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PASCAL/UBC USER!S GUIDE

0. ZIntroduction

PASCAL/UBC is a PASCAL [1,2] compiler for thz I8sM 360/370
computers originally developed at Stanford University {3] and
then partially rewritten at the University of British Columnbia.
It processes a version of PASCAL producing standard 0S obiject
modules., Th2se modules may b= execut=2d under the supzrvision of
a run tim2 monitor. PASCAL may b2 run in patch or from a

terminal.

The most recent version of this manual always willi be found
{in TN=-chain ready form) in the file PASC:WRITEUP.

Currznt news regarding the state of the PASCAL system may
be found in the file PASC:NEWS.

i —

Most PASCAL users will wish to run under the submonitor.
It provides extended error diagnostics and eliminates the
necessity for s=parate compilation and execution steps. To run
PASCAL under the submonitor, the user should issue thz following
MTS command:

$RUN PASC:G0 SCARDS=fdname SPRINT=fdname SPUNCH=fdname
PAR=options file-assignments ; comments

A semicolon (;) may {optionally) terminate the run command and
anything to the right of the semicolon is ignorsd by the
submonitor. If a semicolon is present, it must be preceded by
at least ona space.

PASCAL/UBC takes its input from SCARDS, sends its printed
output to SPRINT, and sends its binary output (the translated
program) to SPUNCH. If no SPUNCH files is given expiicitly, it
defaults to -P,0BJ.

Programs need not be translated nor run under the
submonitor (see below); howaver, it usually is much 2asier to do
S0,
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1.1 Options

The first field after the PAR= is for specification of the
options: BATCH, bpuMp, EBX, GO, LI, NERRS, NEW, NOGO, NOPMD,
PAGES, TIME, and TR. The options are separated by commas, and
the option field is terminated by one or more blanks. No blanks
may appear within an optionmn.

Options occur in two forms -- thoss taking values and those
whose presence/absence is significant, The syntax for thosa
options taking values is <option>=<value> with no spaces
allowed on either side of the equal sign.

The BATCH option disables all interactive features, The
snapshot/post mortem dump package is forced to act in batch
mode,

The DUMP option requests a danp of the PSW, regqgisters, and
axecution stack when a run time error occurs. It defaults
to <absent> -- no dumping, This flag is primarily of use
to systems programmers, A partial description of the
format of the dump 3is given below in Section 9,
Miscellaneous Implementation Notes.

EX=<value> specifies the maximum number of pages to be
acquir=sd for the execution stack. If the user specifies a
value for EX, this value will be used both during progranm
compilation and execution. The default valus is 20 pages.

GO specifies that the default object file (-P.0OBJ) is to be
loaded and executed immediately with no prisr compilation
step.

G0=<valu2> specifies the name of an object f£ile with is to
be 1loaded and executed immadiately with no prior
compilation step.

LI=<value> specifies the name of a user's object file (a
user's library file) which is to be concatenated with the
standard PASCAL library PASC:LIB prior to execution of the
translated progranm.

NERRS=<value> specifies the maximum number of run tinme
errors allowed before the run is terminated., Ihe default
value is taken to be 4.

NEW=<value> specifies th2 maximum number of pages to b2
acquired for the NEW stack. If the user specifies a valus
for NEW, this value will be used both during progran
compilation and execution. The default valuz is 20 pag=s.
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NOGQ spacifies *+hat the PASCAL translator is to be invoked,
but that the object program is not to be executed.

NOPMD specifies that in the event of a run error, no post
mortem dump is to be genarated.

PAGES=<value> specifies the maximum numbsr »o2f pages of
pxecution output allowed if running at the Student Terminal
System. It has no effect otherwise,

TIME=<value> specifies +he maximum allow=d exacution time
for the running program in seconds. The usual HIS variants
are allowed (e.g9., TIME=1.5S, T=.057, TIME=1.25M, etc.).
If TIME is not specified, one minute is taken as the
default.

TR=<value> specifies which +translator is to b2 used., 1If
absent, the d=fault translator is PASC:COMP ({which always
is +the curr=nt stable translator). PASC:PASC may be
selected instead. It is the current experimental
translator (and it is not guaranteed always to producs the
results expected).

1.2 File Assignmenis

Subsequent fields of the PAR= field (after the options) are
used for file assignments. Each such assignment must be bounded
by one or more spaces. The pattern is PASCAL_NAME=NTS_NAME,
where PASCAL_NAME is the name given in a FILE deciaration in the
source program, and MTS_NAME is the name of an MIS file or
device. Examples are:

PAR=NEW=25,EX=50 ; THIS IS A COMMENT (N
PAR= PFILE=MTSFILE (2)
PAR=DUMP,NEW=15 P1FILE=MTSFILE1 P2FILE=*SINK* (3)

(1) indicates that the program is to be executed witn a maximunm
of 25 pages allocated for the NEW stack and 50 pagss for the
execution stack.

(2) indicates that the PASCAL file PFILE is tO b2 associated
with the MTS file MTSFILE during execution.

(3) indicates that the program is to dump the =2xecution stack if
a run error occurs, allocate 15 NEW pages, associate P1FILE with
the MTS file MTSFILE1, and associate P2FILE with *SINK*.,
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2. Compiling a PASCAL Program Diractly

The PASCAL +transla*tor may b2 invokad directly without the
submonitor by using the following command:

$RUN PASC:COMP PAR=options file-assignments ; conments
The formats of the options and file-assignments tields are as

described above, The options valid during compilation are DUMP,
EX, NEW, and TIME,

3. Runniag a Compil=d Progqram Directly

e o = ow

PASCAL object modules may be executed directly without *the
submonitor by use of the following command:

$RUN object+PASC:MON PAR=options file-assigmants ; comments

The formats of +the options and file-assignments fizlds are as
d=scribad above. The options valid during execution are BATCH,
DUMP, EX, NERRS, NEW, NOPMD, PAGES, and TIME.

The object module may be a single file or a concatznation
of files (e.g., @a main program and possibly several support
routines).

4. Running PASCA

——— i

The PASCAL translator is invoked under the Student T=2rminal
System {STS) by use of the $PASCAL control card. The rast of
this card {currently) is ignored. When running under STS, one
is unable +to set any of the submonitor options or make file
assignments. Theses are all st by the STS supervisor. It is
impossible to link to user-supplied external routines under STS,
although many of the more commonly used MTS system routinss are
available in the standard library.

The defaults sffective under STS are BATCH, no DUNP, EX=20,
LI=PASC:STUD,LIB, NERRS=4, NEW=20, PAGES=4#, and TIME=0.5S.

Under STS no $DATA card separates the PASCAL source program
from the following data. Thus it is extremely important to
ramemnber that all PASCAL programs end “END.". If a $DATA card
is included in +the source, it will be read by your program

—_— s e —— e o .
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A comment whosa first character is a dollar sign indicates
a compiler option requsst, The options are separated by commas
and consist of a 1letter followaed by a plus or a minus sign
indicating 'on' or 'off!, respectively. A blank will terminate
the option list, separating it from the rest of the comment.

Option Default Meaning

—— s . . T s e e P e

A + on Perform subrange ch2cking on Assignments.

B - off Allows Byta allocation. Normally the
smallest unit of storage allocatzd by the
compiler 1s +the half-word. I'nis option

allows the use of byte storags for all
objects having the range 0..255.

(@}
I

off Print object Cod=s as each statement is
processed.

D - off Produce Debug tables for snapshots and post
mortam dump. This option nust be turned
on/off before the first declaration of a
procedure (or the main program) for it to
be effactive.

B - off Forcas a page Eject: the current ilins will
bagin a new page. Tais option
automatically resets itself to ofLf whenever
use=d.

K + on Forcas an error if a CASE ind2x is out of
range.

L + on List source progranm; lines containing

syntax errors always arz listed.

N - off Allows Nonalignment of data. Normally the
compiler forces corract alignment of all
data (half-, full-, or doublz-word, as
raquired). This option allows the compiler
+o0 ignore 1"correct" alignment, conserving
some amount of storage in th2 ©process,
Execution speed may be slowed somewhat as a
rasult.

p - off Print object code after each procedure or
function is processa2d and all fix-ups have
b=2=n made.
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0 - off SeQuence number mode: if on, onliy columns
1-72 are read by the compilar; if off,
columns 1-100 ar=s read.,

S - off If on, forces Standard PASCAL; 1f off,
allows PASCAL/UBC extensions.

T + on Forces Testing; the T option is =aquivalent
to setting all of A, K, and X.

U t on/off Forces automatic Underlining of all PASCAL
raserved words., The default is off if
running from a terminal., The dafault is on
if running in batch,

X + on Ch2ck indeX range in subscripts.
7 + on Compile <code for IBM 370 if on; otherwise
IBM 360.
+ on Permits underbar { ) to bz uszd as an

alphabetic charactar.

The compiler implicitly uses the defaults
(*$A+IB-IC—ID-I E-IK*IL‘-!N-'P-IQ-IS-lT*lUtlx+l7+!-+*)

at the beginning a compilation.

6. Input/Output

This s=ction describes the manner in which input and output
work in PASCAL/UBC. Of particular importance is the existence
of the special character, EQOL, which designates end-of-line.
EOL may be used in the sam2 manner as any other character. It
has the side-effa2ct, on output, of terminating the output line.

Assume P is a PASCAL file (or is absent, in which case F
defaults *o INPUT or OUTPUT for READ and WRITE, respectively):
CH is declared CHAR; and X, Y, Z are any collection of CHAR,
INTEGER, or REAL on inpu*t, or CHAR, INTEGER, REAL, or ALFA on
output; then,

READ (F,CH) is equivalent o tha sequence
CH := F@; GET (F)

WRITE(F,CH) is =2quivalent to the saguence
Fo := CH; PUT(F)
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READ(F,X,Y,Z, .-s) 1is 2quivalent to thas sequence
READ (F,X); READ{F,Y); READ(F,2): +..

HRITE(F,X,Y,2, o) is equivalent to the ssquence
WRITE(F,X); WRITE{F,Y); WRITE(F,Z); +«-

READLN (F) is equivalent to the sequence
WHILE F@-~=EOQOL DO GET(F); GET(F)

READLN (F,X,Y, ..., Z) 1s =squivalent to the sequence
READ{F,X) ; READ(F,Y); sas READ (F,Z) ; READLN(F)

WRITELN(F) is equivalent to WRITE(F, EOL)

WRITELN({F,X,Y, ..., Z) is equivalent to the sequence
HRITE(F,X) ; WRITE(F,Y); ++4 WRITE (F,Z2); WRITELN (F)

3]

6.1 GET and READ

€

i

The following example will help to explain the precise
manner in which READ operatas, Remember that PASCAL has two
standard functions, EOF and ECLN, which are TRUE just after they
have read an EOF and EOL, respectively, and are FALSE otherwise.
The input consists of the characters A, B, EOL, ¢, D, EOL, EOF :

------------------ IN PO = = wmimin w5 e
AFTER READ({F,CH) * A B EOL Cc D EOL EQF
EOF (F) r F F F F F F i
EOLN (F) T F F T F F o UND
Fa EOL A B EOL C D EOQOL UND
CH, after READ(F,CH) UND SP A B SP & D sp
% = this column is prior tc¢ the first GET, READ, or RESET
T = TRUE

F - FALSE
SP - space {a blank character)
UND - undefined

Note that EOF(F) is defined as FALSE before the first GET
or READ. Note also that commas and multiple bianks disappear
when READing integers or reals, The built-in numeric read
routines must read ones character beyond the end of th2 number in
ord=ar to tell when the number ends. A number must b2 followed
by a blank, a comma, or the &end of the line. If a comma follows
a number, Fd is the character beyond the comma; otherwise Fa is
the character atfter the number,
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6.2 RUT and WRITE

If a file has not besn used at all, PUT(F) is valid aven
though EOF{(F) is FALSE. Once the file is in use, PUT{(F) 1is
valid only if EOF(F) is TRUE.

The arquments of WRITE mwmay appear with or without a
field-width specification. Iif no fi=2ld-widta is given
axplicitly, the following values are used:

Type Default Field-width
CHAR 1

ALPHA 10

BOOLEAN 10

INTEGER 10

REAL 22

ARRAY (M..N) OF CHAR ORD (N) -ORD (M) +1

An explicit field-width specification consists of a
constant, 1integer, or integer valued exprassion preceded by a
colon {(:W or :W:D). Assume that N is a datum or =expression
(which may bes CHAR, ALFA, INTEGER, REAL, BOOLEAN, or a suitable
subrange of the aforementioned), then a WRITE arcgument may
appear in one of two forms:

or

wE e

N:W
N:W:D

where W is the total number of spaces to be used in printing,
and D is *the number of digits to the right of the decimal point.

The following rules govern the op#ration of WRITE:

The :W form is valid regardless of the type of N.
Unless N is of type REAL, the :W:D form is invalid.

If N is a number and W is negative, th2 nump=r will be
printed in hexadecimal in -®W columns.

If N is of type CHAR, it will be printed 1leoft justified,
with #W-1 ¢trailinqg spaces. If W is zero a fi=ld width of
zaro will be used, and no character will be prianted.

If N is of type ARRAY OF CHAR it will be printed 1laft
justifi=2d with trailing blanks. If W 1is too small,
truncation occurs on the right.
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If N is of type INTEGER it will be printed right justified.
If ¥ 1is too small, the value will b= printed in as many
columns as neces3sary to represent it accurately.

If N is of type BOOLEAN it will print as TRUE or FALSE,
right justified in a £field of W columns. Truncation occurs
on the right if W is too small.

If N is of type REAL it will print right Justified din W
columns, REAL numbers always are prec=d2d py at least one
blank.

In the following paragraphs assume that there is a :¥W
specification. If no :W 1is present, the following
paragraphs apply assuming the default value,

Real numbers always have at least one digit on each side of
the decimal point. Fractions will force a minimum field
size of 4 (5 if negative), while scientific notation forces
a minimum field size of 8 (9). If D=0 the minimum size is
2 and no decimal point is printed.

If there is no :D specification, an appropriate value is
selected basad on W and the number size. E format is used
if more significance can be printed that way.

The :D specification d=atermines the precise format of the
numbar. If D 1is <zero, N will be rounded to the nearest
integer., If D is positive, N will be rounded so that D
digits are <correctly printed to the right of the decimal
point. D digits always will be printed after tane decimal

point wha2n D is positive, 2ven if the value than occupies

more than W columns, If D is negativs, scientific
(exponential) notation will be usaed to print th2 value in W
columns,

6.3 RESET and REWRITE

In PASCAL/UBC both RESET and REWRITE accept an optional
sacond argument =-- the name of an MTS file. This name must b2 a
character string (ARRAY (..) OF CHAR). The file name must ba
left+ Jjustified within the string, and it must have at least one

trailing blank.

If F is a PFILE and G is a filename, RESET{F,6) has the
following effects:

1. Flushes out any output remaining to be sent to file F,

2. Rewinds F,
3. Associatas thes MTS file G with the PASCAL name F,

4, Opans F (G) for reading.
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If F and G are as above, REWRITE(F,G) has the following
effects:

1. Flushes out any output remaining *o be sent to file F,
2. Rewinds F,

3. Associatases the MTS file G with the PASCAL nam=2 F,

4, Opens F (G) for writing.

Note that thes MTS files whose nam=2s are 1in 6 may be
computed dynamically. And in particular, note that these names
do not need to appear in the file assignments field of the $RUN
command!'s PAR field,

o i i e Sy o g

PASCAL/UBC provides several standard filess and file
associations, Thess may be overridden in the file-assignments
field of th2 PRUN command if desir=d.

PASCAL Name  MTIS Name Declaration

INPUT SCARDS No further declaration required
OUTPUT - SPRINT No further declaration resquirad
GUSER GUSER VAR GUSER : TEXT;

SERCOM SERCCHM VAR SERCOM : TEXT;

If declarations are provided for INPUT or QUTPUI they will
completely override the standard assignments. GUSER and SERCOM
may be declared TEXT or FILE OF X, where X is any typ=2.

6.5 Carriags Control

PASCAL does not automatically insert «cacriaje control
information into column one of output 1lines =-- this is the
responsibility of +he programmer. MTS demands that all files
sent directly to printing devices must have <carriags control
characters insert=ad b2fore the first data character as per UBC
BATCH [4]. Thus a typical program fragment doing output to a
printing device might look 1like:
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CONST
0= "+, (* OVERPRINT THE LAST LINE *)
S =7 4 {* BLANK FOR SINGLE SPACE x)
D= 10'; {* ZERO FOR DOUBLE SPACE ¥)
T = ¥=ds (* MINUS FOR TRIPLE SPACE x)
P = ¥y {* ONE FOR NEW PAGE *)

® 9 9 8 9 0SB D S 0D PP DS S S NS H VO 8OOSR

WRITELN {P,'START ON A NEW PAGE');

WRITELN (S,*'SINGLE SPACE THIS LINE');

WRITELN (D,'DOUBLE SPACE THIS ONE'};

WRITELN (T,'TRIPLE SPACE THIS LINE') ;

WRITELN {O,! OVERPRINT THE LAST LINE?');
WRITELN (S,'DEMONSTRATION',EOL,D,'OF',EOL,S,'EOL?Y);

which would produce the following output:

START ON A NEW PAGE

SINGLE SPACE THIS LINE

DOUBLE SPACE THIS ONE

TRIPLE SPACE THIS LINE OVERPRINT THE LAST LINE
DEMONSTRATION

OF
EQL

The effect of the PAGE(P) standard function is:

Fa := EQL; PUT(F);
Fd 2= *'1'; PUT(F);
Fd := EQL; PUT(F);

Note PAGE does not allow one to print on the first line of
the new page. To achieve this effect, you should usa:

WRITELN (* TMESSAGE"') ;
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6.6 Using PASCAL Interactively

S o i o i e o - S o S

The standard PASCAL READ and WRITE procedures described in
{1,2] ars designed more for a batch environment +than an
interactive one, The following paragraphs dsscribe how
PASCAL/UBC may bz used interactively under MTS.

READLN {4+ 4) has three effacts: 1) it copies information
from the system's internal dinput buffer 1into tha variables
specified in its argument list; 2) it flushes the buffer; 3) it
refills the buffer from the file (device) specified. If READLN
is used from a terminal it will ask for a new lin2 pegfore the
program prompts the user. The sequence: READLN; READ(...)
ignores all input <currently in +the input buffer, and begins
reading after retrieving a new input line.

This may be wundesirable 1if several data items are *o be
input and the programmer desires to be notified if onz or mors
items are wmissing. Instead of READLN; READ{X,Y) the
following seguence may be preferable:

READLN;

READ {X) ;

WHILE INPUT@=' ' DO GET(INPUT);

IF INPUT@=EOL THEN WRITELN{'ENTER Y?);
READ(Y) ;

Since READLN discards unr=ad input in the input buffer,
loss of information may occur. You may wish tto so0lve this
problem by using a segu2nce such as:

WHILE INPUT@=' ' DO GET (INPUT);
IF INPUT@-=EOL THEN WRITELN ('EXTRA DATA SUPPLIED') ;

READLN;

If you wish to enter data on the same line as tae prompt
message, us2 the carriage control character specitied in UBC
TERMINALS [5]. Currently the appropriate control character is
the ampersand (&). For instance:

WRITELN ('&EENTER X: ') ;
READLN; READ(X) ;

It is important to r=2member that PASCAL will display output only
af*er an EOL has been transmitt=ed. This may be accomplished
either by WRITE(...,EOL,...) oOr by WRITELN({eo.). Otherwise,
the *“wyritten" dinformation is h=21d in a system output buffer
until an EOL is sent.
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In som2 applications it may b2 desirable to read an entire
line at onc2, rath=ar than item by item or <character by
character, INPUT may be radefined as

VAR INPUT : FILE OF ARRAY (1..100) OF CHAR;
(or any other appropriate size). You may now issue a GET and
the entire 1line will be read (with blank fill ou the right, if

necessary). Note that any numeric converstions must now be done
manually by the programmer,

7. PASCAL Libraries

Users may <reference functions in the standard PASCAL
library PASC:LIB, libraries of their own, and functions in any
of the system libraries,

7.1 The Standard PASCAL Library: PASC:LIB

The PASCAL library includes system routiness for performing
input/output plus various other procedures and functions, The
source programs for PASC:LIB reside in file PASC:LIB.S1 and this
file should be examined to determine +the 1library's pracise
contents, Currently it includes two random number g2narators:
RAND, RANDU; an expon=ntial function EXP; integer vaiued MAX and
MIN functions; three exponentiation functions PHR (integer
raised to an integer power), RPWR (real raised to an integer
power), and RRPWR (real raised to a real power). Of course the
user always has access to the entire contents of *LIBRARY and
any additional libraries he wishses to specify. You may include
FORWARD declarations for all the standard PASCAL library
routines by saying

$CONTINUE WITH PASC:LIB.S1{(100,199) RETU&RN .
7.2 Ceonstructing a User Library

Users may wish to construct their own librariss of PASCAL
programs in object form to save the cost of repeated
compilations. Any collection of PASCAL object modules may serve
as a library regardless of whether it has been created with
*¥*SGEN (although one normally will want to use *SGEN in order to
speed loading and provide for selective moduie inclusion).
*3GEN documentation may be found in UBC LOADER [6].
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To cr=2ate a PASCAL 1library given a source program in
MYSOURCE one should run the submonitor as follows:

$RUN PASC:GO SCARDS=MYSOURCE SPUONCH=MYLIBRARY PAR=NOGO

where MYLIBRARY is the name of the library file. A null main
program (specified with a single period rather tman BEGIN END.)
normally should bz used.

One then might use th2 newly created library as follows:

$RUN PASC:G0 SCARDS=MYPROGRAM PAR=LI=MYLIBRARY

Each procedure {(function) included in a lipbrary (or those
compiled separately and later linked *together) must satisfy the
following restriction:

"Fach proc=dure {(function) should be compilad in the
presence of identical declarations (LABEL, CONST,
TYPE, VAR)."

This restriction may be relaxed somewhat =-- CONST and TYPE
declarations which are not used in the current compiiation need
not be present, However, it most often will bz simplest to
maintain a fils containing all r=equisite global dzclarations and
$CONTINUE WITH it prior to =ach compilation, This w%ill ensure
that the above restriction always is satisfied.

If the global VAR section is totally absent, the <resulting
library may b2 used with any PASCAL program.

Due to restrictions imposed by H#TS the namas of every
extearnal procedur=2 or function which 1is to be separately
compiled must be unigque in their first seven characters. No
PASCAL warning is generated if this restriction is not heeded.
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8. languags Differences and Extensions

There are numnerous dJdifferences betwsen standard revised
PASCAL [1,2] and the PASCAL/UBC 1language procassed by this
compiler. These are described below, 1in section-by=-section
correspondence with the PASCAL User Manual and Report ({117. in
the discussion below:

Code Meaning

R (Restriction). A violation or conflict with Standard
Revis=d PASCAL. Programs may require modirfication to
work under PASCAL/UBC,.

E (Extansion). An upwards compatible =extension to
Standard Revised PASCAL.

D (Devia*tion). A deviation from Standard Revised PASCAL
which may or may not required modification to work
under PASCAL/UBC.

c (Clarification). The specification of somzthing the
User Manual or Report leaves und2fined or unspecified,
Such items may or may not require modificatioas to work
under PASCAL/UBC,

8.1 Differences and Extensions from the User Manuad

— T s e e i e e

Section 1 Notation and Vocabulary

E Names may be composed of any numbsr of upper case
alphabetic characters, the digits 0 - 9, and underbar (if
the _ option is on). The first character of a name must be

alphabetic (or _).

PASCAL/UBC only retains the first 10 characters of nanmes;
thus th2 user must ensure that he forms unigue names within
the first 10 characters. Names of external functions and
procedur2s must be unique within their first 7 <characters
due %o restrictions imposed by MTS.

C

D Braces do not exist in the EBCDIC character set. Comments
may be deslimited by pairs of quotes ( ® <comment> " ), oOT
by the the bilit=srals (* <comment> *) ,

R The biliteral -= and the word VALUE are spzcial symbols.

D Square brackets to define array subscript =xpressions are

replaced by parentheses. Alternatively, they may be
replaced by ths biliterals (. and .) .
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192}

lw/]

ction 3 - The Program Heading and the Declaration P

An wuparrow to denot2 pointer and file references 1is
replac2d by the symbol a .

Brackets +to define powers=2ts are replaced by ths notation
SET(s.4++) +» Alternativaly, thay may be replaced by the
biliterals (. and .) .

The compller reads columns 1 to 100 of =2ach input line; the
rest of +he 1line 1is ignored. The conmpiler may be
instructed to read only columns 1 to 72 througn use of a
compilar option.

The symbols &, |, and ~ may be used in place of AND, OR,
and NOT, respectively. The biliteral -= may be used in
place of <> .

Integers have the rangs 2—31,,231-1),

Reals are defined according to the IBM 36G/370 long real
floating point format. A 54-bit matissa is used providing
a precision of approximately 16 decimal digics.

Hexadecimal quantitiss may be specified (e.qg., #U4C
repra2sants the decimal value 76). Hexadecimal anumbers are
treated as bsing of type INTEGER.

51
Jit

L

Program headings, i.e., ?'PROGRAM <identifier> ; ', are not
used. PROGRAM is not a reserved word in PASCAL/UBC.

Initial values may be declarad for simple global variables

and on2-dimensional global arrays. This facility is
relatively untested and is NQOT recommended. Alaost no type
checking or bounds checking is done. Caveat emptor! The

values are ds=clared after the global VAR deciarations. The
syntax in BNF is:

<value=-part> ::= <Kvalue-part> <value-assigment> ;
{ VALUE <value~assigment> ;

<value-assigment> ::= <identifier> = <constant>
| <identifier> = ( <constant-list> )

<constant-list)> ::= <constant-list> , <dup-const>
| <dup-const>

<dup-const> ::= <constant> | <integer> * <coastant>
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R e P8 3

R The word PACKED is ignored.

R The UNPACK and PACK procedurz2s may be used for their data
transfering functions between all (lengti-) compatiblse
pairs of arrays of <characters. No actual (un)packing

occurs as data is implicitly "pack=d"™ on byte addr=ssable
machines such as the IBM 360/370.

R The standard procedures PACK and UNPACK only transfa2r data
between objects of type ARRAY OF CHAR.

Secticn 7 - Racord Types

No chang=2s.

The S22t Types

(1

-—

Sgction 8

R Restrictions on sets are: the base type can have a maximunm
of 32 values. Subrang=ss of integers must be between 0 and
31. CHAR is not an allowed base type,

Section 9 = Fil2 Types

E The standard functions RESET and REWRITE may be applied to
any filses ({including INPUT and OQUTPUT).

R Filas may not be components of ARRAYs, RECORLSs, or FILEs.

Section 10 - Pointer Iypes

R The standard function DISPOSE does not exist.

E Standard procedures MARK and RELEASE have been added to
maintain the 'NEW' stack. Each takes an integar variable
as an argument, Execution of MARK stores the current stack

pointer in the argument. Execution of RELEASE rastores the
stack pointer to the location indicated by the argqument.
The argqument must not be used for any other purpos2 in the
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program. These are dangerous functions as pointers may no
long=r be valid fcllowing a RELEASE.

Section 11 - Procedures and Functions

=

5]

k=

—— i

2ction 12

PACKED is ignored in PASCAL/UBC.

Any procedure/function which is used before it is d=2fined
must b2 declared with all its param=2tecs as *FORWARD!
before its first use. Then when its body is defined the
parameter list and result type must b= omittad.

Separate compilation of global procedures/functions is
allowed, If the compiled procedure(s) 1is (ars) to be
combined with other procedures, then tha global
declarations for all compilations must oDpe id2antical.
Procedure and function declarations for any global lavel
procedur=s or functions w#hich ares not includaed in the
compilation must be declared FORWARD in order to g=nerats
the proper argument 1ists and to allow tas =2xternal
references to be resolved. There must be a "," at the =2nd
of the progranm. (The main precgram -- from BEGIN to END -~
may be omitted.)

A procedure or function may be declared ?!FOKRTRAN' in which
case tha compiler will produce the correct calling 3sequance
to the2 named FORTRAN subprogram. Thus the entire FORTRAN
library is available to the user, as are Assambly Languags
and oth2r routines written using standard FORTKAN calling
convantions.

Input and Output

PASCAL/UBC has a sp=cial character, EOL, designating the
2nd of a line. If F 1is a TEXT file, tihen F@® = EOQOL
initially. Fd will be the first character of the fila
before parforming GET(F) or RESET (F). Note that avan when
F?=BOL, READ(F,C) will =set C to blank as in standard
PASCAL. WRITE(F,EO0L) may b2 used inst=2ad of WRITELN(F).

PASCAL/UBC recognizes READ (F,S), where S is of typ2 ARRAY
(i..3) OF CHAR for any 1 and j. This reads characters fronm
the current line and places them into S{i), S {(succi(i)),
«eesy until (j-i+1) characters have been read. If, however,
an ECOL character is encountered before input 1is conmnplete,
the remainder of S is filled with blanks. In this case Fa
is the EOL <character. To avoid infinite 1loops, us=
READLN(F,S) instead of READ(F,S). READLN will skip the EOL
character.

WRITE(F,C:W), where C is of type CHAR, will ieft justify C.
Similarly, WRITE will left Jjustify strings.
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e

RESET(F,5) and REWRITE({F,G) both accept an optional second
arqgument, G, an ARRAY{..) OF CHAR which contains the nanm=
of an MPS file to be dynamically associated with the PASCAL
name F,. Th2 file name must be lef+t Jjustified and have at
le#as% on= trailing blank. In both cases, remaining output
is s=nt *0o F, F is closed, F is associated with the file G,
and F (G) is opened for reading or writing, respectively,

Secticn 13 - PASCAL 6000-3.4

R Segment2d files do not exist, nor do the d4ssociated
standard functions E0S, PUTSEG, GETSEG,

E PASCAL/UBC provides access to "external procedurss"™ through
use of +the FORWARD and FORTRAN declarations., EXTERN does
not exist in PASCAL/UBC; however, its effect may be
achiavad by using a FORWARD declaration.

R No program hesadings are allowed.

D The standard id=ntifier MAXINT is defined as

CONST MAXINT = 2147483647; (% = 232-1 %)

R The statement IF ABS{I) > MAXINT THEN WRITE{(* TOO BIG')
will not execute corractly because no integer may be larger
than MAXINT. The statement IF I < =-MAXINT ... will
axecute correctly, as the smallest integer possiple in the
PASCAL/UBC implementation is =-MAXINT-1,

D The typ=s REAL is defined according to the IBM 360/370 long
real floating point format. Providad is a mantissa of 54
bits, corresponding +o approximately 16 decimal digits.
Tha maximum absolute value is +... BARY ...., and the
minimum absolute value iS «ses BARY sosse

D A value of type CHAR is an element in the BHBCDIC character
set., 256 distinct values exist, although maany are not
printable characters. CHR(0) is defined as EOL.

R The word SEGMENTED has no special significance in
PASCAL/UBC.

R The maximum cardinality of the base type of a set is 32.

C The standard types ALFA and TEXT are predefined as

TYPE ALFA ARRAY (1..10) OF CHAR;

non

TEXT FILE OF CHAR;
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D

td

The entire MTS 1library is available to the user via the
FORTRAN declaration. Thus the predefined procsduras and
functions defined in this section are available as follows:

PASCAL 6000-3.4  PASCAL/UBC

DATE UBC DATE

HALT HALT

LINELIMIT Use $RUN xxXx P=yyy or PAR=P=yyy
MESSAGE No corresponding function exists
TIME UBC TIME

CARD Not (yet) implemented.

CLOCK UBC TIME

EXPO Not {yet) implement=ad.

UNDEFINED Not implement=d.

EOS Not implemented.

PUTSEG, GETSEG, and the corresponding extensions
+0 REWRITE and RESET do not exist in PASCAL/UBC.

— - —

DISPOSE is the only "standard function” not supported by
PASCAL/UBC, and sinc=2 now has been rzmoved from the list of
"gstandard functions®, it will not be supported at UBC.

A jump into the range of a FOR or WITH statement fron
outside its range 1is undafined; no error message is
produc=d.

Function LINENO (file) returns the line number of thes most
recently read line. This function must not be used before
the first read from the file. The line number 1s the MTS
line number times 1000.

A limited substring function has been added: SUBSTR{V,I,L)
where VvV is a constant or variable, I is an intager valued
expression, and L is a constant. V must be aa array of
characters. The result is the substring of VvV which starts
at character I and is L characters long., If V aas bounds A

and B, then A<=I<=(I+L-1)<=B .

The standard variable RCODE is predefined +to pe of . type
«32767+:32767., I+ functions as a M"return code" and is
available as a "global variable™ to all PASCAL routines.
Routines declared TFORTRAN will automatically set RCODE to
the appropriate return code value prior to return to their
invoking PASCAL procedurs=e.
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Section 3 - Notation, Terminology, and Vocabulary

e e e e e e P ——

S2ction 4

t=f

Lw

The character set used by PASCAL/UBC is the IBM EBCDIC
character set, with one modification: There 1is the
character EOL = CHR(0). This character causes a n=2w 1line
to be started on output to a TEXT file. It follows the
last character on an input from a TEXT file.

In PASCAL/UBC <letter> does not include lower case.

Alternate symbols

. may be used for :
~= " " " " <>

( . " n " " [

B ) " " u n ]

& " n " 9 AND
i " " n 1 OR
- " " " " NOT
) replaces t

A1l reserved words must appear in upper cases.

PROGRAM is not reserved.

VALUE is reserved.

Comments may be delimited by quo*es (") or ({* and *).

Left and right braces may pnot be used as conmment
delimi*ters.

= Identifiers, Numb=2rs, and Strings

" " pay appear as a <letter> in an identifier.

INTEGERs are rastricted to the subrange -231,, (231-1),
REALS are restricted to +10+75,,1+10-75 and 0s
Approximately 16 digits of precision are retain=d.

String constants must fit on one source line.

Hexadecimal numbers may be referenced by preceding thenm
with "#", These numbers are treated as if taney had integer

([
]
Jet
(
2
=
1o}
(]
Lwr
o
h
'—Jl
]
....I-
t+
,—l-
(o]
b §
n
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R The word PACKED is ignored.

R ARRAYs, FILES, and RECORDs may not havse FILEs as
components.

R SETs ara restricted to a subrange 0..31, and to scalar

types having at most 32 elements.

D Parenthesss may be used 1instead of brackets in array
declarations.

R A type identifier may only be referenced after (uot inside)
its declaration. The only exception is a typs identifier

in a pointer declaration (@typeid). This identifier can be
defined after such a use.

B Thers are the standard types ALFA and TEXT:
TYPE ALFA ARRAY (. 1..10 .) OF CHAR;
TEXT FILE OF CHAR;

N

Declarations and Denotations of Variabl=s

E Parentheses may be wused 1instead of brackets in array
references.

Section 8 = Expressions

E The square brackats "[*" and "]J" in <set> may bz replaced by

WSET (" and ") ", respectively.

lement> form "<expression>,.<exprassion>" is not
»

R A label may have at most four digits.

B An expression having typ=2 ARRAY ... OF CHAR may bs assigned
to any ARRAY ... OF CHAR variable which is at least as long
as the 2xpression.

g L VAR actual parameter must have the identical type as the
corresponding formal parameter. ©One cannot be a subrangz
of the other.

c A GOTO in*o th2 range of a FOR or WITH from outside the
rang2 may be done., However, no warning message is given,
and the results are unpredictable.

E A ";" may optionally precede MELSE" in an IF statem2nt.
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E The symbol "<>" may appear as a label in a CASE statement.
The corrasponding statement is execut2d if the value of the
exprassion dos2s not appear in any other 1label of the
statement,

C In a FOR statemant, if the ini*ial value 1is great=r than
the TO value {l=2ss than the DOWNTO value), no assignment is
made to the control variable., Otherwise, its value is the
1imit value, The control variable thus i3 accessibls
outside of the loop after normal loop termination.

Sections 10 and 11 Procedur2 Function D=2claration

R A procedure or function declaration must appear before the
first reference to that procedure or function. Recursive
routines still may be defined by sesparating the procedure
{function) hs=ading from the procsdure (function) body.
¥hen this is done, an alternative form of <procedure
declaration> is used:

<procedur= heading> FORWARD

(That is, the word FORWARD replaces the cods block,) The
code block 1is presented later, preceded by a procedure
function) introduction:

PROCEDURE <identifier> ; <block> oL
FUNCTION <identifier> ; <block>

Note that the parameter list is pot repeated with the code
body.

E FORTRAN-compatible routines may be called using the
declaration:

<procedure heading> FORTRAN

VAR parameters should be used when the routine raturns a
value in a parameter. If such a result is irrelevant, a
valus parameter may be used.

B Separate compilation of procedures and functions is
possible. Such a procedure (function) may be invokad by
including a FORWARD declaration in the main program block.
The user is responsible for seeing that the procedure
{function) d=claration used while compiling the program is
identical to that used in referencing the program. If a
separately compiled procedure refers to any main program
variables, the CONST, TYPE, and VAR sections must be
identical with those in the calling progranm.

E The RESET and REWRITE procedures optionally may take a
sacond parameter. This is a string expression wihich is the
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=

Section 12

=<

=i

axternal filz2 name for th2 file. The external name nust
end with a blank. The® names 'INPUT ', 'QUTPUT ', 'GIUSER ?,
and 'SERCOM ' vefer to MTS 1logical units iastesad of
e2xternal files,

The NEW (P) procedure will not work properly when P is a
pointer to an object of *ype FILE.

The DISPOSE procedure found in some =2ditions of the Manual
and/or Report is not implemented.

N=ither argument of PACK or UNPACK needs the word PACKED in
its declaration.

PACK and UNPACK only work on ARRAYs OF CHAR.

PUT(F) 1is valid when EOF(F) is fals= if there has bean no
prior usz2 of F,

Additional functions:

INSERT(I,JdJ,K:INTEGER) : INTEGER
Result is I*2**J+K., J must be non-negative.

SUBSTR(S, F,L) :ARRAY (1..L) OF CHAR
S is a character string, F a scalar, and L an integer

==

constant. The result 1is the substring of S starting
with the character at position F and containing L
characters.

LINENO (F) : INTEGER
The integer result is the MTS internali 1line number
(printed line number * 1000) of the last lins read fronm
file F.

Additional procedures:

HALT
Stops execution and returns to the systen.

Input and Qutput

READ and WRITE may be used only on TEXT files.

READ may be used to read a character string. Warning: the
input 1line will be extend=d with spaces to £ill any number
of string variables. READLN should be used to start a new
line.

A WRITE of a REAL number uses exponential format whan :zW:D
is spacifi=2d and D is negative. The absolutz value of D is
the numb2r of digits to be printed to the right of the
decimal point. If :D 1is not specified, fractional or
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exponential format is selected based on the size of the

numb=r,

C The output generated by a WRITE 1is riqght Jjustified for
reals and integers, and is left justified for all other
types,

D When EOLN{F) becomes TRUE, F®& will have the wvalue EOL

instead of ' ', Exacution of READ(F,C) whera C has the
type CHAR, will set C to ' ' as in standard PASCAL.

C All blanks are eliminated from the 2nd of dinput 1lines of
TEXT fil=as.

R Program headings are not implem2nted,. A program is
#<hlock> ." .

E Procedures and functions may be separat2ly compiled by
eliminating the <statment part> from the program <block>.
The period is still required.

E A <value part> may follow the <variable declaration part>
to provid= initial values. This feature is relatively
error-prone, and its use2 should be avoided. Thes syntax is:

<value-part> ::= <value-part> <value-assigment> ;
{ VALUE <value-assigment>

<value-assigment> ::= <identifier> = <constant>
| <identifier> = { <constant-list> )

<constant-list> ::= <constant-list> , <dup-const>
|] <dup-const>

<dup-cons*> ::= <constant> | <integer> * <constant>

9. Miscellaneous Implementation Notes

A coumplete description of the PASCAL/UBC implementation may
bes found in the Implementation Guide [7]. Thzse notas are
d2signed to aid the casually intzrested user.
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2.1 DUMP Format

The dump routin2 is invoka2d after an intarrupt (r=al or
simulatesd) has occurred, Dutput 1is produced by calling the
system SDUMP routine giving it the address of a 72-pyte region
containing +the PSW and general registers 0-15 in that ordar.
Following this is the dump of +he execution stack associated
with =ach active procedure,

DUMP output is normally of use only to systeus programmers
maintaining th2 PASCAL systen.

8.2 Commurication with FORTRAN

The following notas are design=2d to aid the user who wishes
to write PASCAL programs which communicate with routinss written
in other languages (e.g., FORTRAN, Assembler).

PASCAL/UBC uses the following storags allocations:

Typ2 No. Bytes

CHAR 1

BOOLEAN 2

INTEGER 4

SET 4

REAL 8
icharacter string? length of string

The constant FALSE 1is represented dinternally by the
halfword #0000; the constant TRUE is represented internally by
the halfword #0001,

PASCAL will generates a standard FORTRAN calling sesgu=nce if
the word YFORWARD® is replaced with "FORTRAN",. In other
respects the procedure heading is standard., Eithar valuz or VAR
parameters may be passed to FORTRAN (Assembly Languag=, 2tc.)
and will work correctly. I.e., if the called program modifias a
value param=2ter, the corrasponding actual paramet2r 1in the
PASCAL program will not be changaed.

When a FORTRAN routine raturns +to PASCAL the predefined
variable RCODE 1is szt to the value of the FORTRAN rzturn code.
Thus PASCAL may distinguish betwes2n a RETURN and a KETURN i,
(Aind similarly, PASCAL may obtain the return code valu2 s2t by
any system routine which is accessed via the FORTRAN mechanism.)
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Th=2 names of all FORTRAN routines and all external routinas
declared FORWARD must be unique within their first 7 characters
due to restrictions imposed by MTS.

. e Sy o i e i o o . D S i oy o o s i

An Assembler program which has been callied vy a PASCAL
program cap, in turn, call another external PASCAL procedure so
long as certain rules are followed. The calling routine must:

14 Restor2 registers 2 and 12 from its calling progranm.

2. Use register 2 as a base rzgister for a DSiECT. Th=a DSECT
contains th2 following fields:

SAVE DS 18F
RESULT DS F only preseant for functions
PARAM1 DS  sew
- 0 DS L B

a. Store register 12 in SAVE.

b, If the routine is a function, place th2 address of
the result field in RESULT. Results from PASCAL
functions are placed direc*ly in memory.

Cc. PBach vparam2t2r, in the order declared. For a VAR
paramater, use DS F and insert tae address of
the actual parameter, For a value parametar, use
A DS for the variable itself, and placz the
value of the variable in this field. All 2-, U4-,
and B8-byte fields are half-, fuli—, and
double-word aligned, respectively. The parameters
app=2ar in the ord=2r in which they are declared.

3 s registers 13, 14, and 15 as usual,

4, On return, register 15 will pot contain a return code.
A function result will be in the resulr fieid, not in
register 0.

To call a PASCAL main program, invoke the PASCAL monitor at
entry point PSCLMONA. An alternate (ccmpletely equivalent)
entry point is PSCLMN.

The nam=2s of all Assembly Language routines must pne unigue
within their first 7 characters due to restrictions imposed by
MTS.
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An Assembly Language routine may sand back a return code to
its parent PASCAL program by setting register 15 in thz2 usual
way during *h=2 exit sequence. The parent PASCAL program may
retrieve the value of the return code via the HCODE standard
variable.
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10. Snapshot and Post Mortem Dump Packages

This section contains a prelim Yy description of the
sna pshot/post mortam dump package. he packayge is currently
undar dsevelopm=2nt, and it is =subject +to <change with 1little
notice, HNones of th= snapshot facilities are currently available
(2ven though thz documentation below implies that they are).

Usually when a run error occurs the PASCAL monitor is
invokad and it transfers control %o a special run error
supervisor. This supervisor allows NERR Tun =2rrocs to occur,
aft=2r which i+ <calls th= standard HALT procedure. If a
compilation is done with the Debug option turned on (this is the
default) special tables are produced which allow PASCAL to print
an informative display of all currently active variablas with
their associated values 2ach time the run error supesrCvisor is
invokad.

If on2 is running interactively and Debug is on, the run
arror monitor will instead of producing its standard display and
continuing execution, enter an interactive loop. It then will
process user requa2sts for the display and/or modification of any
active variable(s), after which +the user may continue {or
terminate) the ex=cution. This interactive teature may bs
disabled by running with PAR=BATCH,

The snapshot package may be invoked directly by the user
via the standard procadure SNAP. The wvalues of all current
variables will be displayed and execution will continue if
running in batch mod2, or the special interactive loop will be
entered if running interactively.

The following comrmands are understood by tue interactive
snapshot package:

To be continuzd ...
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11. Error Messagses

Source errors ar2 flagged by the compiler as thay occur and
are summarized at the end of the compilation, Each error is
flagg2d by a vertical bar ( ] ) under the last character of th=
offending word or symbol. Several errors may be detected at the
same position in the input leading to a ssquence of two OT moTre
yartical bars in a row. Each bar corresponds to its respectivs
error number printed on the right of the same line.

The text corresponding to each error number 1s showh below,.
Not all error conditions have been thoroughly tested. The error
messages ar2 s2nt to SPRINT. In many cas=s PASCAL is able +to
g=2nerate corract code even though an error has occurrad.
However, corract cod2 cannot be guaranteed unla2ss the source
program is error fre=

Expecting !'.°?

Number out of range

Identifizr expected

Expecting *'=1?

Field already defined

Illegal subrangs bounds

Tag must be integer or enumeration
Identifi=r already defined
Expecting ')

Exp2cting ':?

Procadur2a/function illegal
Tdentifiar not desfined

Subrange error

Expecting 'OF!

Expecting '.)!

More than 9 errors on a line
Vvariable not of record type

Type declaration error

Error in code g=neration

Expecting ',?! or ')?

Value clause at wrong level
Ignoring paramet2r list of FORWARD-declared proc/function
Procedur=2 body must start with BEGIN
Stat=ament 2xpectad

Unpacking illagal types

Variable not ARRAY +yp=e

Expecting ' {?

File typ2 illzagal

Rangs =2rTOr

Incorract data type

Expression too complicated -- all registers full!
Iden*ifiar not ARRAY type
Expecting constant

Incorrect index type

O Y R S QR QRIS S Y

NN N
EwNo

N NN
O do

W W w
F WO

w W
[ ) 9]
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37
38
39
40
42
43
44
45
47
48
49
50
52
53
54
55
56
58
59
60
61
62
63
64
65
66
67
68
69
70
71
74
76
77
78
80
82
85
88
89
90
91
g2
93
95
96
98
99

Non-standard PASCAL feature used

Variable in 'WITH!' clause not of type record
Record field undefined

'ELSE' has no preceding 'IF', or extra ';?' used
Expecting factor

Label not defined

File error

Error in expression

Incorrect argqument in standard procedure/function
Label value illegal

Closing string quote not found

Illegal data types for previous operation
Expecting ?:=!

Illegal assignment

End of statement expected

Illegal use of symbol

Expecting 'THEN?

Exp=cting 3!

Expecting 'DO!

Parameter error

Expecting label

Illegal set elements

Not a constant

Tllegal function type

Too many files

Illegal arguments in *'NEW'

Expecting 'UNTIL?

Expecting 'END?

Illegal control variable

Expecting 'TO' or 'DOWNTO!

Error in CASE statement

Too many labels

Procedures too deeply nested

Label redefined

Code area exhausted

Expecting ',°

WITH/procedure nest too deep

Compiler =arror

Expecting digit

Undeclared type(s)

Expecting type identifier

'9d*' does not follow pointer or file variable
Too many forward defined types

Error in case label

Illegal use of :W or :D

Label did not appear in a LABEL declaration
Unexpected end of file encountered
Unimplemented feature
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Run errors are printed on SERCOM as soon as cthey occur.
Generally recovery will be attempted NERR times, after which the

run will be terminated. Bach error message is preceded by
Takkk?  or I Fkkki, If the latter form occurs, no recovery is
possible and the run will be terminated immediately. These

errors are indicated by '"$' below. The texts of the run error
messages are relatively self-explanatory.

Keyword error in parameter list
Error in file assignments
Too many files
Operation exception
Priviledged operation exception
Execute exception
Protaction exception
Addressing exception
$ Specification exception
Data exception
Fixed overflow exception
Pixed division exception
Decimal overflow
Decimal division excaption
Expon@ant overflow exception
Exponent underflow exception
Significance exception
Floating division exception
$ Stack overflow
File not assigned
File not opened
Get on EQF=TRUE
Input too long
Put on EQOF=FALSE
$ 'NEW' space overflow
Reset file failure
$ Local time limit exceeded
$ Local page limit exceedad
Assignment value out of range
Index value out of range
Case value out of range
Rewrite file failure
Parameters to a procedure do not match actual parameters

Lt e
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Assem

DlET swinsse

o 08 20 0

Assembly language .seee

BATCH

LI B B B BRI O BN BN J

5 9 b 09

Carriage control ..s.e
COmmentS R EEREER R
Compiler options .ees.e

DISPC
DUMP
DUMP

SE s 8 808P 00

® 5 4 9P S0 B O 8D

format e.o.

® 5 8D 88 e

Dabugqing 0 5 0 5 8 80 P 4D
Default optionsS seseass

Diffe

Yences s

* B 5 8 4 s

EOF 5 2 0 8 8 9 08 BD DO SE N e NN

EOL 5 8 88 %4 8PS P SO NS IS

EOLN

LR B B A R B B

29 %0 9 59

EX ® 95 99 PP TP S B L S H AN

End-of-line character .

Error
Error
Exten
FALSE
FORTR
FORWA
Field

nessagas .

s 2 8 2 08 98 9

Si0ONS swwes
AN 2 5 &0 93 20
RD . 9 ® % 5 9 W

"Width 20 80

S 0B 4 4N

99 9 929 2

o2 809 98

25 08 ¢35 @

s e o505 093

® 9 ¢ 0 9 a0 e

* 9 5 4 5 39

File assignments s.ecses

GET 2 5 09 8 9 A B I S E B DO e

GO ® 3 9 9 9 93 2 8 9 9 6 9 2O 8 2 PO
Haxadecimal numbers ...
Interactiva use

Input

a8 s Pr e e e

LI ® 528 95 52 9N EP O 0T SN IR

LINENO L B N A
Language differences ..
Language 2xt2nsions ...

Libra
MARK

PIOE weense

2 4w 00 00 0B

e s s s 8

e s aa 0 o0

N:w ® 9 8% 05 8P 5P 0P S B A S

N:W:D
NERRS
NEW .
NOGO

NOPMD
News

Objec

LU I I R A
s 20 002500
L R B I
4 &% 65 50 > H 9
=% 9 90 90 35

2 2 4 80 00 28 9

t modulas .

OPtIODS sawnwsnse
Output * 29 &9 9 98
PACK ® 09 2 5 89 8 E 20 5P B0 89

PACKE
PAGE
PAGES

D.l.‘ll...

" e 000 a

N RN R

o5 03 0

22 29 0 5 »

® 8 &9 98 @

# s e n o9 9

® 85 89 00 s

INDEX

¢ 02 B2 ® S 09 O 0PSB

LR A A I

* 9 28000

"3 99 v e e

s ® s 0036

s 00 038 0

LR I

2 2 99 0

4 0 & 05

"9 2 e 0 e e

a9 20990 0

LI R

LI IR B I A

® 95 9% 3 ¢ B

® 9 823 0820

” 5 00 020

> % 29 0 2

3 9 9 09

e 3 99 98 @

2 0 25 0% 9

8 90 ® 5 @

e 508 2

e 08 0

® 5 09 90 0

e = 5 0 93 0

2 % 09 09 @

L IR IR BN B I

.« s 20 090

L L L

*® 5 % 0 9 B

2 390 0890

0 o8 08

2 8 8 9 9980

® s 99 00 s

® % 99 99

4 89 29 00

L BE B BE BN BN J

® o 2 8 0 9 0

* 3 g N e BN 2SS 6 0

® ¢ 2 a0 03

4 9 % 5 9 0 9

*® 48 0500

LI R B 2N B

e 8 e % ¢ 2 8

R IR BN B BN BN

® 0 9 9 2 0 »

® 29 a2 0

% 90 ve 0

® 90 8000

2 49 99 @9 B e 00 29 SO PO H OGS BB PN BE HEBD S B

»

£l

L4

99 2 8900

LR R B B BN

s 80 5 a3 0w

5 8w 2 50

® %9 93 80

99 H e en

» 9@ 2 0 8

L B R B B

LR IR I A A ]

0w & 080

00 5 9w

® 28 O 209

® 99 9 280

s e 8 80

» 009 080w

L L B A

LI IR B IR IR I J

® %5 9 0 00

e a5 9 ° 00

50 00 89

2 959 2 080

® e 9 2 99D

230 ¢ 890

%% a aas

2 %9 28 0

2 9 ¢ o 9 20

4 8 46 00989

a0 80 o5 00

LR BB R B NS I

® 95 0080

LR IR IR BN B IO B DEU BN BN BE IR BE DL B BN BN B BE BN BN BN BN B B BE B BT IR B BE B B IR R BE B BE IE BE R BRI

LR IR AR

s 890

2 8 40

4 9 2 9

L A

29 40

* 9 &0

s 3 00

29 4

LI A )

-0 am®

e 80

295 09

® 2 00

*® @ @

® % 08

* 2 900

* 2 99

LR R

® & 00

e 9 00

»®he

e 90

a2 e 00

> 8 8 0

(I I

® 99 9

® 9 98

* 200

2 090

34

csesese 27
ceseoes 27
sevee 2,29
ssessas 10
secesss 15

® & 9 2 5 00 8 5

a8 & 00 00 20

- 8 00 83 29 26
2 9 5 08 09 29

000000006

LR 2R N IR A 2 O 7
.- 99 6’7’18
®a 5 20 22 9 7

LB IR I B B B B ) 2

. L]

» L]

L] L}

L] -

L) L]

L[] L]

.

- DO L]

MO U e W W NN OO O

-
[
L]
L]
.
L)
.
- W

L]

L]

L]

L ]

L ]

L3

L]

— wd
W = d
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PAR field (R B B I B I I I B B I B IR N I B B B BN B N B IR B B DR B BE BN I B I BE B B B B B BN B B BE BRI NS B R R R B 2 2
PASC:LIB --uo--oou-o.-c-c-o--oaaoto-;-o----o.a-a‘a-o-o-o-sn-- 13
PASC:NEQS 49 9 8 28 69 29 9SS T 9B 9O A O TS QS OD OO D 9O 6P DO DOR S SES S Pe NS P 1
PUT L IR I I N B BN B B N I R B R BN BN B I N B R R IR BN I O B B N B B R R BN R B B BE B B B B BE BN N R B BRI BE BE R BN A ] 8
PATANSTOTS s swov s oo 3 60896 8 606 & 6.0 55 @8 506506060 sseessesess e 26
Passing parafetersS .ceesesessssesossacesvessssssncassssssssas 20
PoSt MOTiem AUMP vevoascscesescsassssesresassssansnnssensonssns 239
Program headinq ® 9 2 8 8 & 5 0 H S DO A D 0D OO ID VO O DOV OO VSN T OO DSBS S e eI 16
Punch E R I IR I B I BE BN B BN B B BN BEE BT I B B BE BE BE BN BE BE I I BN I BE B DR B BN BE IR BE BN BR BE I BE BE I NE IR BE BE BE I BN BE BN BN I B ) 1
RCODE LR I I I B I B BN AR IR B NN BE BN N NEY NV R N B B T NE IR BE NE BE BN R B BE I ONE BE R N I N BE NE BE BN BN B B EE B BN ] 20'26’28
READ $ 69 99 8P I E DA BSOSV 900 DO S0 SO T SD S A PO VAN SV AW IS PO O ESBE 7'18
READLN EBE BN B I B B BN NS I IR I BE INE IR B BE B R R BN B L IR BN I B B B BE BN I BE NE BE BE BE BN B BE B BN IR I BN BN IR B N BE B I RN B ) 12
RELEASE 92 0% 5 9 B9 9B D0 BB 0 8D D ESD PH S Y S DD D GIO 9P VP SN DB H AT SO B AR 18
RESET LI I B I BY R R I BN I B NE IR B B NE B BE B B R BT I BE B B BN BE AR BE BE BE I RN NE B BN B I BN B BN B B P BRI N B 9'19
REaRITE E I IR B I B I IR B B IR B BEE DR B I BN B N BN B BN R N IR T B BE R BE BN NS N I I B B IR I B N NN B NE BE B B R B NN B ) 9'19
Return COde 2 & 2 8 60 5 5 BB D S B OW SO B O DB O O OO O H O 00 PO PR D S OO S 4D 20 '26’28
Billl OLEOLS sasadwses s i disssaessssussisidasiwiisananwes idnhis 32
SCABDS 9 9 % 95 6 B S0 9 S D 09 0B PP 09D 9O 0D 0L 9SS 9S8 20 DO S PO S D AR S 9O Ve 1
SET 24 0% 5 ¢ 995 ¢ 9 0 H SV S BV D AP SN D SO T PN NSV AD DD O AP PSSP PSS 17
SNAP LI I IR Y JEE O BN BN B O B BE DAY BN B B B B BE BE BN BN B BE BN B B B BN B BN BN I DR AR BN B N BN B IR B B BN REE BN NE BN B NN BN B B B 29
SPRINT E K BN INF IR IR BN BN I BEE B IR R INE B N BE B BN BN BN BN BE B B B BN N BE BN BN N BN BE BRI BN BN B BE BE BN I R BE BE BE N B BE BN BE BE AP BN 1

1

SQBSTR ® 88 99 59 0D 20 S8 ¢S 0B H P D G S VU SD SC DA NAADD OO D OID PO OD e8P 20
Separate compilation Of DrOQraAlmS .cececssenesscsscessssasesnsse 14
SnapShOt 2 9 9 8 9 5 9 89 58 2D 5 50O 90 VUH 0D OV DB P S O O DS OD SO IS PO SO O DS LSO 9N 29
Source errors 2 8 89 9 85 0 8 0 5 0O DA S S SR O AW B SO D 0RO PO RD DS DR LEP SN O 30
Stanfard PASCAL library ssisssssssviavssissvsasasnasssnsonssa 13
Standard files LI IR I O I BE B B B B B BE BE NN I B BN B I I B B I B DT B B BE B BN BN B B B R B B IR B IR BN BN B BN O ] 10
Storage AlloCatiol cesssusnumsrnasnasonsanun smeanmime kwm sonwas oD
Student Terminal SYStem c.esecssccncssosccossansaoscsosssonosnsssss U

Submonitor 2 9 8 99 90 55 2 A 82 VOO T H PO PP S P D EDOD SED PSS DN OSDE SN 1

SPUNCH E IR B I B I B I B B B IR B IR R BT BN B IR BE BN B N AR BT I BN I R B BT BN IR BE B AN B B BT R BN R B IR B B B R R BN B BE BRI

TXME LR B BE B B I B BT R R R B EE B R I B BRI IR I BT RS N B N B IE BE NE BE BE B BRI IR NE DR BF BN AR B R BCNE R B BT BN AR BE BE B R B AR 3
TB L BE B B B B B NE B B N B NS AR R BE B BN I R BT BN B B A BN NN BT B B N IR B BN BN B R BE BE R BE IR BN BE BE IR BE BE AR B BN B BE BN B BRI AR 3
TRUE @ 5 4 98 4% 08 68 9 28 09 S 0 S P S A B D P B T O DA S S S S0P EI S OE SO B9 DA R 26
UNP CK S 5 9 9 0 60 40 6D T D P IOH AR DI OSSP PN PO DD LLS PP PSS D eSS 17
VAL{ LR B B B B B IR I B I B I N BN RS B B B BN B BN B BN I BT BE BN R BN BE B B B R B BE R BN R B BRI B IR R IR N R IR BN B B J 16
U:D B9 80 9D 5O 2O DO P S 5D S 9 AD DA ID DD O HDD S DSOS D L OAS PSP SN PPN 8

wRITE 58 5 5 88 0 9 2 0 9P 80 DS DD OB PO SO H S NP A S OD S S 0D RE NP EN WIS DD 8'18



