement are separated by .a comma.
' . - . /i

B.2.1 Shift-Rotate Group

Thié'groﬁp contains 19 basic instxuc@iops that can

. . , _
be combined to produce more than 500 different single cycle

ey s et

cperations.

CLE Clear E to zero

ALS Shift A left one bit, zero to least signi- iy
ficant bit. Sign unaltered. ] #
: i

BLS ' Shift B left one bit, zero to:ieast qiqnificant '

bit. Sign unaltered.

ARS Shift A right one bit, extend sign; sign
' unaltered. .
BRS  Shift’'B right one bit, extend sign; sign

,unalter-d

*
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LY

RAL ‘Rotate A left one bit
RBL . Rotate B left one bit
RAR . Rotate A right one bit
RBR Rotate B right one bit
ALR Shift A left one bit, cl;ar sign, -
: zero to least significant bit
BLR Shift B left one bit, cleaxr sign,
© zero to least significant bit e
ERA Rotate E and A right one bit
ERB Rotate E and-B-right one bit
ELA‘ Rotate E and A left one bit o
-ELB Roéate E and B left one bit "
ALF Rotate. A léft‘ four bits '
BLF Rotate B left four bits ' i?
SLA - Skip next instruction if least significant F

bit in A is zero _ L{

SLB Skip next instruction if least aignificént £
* bit in B is zero. . W

These. instructions may be combined as follows: : G

.

* e — N v
rALS . (ALS] | L
ARS ‘ . | "|ARs id
RAL| | RAL oy
S RAR : 'l JRAR
label .‘MRF [,CIJE] [’sm] '<m> comments “":i
ALF}| - ALP i
ERA o ERA
BLS)| | (prs] =
BRS ) BRS e
RBL : | |RBL o £
9 RBR ' ;
label 4§£:. (,CLE] [,5L8] |,{ppa}|  comments ;
. {9 m . ’ ¢ w ) T4
ERBI I - : ERB S
ELB . ELB}
_L J- - -
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CLE,SLA, or SLB appearing alone or in ény valid éoﬁbinations _ ’
with each other‘a;e assumed tb be a shiftjrotate méchiné in-
struction.

The shift-rotate instrudtions‘mﬁét be given in tﬁe
order"showﬁ At least one and up four are included 1n,one
statement, Instructions referrlng to the A—reg;ster may not
be combined in the same statement with those refe;rlng to

the B-register.

B.2.2 No-Operation Instruction

- =
wWhen a no-operation.is encountered in a program, no
. ) . . .

. action takes ﬁlace; the computer goes on to thé next instruc--
tion.’ A\full memoxy cycle @s used in executing a ho—operatioﬁ
iﬁstruction. |
label NOP  comments
A subroutine to be entered by a JSB instruction should .
have a'NOP as the first statement. . The return address can be

\

|
stored in the location céuﬁied by the NOP during execution - f

of the program." A NOP statement causes the assembler to )

' ~ Lot
generate a word of zeros. : \\;;
B.2.3 Alter-Skip Group - ' : : ' )

. The altestkip group contains 19 basic instructions
that can be combined to produce more than 700 different

.single cycle operations. ¥ - C K o

Y
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CLA Clear the A—regisﬁgr
CLB Clear the B-register )
CMA Complement the A-fegister
CMB Coﬁplement thé B-register
N CCA Clear, then complement-theﬂkvreglster (set
- to ones) ,

CCB Clear, then compleme ‘ éhe-B—register {set

. to ones)

~ . ) v
b CLE Clear the E-register
CME Complement the E—fegister
CCE Clear, then complement the E-req}stér '
SEZ Skip next instruction if E is zero
SSsA Skip if sign of A is positive (0)
SSB Skip if sign of B is péaitive (0)
INA ‘,-Incrémgﬁt'a by 6ne \ )
INB _'Increment B by one ‘\h.' ;.
SZA Skip if contents of A equals zero - : ’ﬁ
SZB  Skip if contents of B equals zero. : I
SLA Skip if least significant bit of A is zero }
SLB Skip if least.significant bit of B is zero I
. : T
RSS Reverse the sense of the skip instructions. - EL
If no skip instruction preceed in the statement, i
skip the next instruction. _ - i
These 1nstructions may be combined as follows: . , Ef
- , : g
ca)| . | jam)] . )
label{4CMA [,szz] ,{CME} [,ssall.smlt.mm [,SZA] [,RSS] comments i
1lcea : CCE; : : - o
[cm cLB) A
label|{CMB}| [,5E8] | .{CME}]| [,88B] [ SLB] {,XNB}{,52B] {,RSS] comments
CcCb l o mJ ; ’ .

[
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The alter-skip instructions must be given in the
order shown. At least one and up to eight are included in
one statement. iﬁstructions referring to the A—regisfer may
not be combined in the same stateﬁent with those referring
to the B-register. When two or more skip.functions are com-
bined in a single operation, a skip occurs if any of the con-
ditioﬁs e%}st. If a word with RSS also includes both SSA
and SLA jor SSB and SLB), a skip occurs only when sign and

least significant bit are both set to (1).

B.3 Extended Arithmetic Instructions ' -

P

L&t

These instructions may be used with the EAU version
of the Assembler or Extended Assembler to increase the
computer's overall efficiency. The computer (HP/2100A) must
include the Extended Arithmetic Unit option to obtain the
resulting increase in aﬁailable core storage and decrease
in program ruﬁ time.

Only two oélthese instructions have been used in the

HPCOM and are considered here. Both are memory reference

3 e i lmanen e % e et gt - 1
PR m T y !

instructions. : o

B.3.1 MPY

label  'MPY (m[,Iy - comments r 8

lit
The MPY instruction multipl;es the contents of the ff{

& %

A-register by the contents of m. The product is atored in . e

rcgisters B and A. B contains the sign of the product and
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the 15 most significant bits; A contains the least significant
bitg.
B.3.2 DIV - A

m['rI]} )
lit

label DIV { comments

The DIV instruction diyides the contents of registers

B and A by the contents of m. The quotient is stored in A’

-

and the remainder in B. Initially B containslfhe sign and the
15 most significant bits of the dividend. A contains thé! ‘

least significant bits. A

R

' .
£y <At Tmppragh @ e YT
oL . ..
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COMPILE—giME TABLES FOR RESERVED WORDS USED IN PL/2100

c.l Reserved Symbols and Associated Inteqger Token
In this section we display in the following table,
the réservgd symbols (used in PL/2100) along with the integer -

tokens (NO and CL) associated with them.

SYMBOL NO

SYMBQOL NO - CL N CL
ID 1 0 ALS 24 1
INTEGER 2 1 BLS 24 2
CHAR 2 2 ARS 24 3
5 1. - BRS 24 4
NOT' -5 1 RAR 24 5
* 6 1 RBR 24 6
1 6 2 RAL 24 T
A 6 3 RBL 24 ' )
AND 6 3 - ALF 24 9
DIV 6 . 4 BLF 24 10-
MOD. 6 5 IOR 24 11
+ 7 1 XOR . 24 12
- 7" 2 . BEGIN 25 0
\Y . . 7 3 END . 26 0 L
OR 7 3 IF 27 0 :
< 8 1 . THEN -. . - 28 0 v
LT 8 1 ELSE °© © 29 0 3
< g8 2 CASE 30 0 o
LE 8 2 oF . 31 0 £
2 8 3 REPEAT 32 0 G
GE 8 3 UNTIL o+ 33 0
> 8 4 WHILE 34 0
’ . 8- 5 20 .. 35 0
NE 8 5 FOR 36 0
= 8. 6 TO 37 1
EQ '8 '6 DOWNTO 37 2
IN 8 7 GOTO 38 0
(. N . 0 NIL 39 0
) ‘10 . 0 " TYPE 40 0
( 11 0 ARRAY 41 0
] ; 12 0 RECORD 4l 2
. 1s . 0. FILE 41 3
3 16 0 LABEL 42 0
. 17 0 CONST 43 -0
: 21 0 VAR - 45 0
tm 22 0 PUNCTION 46 0
/* 23 0 PROCEDURE 47 0
' . VALUBR 48 0
wITH 49 0
< HEGISTER 50 0.
5YN 51 ' B
RRGA 52 1l .
REGB 52 2
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Cc.2 Tables of Reserved Symbols and Their Pointers

The reserved words of the language ‘PL/2100A are
stored in differentrtables according to the lengths‘of the words.
The pointers associated with the top of each table, are also
storediin a séparate table. In the actua)-programming world,
the tables of reserved words are stored in_an array of characters
and the table of pointers in an array of integer.

c.2.1 fable of Reserved Words

Reserved Words 1 Resexrved Words

Index of PL/2100. Index of PL/2100

1 IF 32 . REGA

2 DO 33 - REGB

3 TO 34 THEN

4 OF 35 \ ELSE

5 OR 36 ‘ GOTO

6 LT 37 CASE

7 LE 38 WITH

8 GT _ 39 . TYPE

9 GE 40 ~ FILE

10 NE R
11 EQ 41 ; BEGIN

R T 42 / UNTIL

12 AND 43 ; WHILE

13 END -/ 44 ARRAY

14 NIL 45 VALUE

15 FOR 46 CONST

16 DIV 47 LABEL

17 MOD S .
18 VAR 48 PACKED

19 SYN 49 REPEAT

20 ALS 50 DOWNTO

21 BLS 51 RECORD

22 ARS ||l === - L - = = == - - - -
23 BRS 52 PUNCTION

24 RAR 53 REGISTER

25 RBR bl - - - - - - - W wWE p E WS = -l
26 RAL 54 PROCEDURE

27 RBL

28 ALFP

29 BLYF

30 IOR

31 XOR

]

‘g 0T
T e R

=5
P it

o
i

o



114

c.2.2 Table of Pointers

Column | Column
1 2 -
INDEX POINTER : ]
: VALUE o .
) 1 1
,; 2 1 T
3 12 -
4 32 '
-5, 41
6 48 )
7 52
8 52
- 9 54
! 10 55
11 55

*

It is important to note that the index values in

T

the first column of this table correspond to the length of
the reserved words stored in a table pointed to by the pointer
value given in the second column.

This hos‘been‘dono to facilitate a faster seaxch’

through the tables of reserved words.

C.2.3 Tables of Token Values o! the Rnaervad Words

Tuo tables vi: HRO and WCL (in the progran-ing

world, they are arrays of intéger) hBVB been used to'stare T?i

the token valne NO and CL. These tables axa givnn below,

WNO = (27, 35 17,31,7,8,8,8 ,9,8,8,6,26
39,36,6,6,45,51,24,24,24,24,24,24,24

24,24 +24,24,24,52,52,28,29,38,30,49,40,
41.25 33,34,41,48,43,42,53, 32 ,37,41,46, 50.47)

Bl g e b —— o g o =
. Tl e . - '
- S . . .




WCL = (b10111013g1:214r315.76:3:0:010!4:5!0:
0,,2,3,4,5,6,7,8,9,10,11,12,1,2,0,0,0,
0,0‘,0,3,0,0,0,1,0,0,0,0,0,2,2,_0,0,0}
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-APPENDIX D

LISTING OF -LEXICAL ANALYSER ~

~
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