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ABSTRACT

The advantages and disadvantages of several exÍsting methods of

teaching programmÍng are dj.scussed and Ëhe basic requíremenËs of an

introdqctory programming language are considered. rpLAN (an

rntroductory Programming LANguage) is pr.oposed to fulfill these

fequíremenËs and its design goals are stated..

The syntax and semantics of IPLAN are specifíed and the detaíls

of the ímplementation on an r&rr 360/65 are outlined. The appendices

contain example programs illustratíng the use and special feaËures of

Ëhe language.
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CIIAPTER I

InËroductory Programming LaJr_guages

1.1 Introduction

The growÍng importance of computers in our soeÍety requires that

a l-arge proportion of future generations needs some knowledge of the

operatÍon of computers, so that the layman does not regard. thern wÍth

the mystical admiration or fear that is typícal of todayts attitude.

In a few years ít is reasonable to suppose that not only bright students 
)

in a few hígh schools, but many studenËs in most high schools wíll be

studying compuËer courses and until such Ëíme as computers become

conversanË in natural l-anguages, students I'rill be forced Ëo learn

programmíng languages.

The language taught in íntroduct.ory programrning courses could be

selected from one of four groups :

scíentific programmíng languages ;

commercíal programming languages;

assembly 1eve1 programming languages and;

specíally deslgned introductory prograrnming languages.

-1-



The present trend in teachíng prograrnming languages in universiËies

Ís to start wíth a diagnostic form of a scientific language, for example,

I^IATFOR [1], PUFFT [3], or DITRAN [2] if the main scientífic language

of the universíty is FORTRAN l4l. Although an honors student wíth a

scientific background can normally master the compl-exíties of such an

initial programmÍrrg 1"rrg.rrg., the average student and the high school

s.tudent may easily become confused and/or discouraged.

Both advantages and disadvantages of usÍng a diagnostic scíentif.íc

language as a first programming language ate inherently related to its

parent language. At thís uníversity, second year studenËs are Ëaught

the I^IATFOR versÍon of FORTRAN IV. From the author's experience of

demonsËratÍng this course, several points can be made.

L.2.L Advantages of tr^IATFOR

During the course the student rnay tackle problems of

consíderable complexity, which may strongly sËimul-ate his interest.

If I,üATFOR is well known by the sËudent aË Ëhe end of the course,

he has an almost complete knowl-edge of a standard and widely used

scientífic language.



I.2.2 Disadvantages of I^IATFOR

Most problems fall ínto one of three groups rel-ated to design

faulËs in the parenË language (i.e. FORTRÂN), whích I^IATFOR coul-d easil-y

have avoided but for the design goal of compatibility with FORTRAN.

The groups are :

a) Conceptual þroblerns

b) Problems of detaíl

c) Errors.

a) Examples of conceptual problems are :

the meaning of the "=" sígn;

the carríage control character for tfre printer;

the difference beËween atray and functíon references and;

the relationship beËween input-ouËpuÈ executable sËatements

and format statements.

The problems created by the last one vlere severeenough for IIATFOR

to introduce a minimal fíeld-free fornat input-ouËput at Ëhe expense of

full FORTRAN compatibí1iËy.

'

b) Problems of detaíl embedded in the parent language absorb too much

Ëíme and efforË and lead Ëo unnecessary errors. For exarnple, consider

the formaË staËement.. There would seem Ëo be no reason rvhy a fièld

width should not be allorved v¡ith the txt format code (e.g. 15 is corïect'

x5 is not). A1so the action taken vrhen ttre l/o list is longer Ëhan the



number of formaË elemenËs Ís noË simple. From the FORTRAN ïV Language

Specifícatíons : "If there âre moïe items in the I/O l-ist Ëhan there

are formaË codes Ín the FORMAT statemenË, conËro3- Ís transferred to the

group repeat count of the group format specíficaËíon terminated by the

last ríght parenthesis Êhat precedes the iight parenËhesis endíng the

formaË sËatement.tt t4]

c) The forrnídable problem of teachíng students to find theír

errors is complicated by two factors :

(i) The cornpl-exity of FORTRAN syntax allows "obvious"

errors to be compiled and executed without commenÈ.

Consider ËhÍs example in which a períod has been keypunched in

place of a comma

DO55 I=l-.12

55 CONTINUE

Both the FORTRAN IV level G and the I^IATFOR compiler declare by

default a floatíng poínt variable "DO55I" and assign to ít a value of

L.Lz. The inËended D0 loop is executed'on1y once and with an invalid

value of I.

(ii) The debug facilíties of I¡IATFOR are inadequaËe.

Although it checks for the use of variables ËhaË have noË been given

a value and checks the range of subscripts, it lacks, in pt.aicular,

OIüTT



a trace. Even Êhough the studenË knows his program Ís ín an endless

1oop, the statemenË number in which his program l¡ras cancel-led ofËen is

ínsufficient help for hirn to fínd his error. (fne FORTRAN IV level- G

compiler [4] has several- debug routÍnes, buÊ they have to be requesËed

and are'unnecessarily complex to use.)

L.2.3 Disadvantages of S-científíc .Languages ín General-

Although the above examples are sel-ected from Ëeaching a

diagnostic form of FORTRAN, similar examples may be found ín most

oËher scíentific programming languages (except Ëhat the ALGOL-Iíke

J-anguagês. are relatíveJ-y free from the problems related to complex

syntax)

A further general disadvantage ís that it is not easy t.o start

by teaching a sírnple subseË sínce certaín of the problems, for example,

complex synËax and input-ouËput, cannot be avoíded.

The last major disadvanËage ís the þossíbi1íty Ëhat even after

successfully learning a scientific progranìming 1an¿uage, the sËudent

is still not avrare of the basic computer operaËions. He has learned

how Ëo control- a powerful Ëoo1, but not horv t.o use it mosË efficíently.

l-.3 Use of Coqlerciel Programming L

Apart from the advantage that commercial prograrnming languages



have Ín rnaking Ëhe sËudent familiar wiËh

applicatiorrs, the use of these languages

disadvanËages and fewer advanËages than

ming 1-anguages.

For example, consíder COBOL t5] sínce Ëhis is the main commercÍâl

language. rn coBol,, like FORTRAN, ínput-output Ís not simpl-e, the
tt=tt sign raises conceptual problems, and the complex syntax causes

unnecessary errors. The source program ís very format.sensitive

(blanks used as del-irníters, .tAt margíns definíng paragraphs and .Br

margins defining statements). The concept of Ëhe four dívisíons,

identifícàtion, envíronmenË, data and procedirre, is not basic and is

noÈ necessary for an introd.ucËory 1-anguaje. Final-ly there aïe no

widely used, íf any, diagnostic coBol. compilers and Ëhe manufacturer

supplíed eompilers do not do the error checking nêcessary for an

introductory language.

L.4 Use of Assembl level Prosrammi Lanquaqes for Teachin

L.4.I Actual Assembly Langu.ages

Although assembly level languages demonstrate exactl-y how

the eomputer operates and make available to Ëhe progranmer its fu1l

capabÍlíties, these languages are us.ually too complex for the begínner

a language used ín business

for.teaching seems Ëo have more

the use of scientÍfic prograrn-



to program in, especially lrith respect to

far too detailed knowledge of the machine

an introductory programming language.

ÍnpuË-ouËput,

operation to

7

and requíre a

be suiËabl-e for

1-.4.2 Assembly Lan-guages for SímulaËed Computers

Such languages are very valuable as teachíng aíds, but are

norrnally only ÈaughÈ as a brief introducËíon to Ëeaching a high level

language because of their clumsiness for advanced problems and theír

iestricted ínput-output

For example, consider the SPECTRE computer [6], whích is símilar

-cal computer described Ín T. E. Hulïts book "Introd.uc-to the hypothetical computer des

tion to Computing" 17l. The SPECTRE-ì,ÍAP* instructions "INP" (Ínput)

and "OUT" (output) are the basíc ínpuË-output Í.nstructíons. "INP At'

inputs into locatíon A the signed ten digÍt number punched in columns

1 
.to 

11 of the next data card. Sign and leading zeroes must be

punched. Similarly "OUT A" prints the signed ten digit number in

location A ínto a fixed field on a ne\,r líne on the line printer.

Advanced problems in SPECTRE-MAP are compl-icated by Ëhe lack of

index registers and hence address rnodifíeation (i.e. run time code

modification) has to be used Ëo simulate índexed ínsÈruòtions.

* Sp¡Ctn¡-MAP is the assembly level language of the SPECTRE compuËer.



1.5 Special Intro_ductory Programming Languages

1.5.1 ExÍsting InËroductory Programming -Languages

Several universiËies.have wriËten their own languages. Notable

ín thís group ís the Cornell Computíng Language CORC [B], which has

had a major influence on later dÍagnostíc sciefltífíc languages. C?RC

goes to considerable lengths Èo correct the programmer errors, in

parËícular, Ëhe íncorrecË spelling of varíable names. Unfortunately

CORC ís badly restricted in source program format (blanks used as

delimiËers, FORTRAN type contínuations; etc..) and has Iímited

input-output.

OËher Ëeaching languages are maínly seientific language subseËs

and in particular are subsets of FORTRAN. Examples are FORGO t9l

and MAD [10]. None of the existing teaching languages fulfills all

of the basic requírements thaË Ëhe auËhor feels are essenËial for an

ínËroductory programming language

L.5.2 Basic Requirements of an lntroductory Programm-ing Lang-ua-ge

These requirements are felt to be :

(i) Símp1-e syntax.

(ii) Simple buË powerful ínput-ouËput.

(ííí) Comprehensive error diagnostics.

(ív) AdequaEe debug facÍlitíes.



9

(v) Expl-iciË data types. From early on, ít ís imporËant

that the intrinsic difference in types be understood and. ín partícular

the concepËs of range and accuracy as related to real and integer

numbers

(vi) An arithrneËic instruction set. Thëse should be in a

one-to-one relationship with basic machine ínstructions.

(vij.) CondiËional and uncondiËional branch sËatements (and

hence sËatement labäls)

(viíi) Subscripting and loop facilities

(ix) Tiine, size and number of statements execuËed as

measurés of program efficiency.

In particular, it is felt Ëo be imporËant that the fo1-lowing

are avoíded :

(i) ImpliciË conversions.

(ii) Irnplicit declaraËions.

(iii) Input-output with format sËatements.

(iv) Field-dependent source sÈatement format.

(v) A system of error analysis Ëhat allor¡rs arì. apparently

correcË'staËement to compíle and perhaps even execute vrithouË warning.

The authorrs viev¡s are in keepíng wÍth the following extract from

the detailed syllabus for a proposed course entitled "Int.roduction to

CompuËer Science't as outlined in ".SpecÍmen Courses in Computer Sciencett
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:

by a Computer Bulletin workíng party : :-

. "Detaíled syllabus : Introduction to a programming language
and the computer. The two facets should be integrated by allowing
the studenÈ to write simple programs which demonstrate : basic
input and out.put f acilitíes; arithrrreËica1 operatíons; storage
and program control. The language used should be a simple Ëeaching
language and noË languages like FORTMN and AIGOL ...." [11]

There are other features such as aríthmetic expressions which might

well bË included Ín an introductory language. Indeed several addiËional

features are discussed Ín Chapter 4. At this stage of the desígn and

developmenË of the language it ís not possible to state categorically

which features should and which should not be included in an íntroducËory

language. IË is only possible to presenË a proposal and Èo be prepared

to alter this as a result of experience gained through usíng the language

to teaõr programmíng.

L.6 The InËro¿

ThÍs thesis presents an introducËory programming language called

IPLAN (Introductory Programmíng LANguage) which is an atLempË to fill

the need for a specialised Ëeaching language.

1.6.1 IPLAN desígn'goals

These goals are :

(i) Ease of l-earníng

. The lansuase must be símole to learn. There will beThe language .must be símple Ër

one statemenË to a card with a keyrqord (which will be a rvord in the

English language and not a mnemonic) foll-orved by an operand(s) and
:'

optionally preceded by a statement label-. The source program and the

data úrí11 be field-free formaË or, simply, free format.
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(ii) Non logic errors

All errors will be flagged and a full diagnostic error

message (not.jusË an error code) given. ïn Ëhe case of a non termínaJ

execuËion error, Ëhe number of the card in whích the error condítíon

arises ríÍ11 be gíven.

Compilatíon errors wíl-l not prevent execuLion and executíon will

continue as far as is Ëhought to be useful

trühen a terminal error does occur t .ã full dump of data areas and

Ínformation about the sËate of the Program will be gíven.

(iii) Logíc errors

Adequate debug facilities Ëo trace logic errors.

A further desígn goal aríses in the írnp1-ementatÍon.

(iv) Fast Ëhroughput of studenË jobs.

L.6.2 Versions of IPLAN

. Three versions of the IPLAN compiler and control program are

envisaged : .

Thetmaint versíon described in Ëhis thesis.

An extended versÍon as outlined in Chapter IV.

An integer version (see Appendix 6).



CHAPTER II

Semantic Defínition of the Langnage

2.I InËroduction

Only one statement may appear on each card and there are no

contínuations. The compí1-er Ígnores all blanks and all characters

between a left angle brackeË (<) and a ríght angle bracket (>).

(ExcepËÍon : see PRINT TEXT). Character stríngs thus enclosed are

called ttcommenËs" and are used to document the program. CommenËs may

precede or follow a sËatement and if no ríght angle bracket is found,

the comment ends at the end of tire card

For the remainder of Ëhís descriptÍon blanks and comments are

assumed to have been deleted.

A definitíon of the meta-language is given Ín Appendix 1.

2.2 Pr_ogr.ams

<program> ::= BEGIN PR0cRAM<declaration group)(sËatement group>
END PROGRA}I

-L2-
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A program ís delimited by the keywords (or statements) BEGIN

PROGRAM and END PROGRAM, and all the declaraËion statements must precede
:j'

any of the executable statemenÈs.

2.3 KeJ¡r'rords

<keyword>

Keyrvords are

2.4 Statement numbers

<sËatement<

<staËemenË
group>

<unlabelled sËatement> | <ínteger> :<unlabelled
statement>

<s tatement> | 
*;ç" ataement>

<opcode> | <eonversion> | <debug> | <transfer opcode> |

sroREl sroel uew racal mnw lrnnl sracnl rnrllr rEXrl
READ INTEGERI READ REALI PRINT INTEGERI PRINT REALI
cycl,EI ronl nmnArI REAL scALARl TNTEGER scALAR| REAL
VEcToRI INTEGER vECToRI REAL MATRIXI INTEGER MATR]XI
BEGIN PROGRAI"II END PROGRAM

not reserved names

If

to

Any sËaËement may be labelled by an ínteger. (See<integer>).

Ëhe sËatement is non executable, the statement number is considered

be attached to Ëhe first fo1-lowing executable statement.

2.5 Numbers

<dígit<
<Sign>

olrlzlrl¿lslolzlalo
t-+l-
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<integer> : := <digit> 
I 
o.¿igiat

'"tl:;3r..r ::= <sígn><integer>l<inËeger>

<real> ::= (integer>.<integer

<number> ::= , <integer>l <real>l <sígn>{<integer)l <real>}

Numbers have their conventional meaníng.

2.6 Variables

<letter>

<identifier>

<simple integer
variable>

<subscrípt>

<integer
variable>

:= elnlclrlnlrlclnltI;lrlrltrlulolplqInlsIrlulvlwlxlvlz

:= <letter> I 
o.l"tt"t

'= <ídentifier>

: = <integer> | <simple ínteger ,m.i"¡t", | {<irrt.gur> |

<sÍmpl-e integer variable>Ì, {<integer> | <simple
Ínteger variable>]

:= <simple ínteger varíable>l<identitier>(<subscript>)

<real variable>: := <identífier>l <idenËifíer>(<subscript>)

<varíable) : := <integer variable> | <real variable>

Varíable names serve for the ídentífication of scalars, vectors

(one dimensional arrays) and matríces (two dimensi.onal arrays). Each

varíable name must have a unique first 16 characters. A variable has

a type (real- or integer) and a form of storage (scalarr. vector or matríx)

whích are determined once in a declaration sLatement. Veetors and matrices

cannoË be referred Ëo as a whole, but musË be referenced via their

elements as subscripted variables
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2.7 Declarations

<type scal-ar> :

<scal-ar l-íst> :

<scalar
declaratíon>:

<type vector>

<vector list>

<vecËor

. declaration>

<ËyPe matrix)

(matríx list>

:= REAL SCALARIINTEGER 
.SCALAR

: = <identif íer> | 
,", <ídentif ier>

:= <type sg¿l¿¡)(scalar l_ist>

:= REAL VECTORIINTEGER VECTOR

:= <idenrifier>(<integer>) l*,<ídenLÍfier>(<integer>)

'= <Ëype vecLor)(vector list>

:= REAL MATRIXIINTEGER MATRIX

:= <ídentifier>(<ínteger)r<integer>) l*rcidenËifier>
(<integer >, <intege.r >)'

<matrix
declaraËion)::= <Ëype matrix)(matríx líst>

<declaration> : : = (scalar declaratíon> | <vector declaratíon> |

(matrix declaraËion>

(declaraÈion
group> : := <declaration>l *(declaraËion)

Declarations define the properties of variables, i.e. theír type

(real or ínteger) and their form of storage (scalar' vector or matrix),

which must be declared for all variables.

In vector and matrix declarations the lower subscript bound is

one and the upper is specífied. There are no dynamic declaraËions.
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2.8 The Accumulator

All arithmetic and branch operatíons implicitly use the accumur"aot.

The type of the accumulaËor (real, integer or undefined) is specified

by the most recently executed load or conversion operation. Mixed type

operatíons are not. permítted. (AË execution time, the operand type

. of an ADD, SUBTRACT, MULTIPLY, DIVIDE, or STORE instructíon is checked

against the accumulaËor type.)

2.9 Simple Statements

(opcod.e) : := T0ADIADDISUBTRACTIMULTIPLYIDIVIDE

(conversíon) ::= CONVERT TO REALICONVUNT TO INTEGER

<debug> ::= TRACE oNITRACE oFFIMONTTOR oNltuourron onri
DI]T',IP .ALL

(rransfer ..= co rolrr rosruvE co rolrF NEGATTVE Go rol
opcode> IF ZERO G0 TO

<simple
statement) : := <opcode>{<varíab1e> | <number>} | sronucvariable> |

(conversion> 
| <transfer opcode><inËeger> | <debug> 

|

STOP

<unlabelled ..= <simple staËement>.1<printer statement>l
statement> : :- <Í-o statement) | .foopt l <declatation> | SnCfU PROGRAMI

END PROGRA}I

The LOAD statement copies into the accumulaËor the contents of

the sËorage location specifíed by Ëhe operand, which remain unchanged.

The STORE statemenË copíes into the storage locatíon specified by

Ëhe operand the contents of the accumulator, whích remaín unchanged.
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The A-DD (SUBTRACT) sËatement adds to (subtracts frorn) Ëhe

accumulaËor the contents of the sËorage location specífied by the

operand.

The MULTIPLY (DIVIDE) statement mulriplies (divídes) rhe

accumulator by Ëhe contents of the storage location specified by the

operand.

, The CONVERT TO INTEGER sLatement converts the type of the accumulator

¡o integer and assígns an integral val-ue to. the accumulator, which is

, the nearest integer to the previous contenËs, i.e. in the terminology
I

: of the "Revísed Report on ALGOL 60" , lL2] entier (contents of Ëhe

:, accumulator +0.5). N.B. An error will occur if an aËËempt ís made Ëo

' convert a real number. larger ín magnítude than the largest integer

i number.

The CONVERT T0 REAL statement converts Ëhe type of Èhe accumulator

to real and assigns a real value equal to the prevíous contents.

The GO T0 statemenË Èransfers control uncondÍËionall-y Ëo the

statement vrhose statement number is specified by the operand.

The condítional G0 TO statements Ëest the accumulator and Íf the

condiËion is satisfied, control ís transferred to the specified

statement without altering the conËents of the accumul-ator.

The STOP sËatement terminates the execution of the program.
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:

The END PROGRAM sËatement,

program, terminates the executíon

as del.ímitíng the source

program.

as well

of the
!

The TRACE ON (OFF) statemenË causes a ttace to. be printed (or not).

After a TRACE 0N sËatement has been executed and unËíl a TRACE OFF

statemenË is execuLed the card number of each statement executed ís

prínËed.

The MONITOR ON (OFF) statement causes Ëhe accumulator to be

monítored (or not). After a MONITOR ON statement has bêen executed

and unËil a MONITOR OFF statemenË is execuËed the card number and the

type and=contents of the accumulator are printed for each statement

executed which changes the type or contenls of .the accumulator

The DUMP ALL sËatement requests a program information dump. The

card numbers of Ëhe last forty executed statements are prínted Ëogether

wíth the names and values of all variables.

2.L0 Input-Output

InpuË is from punched cards and output is on the line prÍnter.

Both are basically considered as streamed, meaning that Ëhe records

(cards on ínput, lines on output) a{e víerved as concatenated inËo a

continuous stream. The exception to thís concept is on input, since

a number ís consídered to end at Ëhe end of a card. In printíng, the
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ability to splít up the ouËput inËo records exists wiËh Ëhe NEI¡I LINE

and NEI,tr PAGE instructíons. A line on the prinËer is 132 characters

1ong.

2.I1, bO Statements

<i-o sratemenË>: := PRINT fNìecER{<ínteger variable)lcsigned integer>},
<integer> | rnrur REAL{<real variable> | <real> | <sign>
<real>] r(integer>r(inËeger> | nnan REAL<real varÍable> |

READ INTEGERcinteger variable>

The READ INTEGER stafement reads the next ínteger number in the

ínput stream Ínto Ëhe integer storage locatíon'specif.íed by the operand.

Blanks are ignored and a number is termínated by a comma or the end of

a daËa card, or both. An error arises if a comma is encountered before

a digit is found. Any characËer other than a blank, digit, sign or

comma encountered is ínvalid. The contents of the accumulator are

unalËered

The READ REAL sËatemenL reads the next number in the inpuË stream

inËo Ëhe'real sËorage location specifíed by Ëhe operand. Blanks are

ignored and a number is terminated by a conma or the end of a data

card, or both. An error arises íf a comma is encountered before a

digit is found. Any characËer oËher than a blank, digít, sígn, decímal

poi.nt or comma encountered is invalid. The number does not have to

contain a decimal point. The contenÈs of the accumulatot tt" unaltered.
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The PRrNT TNTEGER statement prints eiËher the conËents of the

integer sÊorage locaËíon or Ëhe integer number specified by the first
operand. Ti-re second operand, an integer in the range l2rL6l, specÍfies
the number of spaces allowed Ëo prÍnË these contenÈs. rf the second

operand Ís omitted or i-f the staËed value allows too few spaces to
prínË the firsË operänd, a value of 11 is assumed. A space must be

allowed for Ëhe sígn which ís printed as a blank for positíve operânds.

The PRINT REAL statement prints either the contents of the real
sËorage location or the rear number specified by the first operand.

The .last prínted digít ís rounded. up before prinËing if Ëhe first
unprinte'd digit ís a 5 or above. The second and third operands, integers
Ín the range [2,16]and [0,16]respectively, specÍfy rhe number of

spaces before and aftár the decímal point allowed to print these

contents. rf the second and third operands are omitted, values of

11 and 3 are assumed respectívely. A space must be allowed for the

sign which is printed as a blank for positíve operands. The decimal

point is always printed.

2.I2 PrLnter statements

<printer .:= M IAIEltrtuw i,run<inreger>|seacucinteger>|
sËatement

quoËe t
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The NEI,I PAGE statement causes the printer to skip to a nevr page.

The NEW LINE sÈaLement causes the p.rinter to sËart at the

beginning of a line after advancing n lines where n ís the operand

which is an ínteger in the range [1r4] and if omiËted or outsíde that

range is assumed to be 1.

The sPAcE statemenË caû.ses the prínter to skip n spaces r¿here n

the operand which is an ínteger Ín the range [1,100] and if.omitted

outsid,e Èhat range is assumed to be 1.

The PRrNT TEXT statement prints the characËer stríng enclosed

ín quotes (t) which forms Ëhe operand.

CYCLE{ .<integer> | <símple inreger variable)}ffU¡S

<símple inÈeger variable>l <signed integer>

FOR<simple integer variable>=(for parameËer)(
<for parameÈer>)(for parameter)

REPEAT | <integer> : REPEAT

{<cycle statement> | <for statement>}<sËatement
group><repeat>

The CYCLE REPEAT group of statemenËs causes the group of statements

enclosed betrveen the CYCLE statemenË and the closest folloiving REPEAT

2.13 Loops

<cyc1e
statement) :

(for parameter>:

<for statement>:

<repeat> :

<1oop > :
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statement Ëo be rePeaËedly executed .the number of tímes specified by

the operand. The operand rnust be an integer or a simple ínteger variable

(i.e. unsubscripted) and must have, at the firsË executíon of the CYCLE

. statement, a value ín the range [0,100]. This value specífies the

number of repetitíons which is independenÈ of any change in the value

of the operand inside the CYCLE REPEAT group. A value of zero means

no repetitions. If the value is outsíde the allowable range, a value

of one is substituted and an error message is gíven

The FOR REPEAT group of statements causes the group of statements

enclosed between the FOR statement and the REPEAT staËement to be

repeaËedly executed zero or more ËÍmes r+hiIe Ëhe controlled varíable

is being changed.

Consider :

FOR i = a(b)c

statement group

REPEAT

where í Ís a sirnple integer variable and a,brc are símple inËeger -

variables or Ínteger numbers.

The process may be visualísed by the folloiuing flow-charË i
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i<-í*b complete

Execute
<statemenf

group>

The loop is complete if (i - c)

has a value of *1 if b is positive,

negative.

* 'sign (b) > 0 where sign (b)

0 if b is zero and -l if U is

All the FOR parameLers may be varied ínside the statemenË group.

Nesting of CYCLE REPEATS and FOR REPEATS ís allowed to a depth of

10.
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CHAPTER TII

Description of the ConËrol- Program and the Compiler

3.1 Introductíon

. The purpose of the control program and the compiler, from.hence

forth called Lhe compíler, is Ëo batch p.o".så small jobs \^Iíth high

throughput. The jobs may noË.refer Ëo perípherals apart from Ëhe card

reader and the line printer. The compile phase is one pass and the

compiler is resident in core at all tiines. Hence the job stream may

be processed without reference to any secondary storage.

An assembly level language (IBM System 360 Assembler [13]) was

used t,o wriËe the compiler with the ínËentíon of making Èhe object code

both cornpact and efficient. The compíler Program consisËs of 28

Assembler subroutines and occupies about 75OO 32-bít words (or 30r000

bytes)'of core.

Logically the com il-er may be split up ínto the fol-lorvíng parts :

Control program

Analysis of source program

Code generation

-24-
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and wíll be

Input - Output routines

Execution time rouËines

Error handling

Program information dump

díscussed. under Ëhese sub-headings.

3.2 The Control PrograJrJ

The controi program (see figure 3.1) inítialíses the job stream

and then ínitÍalises the compilation phase of the fírst job and calls

the anal-yser routine. On return the control prograrn initíalises the

execuËíon phase and executes the compilea code. Inlhen each job termín-

ates, the control program repeats the process, starting with Ëhe

ínitialisation of the compilation phase of the next job.

The control program cancels a job if its combined compíl-ation and

execution tirne exceeds 15 seconds, if it prints more Ëhan 300 lines of

outpuË (execution of a NEtr.I PAGE insEruction cornts as 10 lines), -

executes more Ëhan 201000 statements, or has more than 20 errors. These

cancellaËion parameters may be overridden by the options card.

trtrhen the end of the card fíle Ís sensed Ëhe control program ends

the processing of the job stream.



Jôb Stream
Inítialisa-
tion

Termínat¡
Job Stream

,Input Card

Next Job :

CompilaËion
Initíalisa-

Anal-ysis of
Source Cards
(Figure 3.2)

Prínt
Compilation
Statístics

ExecuËion
Initía1isa-
tion

Print Job
StaËístics

ExecuËe
Compiled
Code

Give Program
fnformation
Dump

erminal
Error

Print Error
Message

Take
Compiler
AcËion

Yes

After Error
Condition:

Source Card
' Deck

Data Card
Deck

F.igure_ 3.1- _ .C.ompíler Ll-owchart



Read
Card

I $JoB'
Card?

Read
Card

Set
Cancellation
Parameters

OPTIONS
Card?

Overríde
Specífied

CancellatÍon
Parameters

PrÍnt
Card

Print CN

and Card

$rBsYS
or 'gENTRy

cN<-cN+1 Resolve
Branches

Analyse
Source

Language
StaËement

Yes

Code
Generation

trlhere CN is the card number
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3.2,L The Options Card

To overríde any or all of the cancellatíon parameters, an

optíons card is inserted at the begínning of the source deck,

immediately follorving the '$JOB! card. The first 9 spaces of this

card contain the characters 'OPTIONS = (t, followed by up to four

parameters separated by commas and ended wÍth a closíng bracket. The

parameters are : first, Ëhe job time in seconds; second: the number

of lines of output printed by the executing job; third, the instruc-

tion count Ín multiples of 1000; and fourth; Ehe error counË.

ParameËers thaË are missing or have a value of. zero are i.gnored.

For example :

OPTIONS = (15,300,20,20)

specÍfies the standard cancellation parameters and

OPTIONS = (0,,30)

specifíes :

job tíme = 15 seconds

ouËput = 300 lines

insËructi-ons = 30r000

and error count = 20

since only Èhe third parameËer ís changed.

a
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3.3 Analysis of Source Prog.ram

3.3.1 Job Control

Jobs are dívíded in the job. stream by I,IATFOR [ll control cards.

A job is preceded by a card ¡¿iËh the charaóters '$JOn' in Ëhe fírst four

columns. A job is Ëermínated by a t$lnsysf card and if data is used,

the source program and. data are separated by a t$nNtnyt card.

' 3,3.2 The Analyser RoutÍne

. 'Þ... The analyser,ínítia11y searches for the t$;On' card, which

is prÍnted. If the nexË card is an optíons card, Ëhe specífied

baramet.ers are overridden.. Each source eard is printed, preceded by

' a sequence number, known as Ëhe card number. One card is analysed

at a time being scanned once from left to right with blanks and any

bracket (>) being ignored. (These character strings are called
t'commentstt and are used t.o document Ëhe program.) -

Each card is scanned for a keyword and usually at least one

operand. I{hen a l-etter is detected it is added to a character string

which, if a keyword has not yet been found, is then compared to all

keywords of the same length. Error conditions occuï when a card (unless

it is blank or contains only a corûment) does noE have a ke¡vord, or the
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fÍrst keyword ín a program is not tnEGIN PROGRAMT.

If applicabl-e, on successful analys.is of a catd, the coding routine

is called. The normal parameters are the opcode, the operand, the

address and the operand type. If the operand is subscripted, Ëhe

parameters are as before plus Ëwo subscripËs and two dimensions.

Vector references are treated as matrix references with the second

dimension and the value of th-e subscript being one.

Information about statement labels is stored ín a set of tables

with space for lO0 entries and ínformatíon about brânch targets is

sËored in a second set of the same size. An error.message is prínted

if the tables overflow and the compílation is termínated.

At the end of the source deck (after a'$IBSYS'or'$ENTRYT card

has been found), the preeeding keyrvord must have been |END PROGRAM|

oËherwi"se an error message is printed and tgtlO pROGRAMT coded.

The branch targets and the statement labels are matched and the

branch. coding updated.

FÍ.nally, the compílation time, the object program size, and the

number of scalars and numbers used in the comp:llation are calculated and

printed
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1)41J.J.L.L Hashing and ldentífier Tables

Scalar Numbers

The type and location of the storage element assígned to

a scalår variable can be found. by refàrencing four tables: the name

table, where the ídentifier is stored; Ëhe type tabl-e; the address

table; and the pointer table which poínts to Ëhe next free positíon

in the overflow part of Ëhe tables.

In pseudo ALGOL, the building of the Ëabl-es (initiated

by a declaratíon statement) is as follows :

hash '= remainder (ídentífí er/L27);

loop : íf ptab (hash) + 0

then begín hash := ptab (hash);

æ_ to loop

end;

name Ëab (hash) '= identifier;

ptab (hash)

next

add tab (hash)

next add

Ëype tab (hash)

'= next;

:= nexË. * 1;

:= next add;

:= next add + 1;

:= type

where :

is a pseudo function
:

remainder Ehat returns the remainder when
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the ídentifíer, treated as a biÈ patËern, ís dívÍded by l27i

hash is the hashing index;

ptab ís Ëhe pointer table;

. name tab is the name table where the ídentífiers are stored;

add tab ís Ëhe address table;

type tab is the type table;

nexË is the next free posiËion in the overflow part of Ëhe tables;

and next add is the address of the next free element of storage.

The method of fínding the address and Ëype of a referenced

ídentifier is, in pseudo ALGOL :

hash '=

loop :

remainder (identifier /L27) ;

if identifier I name tab (hash) then

begin if ptab (hash) = 0 then go..Ëo error end;

else begin hash '= ptab (hash);

go to loop

l
end;

add tab (hash);

type tab (hash);

The size of the tables allorvs for 1-92 entríes, L27 for fírst

entries and 65 for overflow enËries. Therefore with thís implementa-

tion ít is possíble to overFlcw the identifier Ëables if more than 65

scal-ars and numbers are used. If this happens compilation terminates

with an error message. (N.8. Considerable storage can be saved by a

address

type
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1:

slightly more ínvolved hashing algorithm, allowÍng Ëhe identífiers to

be sËored sequentially in the name table. .Although storage conserva-

Ëion is in principle ímportant, in this first ímplementation it was

not considered criËica1.)

the begínning of Ëhe compilation phase of each job, all of

the pointer table ís set to zero and Ëhe type table is set to 'Qt,

meaning unspecified type.

Arrays

.i:.. The type, absoluËe address, and dimensíons of vectors

and matrices may be found by referencing five tables; the name, address,

-roriü, column and type tables. The size of Ëhe tables allorvs for 32

entríes after whích compilat.ion t,erminates r,riËh an error message.

Inlhen an aîîay is referenced a seguential search is employed to

fínd its name in the name table.since, in vÍero of the anticipated

small number of arrays used ín each program, thÍs is quicker than a

hashing technique

3.3.2.2 Storage of VariabJ.es. Numbers and Text

A1l storage elemenËs are of r,rord síze.
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Scalars

Scalars are. stored together in an area called SCALSTOR,

which Ís initíal-ised throughout to hexadecimal '5050... t. At

execution tíme a dedicated general purpose register poínËs to SCALSTOR

so Ëhat in the compiled cod.e the address of scalars can be given in

base-displacement f orm.

Numbers

Numbers are treated as scalars r^ríth theír name, r¡hich is

twelve blanks follor,¡ed by their ïalue, stored ín the same idenËÍfier

Ëables. The assigned storage element is initialÍsed to their value.

Vectors and Matríces

Vectors are treated as síngle column maËrices. On

declaraÈion Ëhe required sËorage area is obtained from main storage

by the GETMAIN macro. All array sÈorage is initialised Ëo hexad.ecimal

t50.50... t. The absolute add.ress and the dinensions are stored in the

compiled code when a subscrípted statemenÈ is compiled.

At the end of a job, all sÈorage assigned to arrays is freed by

use of the FREEMATN macro

Text

)

The operands of the PRINT TEXT instructíons are stored
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sequenËíally in an area of síze 5I2 characËers. If this is exceeded.,

an error message is printed and further Èext is not stored.

3.4 Code Generatíon

After successful analysís of a card contaíning an executable

statement' the correspondíng code is generated and added Ëo Ëhe compíled

code. If the card analysis failed, dg*y code is added which on execu-

TÍon prints Ëhe message ''THE STATEMENT oN CARD Ni]MBER .. . HAS BEEN

DELETED BY THE COMPILER]I.

If the analysed card. contained a CYCLE or FOR keyrøord information

Ís stored in a push dor,¡n stack so that Ëhe followíng REpEAT may complete

the codíng belonging to that loop by accessíng the informatíon stored

most recentl-y.

rf Ëhe eompÍled code exceeds the maxímum allowed síze, an error

message is prÍnted. Compilation continues but the locaËion counter is'
resèt so that ner,¡ code overwrÍËes the earlier generaËed code.

The cornpiled machine instructíons are of three types : those

that reference Ëhe accumulator; those that branch and Ëhose thaË link
to execution time or I-O routínes.

The accumulator referred to ín the language definitíon is in fact



two regÍsiers, a floating point (FPR 4) for real numbers

purpose (GPR 10) for integer numbers. At all Ëimes one

flagged as unused by contaíning hexadecímal t50505050t.

the accumulator ís defined by vrhich regisËer ís unused.
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and a general

of the pair is

At any Èíme

As well as FPR 4 and GPR 10, general purpose registers 9, L2 and

13 are dedicated throughout execution. GPR 9 points to an area cal-l-ed

tSCAlStORt, where all scalars, numbers and address consËants are

stored. Hence Èhese may be addressed in the compiled code in base-

dísplacement form. The card numbers of the most recentl-y executed

forty sËaËements are stored in an area call-ed CARDNIIMS. GPR 12 poínts

to the lasË entry in CARDNUMS (i.e. the card number of the most

:ecently executed statemenË). GPR 13 í's Ëhe base regisËer and the

regíster save area pointer.. Branches are coded in RX format, usíng the

base regisLer and a dísplacement.

The meËhod of linkíng is to load GPR 15 wíth the address of the

requí.red entry point (stored in tSC¿.1-StOnt) and to branch to that

address linkíng GPR 14 to the folloiving piece of code, normally a para-

meÈer

i:

tl
I

t

í..

3.4;L

The basíc

instruction, usíng

point register.

The Basic InsËruction

instruction ís a System 360

a particular general purpose

Assembler RX format

regidter or floating



37

For example, the basic fixed poínt ADD instruction ís in

hexadecimal represenËation of machíne code :

5A AO 90 60

where t5A, is the opcode, 'A'specifies general purpose regisÈer 10,

'0' specifíes'no índex register and t9060t ís the base and. dísplacemenË

(S type of address) of the oPerand.

3.4.2 ADD SUBTP.ACT MULTIPLY DIVIDE ínsÈructíons

ByËe count :0 L4

. All the links are LL/z words (or 6 bytes) long and the basic

instruction is one word long. Since all 360 machine code ínstructions

must be aligned on hal-f-word boundaries, usually Ëhe parameËers are

half-words.

In the fíxed point MULTIPLY and DIVIDE instructions, since the

360 machine code instructions use a register paír, two shift insËruc-

tions are coded effectívely making the basic instruction three words

Iong.

L6

Link to
CARD TRACE

Card
No.

Línk to
CHECK TYPE

Type
Link to

CHECK BOIJND



3.4.3

0

LOAD instrucËÍon

38

302420L6L4

The set flag v¡ord in

register, in the general

unused

the LOAD ínstrucËion flags

purpose and floaËing point

Ëhe unreferenced

register pair, as

There is no link to the CHECK TYPE rouËine.

3.4.4

'0

STORE instruction

Link to
CARD TRACE

Card
No.

Línk to
CHECK TYPE

Type
Basic

Instructíon

There are no línks to the CHECK BOIND or MONITOR routines.

3.4.5 SubscripËed Ins tructions (ADD, SUBTRACT, MULTIPLY,
DIVIDE, LOAD, STORE)

These instructions have this coding inserted immediaËe1y

before the Basíc Instruction :

06810L21418

Link to
SUBSCRIPT

P1 P2 P3 P¿+ P5

20L61-4

Link to
CARD Tfu\CE

Card
No.

Línk Èo

CHECK BOI]ND

Address
var.

Set
Flag

Basic
Ins tructÍon

Link to
MONITOR
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where : Pl is the upper limiË of Ëhe first subserípt,

P3 is the upper lirnít of the second subscrípË,

P2 is the address of the fírst subscript,

P4 is Ëhe address of Ëhe second subscript,

P5 is ttre address of the first element of the atray.

If the array is singly subscripted, P3 and P4 are dummy parameters.

3.4.6 Input - OuËput ínstructions

Unsubscrípted READ :

68L4L6

Línk to
CARD TRACE

Card
No.

Link to
READ INTEGER

Address
var.

In tlie case of Ëhe READ REAL instrucËion, the link is Ëo the entry

poinË, READ REAL.

UnsubscrÍpted PRINT :

68 L4 16 18

Link to
C/\RD TRACE

Card
No.

Línk to
OUTPUT

Address
var. Field (s)

In the PRINT REAL instruction, there are two field parameters

(spaces before and spaces after decimal point) which each take one byËe

in the rfieldsr parameter.

If the instruction is subscripËed the code specified in 'subscripted
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ínstructíonst ís inserted before the link to the I-0 routíne.

3.4.7 Branch InstrucËions

Unconditional branch :

Link to I Card I Basic
CARD TRACE I No. I InstructÍon

Conditional branch :

L2 16 18 22 W 24 28

Branch if
type REAL

Tes t
GPR

Branch to
Basíc InstrucËÍon

Tes t
FPR

Rasíc
Instructi-on

The accumulator type must be tested at executÍon tíme since it is

not known at conpile time, and the sign of Ëhe corresponding register

(General Purpose or Floating Point) then found.

The basic insËrucËíon contains Éhe condíËion for branching.

L4

accumulaËor
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3.4.8 Conversion TnstrucËíons (CONVERT TO REAL, CONVERT TO INTEGER)

068

Link to I Card I f,ink Èo
CARD TRACE I No. I Conversion routine

3.4.9 TRACE and MONITOR instructions

o6812
Link to I Card

cÃö'-rnacn I -ñ;. I set Flas

The rset Flagt is a Move Immediate insËruction.

3.4.10 STOP and END PROGRAIY ínstructions

068 L2 L6

Return Ëo
calling program

ByËes I - 22 are the same as the Asseinbler RETURN macro.

14

20 22

Línk to
CARD TRACE

Card
No.

Load address
save area

Reload
registers

SeË return
flag
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3.4.11 NEI^I LINE and NEII PAGE ínsËructions

68 14 1_8

Link to
CARD TRACE

Card
No.

Link Ëo
NEW LINE No. línes

For the NEW PAGE ÍnsËruction, a línk is made to 'NEI^I LINE| buË the

number of lines is seË to -1

3.4.12 SPACE instructíon

68L418

3.4.13 PRINT TEXT instructíon

6B L4 15

where P is the length of the text ín bytes.

3.4.L4 CYCLE REPEAT instrucËíons

The code generated by the CYCLE instrucËion is mosË easily

represented by the follorving system 360 Assembler instructions :

180

Link to
CARD TRACE

Card
No.

Link to
SPACE

No. spaces

Línk to
CARD TRACE

Card
No.

Link to
PRINT TEXT

p
Starting

address of text
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: LA Q, 1(Q) ADD 1 To REGTSTER Q

: LTR Q,Q TEST SIGN OF REGISTER Q

BH OKl BRANCHES IF POSITÏVEl

EP'R L 15,=V¡u**ta, LINK TO ERROR ROUTINE

BALR 14,15

DC HIL2O ERROR PARAMETER

l1 LA Q,2 DInttfY tcyclE 1 TIMEST

oKl c Q,=F'100' COMPARE CYCLE VARTABLE TO 100
:

BH ERR TOO HIGH
:

: B TEST 'TEST' IS TN THE REPEAT CODING
I

:. LOOP ST Q,AV AV = ACTUAL VARIABLE

ì The CYCLE VARIABLE is the variable referred Ëo in the CYCLE
'ì.i Ínstruction, e.g. CYCLE variable TIMES. The ACTUAL VARIABLE initially
iI has the value of the CYCLE VARIABLE, and ís decreased by one each tÍme
i

]LL Ene loop ís executed.

The matchíng REPEAT instruction is represented by the following

System. 360 Assembler instructions :

L Q,AV AV = ACTUAL VARIABLE

LTR Q,Q TEST SIGN

BH TEST ERROR IF NOT POSITTVE

L 15,=V1g*R}''., ILLEGAL TRANSFER INTO CYCLE-REPEAT GRoUP

BALR L4,L5 LrNK TO ERROR ROUTTNE
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DC H'156 ' ERROR PARA}.{ETER

TEST BCT Q,LOOP DECREMENT R.Q, IF POSITIVE LOOP

sT Q,AV LOOP CoMPLETED

3.4.L5 FOR-REPEAT instructíons

The code generated by the FOR insÈruction Ís represenËed

by the following System 360 Assembler instrucËions

. L Q,START. ,STANT' IS TNE STARTING PARA¿YETER

LA P,TEST 'TESTI IS TN THE REPEAT CODING :

BR P BRANCH TO TEST

LOOP ST Q,AV AV = ACTUAL VARIABLE

The code generated by the follorving REPEAT ís represented by

these System 360 Assernbler instrucËíons .

L Q,AV AV = ACTUAL VARIABLE

A Q,STEP ADD ON STEP

TEST L S,STEP

LTR S,S TEST SIGN OF STEP

BM LI BRANCH IF NEGATIVE TO Ll

01 BC+l,x'DOr INSERT TBNH,

BL2

Ll 01 BC+1,X'BO' .INSERT 'BNL'

L2 C Q,IJNTIL COMPARE R.Q. TO 'UNTIL'

BC BC O,LOOP .LOOP IF INSERTED CONDITION SATTSFIED
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ST

Q, STEP

Q'AV
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suetRÀcr srEP, LooP coMPLETED

ACTUAL VARTABLE HAS LAST I]SED VALUE

theThe varíab1-e, ACTUAL VARIABL.E, START' STEP, IINTIL, refer

parameters Ín.the FOR insËruction in the following way 2

FOR acLual varíable = starË, st.ep, unËí1

to

3.5 Input -_O_uÈ.Put Routín_qs

Input is from cards and outpuË is on Ëhe line prinËer. Both

are stream except ËhaÈ on input a number'is terminated by Ëhe end

a card. A líne on the prínter is 132 characËers long.

3.5.1 Input RouËines

BasÍcaI1y the input rouËínes read inËegers and perform

conversions. They are used at compíle time and executÍon time by the

READ INTEGER and READ REAL instrucËions.

' The input buffer is exanined and a decimal integer built up

from the dígiËs. If Ëhe end of the buffer ís encountered before a digit

is found the next card is read into Ëhe buffer and the'scan contínued.

If a decimal point is found, Ëhe integer termÍnated by it is converLed

tr: fioating poinË and stored, and the fractÍonal part is treated as

an integer with a scale factor. Irrhen the number terminates the fractj-on

of
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:

part is converted to floatíng point and Ëhe Ë\,/o parts added.

3.5.2 Output Routines

The outpuË routines are used at execution time by Ëhe PRINT

INTEGER, PRINT REAL, NET^I LINE, NEi^I PAGE' SPACE ANd PRINT TEXT

ínstructíons.

The ouËput buffer is 231- characters l-ong. (The longest field length i

whích can be specified by Ëhe operand in an outpuË instruction is 100

characËers ín a "SPACE 100" statement and this could conmence at the

L32nd.3character posÍÈion.) Whenever the output buffer pointer exceeds

l-31, the first L32 characters are printed and the next 99 Lef.t adjusted

'and Ëhe next 33 are bl-anked.

The- PRINT TNTEGER instruction requires a bínary to packed

decimal (ínternal IBM System 360 decímal integer representation) con-

versíon and the PRINT REAL instruction requires a floating poÍnt to

packed decimal conversion (See FÍgure 3.3). Both insËructions creaLe

edit patterns of Ëhe specified format and edit the packed decímat into

the output buffer.

The SPACE n ínsËruct.ion causes the outpuË buffer pointer to be

advanced n spaces

The NEW LINE and NEi^i PAGE insËructions cause the output buffer to

be prinËed and cleared, resetting:the buffer poinËer to the beginning
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Add 1 to
scale factor

t4 <- YI/I6

Error Message
'Nu¡lgER too
BIG TO BE
PRINTED I

EXP <- E)(P + 1

Conveft M

to packed
decimal

hlhere :

M inítially conËaÍns the

EXP inítíal-ly conËains the
MAX Ís the maxímum number

causing an overflow inËerrupt;
and the scal-e factor specífíes where the decímal poínt is to be

considered.

Figuse_3.3 F.loat_ine point t_o packed d.ecimal conversion

hexadecimal mantissa;

hexadecimal exponenË;

Ëhat can be multíplied by 10 without



of the buffer. If NEI,I LINE n is specified wíth n

is requesËed, Ëhe BSAI4 tCNTnLt macro is simulated

parameter.

The PRINT TEXT instruction causes the

text storage area into the output buffer.

ËexË to be copied from the

48

> 1 or íf NEI,I PAGE

wÍth the correspond::.ng

3.6 ExecutÍon Ti-me RouËines

3.6.1 The Card Trace RouÈine

This

it ís executed

ments. If the

routÍne prints

rouËine records Ëhe card

jn an .artay whích stores

trace has been requested

the trace.

number of every

the last forËy

(by a TRACE ON

st,atement as

executed state-

staËement), this

3.6.2 The Check Bound Routine

. The check bound rouËíne checks whether the storage locatíon

specifíed by the parameËer has been assígned a value. All variables

are initialised at cornpile time to a parËicular value (hexadecimal

r50505050'^') \,Ihich has to be altered by eiËher a READ or STORE ínstructíon

before being usecl in any other Ínstructíon.

* This value has

the execution of a

no signíficance and

Program.

of course eould arise 1ega1ly in
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3.6.3 Check Tvpe Routine

The check type routíne checks the type of the operand

agaÍnst Ëhe type of the accumulator.

' 3.6.4 SubscripË Rout_ine

The subscript routíne checks the subscripË range(s) aná

returns the referenced elemenËts ad.dress in a general purpose register.

3.6.5 Monitor Routine

The monitor routíne prinËs the contents and Ëhe type of the

accumulator if there has been a moniÈoring requesË (by a MoNrToR oN

statement) .

3.6.6. ConveTt .t-o Integer Routi-ne

The convert to integer routíne is entered r¿hen a CONVERT TO

INTEGER statemenË is executed. The real number in the floatÍng poínt

register is rounded to the nearest intêger and loaded into the general

purpose regíster. The accumulator Ëype is changed to ínteger by

flagging the floatíng poínt register as unused.

Ïf the number is not within the range Ëhat can be converted

to an integer (-Z3L3;I Z31), an error message Ís prinËed.
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3.6.7 Convert to Real

The converË to real routine is entered when a CONVERT To

REAL sËatement ís execuËed. The inËeger number Ín the general purpose

erted to a real number and loaded into the floating
point regísÈer. The accumulator type is changed to real by flaggíng

the general purpose register as unused..

'3.7 Error Handling

The philosophy of this language is to attempË to flag all errors,

and to print an error message sËating Þ/hat the erroï ís and what

action the compiler has taken. Ì,Ihere it is feasible, this acËíon ís

to make such assumptions as are necessary Eo contÍnue the userts

program. Otherwise the action is to terminate the program.

3. 7. 1 Hardwar.e ïnterrupts

In Ëhe control program there ís a Ërap to monitor hardrvare

ÍnterrupËs in the form of a SPIE macro (Specify Program Interrupt Exít).

Sínce no specific error message can be gíven for mosË of these interrupts,

the error is termed as caËastrophic. The exceptions are divide by

zero and overflows and underflows

I
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3.7.2 Compile Time år-ro.rs

These fal1 inËo four classes, of whích the fÍrst three give

specÍfic error messages :

a) Minor : MosË of the Ínformation about the statement has

been successfully analysed. An assumptíon is made, normal-ly

to ignore furËher information, and the statement is coded.

b) Major : The statement cannot be successfull-y anal-ysed.

Dummy code is insert.ed ín the cornpíled code in place of

the staËement. 0n execuËion of this durnmy code, the

message : THE STATEIÍENT 0N CARD NUMBER nnn HAS BEEN

DELETED BY THE C0MPILER is prínted. (nnn is the card

irumber of the deleted sËaËement).

c) Terminal : After cerËain errors (e.g. an unresolved branch),

it is not considered worthwhile Èo execute thé compiled

progran. The program is terminated at the end of compilation.

. d) Catastrophic : The compiler is unabl e to contÍnue compíling

the program. Compilation iè terminated and a partíal

program information dump gíven. The program is flushed and

the next program in the job stream started.
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3.7,3 Execution Time Errors

' These fall into three classes, those ín the fírst two giving

specífic error messages :

ä) Non Ëerminal : The error message gíves the card number of the

statement whose executÍon caused Ëhe error. Some assumption

is made and execution of Ëhe program continued.

Termínal : ExecuËíon of the program beyond.this poinË is noË

possible or not considered useful. The program is Ëerminated,

a program information dump gíven, and the program flushed.

CaËasËrophic : The program termínaËes, a program informatÍon

dump is given and the program flushed.

3.8 Program Inf.ormatio-n Dump

A program informatíon dump occurs afËer three types

condition :

a terminal or catastrophíc executíon tÍme error;

a catastrophíc compilaËion tine error or;

the execution of a DIIIP ALL sËatement.

b)

c)

of

Ì

I

i.

The

Èhe

dump gives :

card number of the statement causÍng Ëhe dump;
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the reason for the dump, i.e. execution or compilation error, or

DUMP ALL statement;

the conËents and type of the accumulator t

after an execut.ion error or DIIMP ALL statement a partía1- card

number trace is prinËed;

the names, values and types of all scalars

the names, values, types and d.imensÍons of vectors and matrices.

rf a scalar or an elemer-rt of an array has not been assigned a

value, the tval_uer prínted ís tt*'^UNugg¡:'s'Jstt.

For an actual example of the Program Informaticn Dump see

Appenclix 4.

3.8.1 The Partial Card Number Trace

In the program information dump the card numbers of the

forty most recently executed staËemenËs are prínted, in the order ín

whÍch Ëhe staËements r/¡ere executed. InÍtally Ëhe relevant storage area

is filled with zåroes and hence if tl're program has executed fewer than

forty staËements, the earliest card numbers printed ate zero.



CHAPTER IV

FurtÞer Dev.elopments, Compilation TÍm_e SËatistics and Conclugions

The following extensions to the IPLAN language are to be

implemented.

4.L New Classes of Variables and Constants

The new classes BINARY and.CHARACTER will be introduced. These

classes will not involve the declaraËi.on of new Ëypes, but rn¡íll ínvolve

a different interpreËatíon of varÍables declared as either REAL or

INTEGER.

4.I.L BINARY consranrs

A BINARY consËânt is a 32-bÍt stríng of 1rs and Or.s enclosed

in.$ signs. If there are fewer than 32 bits (í.e. l's and Ors) rhe

string ís ríght justifÍed and padded oir the left with Ofs. If there

are more Èhan 32 bíts, an error message Ís given and the rightrnost

32 accepted.

Any characEer between the bracketíng $ signs other than 0,1 or

blank is invali.d.

-54-
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:

4.L.2 CHARACTER constants

A CHARACTER constant is a single character enclosed in

quotes (t). For example tAt, tlt, t t., or. t t t. Each CHARACTER

consËant is right justified ín a 32-bit wor{ with zeroes on the

left. The internal representation of charactere ín storage ís shor,rn

ín Appendíx 7.

4,L.3 BINARY Input - Output

The READ BINARY staËement reads into the specífied storage

loeat{on Ëhe next string of 1ts and Ors, whích ís Ëerminated by a

conma or the end of a data card, or both. The same length and validity
'condítions apply as in paragraph 4.1.L on BINARY constants.

The PRINT BINARY staËement prínËs a1-J- 32 bits from the

specifÍed location, on Ëhe líne printer.

4.L.4 CI{ARACTER Input - Output

The READ CHARACTER statement reads the next character ;n

Èhe input stream int,o the bortom (righrmost) 8 bits ôf the specifÍed

storage location. The top (leftmost) 24 bíts are set to zero.

The PRINT CIIARACTER statement prints the bottom (ríghtmost) B bits

of the specífíed storage locaËíon as a character on the line printer.

If tn-e B bits do noË represent. a character then an ínvalíd character
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syrnbol , a zera overprinted by a plus sign, is printed.

4.L.5. L-ogical OperaËions

The logícal keywords "AND", ttoR'.', ttNoT", I'sHrFT LEFT",

"sHrFT RTGIIT" will be introduced.

AND and 0R

The contenËs of the accumulator after the operaËion is Ëhe Boolean

union or inËersection of the prevÍ.ous contenËS and the operand, rvith

both accumul-ator and operand beíng regarded as 32-bit bínary strings'.

The accumulator type ís unchanged.

There is no operand for this keyword.

. The contents of the accumulator after the operaËion are the previous ;

contents with'0'bíts replaced by rlt bits and r1r bits replaced by j

tOt biËs. The accumulator Ëype is unchanged.

SHIFT LEFT and SHIFT RIGITT

The conÈents of the accumulator after the operatio.n are Ëhe prevíous 
i
Ì,

contents treaËed as a 32-bít binary string logícally shifted left or I
:

right the number of bits specÍfíed by the operand. Bits are dropped 
:

i

off at the lefÈ (right) end of Ëhe accumulator and zeroes introduced 
i

NOT
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at the ríghË (left) end for a left (rÍght) shífr. If rhe operand

has a value > 32 the resul-Ë is zero. If the operand has a value

< 0 an error message is printed and no shífting performed.

4.2 Dynamíc Transfer of Control

The Backus Normal Form defínÍtíon of <símple statement> (see

Appendíx 1) wÍ11 be extended to ínclude :

<simple staiement) ::= (Ëransfer opcode><símple integer variable>

e.g. the sËatemenË

GOTOI

where I Ís declared as an integer scalar, wíll be valid.

At executíon tíme if the value of I corresponds to a statement

number then conÈrol rvill be transferred to Ëhat statemenË, oËherwise

an error message will be prÍnted

ThÍs feature will allow símp1e tproceduresf or fsubroutinesr to

be. coded.

For example :

BEGIN PROGRAM

INTEGER SCALAR RETURN

I
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LOAD 10

STORE RETIJRN

GO TO 20

<SET I]P RETURN ADDRESS

<LINK TO ROUTINE

10:

<ROUTINE

GO TO RETURN

4.3 Compilatíon Time Statistics

IPLAN was developed Ín a multíprogrammed environment in whÍch the

clock measures sysËem tíme. Therefore it was armost impossÍb1e to

obtain accurate timing statÍstics and the besË alternative r^ras to take

the. fasËesÊ time, after several runs of a job, as the true tíme.

ThÍs was done to fÍnd the compilatíon Êime for the example prograiri

in Appendix 3. 62 staËements r¡/ere compÍ-led in 0.45 seconds indicating

compilation of aË least 135 statements/second. The final version of

the compiler should give slíghtly faster tímes since the versíon rhat

was being used at the tirne of v¡riting contained some unnecessaïy steps

which had been used for debuggíng.

202
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4.4 ConclusÍons

At the time of writing only a very I i¡¿fted amount of experience

had been gaíned using TPLAN. The need for an integer versíon (see

AppendÍx 6) resulted from teachíng rpLAN to an adult education group

where the 1evel of programmíng profÍ.cíency attenpted did not exceed the

capabílities of this version.

ÏPLAN is designed for Ëeachíng and therefore must ultimately be

judged on Ëhis basis. Further experíence Ís necessary before conclusíons

can be drawn on whether or noË the requirements of an introductory

programmíng language as outlined ín chapter r are correct. rf rpLAN

does prove to be an accept,able introductory language Ín iËs present

implementatíon then the next step ín íËs development wourd be to

implement Ít in a conversat.ional mode.



APPENDTX I

Backus Normal Form Definition of

Definítion of -the M_eta-Languag-e

The meta-character set

-

the IPLAN

t-l\

The symbol :

The symbol 
I

The syrnbols

(or a member

The symbol :'c

the left of

The symbols

alternatives

> r,î {}

:= reads ttis defined asrt.

reads ttortt.

of the non Ëerminal vocabulary).

represents Ëhe syntactic unit being defined (í.e. to

the ::= symbol).

t ] mean select from the b.racketed list one of the

separated by Ëhe I symbol

Basic symbols_, numbers and varíables

< letter>

< digit>

< s ign)

el nl cl ol nl rl e| nl rl

ol rl zl:i +l sl ol zl sl

+l -

Jl

9

-60-
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l

<identifier>

<ínteger>

<signed
integer>

<real>

(numbe!r)

<éimpl-e integer
variable>

<subscript>

<integer
variable>

<real vãr.iab1e>

<varíable>

<keyword>

Statements

<opcode>

<conversion>

<debug>

(Ëransfer
opcode>

(letter> 
I 
o.1"tt".

<dÍgit> I 
ocaigi¿>

<sign><integer> | <integer>

<integer>. <int,eger>

<integer> | <real> | <sign>{<inreger> | <real>}

<identifier>

<inËeger)l <sÍmple integer variable> | {<irrt"g.r> |

<simple integer varíable>Ì, {<integer> | <simple
integer variabl-e>Ì

<simple ínteger varíable> | <identifier>
(<subscript>)

<ídentif ier> | <identÍf ier> (<subscript>)

<inËeger variable) | <real -variable>

<opcode> | <conversion> | <debug> | <transfer opcode> 
|

sroRE I sror lirnw rncn lunw l,run I seace lrnrxr rEXr I

READ TNTEGERIREAD REALIPRTNT rNTEGERlrnriVr REAL 
I

cyct,E I ronl neruAr IREAL écemn I rnrucun scALARl
REAL VECTORITNTEGER VECTORInem MATRTX 

I

INTEGER MATRTX IBEGTN PROGRAM leNn rnOCrul4

LoAD IADD lsunrnacr luui,rrrlv lorvron

CONVERT TO REALICOUVAnT TO TNTEGER

rRAcE oN ITRACE oFF llroNrroR oN luomrron orr 
I

DIJMP ALL

co ro lrr rosrrrvE Go ro lrE NEGATTVE co ro 
I

IF ZERO GO. TO .



<simple . .= <opcode>{<varíable> | <nurnber>} | srOnu<nariable> 
|statement> 

:;:iüli;;ä; | .t'""sf er opcode><inreger> 
I

<prinrer . .= NEI,ü PAGE IneW lfUn<ínËeger> lSfeCnci.r,t.g.r> |

staÈemenË

<í-o staËement>: := PRINT ïNTEGER{<integer váriable>lcsÍgned integer>},
(integer) lrnrur neAi{<reat varíable>lcreal> | <ãig">
<real>Ì, (ínteger), (ínteger> lrual REAL<real- varíable> |

RXAD INTEGER<integer variable>

<cyc1e
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: := CYCLE{<integer) | <sírnple inreger variable>}ffMeS

: := <simple integer variable> | <signed. ínteger>

.= FOR<simple ínteger variable>=(f,or parameËer>(
' (for parameter>) <for parameter>

:= REPEAT | <ínteger>:REPEAT

:= {<cycle statement>lcfor statement>}<staterent group>
<repeat >

<simple statement> I <prínter statement) I:= <i-o sraremenrt l .roopt l <declararion> lnÉcr}{ pR.ocRAM 
I

END PROGRAM

:= <unlabelled statement>l <ínteger):<unlabelled
staËement>

:= <statement>l*<"trtement)

:= REAL SCALAN WTNCUR SCALAR

:= <identifier> l-*, <identifier>

::= <type scalãrXscalar list>

staËemenË>

(for parameter>

(for
sËaËemenË>

l+..
<repeat>

<loop>

<unlabel-1ed
statement>

<sËatement>

<statement
group>

Declarations

<type scalar>

(scal-ar l-ist>

(scalar
declaration>



<type .\r."aor,

(vecËor list>

<vector
declaraËion>

<type matrix)

(maËríx list>

(matrix
decl-aration>

<declaration>

<declaraËion
group>

Program

<program>
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:= REAL VECTORIINTEGER VECTOR

:= <identifier>(<integer>) l*,<identifier>(<integer>)

:= <Ëype vector><vector list>

:= REAL MATRTXITNTEGER MATRIX

:= <identifier>(<inteBer),<integer>) l*r<idenËifier>(<ínteger>, <ínteger>)

::= <type matríx)(matrix list>

:= (scalar declaration>lcvector declaratíon>l
<matrix declaraËíon)

:= <declaration>l*'<declaration>

:= BEGIN PROGR.AM<declaratíon group><staËement group>
END PROGRAM



APPENDIX 2

Impl-emenÊation Restrictions and Control Program Cancellations

The exceeding of any of these resËrictíons causes an error message

to be prínÈed

^2.L 
Size of numbers

' Internal to the machine

InËernal numbers an values of ínteger variables may noË be

ouËsíde the range R :

' 
-z3L < R < 231 (z3L = 2,L47,483,648)

Real nurnbers and values of real variables may not have a

magniËude ouËsíde the range R :

L6-63 < R < 1663 (ro6¡ = approx ro75)

In Source or DaËa Deck

A number may not have an' íntegral- magnitude > 2,L47 14831647

t1(=2"-l)

-64-
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On_Output

Any ínteger number can be printed.

Real numbeïs may not have a magníËude > 232ç = 4,294,967 ,296) .

^2.2
Source Program

Size

The compiled ínstructions (i.e. excludíng variable and number

storage) may not occuPy more Ëhan 4038 bytes.

Scalars and l.Iulnbers

The number of scalars and numbers may noË exceed 65.

Statement ngmbers and b.ranch. sËalementg

The number of statement numbers or branch statemenËs

(i. e. GO TO' s) may not exceed l-00.

Arràys

The number of arrays may not exceed 32. The number of elements

in any single array may noË exceed 100. Array storage is not within
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the compÍ.l-er program and hence the total amount available d,epends on

the envirrrnment

Text

The total character length of the operands of the PRINT TEXT

insËructíons may not exceed 5L2 characËers.

ìThe control program.cancel-s.a job if it compÍles and executes i
.i

for more than 15 seconds, prints more than 300 linås of outpuË i
i

(execution of a NEI^I PAGE instruction counts as 10 lÍnes), executes more ;

than 20r000 staËements, or has more than 20 errors. These parameters

may be overrÍdden by the optÍ.ons card.

A2.3 Control Program Cancel_lations



APPENDIX 3

An Example Progr.-am

The example program will sorË up to 10 real numbers int.o

ascending order. The logícal steps in Ëhe program are rel-ated to the

source deck cards as shoum ín figure 43.1.

The variables used are :

N is the number of numbers Ëo

LIST is the vecËor into ¡.,zhich

sorted;

J ís a poínter to Ëhe bÍggest number

moment Ín a sorting.pass through LTST and

biggest number (e.g. BIG = LIST(J)) and;

I and M are indices.

The sort algorithm ís, in ALGOL;

f.or M := N sËep -1 until 2 do

begin BIG := LIST [1]; J := 1;

be sorted;

they are read an Ín whích they are

found aË a particular

BïG has the value of that

forl=lstep1untilM

íf BIG < LIST [I] then

begi.n BIG := LTST [I];

J:=I;

end;

LIST [J] := LIST [M] ;

LIST TM] := BIG

do

end;

-67-
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CaûL number-s ín Exampl.e. Program

005

006 - 008 .

016 - 017

024 - 03L.

o34 - 066

069 - 078

080

011 - 015
0l-B - 021

DECLARE
VARTABLES

SET UP

OUTPUT
HEADINGS

READ AND
PRINT IN

PRTNT
HEADINGS AND

SORTED DATA

Figure 43.1 _Logical Steps related to cards of Example pr_olram
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00t
o02
003
00{

'005
006
00?
00ô
009
oto
0tt
o12
olt
olt
015
0¡6
o¡?
ol8
o¡9
020
o?l
o22
o2t
o24
o25
o26
o27
o28
o29
030
o3¡
032
o33
o74
035
03ó
0t?
o38
039
040
0{l
042
0{t
o44
0{5
o16
0{?
0ô8
Ð49
050
o5l
o52
o53
o54
o55
0tó
057
058
o59
0ó0

oól
o62
063
064
0ó5
0óó
067
0ó8
0ó9
0?o
o7t
07¿
O?J
o?r
0?t
0?ó
0??
o?8
0?e
080

!JOB

< R,EADS ¡N ITT UNSORTEO REÂL NUHAERS TIITO 'LISI'' SORIS ANO PRTI¡TS THEH

BE6¡N PP.'J6RÂH
I'EAL VFCfOR LIST ¡IOI
REÂL SCÂLAR B¡G
¡Hf€GER SCALAR Ni t ¡Jrlt

< SET UP OUIPUÍ HEADINGS
ilEf PÁGE ¡
SPAC€ 40
PR,¡NT IEXI 'OUTPUT FROH SORI PROGRAHI
N€f LTNE 4
PRI¡¡T TEXI .¡HERE ARE.
REAO ¡NI€GÉR N

PRtNT. ¡NITGER N'2
9RINI IEXI I NU¡IBERS TO 8É SORfEOI
NET IINE 2, PRtNf IEXI 'UNSORT€O ELEHENTS:'
TIEY L ¡ NE

< READ ¡N AND 9R,¡NI OUT UNSORTÉD OATA >
LOAO T
groR€ t
CYCLE N TIHES

ß,EAO REÁL LISfIII
PRtf{' REAL LIST( I I ?'2
a00 I
SIORE ¡

RE PEÀI

< THE F¡RS¡ H ELEHEIIÍS
TOÂD N

SIORÊ II
40: LOÂD ¡

STOR€ J
s¡oÂE I

I LOÂo ttsTlu
5roRE1.8 I G

cYcLE il.1 ¡HEs
LOÂO 8tG
5UðfRÀCT L¡STfII
lF P0sll¡vE G0 Io 50
( BIG :. tlSTl¡l >

. LOÂD t ¡Sf l¡'
sloRE 6tG
toÄo ¡
SIORÉ J

to: LoAo I
ADÙ ¡
StoRE t

ITE P€AI

< R€VERSE BIGGESÍ ÄI¡9 
'{'TH 

ELEHTNIS t
LOAO tlSl trit
SIOR€ L¡5IIJI
I,OAO BTG
sIoÂE LtsftH¡

IN IISf ARE UIISORTED

( tl.5l2E 0F U¡lSoRT€o LISI

< J ¡- I STNCE sfc ' L¡ST|tt
< INIIIALLY ¡ ¡. t
( BIG ¡- L¡Sllll >

< ERAHCH lF BIG'r( L.lSlll.l

< J ¡. I 0F HÀx l¡Srl¡l >

< I r. l+¡

< LIST(JI IS B¡GGÉSI ELEÈiE}IT >

'j

< uHsoRfÊD LeNGtH 0F ttSl NoL ol¡E SHÂLI-ÊR r
LOAO H

SU3ÍR/rCI I .
SIORE H

SU8¡R/\CT ¡
.lF P0sl¡lvE Go to 40 < COIIT¡hUÊ SORÍING IF 11 }IOR€ ÌHAN T >

< PRIÑI SORTbD L¡Sf :
l¡Et¿ tltÉ 4
Pßlrrl Itx¡ TELEHENtS S0Rr€O tl¡¡o 

^scEr.totHG 
oRoÊR:.

NEH t, ¡ ¡{É
LOÀD I
SIORE ¡
CYCLE N ¡IIIES

P¡T¡N¡ RÊÂL LISf( ¡t ?,2
lDo I
SÍORE ¡

RÉPEAf

ENo PÂ'lGPÂH

'IHIRY.lltiE ft 
^Ps€o: ooo.45 sEco\Ds co{p¡L,irÍ0N srÄlfsftcs: ó scÂLAes Âl¡o ÀrJyBF,< col¡sfar{Ts usED, oBJEcT coDE Gt6?s gyîES

Eigure. A-3. 2 tísti-ng of Example Prog-ranr



' Fiegre- 4.3..3 Og.tpuE fro.m. ExiLmpl.e Pro.gr.am

70

OUIPUI FROH SORÍ PRCGRAH

ÎHERE ARE 8 NU}I8ERS IO AE SORIEO

UNSORTEO EL€,{TNfS:
¡2.?9 ' -3r.50 4.ts 9.59 -4.29 .0.50 8.?e -O'09

€L€lrENls scRfÊD lNT0 a5cÊlir)ll,tõ rÌRDÊc:
-31.50 -4.?g -J.O9 o.to +.19 8.?9 9.5q L2.29

ttlrE ELÂPSÉO: 000.52 SLCû\OS PÍ<OGRAT{ ÊXECUTED 497 STAÍE}iENTS ÁN0 PR¡NT€o 24 LINES OF OUÍPUI

.



APPENDIX 4

Error Programs and Debug,Facilities

A4.T Exam-ple Error Program shol.ing Program InformaËion Dump

The example program shovrn in Figure 44.1 illustrates :

(í) The use of the OPTIONS card. This has set the maximum

number of instructions that Ëhe program r'rill execute to 1000. The other

cancellation parameters rvere unchanged.

(Íi)

error messages

(see (ív)).

( 1r-1)

without comment

An undeclared varíable on card 011. This caused two

and the latter prevented Ëhe statement from compÍling

A mínor syntax error on card 014.

by the compÍler.

Thj.s was accepted

(iv) The executÍon of a deleqed staËement. Due to an

error (see (ií) ) the staËemenË on card 011 r¡ras not compiled and in

the statemenËts place ín the object code, a call to a rouËíne to

produce an error message was planted.

(v) The execution of an ínvalid CYCLE statement. Ilhen the

CYCLE staËement on card 013 was executed, its cycle parameter (I) ¿ia

-7L-
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rJ08 ERROR PR0GRAM .SHOHING PRtIGRAH ll'¡FORHAff0N oUHP

oPIIONS=| r¡ll < 5ÊIS ¡NSIRUCT¡ON MAX I0 1000
ool
OO2 BÉGTN PRCGRÂH

OO3 INIÉGTR SCALAR I' VÂR

oor ¡NÍÊGÊP. VECTUR V(6t
o05
OOó NE* L¡t¡E 4
OO7 PRINI ¡EXI IOUIPUT FROI{ ËRROR PRTJGRA}I1

OO8 NET LINE 3
OO9 LIJÂD.I
0lo S¡0REI <l:=-¡
OII STURÊ J
.rre ElìRoR î++ o5c fDEr¡l¡FIER rJ ¡ NoT o€CtÁRto
rç. 6RRoR r++ ù29 NO/llrVÂLIO OPERÂND
0¡¿ sroRE vILl
ot3 cYclr t ft$Es
014 PR¡NA. ITTIEGER I 2
O¡5 KEPFAT
O16 < PUT ¡,tl{; Cr¡ùLÉSS LOoP:
ol7 lo: LoÀD ¡
UI8 ÂDD ¡
ol9 srcRs I
t¡20 G0 rù to
o 2l € r¡D PRr)Ge,Àr{

¡ENIRY
tlñú ÈrÂPsto: ooo..2o sEcc\Ds coMPIL¡ltoN stÂTtsrfcs: 4 scÄLÂRs a¡rt NU|lBER coNsrÁNts usEo, oBJEct cooE = 38?By.fÉs

LUIPIJI fÀIJ¡I ERRO¡{ PROCF.ÂH

tHt )lÂltrÉr¡f (rN Cikú ¡\:rrilCER Ctt HAS BE€N OEt€IEO By rHÉ CCüptLtpt.. lRkcR .+ê 0J,) O\ CÂ{O \u;1ts1R 013 CyCLE pARAMEtÊR <O ûR >lOC. I SUESTTIUTSD .,.,_..e Ë'tRCR r.t 0Jj ¡¡tSIRTJCTtJ\ COUNÌ IU0 FilcH. pROcRAH IERtItNATEí)
-l

{Í-gure A'1r.1 (part Ð E_rr-o.r P.rog-ram. shorving .Progr.am Informa_Li_on_Du.mp

I
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Itttassû
PRUGRA¡{

tHE S¡A¡ËHÊr¡t 0N CaRO !rU¡{ú,ê{ OIA iiÂS bEtÀC EÃECUIED dHErt
CON¡Et{¡S OF fHE ACCUHULÀt6,ì, 217
lAst 40 ÊxEculED cÂRO ilui4Ê¿Rs ( EARL IES¡ F tßsf t :

3i;: 3t3i 3ir' 3tå: si;: 3i3: 3i;: 3lå: 3ì;!
. ¡DÊNIIFIER fYPE

Jo* I åì ' lll!::l ..,",,,Jåii'

ROdS COLS ¡YPE6 ¡ IùTÉGEÂ VECIÚR.. UflUS€t) +Ê Ir UÀUSE|) rs rÊ

3l;; 313: 3i;; B:3; 3il: Bi;t

¡NFCRllÀt to,{ ùuHP

fHC FRCGRAI{ r¡S IERHINÂI€O

IYPE ¡S I¡{I€GEÊ

0¿0 i
020 ¡ 0 l9: 0¿c:

ol9; 0¿0i
0t?¡ ot83
0¡7¡ 0t83

IÂRAY DUIIP

IRRAY 
'IÂIIEY

-¡

¡lltE ELÂPS€O: OOO.2ó SECUìJS

Figu.r_e 44.-1. (pa.rr. ?)

UI\USIú .r .r UÀUSEù rû .. UtiUSÊO ..

to0t sÍÂtÉ.{E{rs ¡¡ru p¡¡H¡eô lz LtNEs oF outp¡rl
P8'lcRÁ { ExECTJtEù

íon Dumpê
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noË have a valid value (0 < I < 100). The CYCLE loop was execuËed once.

(vi) The termínaËion of the program ín an endless loop

The statemenËs on card 0L7 - 020 were execuËed until the maxímum

instructíon count rvas exceeded. Thís caused a terminal error which

. provided a program information dump.

' The "-1" appears after the Ëermínal error message since although

it. r,¡as plaeed in Ëhe output buffer when Ëhe statemenË on card 014 was

executed, the output buffer hias never fílled and could only be prÍnted

when the program had finÍshed execution.

(vii) The program information dump. Thís gives a full daËa

area dump and a Èrace of the last forty executed statements.

Ã4.2 Eåample Program .sh-owíng Debug Facilities

. The example program shown in figure 44.2 íIl-ustrates the use

. of the TRACE and MONITOR faciliËies.
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¡JOO Ê(ÂsPLE PROGR¡II SBDH¡NG DEBUG FÂCILIITÊS

00¡ BEGIN PRr)GRÂtl
OO2 I¡|¡EGER SCALÂR T

OO3 PÉAt SCALAR I
o0q
oo5 tEr'Ltfl€
OOó ¡0rr¡ ¡gR rJN
o07 tRÂc€ ofl

. o03 LOAD ¡.5
OO9 CYCLE 3 IIHESo¡o sroRE Ior¡ Ëå,iii¡ï ¡o r"rec¡Åol¿ sroRE Io¡3 LOÁD ¿ot+ . loD t.5. OI5 TEPEÂI
016 80\tloR ùFF
OI? ¡RACE OFF
OI8 P8¡HT REÂI. ¿
Ol9 pR¡ri¡ rtl€c€p I
O2O END PROGRÁI{

'¡E¡¡*v
¡tHE ELÂpSÉO: OOO.l7 SECrf¡OS CoffpttaTtolt sIÂItsTtcs: r scÂLARs INJ ftUsb_€a coñsraNTs U5FO, nSJEC' COOE ¡ 364 8yTE5' oos rRr.cE' O08 

^CCUHULA¡oR 
. I.5OOOOoOOOOOO fvpt tS RÉAL009 ¡RÀCE

o¡0 tR¡cE
- o l¡ tRÂcÉ

O¡¡ ACCUITJLÂTOR =, 2 ¡ypr tS tNtÊEEF0¡2 ¡RÁCE
ot¡ ¡crCe
Ot¡ lCcu}¡JLÅtoR í l.5OOoOOùOooOO ¡ypE tS REÂL. ot{ tRÀcE
Ol{ ÂCCUTU(AToR ¡. ¡.COOOCOoOOOoO ¡ypE_ tS qEALot5 tRÁcE
o¡0 tP,r.cE

. oll tRÂcE
9ll ,'cculuLA¡oR tvpr ts lNrÊGÉFot2 tRÂcE
013 ¡RÂCE
Ol3 ÁCCu)aULÂtOR , I.OOuOOOOCoOOO tvpË tS kEAL0¡( ¡RÂCe
Ot4 ÂCcutslLÀIOR E {.5OOOOOoOO0O0 typE tS f,€ÂL .o¡t ¡RÀCE
oto rRAcE
o¡¡ ¡RÂcE
OII ACCI,åI¡LAIOR ¡ 5 ¡YFE ¡S INIFGERo12 ¡RÄCE
0tf tRÁcE

313. 
ÄccùAULAIoR ' 4.tooooooooooo rypE rs REAL

Ot{ lccu}tutÁlop ¡ o.OOOOOOOO0OCO fvpË ¡S aEALol5 tRÂC6
016 tRÂcE
O ¡? ¡RAC E

{.t00J0o 5

lln€ €LÀpsro! Loo.30 sËcu\Ds pRoGRÂ,{ ExECutED 28 51ÂÍEXE\IS ÂN0 pR¡r¡tEo 34 LTNES OF Oufpur

.tc....e 
€No oF J00 S¡REAB arascrûû

Fi_gure_ê4...2 þp!. proe_r"-*- 
-"hororir,.e. -q+,rg- Iffii""------:-.-



APPENDIX 5

IPLAN Error Messeges

The errors are lísted in figure 45.1.

a) Colnpile Tþe Errors

Errors 001, 041, 046, 047 and 048 prevent executíon, Errors 024

and 029 prevenË the statement from compiling and cause the dumrny

statement coding to be planted ín the statementfs place in the object

code. Error 050 prints Ëhe undeclared identifier.

b) Non terminal Execution TÍme Errors

Errors 018 and 027 oecur in read operations and prínt the data

card on which the error conditíon arose. Error 027 dlrffers fro* erïor

018 by arisÍng afËer a decirnal point has been found Ín the number

being read. in. After both errors the input printer is advanced to the

next terminator (i.e. a conma or an end of a card). Error 037 occurs

when the specified field allows too few spaces to prínt the operand.

The specified fíeld is overridden. If the ínstruction is PRINT

INTEGER,11 spaces are allowed to print Ëhe operand. If the ínstrucËíon

ís PRINT REAL the nev¡ fíe1ds are 11 and 3 (i.e. 11 places before the

decímal point and 3 after).

-76-
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att ERROR r1û 001
atû ERROR r$r 002
ûÙ+ EßPOR .ûr 003
.Ê+ ERRoR r*+ 004
t+t ERRoR +ûû 00ó
at+ ERRoR rûÈ 0O?
Û9+ ERROR *{.8 OO8
arr ERRoR +*û 010
aûr ERROR r*+ 0ll
ttû ERRoR û** 012
*û+ ERRoR r.s 0¡3
.û* €RRoR l+* 021rü+ ERRoR .s+ 02t
¡ûÊ+ ERROR *û+ 028
+++ ERRoR rÉ* 029
.++ ERROR *++ 033
.sÊ ERROÍ! û+1 03{a++ ERROR +++ 038
a+f ERROR r*s 040
atÊ 8RRoR *++ otl
trt ERROR +s+ 042
aû* 6RROR +E+ 04ó
aû* tRß,oR r*+ 047¡'++ ÊRROR t++ g4g
aÊt ERROR *È+ O5O

3t* ERRoR +*s 005
asê ERROR +rÈ oo9att ERROR *+* ol¿ra*+ cRti0R rûr oI5+*t ERRoR +rÈ 0lót*+ ERROR +f+ ot?
.att ERROR r++ 0Ig.t+ ERRoR rûr 019t*+ ERROR +*+ 020
a$r ERROR rÊa 026tlr ERROTì rr* 02?a++ ERRUR r+* 030¡¡s. ERROR .++ 031** ERRoR ++r ofz.rr 8RRoR r++ 037

aat ERROR *.+ o2laaû ERAoR +Ê* 025a3r ERkCR rúê 035ttû EAROR t.î 036att CRROR .sû Ol9aÛÊ €ÂRoR r.û o(rlaat €RÂot .tq O/¡4ara- EßROR .r¿ 045atü CRRCR .er O¿¡9

COHP¡LE I¡HE ERRORS

UI¡DEFI¡I€0. ERANCH, PROGRAH EXECUI¡ON NOT ÂTTEHPTEO
¡D€NT¡F¡ER IRUNCÂI€D TO Tó CHÀRÂCTERS
¡LI-EGAL CHARÀC,TER, SCAN STOPPED
ILLEGAL CO}II{A
¡LI-€GÀL LEFI 8RÄCK€I
¡LL€GÄL RIGHI BRACKEI
CHARÀCTER STORE OVERFLOH .
OIHEÑS¡OI¡ TOO LÂRGE
TIORÊ 'REPEAIIS THAN 'C.YCLES'ARRAY NOI OËCLARÊD
UNEXPECTED CHARÄCTER( S' FOUI¡D. TGNORED
ILLÉGAL FIELO. OVERP.IOD€Ii
NO/IIIVÁLIO KEYI,IORD
TEEGIN PROGRAHI NOT FTRST KEYIiORO
NO/¡NVÂLID OPENÂNO
ILLE6AL CHÂRACIER tN REÀL CONSTANÌ, SCÀN SfOPPEO
¡TLEGÁL DIGITI SCAN SIOPPEO
IYPE CONFL ICT
INVAI-TO OPT IONS CARO
ÂRRAYS DECLAREO EXCEEDS 32, pROGRAH ExECUT¡OÀl NOT ATtEHpIEO
NUHEER TOO LARGE, I OR I.O SUSSfIfiJTEO
IOO TIUCH OBJECI COOE CENERÂIÊ0, PROGRA¡.t ÊXECUfTON NOT AITEAPÌEO
sTÄrE$Er.lr r¡uHaERS ExctEos too, pRoGpA¡t ExEcurtoN Nor atrE¡ttfÈo-
GO IO SIATÉHÊNIS EXCEEDS IOO, PROGRAH ÊXECUIION NOr ÂITEI.IPTED
¡OENT¡FIER NOf DECLÂRED

EXECU¡¡OR TIHE ET{RORS fNO¡{-IERHINÂL I

ON CÂRO NUÍBER 055 REÂL NUXEER TOO BIG IO gE CO;IVER¡EO TO fNfEGER,.I SUESTTIUÍEOoir c'lRD NUVtTER 055 op€RÂN0 lrAS riof ôÉËfr Âs5¡GNED Â VÀLUE, r SUSSTtTUIED0N caR0 r¡uNgER 055 SU35CR¡p.t I roo HtcHr ¡ SUsSTTTUfFD
ON CARD NUIISER 055 SUSSCRIPT Z fOO HIGH, I SUiJSTTTUIED
oN cÂR0 NUHBER 055 SUESCRfpT I TOO LOr{, t su8stftuTÊo
ON CÂRD ¡\lUqBER 055 SUBSCRIPT 2 tOO LOH, I SUôSI(IUIED
0N cÀRo NUI1SER 055 tLLÉcÂL cHARÁclER oR NU¡IBÉR roo LÁRGE, op€RANO uilcHÂNGE0oN cÄRo NUMBER 055 REÁL opERAr¡¡, accuHULÂroR Is I¡¡TEGER ÂND ¡s coNvEÁtEo ro REÂLON CÄRD T¡UMBER 055 INIEGER OPERAND, ÀCCUHULÀIOR IS frEÂL ANO ¡5 CO{VÊRiÈó it¡ i¡¡iÈOC¡NO/H¡SPLÀCÊO TEITIRY CÁRD
0N CÂR0 NUHAER 055 fLLEGAL CHÄRÄCIÊR, OpERANO HAS VÂLUE OF pRÊCEOfttG DtGtrsoN CARO NUMEER 055 CYCLE pÀRAHEtER <O OR >loo. t su85t¡turEo
ON CARO NUHBER 055 R€ÂL NUMEER IOO CtO TO 8E PRTNTEO
CN Ci\RD NUHAER 055 NUMEER fO 8E PRINÍEO HÂS NOT EEEN ÂSSÍGNED A VALU€
ON CAi,O NUHâER 055 FIÊLO IOO SHALL. OVERRTDDEN

EXECUÍION .I¡HE ERRORS ITER¡i¡NAL I

¡¡HE EXCÉEOED
END OF DA¡A
STÂ¡EHENI COUNT EXCÉEDED
OU¡PUf E XCEEDED
¡LLEGAL fRANSFER HÁS CAUS€D tNV/\LID EXECUTIOT¡ OF TREPEÂfT
CAIASTROPII¡C ERRoz. coTIPIL€R TNFoRHATIoÑ oN FoLLo',ING II{o PÂGEs
ATfE}IPT fO OIV¡OE BY ZERO
NUIIBER, IS OUT OF RAT¡GE
ERR,OR COUXI EXCEEDEO

Figu_r.e. ê5.-1 IBLAN_ Error -M.ess-a geg
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c) Terminal Execution Tíme Errors

by

Errors 021, 035,

use of the OPTIONS

036 and 049 can be

card (see paragraph

overridden at compÍle tíme

3.2.1).
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APPENDTX 6

I_PLAN Integer Version

This version of IPLAN has been inËroduced for síËuations where

the level of programming skill achieved v¡il1 not exceed the capabil-ities

provided by working only wíth integer scalars.

Modåfícation of keyr^rords

The new keywords introduced are :

DECLARE which replaces INTEGER SCALAR

READ which replaces REA.D ïNTEGER

PRINT which replaces PRINT INTEGER

TITLE whÍch replaces PRINT TEXT.

The following keywords are deleted from Ëhe IPLAN specifications :

INTEGER SCALAR REAL SCALAR

INTEGER VECTOR REAL VECTOR

INTEGER MATRIX REAL MATRIX

READ INTEGER READ REAL

PRINT INTEGER PRINT REAL

CONVERT TO INTEGER PRINT TEXT

CONVERT TO REAL

_ _79_



80

Undeclared variables are declared by default Èo a scalar

integer with an error message.

The integer version ís not a subset of IPLAN since the keywords

DECLARE' READ, PRrNT and rrrl,E do not exist in the main versíon. The

implementat.íon ís such that if Ëhe first decl-aration statement after

BEGIN PROGRAM ís a DECLARE statement, Ëhen the" integer version is

assumed, otherwise the maín version is assumed.
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Character

A

B

c

'z

a

b

c

z

0

1

2

APPENDIX 7

De-címal Int-eger

26

27

28

29

52

53

54

55

62

63

Binarv Int-eger

I

10

11

11010

11011

11100

111_01

110100

l_10101

l_10110.

110111

1

2

3

9

+

111110

111111

-81 -
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Character

sPace

t

ll

!

2.

(

)

ç

$

"Å

&

&

#

G

I

/

Decimal InËe.g-er Bin-ary Integeå

1000000

0

1000010

1000011

1000100

1000101

1000110

1000111

1001000

1001001

1001010

1001011

1001_100

1001_101

1001110

1001111

l_010000

1010001

1010010

l_010011

1010100

1010101

1010110

1_01_0111

1011000

1011001

64

0

66

67

68

69

70

7T

72

73

74

75

76

77

78

79

80

81

82

83

84

85

B6

87

8B

89
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