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i. Introduction

This document refers to the (HMarch 1980) IS0 standerd proposal for

Pascal L[i1. Pascal-¥U complties with the reguirements of this proposal
almost completely. The standard regquires an accompanying document
describing the implenentation-defined and implementation-dependent

features, the reaction on arrors and the extensions to standard Pascal.

These four items will be treated in the rest of this document, gach in a
separate chapter. The other chapters describe the deviations from tha
standard and the list of eptions recognized by the compiler.

The Pescel-¥i compiler produces code for an EM-1 machine as defined
in L2171, It is up o the impilementor of the EW-1 machine €0 decide
whether errors like integer owertflow, undefined operand and range bound
error are recognized or not. For these errors the resaction of all known
inplenmentations is given.

There does nat (yet) exist a thardware EH-1 machins. Therefore,

Eki-1i programs must be interpreted, or transiated into instructions for a
target machins. The following implementations currently exist: ‘
i. ad -interpreter funnihg on a FBP-ii. MHormalily the inferpreter per-
forms some tests &o detect undefined infegers, integer overflouw,
range errors, stc, However, an option of f£he interprefer is to

hese tests. Another option is to perform some axtra fesstis to

for instance the number of actuel parameter words againsit the

nunber expected by the caelled procedure. We will refer to these

mnodes of operation as ‘test all’, ‘test on’ end “fest off’.

a2 transiator inte PDF-11 instructions
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IS0 6.4.2.2: The type cher shall be the enumerction of a2 set of
implementation-defined characters, sane possibly without graphic
representations.

The 7-bits 45211 charaecter set is used, where LF (10) denotes the
end-of-line marker on text-files.

IS0 6.4.2.2: The ordinal numbers of the character values shall be values
of integer-type, that are implementation-defined, and that are deter-
mined by mapping the charecter values on to consecutive non-negabtive in-
teger values starting ot zero.

The normail ASCII ordering is used:!: ord(’3’3>=48, ord(’a’ =635,

ard(’a’® 3=97, etc.

150 6.4.3 .41 The largest and smeliest values of integer-fype permitted
as numbers of a value of a set-type shail be implementation-detined.

The smallest value is 0. The laoargest walue is default 135, buft can
be changed by using the i-option of the compiler up £o 2 mexinmum of
32767 The compiler allocetes as many bits for set-type  wvaricbles

a5 are necessary to store all possible velues of the host-type of
the base-type of the set, rounded up to the nearest nultiple of i6.
I¥+ 8 bits are sufficient then only B bits aere used if parit of o
packed structure. Thus: the variaeble s, declared by

vaer st set of ‘07 .. 797

will contain 128 bits, not 10 or i6. These 128 bits are stored in
ie bytes, both for packed and unpacked sefs. If the host-type of
the base-type is integer, then the number of bits depends on the
i-option. The prograemnmer may specify how meny bits £o ellocete for
these sets. The default is 16, the maximum is 32767. The effec-
five number of bBits is rounded up to the next nultiple of 16, or up
to 8 if the number of bits is less than or equal to 8. Note that

the use of set-constructors for sets with mere than 2356 2lements is
far less efficient than for smallepr sets.

IS0 6.7.2.2: The predefined constant maexint shall be of integer-type and
shalil denote an implementation-defined vaiue, that satisfies the follow-
ing canditions:

{ar 811 integral welues in the closed interval from -maxint £o +mexint
shall be wvalues in the integer-type.

(b)Y Any monaedic opercation performed on an integer walue in this inter-
val shatl be correctly performed according te the mothematical
rules for integer arithmetic.

() Any dyaedic integer operetion on two integer walues in this sane in-
terval shall be correctly performed eccording to the mafthemafical

rules for integer arithmetic, provided that the result is also in
this interval.
(d» Any relational operation on two integer values in this same inter-

wal shall be correctly performed according to the methematical
rules for integer arithmetic.



2. Implementotion-defined features

For each implementation-defined feature mentioned in the IS0 stan-
doerd we give the section number, the quotation from that section and the
definition. First we quote the definition of implementation-defined!

Those parts of the language which may differ between proces-
sors, but which will be definad for any particular vrocessor.

IS0 6.1.7: Each string-charecter shall denote an impienentetion-defined
value of char-type.
411 7-bits ASCII characters except iTineveed LF (i0) are aliowed,.
#ote that an apostrophe ° must be doubled within a string.

IS0 6.4.2.2: The values of type real shall be an implementotion-defined
subset of the real numbers denoted as specified by 6.1.5.

The fornat of reals is not defined in EH-1. It is oniy defined that
2 real number occupies 2 words (32 bits) of storage, but this might
change to 4 words in the future. The compiler can be instructed,
by the f-option, fto use o different size for real wvaluss. For each
inplementation of EH-1 the following constants mnust be defined:

epbase! fhe base for the exponent part

epprec: the precision of the fraction

epemin: the minimum exponent

eperax: fhe meximum exponent
These consftants nmust be chosen so that zero and all numbers with
exponent 2 in the range

epenin (= & (= epemax

and frection-parts of the fornm

f o= + £9i8 b8-i% + ... + fY9epprecB.b8-epprec
9 where
£9i8 = 9, ....epbase-1 aend £2i8 <> 0
are possibie values for reals. A1l other values of fype real oare
considered illegal. (See [3]1 for more information about these con-
stants ).

For the known EH-i impilementations these constents are:

]
[ (N]

i. ephbasse
24

epprec =
epepin = -127
epepax = +127

o

ditto



The representation of integers in EH-1 is a2 i6-bit word using two’s
conplenent arithmetic. Thus always:!

maxint = 32767

Because the number -32768 may be used to indicate ‘undefined’, the
range of aveileble integers depends on the EW-1 impliementation:

i. test on: -32767..+32767.
test off: -32768. .432767.

2. -32768. .+32767.
ISO £.9.4.2: The default Totalbidth values for integer, Boolean and real
types shell be inplementation-defined.

The defaults are:

integer &

Boolean 3

real i3
IS3 6.9.4.5.1: Expbigits., the number of digits written in an exponent
part af a real.; shall be implementation-defined.

Expbigits is defined as
ceil{logid{logil(2 »* epemaxl}i}
For the currsnt implementations this evaluates fto 2.
IS0 6.9.4.5.i: The character written as part of the representation of o
real to indicate %the beginning of the exponent part shall be
inplenentation-defined, sither ‘E’ or ‘e’

The exponant part starts with ‘e’

IS0 6.2.4.61 The case of the cheracters written as represenfation of the
Boolean values shall be inplementation-defined.

The representaftions of true and faelse are ’true’ and ’false’.

IS0 6.9.6: The effect caused by the stendard procedure page on a Eext
file shall be implementation-defined.

The 45CII character form feed FF (12} is uwritten.
I50 6.10: The binding of the variebles denoted by the program-paranmeters
te =ntities external £o the program shall be implementetion-defined if

the variabie iz of a file-type.

The program paeraemeters must be files and all, except input and oubt-
put, must bs declered as such in the program block.



The progras paremeters input end sutput, i+ specified, will
corrsspond yith the UHIXK streaoms ‘sfandard input’ end ’‘standard
sutput’ .

The other progras paremsters will be mappsd teo the argunent
strings provided by the callier of this prograas. The argument
strings ere supposed to be path names of the files €¢o be opened or
created. The order of the program paramefers determines the map-
ping: the first paremeter is mapped onto the first argument string
etc. Hote that input end cutput ere ignhored in this maepping.

The mapping i5 recalculated each time a program paramneter is
openad for reading or writing by o call to the standard procedures
reset or reurite. This gives the programmer the opportunity to
manipulate the 1list of string erguments using the external pro-
cedures argec, argyv and argshift aveilable in libpec [71.

IS0 6.10: The eiffect of an explicit use of reseft or rewrite on the stan-
dard textfiles input or output shall be implementaetion-defined.

The procedurss resef and rewrite are no-ops if applied to input or
sutput .



3.

Im

plementation-dependsnt features

ntefion-dependent +feabture mentioned in &the I50

For each implems

tonderd draft, we give the section numbesr, the gquofebien from that sec-

ion and the way this feature is treated by the Pascal-¥U systen. First

e quote the definition of ‘implementaficn-dependent’!

Thoss parts of ths language which nay differ beftween proces-
sars, and ¥or which there noed not be a definition for a par-
ticular processor.

%0 5.1.i: The wmethod +For reporting erreors or uwernings shail ba

nplenentation-dependent.

The srror handling is treatsd in a following chapier.

54 6.1 .4 Other impiementation-dependent directives may be definsd.
Except for the reguired directive ‘forward’ the Pascal-VUd compiliar
recognizes only one directive: ‘extern’. This divective teils the

onu:iev Thaot fhe procedurs bilock of this procedyrse will not be

curresnt program. The code for the body of this pro-
included aft a later stege of the compilefion pro-

sture anilows ane o buiid libraries containing offen
These routines dn not haeve to be inctuded in oll

3 them. Haintenance is nuch simpler if there i3
brory module Lo be cha nged instead of many Fascal pro-

ve se library moduies may bs writien
in Far instence ©  or The EM-1 assembly
i i S ant to use some specific EW-1 in-
ES 3 Fascal compiier. Exampiss are fthe
=5 fn ting point conversion roulines.
G o zation of some time-critical pre-

[T¥]

The wse rout ines. houwever, is dangerous. The com-
viler normel » the correct number and type of paramsters
when & proce ad and far the result  fype of funchbions.

¥ an external is called these checks are not sufficient,
becauss the compiler can nof check whebther fhe procedure heading of
the axternal routine as given in the Pascal program matches the ac-
tual routine implementation. It should be the locader’s fask £ao
checlk Ethis. Howawer, Ethe current loaders are not that smart.
gnother solution is tao check at run time, ot least Ehe number of
ords for paranstars. Some EM-1 implementations check this:
i test all number of words passed as peramesters s checked,
but this not catech all faulity caeses.
test on checlkead.
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Z. net checksd.

5. 7.2 i: The order of evaiuation of the operands of o dyedic oOpera-

hall be isplementation-dependent.

Operands are aluweys evalusted, so the progran park
if Cpdiniid and (p®.valued>0) then

is probabiy incorrect.

2 iefit-hend gperand of a dyadic operater iz almost always
sd befsre the right-hand side. Some peculier sveluations

‘or the following coses:!

eyaiuat
sxist &

moduic operation

s performed by a library routine to
regative va s

yes of the right operand.

"ot
-
[ O
]
-
o)
-
=

wheprs 281 an

and t2 are compatible set fypes is eveluated in the
following steps

-~
i

- evolunte setl
- sayaluate seott
- compube set2+setl

. - tszt sat2 and setZ+seci for squality

anly case where the right-hand side is computed first.

sati = zeil
whers seti and set? ars conpetible set types i5s evaluasted in the
following steps:

- ewaluafte seoti

- ewaluate setl
. - computs sefi+seid
- test seti and seti+seti for equality

1S0 6.7 .3: Tha order of evaiuwation and binding of the actucli-peremeters
for functions shall be implementation-dependent.

The order of svsiuation and binding is from left fo right.
iSO 6.5.2 2 If access Lo the variable in an assignmeni-stefenment in-
volves fthe ind g of an array end’/or a reference to e field within ¢
variant af a andsor the de-referencing of a pointer-variable
andlor @ rets ta a buffer-variaeble, the decision whether these ac-




w the ewaiuation of the expression shall be

tions preceds or Yolto
implementation~dapendeant.
The sxprsssia s ewaluated first.

IS 6.8.2.3: Ths ey 0¥ syaiuaktion and binding of the actual-
paramsters for procedures shall be implementation-dependent.

The same as ¥or

-

unctions.

IS0 6.2 &3 The aeffect of inspecting ¢ text file to which the page pro-
cedure wyas ooplied during generation is implementation-dependent.
The formfesd chaorachter written by page is Ereated ltike a normal

character, with ordinal valus 12,

IS0 6. 10 The binding af the varioblies denoted by the program-paremeters
to entitiss ewiernci  £o the program shall be implementefion-dependent
unlass the wariabls is of a file-type.

Only varia

&3
7
U]

a¥ o f¥ile-type ere eilowed as progran parameters.



4, Ervor haendiing

There are Lhree ciasses of errors to be distinguished. in the
first class are the error nmnessages generated by the compiler. The
second claess consists of the occasional errors generated by the other
prograns involved in the compilation process. Errors of the third class

are the 2rrors as defined in the standard by:

4n error is a violetion by a program of the requirements of
this standard zuch that detection normally requires execution

>
af fhe progras .

4. 1. Lompiler srrars
The 2rror snessaeges (and the listing? are not generated by the com-
piler itseif . The compiler only detects errors and writes the errors in

condensed form on an intermediate File. Each error in condensed fornm
contains!

- an optianal error messege perameter (identi¥fier or number).
- an 2ppap mb e
t e nur

tin
col
coel

umn

Every tims thne o error fThat does not have influence on
the code produc Y the il or on thes syntaex decisions, & warning
messeges g given. I¥ 2nly warnings are generated, compiletion proceeds

‘g -
and probebliy resuiis in a2 correctliy compiled program.

The intermsdiate error file is reed by the interfece program pc
£41, that produces the erraor messages. If uses an other #ile., the error
message file;, indexed by the error number, to find an error script line.
Whenever this error script line conteins the charecter '%’, the error
nessages peraneter is substituted. For negative error numbers the mes-
sage constructed is prepended with ‘Harning: ’.

Sometimes the compiler produces several errors for ¢the =same file
position (line number, column number), Only the first of these messages
is given, because the others are probably directly ceused by the first
ons. .If the first one is e warning while one of its successors for thet
position is ¢ fatal message: then the warning is promoted to a fatael
one. However,; paremeterized messages are always given.

The error messages and listing come in three flavers, selected by
flags given to pc {41:

defaultino listing, one line par error giving the file namne of the
Pfescol source file, the iine number and the error messages.

-el for each erroneous line a2 iisting of the line and its prede-
cessor. The next 1line contains one or more charascters **°

paointing to the places where an error is detected. For each



error on that line a messege follows.

-E: same a5 far ‘-2¢, except that all source lines are listed,
awen if the srogram is perfect.

i
i
1
0d
(@

ctian fLime

ot
(n
]
=
o
[

g

s fiie system problems and teble overfiow.

Problems ie systen may be caused by protection (you may not

read or ors ¥ oor by =pace problems (no space teft on device; out

of inecdes; too many processesy. Tabie overflow problems are often
|

Two main oot

+
T
=

caused by peculi surce programs! very long procedures or functions, a

lot of strings. sble averflou problems can sometimes be cursd by giv-
ing o flag (- ar -1 to po D41

Extensive trectmant oF these errors is outside the scope of this
manual

4.3 Runitime sreraors

Erromrs detactad of v

un time cause an error message to be generated
en fthe diagnost. ccpuf ztream (UHIX file descriptor 27, The message
consists af fne swaws of £ne progran followed by a message describing the
errar, pe biy r2d by the saurce line number. Unless the l-option
ig turpned off  the comniler generates code to iceep ftrack of which source
fine cauzes i instructions to be generated. It depends on the
EM-1 implemantation vhather these LIN instructions are skipped or exe-
cutad:

i. LIN in ponions are animays execufted. The old line number is saved
and re rad ynensver g procedure or function is called. 4ttt error
MmeIs1g23 cantain this line nunber, except when the 1i-option was
turned afd

2. cams 2= ushave. but line numbers are not seved when procedures and
3 ons are celizsd

in the
ion and

For sach 2rrop
gquotetion from
systen.

staenderd we give the section number., the
the way it is processed by the Pascal-Viy

For detectan ' i “wespending messege end fLrap number are
givan. Trap numbae 2 ul ¥ar sxception-handliing routines. HMor-
mally, ecch s 2 r progran to fLerminate. By using excepifion-
handling ignare errors gor perform atternate actions.

Inly soms snored by restarting the failing in-

rized az non-fatal, all others as faetal.

struction E L
4 tisgt or numnper bstuyeen 0 and £3 (EW-1 errors) cen be
found i1tk tpap number betusen £4 and 127 (Pascal er-




rors) are Lisfted in {91

IS0 6.4.3.3: [t shall he an error if aeny field-identifier defined within
a wariant i3 wzsd in a field-designator unless the velue of the tag-
field is assoc: that variant.

=)
or
i
[+
£
o
-

This srror is nhot detechted. Semet imes +this feature is used ¢to
achisve =2y ftype conversion. Howewer, using record variants this

t
way i5 dangerous, error prone and not portable.

150 6.4 .86
assignment-:
ordingl-ftunss and
specitfied by T1.

-+ B

i1 be an error if a walue of type T2 must be
1 rith fype Ti., while Ti and T2 are compatible
iue of type T2 is not in the <closed interwval

i

i

finguishes between array-index expressions and the
re assighment-compatibility is required.

iDow

wh

o
W

-isting it done using the EM-i arrey instructions.

Thes ans thave thres arguments: the array base eddress,
the address of the errey descriptor. An array
dasc ~ipbas one dinension by three values: the element
size bound on the index and the number of elements minus
one w45 an the EW-1 inpiementation whether these bounds
are

i checked (array beund error, trap 6, non-fatall.

not checiced
2. not checiked

Ths othen places uhere assignment-compabibility is required are:

- assian

- ¥4 2 mneters

- proce: read and readin

- the final value of the for-statement
s2 giacse campiier generates an EH-1  range check  in-
on gxcep yhen the r-option is turned off, or when the
¢ waluss o# T2 is enclossd in the renge of Ti. If the oex-
m cansists 5 o single variable and ¥ that veriable is of a
& typs. then the subrange type ifself is taken as T2, not
t-tups. Trars¥grs, a range instruction is only generated if

subrangs- type and i¥ the expression is Q constant., an ex-

m o with  tuwn aor wore osperands, or e single variebie with o
£ esnciossd in T1 if o constant is assigned, then the EHN-1i
2 removes the range chegck instruction, except when the
3 wut o bounds

It vis on bhe EM-1 impiementation whether the range check
inshructiaon s executad or skipped:
i kaszk op: chacked (rangs bound error, trap 7, non-fatall.
tastk skipped
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IS0 6 4.5 [¢ shaoll b2 an errer if a walue of ftype T2 must be
assignment-canpatible with type Ti, while Ti and T2 are compatible set-
types and any - of the welue of ftype T2 is not in the closed inter-
val specified by fhe bass-type of the type Ti.

2
in >
~z

'

(U]

This error iz not datected
IS0 6.5 .47 [+ =halt n= an asrror if the pointer-veriable has a nil-value
pr i3 wundsf i vsd 2t <ne Tima it is de-referenced.
The E#-1 on does naot specify the binery representation of
pointer =o that it is not possibie to choose en otherwise
illegal hi spresentation for the poinfer welue HNIL. Rather
arbitrapry the campiler wuses the integer value zero to represent
HIL Fap all surrent implementations this does not cause problenms.
The sz¥inition does specify the size of pointer objectis:
2 bytes campiier can be instructed, by the p-option., to use a
diffar inter objects. HNIL is represented here by the
approp zeros uwords.
It w2 EM-i implementation whether de-referencing
ot 1t op s HIL causes eh error:
i test sn' JFor svery de-reference the pointer velue is checked
ta he legatl The velue NIL is always iltegal. Objects ad-
. draz=zed by o HIL pointer always cause an error, except when
they ars part of some extraordinery sized structure {bad
painter, ftrap 26, fatall}.
tegt off! de-referencing for fetching will not cause an error
tn occut However, if the pointer value is used for o store
snaration. a2 segmentetion violation probably results <(memory
fault tran 25, fatald. (Mote: this is only true if the in-
tarpratar 15 svecuted with coinciding address spaces and pro-
tected t+text part. The interpreter must therefore be loaded

with the ‘-n‘ option of the UNIX loader {51).

2. d ing for a fetch operation will not couse an error.
& it ion probably causes an error if the '-n’ flag is
. s ta pe 041 or 1d [57 while loading your progran.
tinns of EM-1 initialize all memory cells for newly
lez with a constant thet probebly ceuses an error if
s mot initialized Wwith a value of its own type be-

o
=3

inplenentation we give whether memory cells are
ith uwhat value, and whether this walue couses an er-

rencad

i wicn onmencry word is initielized with the bit representation
109000008, representing -32768 in 2's complement nota-
or most small and medium sized programs this wvalue

will ecauze a segmentation violation ¢(memory fault, trep &3,
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isd 6.5.5
tered whil
alement o¥
TYhis =
IS0 6.5 .5
tered by
in its l21{t
This er
IS0 6.6 .5.2:
hotld immad
reurite, pu
For 2a
aulate
rewrit
pubtc 13
reset(
get !
The 2
reurif
™
P
putli ¥
i

e

write =pear

e

)

¥ § g

t

pointer is de-referenced,
ized: & segmentation viclation
‘bus error’ ars possibla,

an error if the velue of & file-wariable ¢ is al-
ser-variable ic an actual variable parameter, or an
yariabie-list of a with-statement, or both.

is detected
hall Ba an esrrar if the wvalue of a file-veriable § is al-
ssignment-statement which contains the buffer-variabie §°
4 =:ids

iz not detechted.

= il be an eprror if fthe stated pre-assertion does not

ty wrior o any use of the file handiing procedures
sagaet and get.

four operations the pre-aessertions can be refor-

rftion.
for writing and £* is not undefined.

5.
P iz spensd for reading and eof(f) is false.

3

# eérrare are detected for these operations:

args expected: brap 64, fatal:
¢ iz o program-poerameter and the corresponding file nane
is not supplied by the caller of the progranm.

te error, trap 101, fatal:

the cailer of the oprogrem lecks the necessary eccess
rights to create the file in the file system or operating
siystem problems like table overfiow prevant creation of
the file.

not yst open. trap 72, fatel:
reset or rewrite ers never applied &o the file. The
checks performed by the run time system are not full-
ppaod
ritabis, ftrap 96, fatald
¥ is gspsned for raading.

; trap 104, faetal:
probably caused by file system problems. For instance.
the file sterage is exhausted. Because I0 is buffered to
improve performence. it might happen that this error  o0c-
curs 1§ the file is closed. Files ere closed whenever



they ares rewritten or ressft, or on program termination.

reset{{ )
#ore args erxpected, trep 64, tatal:
for rewritecf .
frap 100, fatal:
& does not exist, or the caller has insufficient access
rights, ar operating system tables are exhausted.

uw
o
ot
-
bl

)

file not yst cpen, trap 72, fetal:
az far putd ).

not readable. trep 97, featal:
f i1s opened for writing.

end of file, trap 98, fatal:?
apf(fr is true just before the call to getdf).

read error, trap 103, fatal:
unlikaly to heppen. Probably ceused by hardwere problenms
or by errors elsewhere in your progran that destroyed the
file information maintained by the run time system.

truncated: trap 99, fetal:
the file is not properly formed by an integer number of
file eolements. For instance, the size of a file of in-
teger is odd.

nen-ASCII char read, trep 106; non-fatel:

the character value of the next character-type file ele-

went ig out of range (Q..127>. Only for text files.
180 6.6.5.3: [t shali be an errcr to change any veriant-part of ¢ vari-
abie atiocgted by the form new{p.ci,. .. .,ecn? from the variant specified.

Thig error i3 not detected.

150 6.6.35.3: It shall be an error if o variable to be disposed had been
aliocated using the form new(p,ci....,cn) with more variants specified
than specified to disposs.

i1 be gn error if the wverients of a wvariseble to be
erent from those specivied by the case-constants to

This error i3 not detected.

180 6.6.5.2: [t shall be an error if the value of the pointer paraemeter
of dispose has nil-value or is undefined.

The same comments apply as for de-referencing HNIL or wundefined
pointers.
180 5.6.5.3: It shall be an error if a variable that is identified by
the pointer porameter of dispose (or o component thereof) is currently
either an actual wvariable parameter: or an element of the record-
varighle-list of o wvith-cstatement, eor both.



this e¢ror

IS0 6.6.5.3: 1t
the second for
pression, orf as
actual-parameter
This error

I50 6.6.6.2:
an arifthmetic
cated result.

it
fu

Except for
may occur f
abs(x)
sgrix’

sint Kl
cosix)
axplx}

indx
sqritix

arctan(

Ses above.

0 6.6.6.2: 1t

See abowe.
6.6.6.2: It
exist.
error
Jait

130 6.6 1t

not

This error

65.6.6.2: If

exist.

This error

ordinal types.

G
N

150 6.6.6 It

is not detected.
shail be an error if a referenced-variable created using
n oof new is used in its entirety as on operand in an ex-
the wariaeble in an assignment-statement or as an
is not detected.
be an error if the methemebical defined resulf aof
would fall outside the set of values of the indi-
the srrors for undefined arguments, the following errors
or the arithmetic functions:
i nohe.
: real underfiouw, trap ii, non-fatal;
real overfliow, frap i0: non-fatal
: real underflow, Etrap ii, non-fatael
: real underflow, trap i1, non-fatal
; error ih exps trep 635, non-fatal C(if x>i0090);
real underflow, ftrap ii, non-fafal;
real overflow, ftrap 10; non-fatal
error in ln, trap 66, non-fatal ( if x{=0}
3 error in sqrt, trep 67, non-fatael C(i¢ x{0)
(x)t real underflow, traep 11, non-fatal:
real overflow., trap 10, non-fatatl
shall be an error if x in 1In{x? is not greater than
shall be an error if x in sqrti(x) is negaetive.
shail be an error if the integer welue of frunci{x) does
is detected ¢(real->int error, trap i7, non-fetall.
zhaell be an error if the integer walue of round{x? does
is detected (real->int error, trap 17, non-fatal)d.
shaii be an error ¥ the integer walue of ord{x) does
can not accur, because fthe compiler will not aliow such
shaell be an error if the character value of chrix} does



not

igo

ist.

180

5.3: 1
gof{(¥) is Erue o

exist.

Except when the r-sption is turned off, the compiler generafes an
Eff-1 range check instruction. The effect of this instruction
depends on the EW-1 implementation as described before.

6. 6.6.2: It shall be an error if the value of succix) does not oex-

Same comments as for chrdixl.

6.6.6.2: It shall bhe an error if fthe value of predi{x) does not oex-

Same comments as for chrix).

6.6.5.5: It shall be an error if f in eof(f) is undefined.
This error i5 detected (file not yet open, trap 72, fatal).
5.6 .

t shatl be an error if £ in 2o0ln(f) is undefined, or it
£t that time.

The folleowing errors may occur:

file not yst open, trap 72. fatals
not readable, Erap 97. fatel:
2.,

end aof i1 trap 98, fatal.

be an error if any wariebie or function used as an
sion is undefined af the Eime of i1Ls use.

Getection of undefined operands is only possible if thers is af

ieast one bit representation thet is not siiowed as legal value.
The se . Y

£ of legal values depends on the type of the operand. To
detect wundetined operands, oll newly created variables nust be as-
signed & value illegal for the type of the created wvariable. The
compiler itself does not generate code fo initialize newly created
variabies. Instead, the conmpiler generates code to alliocate sonme
new memnory ceils It is up to the EH-1 implementation to inttial~
ize thesze memory cells., However, the EW-1 machine does not.  know
£he types of the variebles for which menory cells are allocated.
st an EM-1 implementation can do is to initielizs

Thersfaore, the
*

be
with o walus thet is iliegel for the most common types of operands.

For aii current EM-i implementations we will describe whether
memory ceils are initielized, which welue is used to initiatize,
for soch operand type whether thot value s iliegal, end for all
sperations on ali operand types uwhether that value is detected as
undefinad.

i test on: new memory words are initialized with -32768. As-
signment of €his wvalue is always allowed. Errors may occur
wheneyer undefined operands are used in nperations.



Srranar ; -32768% is illegael. ALl arithmetic operations (except
ynary +) rcmause an  errpr {(undefined integer, Erap I4, non-
fatal?. Relational operations do not., except for IH when the
itaft operand is undefined. Printing of -32768 using write i3
allowed.

mew_! the bift representation of o real, coused by initializing
the constituent memory words with -32768, is itllegal. A1l ar-
ithmetic and relational operations (except uhary +3) cause an
error (real undefined, trap 16, non-fefall). Printing causes
the same error.

-

i the vaiue -32768 is illegal. For objects of type ’“packed
arrayl 1 of char’ helf Ethe charecters will have the value
chrid3, which is legai, and the obthers will heve the wvaiue
chr{ilZB), cutside the welid ASCII range. The relational
operators, howewer, do not cause an error.

_______ i the walus -32768 is illegel. For objects of fype

‘packed arrayll of boolean’ half fhe bonleans will have the
value false, while the others have the value v, where ordi(v) =
128, naturaliy illegal. However, the Boolean and relational
operaetions do not cause an error.

—__: undefined operands of type set can not be distinguished

from properly initialized ones. The set and reiational opera-
tions, therefore, can never cause an error. However, it one
forgebs to initietize a set of cheracter, then spurious char-
acters like /2%, 777, “06’, ‘.’ and ‘o’ eppear.

test off: new memory cells are initialized with ~-32765. The
goniy caeses where this value couses an error are when an unde-

fined operand of type real is used in an arithmetic or refa-
. tional ocperation fexcept unary +3) or when en undefined real i3
used a3 an argument to o standard function.

[ (%]

fewiy created memory celis are not initialized and theratfore
they have a random value.

IS0 6.7.1: It shall be an error if the value of any mwember denoted by
any member-designator of the set-constructer is outside the
inplenentation-defined limits,

This srror is detected (set bound error, trap 5, non-fatall.

IS0 6.7.i: I+ shall be an error if +the possible types of en seb-

constructor do not permit it to assume o suiteble ftype.
The conmpiler allocates as many bits as are necessary %o store all
elaments of the host-type of the bese-type of the se=f. not the
base-type itssif. Therefore, all possible errors can be detected
at cCompile time.

150 6.7.2.2: It shall be an error if j is zero in ’i div j’.

it depends on the Efi-i impiementation whether this error is detect-

i. test on: detected (divide by 0, trap i2, non-fatal).



test off: not detected.

2. not detected.

IS0 6.7.2.2: It shell be an error if j is zero or negetive in i HOD j.

This errar is detected (only pesitive j in ‘i mod j°, trap 7i.
non-fatall.

iS50 6.7.2.2: It shail be an error i¥ the resuli of any eperation on ia-
teger operands is not performed cccording to the mathenmatical rules for
integer arithmetic.

The reaction depends on the EM-1 implementatfion:
i. test on: error detected if
(result >= 32768) or (result < -32768).
(integer overflow, trep 8, non-fatael)d. Hote that ¥ the
result is =-32768 the use of this value in further operations

may cCause an error.
test off: not detected.

I~

not detected.

IS0 6.8.3.5t It shall be an error if none of the caese-constanis is equal
to the walue of the case-index upon entry to the case-staotement.

This error is detected (cese error, trap 4, fatel).

S0 6.8.3.9: It shall be an error if the final-value of o for-statement
is not assignmnent-competibie with the control-variaeblie when the
initiai-value is assigned to the control-wveriable.
It is detected if the control variecble leaves its allouwed range of
vaolues while stepping from initial to final wvalue. This is
equivalent with the requirements if the for-statement is not ter-
minated before the final value is reached.

65.9.2 chall be an error if the sequence of charecters read look-
)

%
nteger does not form o signed-integer os specified in 6.1.5.

ot
3w

L
n i

This error is dotected (digit expected, trap 103, non-fatald.

IS0 6.9.2: It shall be an error if the sequence of cheracters read look-
for a real does not form o signed-number aos specified in 6.1.5.

This errar is detected (digit expected, trap 105, non-fetall.

150 6.9.2: It shall be an error if read is epplied to £ while ¥ is unde -
fined or not cpened for reeding.

This error is detected (see get(#)?.



IS0 6.9.4: It shall be an error if write is applied to f while £ is wun-
defined or not opened for writing.

This error is detected (see put(f)}.

IS0 6.9.4: It shall be an error if TotalWidth or FracPigits as specified
in write or writeln procedure calls are less then one.

This error is not detected. Moreover, it is considered an extension
to allow zero or negoative values.

I50 6.9.61 It shall be an 2rror if page is applied to § while ¥ is unde-
fined or not opened for writing.

This error is detected (see put(fi).



5.

LIN]

Extensions to f£he standard

Separate compilation.

The compiler is able to (separately) compile a collection of de-
clarations, procedures and functions to form a library. The ii-
brary may be linked with the main progranm, compiled later. The
syntax of these modules is

wodule = [constant-definition-pert]
[type-dafinition-part]
{var-declaretion-partl
{procedure-and-function-declaretion-part]
The compiler accepts a program or o module:

unit = program | modutle

ail yarijabies deciared outside o moduls must ke imporied by parame-

ters, waven the filess input and cutput. dccess €o a varicble de-
clared in o nmodule is only possibie using the procedures and func-
tions decliared in thet same nmodule. By giving the correct
proceduresfunciion heading followed by the directive ’‘extern’ you

may use procedures end functions declered in other unifs.
Adscertions.

The Pasceil-V¥U compiler recoghizes an additional statement. the

assertion. Assertions can be used as en aid in debugging end docu-
mentation. The syntax is:
assertion = ‘assert’ Boolean-expression

An assertion is a sinple-statement. so

simple-statement = [essignment-statenent |
procedure-statement |
goto-statement i
assertion
1

4n assertion causes an error if the Boolean-expression is false.
That is its only purpose. It does not change any of the wvariables;
at leest it should nof. Therefore, do0 not wuse functions with
side-effects in fthe Boolean-expression. If the a-option is turned
of ¥, then assertions ere skipped by the compiler. ‘assert’ is not =
word-symbel (keyword? and maey be used as identifier. Houwever, as-
signment to o variacble end celling of o procedure with that nane
will be impossible.

Aqdditionel procedures.

Three additional standerd procedures are aveilaeble:



hait: a call of this procedure is equivaient to jumping to tihe
end of your program. It is always the last stotement exe-

cuted. The exit stetus of the program may be zupplied as
gpticonel argument.

reigase;

maris for most applications it is sufficient to use the heap as
second stack. Hark and release are suited for this type
of use, more suited than dispose. markip?, with p of

type pointer, stores the current vaiue of the heap
pointer in p. release(p), with p initialized by o call of
mark(p?, restores the heap pointer to ifs old walue. Altl
the heap objects, created by celis of new between the
call of mark and the cell of release, are removed and ths
space they used can be reellocated. Never use mark and
release together with disposel

UNIX interfoacing.

If the c-option is turned on, then some speciel features are awail-
able to simplify an interface with the UNIX environment. First of
all, the compiler ollows you to use a different type of string con-
stants. These string constents are delimited by double gquotes
(7% %, To put a double quote into these strings, you nust repeat
the double gquote, like the single quote in normal string constanis.
These special string constants are ferminected by o zZero byte
{chr(0>»). The type of these constants is o pointer £Eo a packed ar-
ray of characters, with lower bound i and uniknoun upper bound.
Secondly, the compiler predefines a new ftype identifier ’siring’
denoting this just described string Ltype.

The onity thing you can do with these features is descleration
of constants and wvariaobles of type ‘string’. String objects may
not be aliocated on the heep and string pointers may not be de-
referenced. Still these strings are very useful in combination
with external routines. The procedure urite is extended o print
these zero-terminated strings correctly.

DPouble ilength (32 bit) integers.

I+ the d-option is turned on, then the additional &ype ‘long’ is
“nowun to the compiler. Long variebles heve integer walues in the
range -2147483647 .. +2147483647. Long constants may be declared.
It s not allpwed to form subranges of type long. All operations
aliowed on integers are also ailowed on longs and are indicated by

the same operators: P+, P, iy, fg . ddiw?t s Tmod’ The pro-
cedures read and write have been extended to haondle long arguments
correctly. The default width for iongs is ii. The stendard pro-
cedures ‘abs’ and ‘sqr’ have been extended to work on long argu-
ments. Conwversion from integer to long, long to real, real fo long
and long £o integer are automatic, like the cenversion froa integer
to real. Tuo of these conversions may cause errers to occur:

recli->longint error, trep 18, non-¥fatal
longint->int error, trap i9, non-7atal



This last error is only detected in implementation 1, with ‘test
on’. Note fhat all current inplementations use target machine
floating point instructions to perform some of the long operations.

Inderscore as letter.

The character '_’ may be used in forming identifiers, if the wu-
option is turned on.

Zero field widith in write.

Zero or negoetive TotelWidth crguments Lo wuwrite are allowed. Ho
characters are written for charaecter, string or Boolean type argu-
nents then. @A zeroc or negative Frachigits ergument for fixed-point
representation of reals coeuses the fraction and the character 7.7
to be suppressed.

Alternate symbol representation.
The comment delimiters (%’ and ‘%)’ are recognized and &reated

like ‘4’ and *}’. The other alternete representations of symbols
are not recognized.



6.

Deviations from fthe stondard

Pascol-¥U deviates from the (March i980> standard proposal in the

following ways:

i

Only the first & cheracters of identifiers are significent, as re-
quested by eall standard proposals prior £to Merch 1980. In the la-
test proposal, however, the sentence

“4 conforming prograemn should not have its meaning aifered
by the truncation of its identifiers to eight characters
or the truncetion of its labels to four digits.*®

t

misSsing.

The character sequences ’procedur’. ‘procedur8’, ‘functionliyl’ etc.
are all erronepously classified es the vord-symbols ’‘procedure’ and
‘function’ .

Standard procedures and functions are not allowed as parameters in
Pascal-VYU, conforming to all previous standerd proposals. You can
obtain the same result with negligible loss of performance by de-
claring some user routines like:

function sine(xireallireatl;
begin

sinei=sin{x’)
end;

The scope of identifiers and lebels should stert at the beginning
of the block in which these identifiers or labels are declared.
The Pascael-VU compiler, as most other one pass compilers, deviates
in this respect, because the scope of variables and laebels start af
their defining-point.



7. Compiler options

Some options of the compiler may be controliled by using *{§. . _ }*%,
Each option consists of a lower case letter followed by +, - or an un-
signed number. Uptions are separeted by comnmas. The following options

exist:

a +/-

£ <num?>

i <num>?

p {num>

+7 -

ui

u +/-

this option switches assertions on and off. If this option is
an.: then code is included to test these assertions at run time.
Default +.

this option, if on, allows you to use C-type string constants
surrounded by double gquotes. HMoreover, a new type identifier
‘string’ is predefined. Default ~.

this option, if on, allows you to use variables of type ‘long’.
Default -.

the size of reals can be chenged by this option. <{num> should be
specitied in {6 bit words. The current default is 2, but might
change to 4 in the future.

with this flag the setsize for a set of integers can be manipu-
lated. The number must be the number of bits per seft. The de-
fault value is 16, just fitting in one word on the PDP and many
other minis.

i¥ + then code is inserted to keep track of Ethe source line
number Wihen this +flag is switched on and off, an incorrect
line number may eppear i¥ the error occurs in a part of your
progran for which this flag is off. These same line numbers cre
used for the profile, flow end count opiions of the EH-1 inter-
preter emi {61, Default +.

the size of pointers cen be chenged by this option. <{num> should
be specified in 16 bit words. Default 1I.

if + then code is inserted to checit subrenge wvwariables eageinst
lower and upper subrange limits. Default +.

i¥f + then the compiler will hunt for places in your progran
where non-standard features are used, and for each place found
it will generate 2 warning. Default -.

i¥ + then each time o procedure is entered. the routine ‘procen-
try’ is called. The compiler checks this flag just befors the
first symboil thot follows the first ‘begin’ of the body of the
procedure. Also, when the procedure exits, then the procedurs
‘procexit’ ig celled if the € flag is on just before the tlast
‘end’ of the procedure body. Both ‘precentry’ and ‘procexit’
have o packed arrey of 8 characters as o parameter. befault
procedures are present in the run time library. Default -.

it + then the character °_° is ftreated like a lower case ieftfer,
so that i+t may be used in identifiers. Procedure and function



identifiers starting with an underscore moy cause problems, be-
cause they may collide with library routine names. Default -,

Seven of these flags €c, d, £,-i. p, s and u) are only =e2ffective when
they appear before the ‘pragram’ symbol., The others may be switched on
and of .

4 second methed of passing options to the compiler ia available.
This method wuses the file an which the compact EM-1 code will be wurit-
ten. The compiler starts reading from this file scanning for optiaons in
the same format as used normally, except ¥for the comment delimiters and
the doliar sign. Ail options found on the file override the options set
in your program. Hote thet the compect code file must clways exist be-

fore the conmpiler 15 called.

Tie user interface program pcid4] tekes cere of cresting this file

normally and also writes one of its options onto this file. The user
can specify, for instence, without changing any cheracter in its Fascal
progran, thet the compiler must include code for procedure/function
tracing. )

@nother wery pouwerful debugging ftoel is the knowledge that inacces-
sible statemsnts eaend useless tests are removed by the EN-1 optimizer.
For instance, o statement like:

i debug then
writeln(’initiatization done’ };

is completely removed by the optimizer if debug is ¢ constent with vaiue
falise. The first 1line is removed if debug is 2 constant with value
true. Of course, if debug is ¢ variable nothing cen be removed.

& disedvantage of Pascal, the lack of preinitialized data, can be
diminished by making wuse of the possibilities of the EM-1 optimizer.
for instance, initializing an array of reserwved words is sometimes op-
timized into 3 EM-1i instructions. To maximize this effect you must ini-
tialize variables as much as possible in order of declaration end array
entries in order of increasing index.
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