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CHAPTER 1
INTRODUCTICN

This Validation Summary Report {VSR) -describes the extent to which a
sner1fic Ada  compiler conforms to the Ela Standard, 3GSIT/MIL-STD-1315a.
This report explains all technical terms wused within 3t and thoronghly
‘=norts  the results of ftesting this compiler wsing the 2da Corpil=r
alidation Capabilitv (ACVC). An Ada compiler must be implemented
according to the &Ada Standard, and any implementation-d=zpendent fzatur-s
must cenform to the requirements of the Ada Standard. The Ada S3Standard
must be implemented in its entirety, and nothing can be implemented that is

not in the Standard. s

-

ot

Even though all walidated Ada compilers conform to the Ada Standard, it
must  be und=2rstood that some diffzrences do esist between implementations.
The Ada Standard permits some implementation dependencies--for evampie, the
mavimum lenqgth of identifiers or the maximum values of integer typas.
Oth~r differ=sncas bhetwsen compilers result from the characteristics of
particular operating systems, hardware, or implementation strategi-=s. Aall
the dependencies observed during the process of testing this rcompiler are
given in this report.

Th= information in this report is derived from the tast results producad
during validation ‘testing. The validation process includes subhmitting a
snite of standardized tests, the ACVC, as inputs to an Ada compiler and
evaluating the results. The purpose of vwalidating is to snsure cor. ormity
of the compiler to the hda Standard by testing that the compili-. _.cperly
piements 1legal languace constructs and that it identifies rrd r<iects

1llzgal lanqguage construects. The testing also identifies behav_or that is
impliementation dependent, but is permitted by the Ada S*andard. 3ix
ciassas nf tests are usad. Thesz tasts are designzd to perfnrm checks at

compile time, at link time, and during execution.

im

FURPOSE OF THIS VALIDATION SUMMARY PE: ORT

[y
.
[EEY

This VSR docunents ‘he resul<s of the validation testing performed on an
Ada compiler. Testing was carried out for the following purposes:
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INTRODUCTION

To attempt to identify any language constructs supported by the
compiler that do not conform tc the Ada Standard

To attempt to identify any language constructs not supported by
the compiler but required by the Ada Standard

. To determine that the implementation-dependent behavior is allowed
by the Ada Standard

Testing of this compiler was conducted by the AVF according to procedures
established by the Ada Joint Program Office and administered by the Ada
Validation Organization (AVO). On-site testing was completed Friday 25th
August 1989 at SYSTEAM KG, Karlsruhe.

1.2 USE OF THIS VALIDATION SUMMARY REPORT

Consistent with the national laws of the originating country, the AVO may
make full and free public disclosure of this report. In the United States,
this is provided in accordance with the "Freedom of Information Act"
(5 U.£.C. #552). The results of this wvalidation apply only to the
computers, operating systems, and compiler versions identified 1in this
report.

Th. oryanizations represented on the signature page of this report do not
represent or warrant that all statements set forth in this report are
accurate and complete, or that the subject compiler has no nonconformities
to the Ada Standard other than those presented. Copies of this report are
available to the public from:

Ada Information Clearinghouse
Ada Joint Program Office
OUSDRE
The Pentagon, Rm 3D-139 (Fern Street)
Washington DC 20301-3081
or from
IABG mbH, Abt. SZT
Einsteinstr 20
D8012 Ottobrunn

Questions regarding this report or the validation test results should be
directed to the AVF listed above or to:

Ada Validation Organization
Institute for Defense Analyses
1801 North Beauregard Street
Alexandria VA 22311




1.3 PREFERENCES

fareace Manual for the Ada Programming Lanqnage,

NSI/MIL-STD-18154, February 1983 and ISC 8A52-1¢87.

2. 2d= Corpiler Validation Procedurss and Gnidelines, Ada Joint
Prograr Office, 1 January 1987.

(98 )

Rda Compiler Validation Capability Tuplementere’ Guidz, 3af7-rh,
Inc., December 1986.

4. Ada Compiler Validation Capability Us=r's Gnide, Decemher 1934,
1.4 DEFINITION OF TERHS

ACYC The Ada Compiler Validation “anability. Th- d

s=at of Ada
programs that tests the conformity of an Ada compiler to the
~1a programming langnaqge.
ada Ar. Ada Commentary contains all information relewvant to the
Commentary point addressed by a comment on the Ada Standard. Th=se

comments are given a unique identification nurber having the
form AI-d4ddddd.

Ada Standard ANSI/WMIL-STD-1815A, Fehruary 19283 and I35 8652-1937.

spplicant The agency requesting validation.

RVF The Ada Validation Facility. The AVF 1is resprnsibi=  for
conducting compiler wvalidations arcording to procedur=s
contained in the Ada Compiler Validation Prroredvres and
Guidelines.

o] The 2da Validation Organization. The AVO has ovareight
authority over all AVF practices for ‘*the purpose of
raintaining a wuniform process for valida“tion of LA

compilers. The AVO provides administrative and techrical

support for 3da validations to =nsure consistent practic-s.
Compiler : processor for the Ada language. In the context of this
renort, a compiler 1is any languags processor, including

cross-compilers, translators, and interpreters.

Failed test En ACVC test for which the compiler generates a result that
demonstrates nonconformity to the Ada Standard.

Host The computer on which the compiler resides.
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Inapplicabl= An AZYT test that uses features of the language that a
test compiler i3 not raquired to  sunport or may  leqgitimatelv
support in a way other than the one expected by the test.

Pass=d tegt At ACYC t=st for whi~h A coapiler gen<rates the expectad

rasult.

Target The computer which =executes the rode generated by the
compiler.

Teet * proagram that checks a compiler's conformity regarding a
particular fesature or a combination of features to the Ada
Standard. 1In the context of this report, the term is used to
desiqgnate a single test, which way comnpriss one or mors
files.

Vithdrawn Al ACVC test found to be incorre~t and wnot used to check

test conformityv to the Ada Standard. A test may be incorrect
because 1t has an invalid test objective, fails to meet its
test objective, or cortains illegal or erronzous use of the
language,

1.5 ACYC TEST CLASSES

Cenformity to the Ada S*andard is m=asured using the ACVC. The ACVC
contains both legal and illegal Ada programs structured into six test
classes: A, B8, C, D, E, and L. The first lett-r of a ftest name identifiszs
the cliass to which it belongs. Class A, C, D, and E tests are executable,
and sp=rial program units ave used to report their results during
execution. Class B tests ar:z expacted to produce compilation errors.
Class L tests ars exvactad to preoduce errors because of the way in whizh a
program libraryv is used at link ftime.

Class A tests en ¢ the successful compilation and execntion of legal Ada
programs with tain language constructs which cannot be verified at run
time. Thare are no explicit prooram componants in a Class A test to check
semantics. For example, a Class a test checks that reserved words of
another language (other than those alresady reserved in the Ada language)
are not treated as reserved words by an Ada compiler. A Class A test 1is
nagssed if no errors are detected at compile time and the program executes

to pnroduce a PASSED messag-=.

Class 8 testse check that a compiler detects 1illegal Jlangnage usage.
Class B tes<s are not executable. Earch test in this class is compiled and
the resulting compilation listing is examined to verify that every svntax
or semantic error 1in the test is deterted. & Clase B test is passed if
every illegal construct that it contains is detected bv the compiler.
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flage { tests rheck the run time system to <nsures that legal Ada progrars
can he correctly coumpiled and sx¥ecut=d. Each "lass C test ie z-1f-checking
and produces a PASZED, FAILED, or NOT APFLICABLE messac~ indicating the
rasult when 11 1s =zxecuted.

Class T tests check the comnilation and ex=cution cipacitizs of a enmpiler.
finc= there are no capacity requirements placed on a compiler hy the Adsa
Standard for soms parameters—--for exampies, the number of 1dentifiers
permitted in a compilation or the nurber of upits in a library--a compiler
may refuse to rompile a Tlass D test and still be a conforming compiler.
Therafore, 1f a Class D test fails to compile h-~auss the capacity cf the
corpiler 1s =xceeded, the test 1s classified as inapplicabl-. If a Class D
test compiles successfully, it is self-checking and prod ces a PASSED or
FAILED message during execution.

Class E tests are ezpectad to execute sneregsfnlly and check
implementation-dzpendent options and resolutions of ambigniti~s in the ada
Strapndard. Tach Class E test is self-checking ard nroduces A 1oT
APPLICZBLE, PASSED, or FalLED message when it is rompiled and execnuted.
However, tihe ida Standard permits an implsmentation to raject Dprograms
containing some features addressed by Class E tesfs during compilatiou.
Therefors, a Class £ test is passed by a compiler if it 1s compiled
successfully and executes to produce a PiRSSED message, or 1f it is rejected
bv the compiler for an allowable reason.

s check that incompilete or illegal *~da programs involving
cparately compiled units are destectad and not 3llowzd to
Class L tests are compiled separately and exscution is Attempred.

tost nasses if it is rejected at link time--that ie, an attempt
tz the main program mnust denerate an error message n-fore any
claraticens in the main proaram or any urits referenced by the main
ogram are elaborated. 1In some cases, an implementation may legitimately
tect errors during compilation of the test.

p—t
[
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units, the package REPORT and the proc-dn
cking fzatures of the exacutab¢e tests., T
nechanisr by which executable t=2sts report PA
NOT A‘.?:LMBLE resulits. It alsg provides a s=t of 1
to defeat som= compiler op-imizations allowed by the Ttandard »hat
vould circumvent & test obhiective. The nrocsdur= CHECKE_FILE 1s used to
check tha contents of text files written by some of the Class C tests for
Chapter 14 of the Ada Standard. The oneration of RIPORT and CHECK_FILE :s
checkad by a set of executable tests. These t<sts producz messages that
are exarinzd o verify that the units are operating corrvectly. If these
units are not operating correctlv, then the validation 1s not artempted.

The text of each test in the ACYC follows conventions that arz intended to
ensure that the tests are reasonably portable without mndification. For
example, the tests make use of only the basin set of 55 characters, contain
lines with a maximum length of 72 characters, use small numeric values, and
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tests. However, some tests contain valuss that require tha test to h-
customized accoording te  implementation-specific wvalnes-—frnr wevqeplc, an
iiiegal file name. z list nf the wvalues us2d for this wvalidation is

nrovidad in Appendix C.

X compiler must corr=ctly nrocess each of the tests in  the sulte and
d=monstrate conformity to the Ada Staudard by w=ithzr westing the pass
criteria given for the test or by showing that the test is inaprlicalble
the implementation. The applicability of a fest tn an implementarinn is
considered each time the implementation 1s validated. L test that is
inapplicahle for one validation 1is not necessarily inapplicable for a
subcequent validation. Any test that was detezrmined to conrtain an  1llegal
lan~iage corstruct or an erroneous language construct is withdravn from the
ACYZ and, theraforz, 1s not uszd 1n testing a compiler. The tests
withdrawn at the time of this validation Aare given in Appendix D.

AN 7 R

)




CONFIGURATION INFORMATION

CHAPTER 2

CONFIGURATION INFORMATION

2.1 CONFIGURATION TESTED
The candidate compilation system for this validation was tested under the
following configuration:
Compiler: EYSTEAM Ada Compiler VAX/VMS x MC68020/BARE Version 1.81
ACVC Version: 1.10
Certificate Number: #890825I1.10176
Host Computer:
Machine: VAX 8530
Operating System: VMS Version 4.7

Memory Size: 32 MB
Target Computer:

Machine: Motorola MC68020 on MVME133XT board
with MC68882 floating-point coprocessor

Operating System: BARE MACHINE

Memory Size: 4 MB

Communications Network: RS-232




2.2 IMPLEMENTA

TIOM CHARACTERISTICST

One cof the purposes nf validatine compilare is ro A-tevnine the Lehaviar of

a compil=r

to differ.

differences.

in those areas of the Ada Standard that nermit 1mnlewentatinps

Class D and E *fzste specificslly check for su~h  imnlamentation

However, tests 1in oth2r class2s alsn rharacr=rize an

implewentation. The tests danonstrate the following charact-risti-g:

Capacities.

1)

The compiler correctly processes a compilation containing
723 variables 1in the same declarative (See  test
D29002K.)

o)

The rn"piler correctly processes t
statements nested to 65 leve
(8 tests).)

sts  rontalulag coD
Ses

tests DS5AD03A..H

et
— L
1

The compiler - covrectly processes tects containing
block statements nested to 65 levels. (See test D56001B.)

The compiler cnrrectly processes tests rontaining
recursive procedures separately compiled as subunits nested to
17 levels. (See tasts DA4NOARE..G (3 tests).)

Predefined tvpes.

[S=Y
~—

This implementation supports the additional predefined tynes
SHORT_INTEGER, SHORT_FLOAT, and LONG_FLOAT in the nackage
STANDARD. (S=e tests BB86001T..Z (7 tests).)

Expression evaluation.

The order in which exXprasssions ar- evalnated and the time at which
constraints are checked are not defined by the language. W¥hile
the ACVC tes"s do not specifically attempt to detarmine the order
of evaluation of expressions, test results indicate the following:

1)

3)

Kona of the default initialization exnressions
for record components are evaluated before any value is
checksd for membership in a component's suhtvpe. {See test
32117%.)

Assignments for subtypes are performed with the same

precision as the hase type. (See test C35712B.)

This implementation uses no evtra bits for extra »p
and uses all extra bits for extra vrang=. {3
C35903%.)
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[

Mo excertion 1s raised when an i.teg2v liferal nperand in a
compariscn  or werbership test is outside the range of fthe
bas~ tyne. (S-e test C452322.)

5) No  excentien 1s rvaised when A lii-..7 onerand in a  fis~d-
point comparison or memhership t-st iz ontside th- rano-

of the base tyne. (See test C45252A.)

Underflow is gradual. (See tests C45524%..7 (26 tests).)

(o3
~

Rounding.

The method by which valwues ar- ronwnizd in type conversions is nnt

d=fined by ths language. While the ACVC tests do not specifically

att=smpt to deztermine the method of vranndirg, the test ra=snlts

indicate the following:

1) The method used for rourding to integer 1is round fto =ven.
(See tests C4A012A..Z (2A tests).)

2) The methnd nsa2d for rounding to lonoest intager 1is  round
to even. (See tests C46012x..27 (24 tests).)

egeyr

r in static universal

3) The method used for rounding tn in
W rom zero., (See test

i
real e¥pressions 1is round a
C4A0142%.)

t
ay

Rrray types.

An implementation 1is allowed to raise NUMERIC_ERROR o
CONSTRAINT_ERROR for an arrav havin a 'LENGTE that exczeds
STANDHRD.IU”“"BR LAST and/or SYSTEM.MAY _INT. For this
implementation:

g
E

N odaad o4

is implementation =2valuates the 'LENGTY of each constrain=d
2 suk<vne during elaboration of the tvpe declaration. This
anses the declaration of a constrained arr
ha INTEGER'LAST (which 1is equal to Z37°% _
implemantation) components to raise CONSTRAIWT_ERRGR. Howetwer ,  the
optimisation mechanism of this 1mplementat10n suppresses  the
valuation of 'LENGTE if no obiect of the arrayv tvpe is declar=d
depnending on whether the bounds of the arrar are static, ‘the
vigipilitvy  of the array tyne, and the ©presence of local
subprograms. These ~eneral remarks apply to points (1) to (5!, and
(8).

v subtype with mare
EM.MEV_INT for this

uI)
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CONFIGIRRTTION IUFGRMETION

Declaratinn of an array type or subtyne declaration with norz
than STYITEN MAY_INT  r~emponents ralses no excention if the

\

nounds of the arrav arc static. {(See test C3A007%.)

CONSTRATIHT _ERROR is raised when 'LENGTH is apnlied to  an
array type with INTEGER'LAST + 2 components if the hounds of
the array ar= not static and if the subprogram declaring the
array type contains no local subprograms. {See test C36202A.)

COMSTRAINT_EFROR ie ralsed when 'LEVGTH is applied to an
array type with SYSTEM.MAX _INT + 2 componants if the bounds of
the array are not static and if the snhnrogram declaring the
array type contains a local subprogram. {See test C3ARZ02B.)

» nacked BOGLEAN array haring a 'LENGTH excaeding INTEGER'LAST
raises CONSTRAIVWT_ERROR when the array fyne is declar=d if the
ponunds of the array ars not srvratic and if thers are obhiects of
the array typz. (See test C52103X.)

packed two-dimensional BOOLEAN arrav with more than
TEGER'LAST components raises COVSTRAINT_ERROR when the
ra tvpe 1is declared if the bounds of the Array are not
atlc and if there ars objects of the arrav tvpe. (See test
2104y.)

n .»Hn-
U1 ot

<

In assigning one-dimensional arrav types, the expression 1ig
not evaluatsd in its entirety Dbefore CON TRAINT _ERROR 1is
raised wuen checking whether the expression's subtype 1is
compatible with the target's subtvpe. (See test C52013%.)

In assigning two-dimensinnal array tyves, the expression 1is
not evaluatad in its entirety before CONSTFAINT_ERROR 1is
rais=d when <checking whesther the expression’'s subtvpe 1is
compatible with the target's subtvpe. (See test CS52013A.)

A null arrvay with one dimension of lenath greater
than INTEGER'LAST may raise NUMERIC_ERROR or
CONSTRAINT_ZRROR  either wvhen  declared or assigned.
Alternatively, an implementation may accept the
dzclaration However, lengths must match in arrayv slice
assignments. This 1imnlementation raises  CONSTRAINT_ERROR
when the array tvpe is declared if the bounds of the

array are not static and if there are objects of th: array
*upe. (See test ES21027.)




Discrininated types.

s

17 In assianing record types with Jdiscriminants, the evpression

is not evaluated in its entivety b=fore
CONSTRAINT_FRROR is raised when  checking  whether  the
expression's subtype is compatible with the target's subtype.
(S5ee test CHIZ013A.)

Aggregates.

1) In the evaluation of a multi~dimensional aggregate, the test
results indicate that all chonices Are »valuated hefore
checking against the index type. (S#e tests C43207h and

€43207B.)

2} In the evalnation of an Aaggregate containing subaggreéates,
ail choices are evalnated befors being checked for
identical bounds. (See test E43212R.)

3) CONSTREINT_TRROR is raised after all choices are
evaluated when a howrd 1in a non-null range of a non-null
angregate does not belong to an ind=x suhtypre. {See teast
E43211B.)

Pragmas.

1) The pragma INLINE is suppnrted for functions and procedures.
{See tests LA3004A..B (2 tests), EA3004C..D (I tests), and
CA3004E..F (2 tests).)

Generics.

1) Generic specifications and bodies can be comnil+d
separate compilations. {S=e tests CARl1012A, CRZ008C,
C~2009F, BC3204C, and BC3205D.)

2) Generic subprogram declarations and bodies can be «co
in separate compilations. {Cee tests CAlO0I2X and CAZ

3) Generic library subprogram snecifications and bodies can be
compiled 1in separate compilations. (See test CAI0IZA.)D




o)

~3

3)

CONTIGHRATION INFGRMATION
G=neric non-library package hodies as subunits can b- cowpiled
ir <eparate compilations. (Ses tast TA20097.)

Gzneric non-library subprongram hodies can bhe compiled 1in
separate connilations from their stubs. (See test CA2009F.)

Genzaric unit bodies and their subunits can bhe compiled :in
separate compilations. (See test CA30114.)

Gzneric package declarations and bodies can be compiled in
separate compilations. {See tests A2009C, BC3204C, and
BZ3205D.)

Generic library package snpecifications and bndies can he
compiled 1in separate compilations. (See tests BC3204C and
BZ3205D.)

Generic unit bndies and their snbunits can he comniled 1in
separate compilations. (See test CAa30D11A.)

Input and output.

1)

o
~—

The package SEQUENTIAL_IO can be instantiated with
unconstrained array types and record types with
discriminants without defaults. (3ee¢ tests AEZ101C, EE2201D,
and EE2201Z.

The package DIRECT_IO can be instantiated with
unconstrained array types and record tvnes with
discrirminants without defaults. However this implementation
raises USE_ERROR upon cr=ation of a file for wunconstrained
avray tvpes. (See tests AEZ210iH, EF24010, and TEZ20185.

The director, AJPO, has determined (AI-00332) that every call
te OPEN and CRERTE must raise USE_ERROFR or NAME_ERROR if fiil:c
input/output is not supported. This implementation exhibits
this behavior for SEQUENTIAL_IO, DIRECT_IO, and TEXT_IO.




CHAPTER 3

TEST INFORMATION

3.1 TEST RELSULTS

Varsion 1.10 of tna ACVC comprises 3717 tasts. Vhen this compiler was
tested, 44 tests had been withdrawn because of t=st errors. The RAVF
d=terminad that 481 tests were 1napplicable to this implementation. All
inanplicable tests were processed during validation testing except for 159
axacutable tests that uvse floaring-point precisinn exceeding that supnortad
by the implementation and 238 tests containing file op=2rations rnot
supported bv the inmrlezmentation. Modifications to the code, procassing, or
grading for 14 tests were required to svccessfully demonstrate the test
cbjectivs. (See section 3.6.)

The AVF  concludes that the testing results demonstrate acceptable
conformity to the Ada Standarc.

3.2 SUMMARRY OF TEST RESULTS BY CLASS

RESULT TEST CLASS TCTAL
B B c b E L
Passed 120 1132 1852 17 16 46 3102
Inapplicable 0 6 4f3 0 12 0 481
Vithdrawn 1 z 35 0 & 0 12

TOTRL 130 1140 2350 17 34 46 3717
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3.3 SUMMARY OF TEST RESULTS BY CHAPTER

RESULT CHAPTER TOTAL
2 3 4 5 6 7 8 9 10 11 12 13 14
Passed 202 591 566 245 172 99 161 331 137 36 252 325 75 3192
N/A 11 58 114 3 0 0 5 1 0 " 0 44 245 481
vdrn 0 1 0 0 0 0 0 2 0 0 1 35 5 44
TOTAL 213 650 680 248 172 99 166 33¢ 137 36 253 404 325 3717

3.4 WITHDRAWN TESTS

The following 44 tests were withdrawn from ACVC Version 1.10 at the time of
this validation: '

E28005C A39005G B97102E C97116A BC3009B CD2A62D
CD2R63A CD2R63B CD2A63C CD2A63D CD2RA66A CD2A66B
CD2A66C CD2A66D CD2AT73A CD2A73B CD2A73C CD2A73D
CD2A76A CD2A76B CD2A76C CD2AL76D CD2R81G CDCA836G
CD2A84N CD2A84M CD50110 CD2815C CD7205C CD2D11B
CD5007B ED7004B ED7005¢C ED7005D ED7006C ED7006D
Cr7105a CD7203B CD7204B CD7205D CE2107I CE3111C
CE3301A CE3411B

See Appendix D for the reason that each of these tests was withdrawn.

3.5 INAPPLICABLE TESTS

Some tests do not apply to all compilers because they make use of features
that a compiler is not required by the Ada Standard to support. Others may
depend on the result of another test that is either inapplicabie or
withdrawn. The applicability of a test to an implementation is considered
each time a validation is attempted. A test that is inapplicable for one
validation attempt is not necessarily inapplicable for a subcsequent
attempt. For this validation attempt, 481 testc were inapplicable for
the reasons indicated:

14
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The fcllowing 159 tests are not applicable because they have
finating-roint tvpe d=eclarations requiring more digits than

SYSTEH.IIAY _DIGITI:

€241130..Y (11 tasts) C357050..Y (11 tests)
£357060..Y (11 tests) €3587070..Y {11 tests)
€357080..7 (11 tests) £153020..2 (12 tests)
£452410..Y (11 tests) £453210..Y (11 tests)
C454210..%7 (11 tests) C455210..2 (12 tests)
€455240..2 (12 fests) €456210..Z2 (12 tests)
C456410..Y (11 tests) €460120..2 (12 tests)

C340G7P and C34007S are expected to raise CONSTRAINT_ERROR. This
implemantation optimizes the rode at compile time on lines 205 and
22 respectively, thus aveoiding the operation which would raise
CCHIISTRAINT_ERROR and so no exception is rais-d.

£41401A 1is =xpected to raise CONSTRAINT_ERROR for the evaluation
nf rertain attributes, however this implementation derives the
values from the subtypes of the prefix at corpile time as allowed
by 11.4 (7} LRM. Therefore elaboration of the prefix 1is not
involved and CONSTRAINT_ERROR is not raised.

The following 16 tests are not applicable because this
implementation does not support a predefined type LONG_INTEGER:

€45231c¢C C€45304C €45502¢C £45503C €45504C
C45504F C45611C €15613C €45614C Cd5631C
c45632C B52004D C55B07A B55B09C B85001W
€D7101F

C45531M..P (4 tests) and C45532K..P (4 tests) are inapplicable
because the value of SYSTEM.MAX_MANTISSA is less than 48.

€47004% 1is expected to raise CONSTRAINT_ERROR wnilst evaluating
the comparison on line 51, but this compmiler evaluates the result
without invoking the basic operation qualification (as allicwed by
11.6 (7) LRE) which would raise CONSTRAITT_EFPOR and so no
exception 1s raised.

C3A001F is not applicable because, for this irplementation, the
rackage TEXT_IO 1s dependent upon package SYSTEX¥. These ‘tests
racompile package 3YSTEM, making package TEXT_IO, and hence

package REPORT. obsolete.

27001X, €45231D, and CD7101G are not applicable because this
implementation does not support any predefired integer type with a
name other than INTEGER, LONG_INTEGER, or SHCRT_INTEGER.
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B3A20LT 13 not aprlicairle because this implementation supports no
pred-fin=3 fixad-point type other than DURATION.

BSANOLIZ is not applicable because this 1mplementation supports no
predefined floating-point type with a name other than FLOAT
LOIMG_FLOAT, or SHORT_FLOAT.

C94005B is not applicable becauss there are no values of type
DURATION'BASE that are outside the range of DURATION.

CD1009C, CDZA41A, CDZA41B, CDZIA41E and CD2A4ZA..J (10 tests) are
not applicable berause this implemzntation impnses restrictions on
*SIZE length clauses for floating point tynes.

CD2AG1I and CDZA61J ars not applicable because this implementation
imposes restrictions on 'SIZE length clauses for array types.

{4 tests), CD2RT2A..D (4 tests), CDZAT4A..D (4 tests)
and £322752..0 (4 tests) are nnot  applicable hecause this
est

implementation 1imposes r rictions on 'SIZE lencth clauses for
record fvpes.

CD23A84B..TI (8 tests), <CD2AS84K and CD2A34L are not
because this implementation imposes restrictions on 'SI
clauses for acress tvpes,

nlicable
lzngth

an
o
IZE

The following 235 tests are inapplicable because sequential, text,
and direct access files are not supported:

CE2102A..C (3 tests) CE21062G..H (2 tests)

CE2102K CE2102N..Y !1Z tests)
CE2103C..D (2 tests) CE2104X%..D (4 tests)

CE2105A..B (2 tests) CE2106A..B (2 tests)
CE21075..H (8 tests) CEZ1C7L

CE2108%~..B (2 tests) CE2108C..H (6 tests)
C22106%..C (3 tests) CE2110~..D (4 tests)
CE2111A..7 (6 tests) CE’ll“..B (2 tests)
CE2201%..C (3 tests) E220iT..N (9 tests)
CE220&x..D (4 tests) uL4205n

CT2208B £524014..C (3 tasts)
T24NIE..F (2 tests) CEZ401H..L (5 tests)
CEC4C2A..B (2 tests) CE24058B

CE24065% CE2407A..B (Z tests)
TE24034..B (2 tests) CE2408~..B (2 tests)
CE2410A..B (2 tests) CE2411A

CE3102A..B (2 tests) EE3102C

CE3102F..F (3 tests) CE3102J..K (2 tests)
TE3103A CE3104%..C (3 tests)
CE3107B CE3108A..B (2 tests)
231094 CEZ110A

CE3111A..B (2 tests) CE31110..E (2 tests)




CE311Z2A..D & =wetsg) CER1TAL R (D rests)
CE3115% ETR203%
CEIZ08:A EET3INIR
CERINIA CE33052
C¥34022 EE3102R
CEIANZC..D (2 t=sts) CEZEN3A. .0 (2 teats)
CE34C3E..F (T t=sts) CEXJ04B..D {3 r=zsts)
CER405A EZ2405R
CE3AD5C..0 (2 tests) CE3406A..D (4 tests)
CE3407x..0 (3 tests) CE3408A4..C {3 tasts)
CE340SA CE3409C..E (3 tests)
EE3409F £31102
CE3410C..E (3 tects) FE3410F
CE34114..R (2 tests) CE34124
EE3412¢ CE341R:
CE3413¢C CE3A02A..T0 {4 teoatgl
CE3603A CE3/04A..B (2 r=erg)
CE3RCS5A..E (5 tests) CE3IANEL ., .B (2 *=23trs)
CE3704A..F (6 tests) CE3704M..0 {3 testq)
CE37G4D CE3706F..5 (2 tests)
CE3804x..F (154 tests) CE3805~..B (2 tests)
CE3806A..B (2 tests) CT3806D..E (7 tests)
CE3806G..H (2 tests) CE39054..C (3 tests)
CE3905L CE3906%..C {3 tests)

CE3906E..¥ (2 tests)

These tests wavre not processad because their inapplicability can
be deduced from the rzsult of other tests.

q. Tests CE2103A, CEZ103B and CE3107A raise USE_ERROR upon create for
Sequential, Diract and Text IO.

r. Tests EEZ201D, EE2201E, EE2401D and EEZ4017° raise USE_ERROR upon
create.

3.6 TEST, PROCESSING, AND EVALUATION MODIFICATIONS

It is expectzd that some tests will require mndifica*ions of code,
processing, or evaluation in order trn «coapepsate for lagitisate
implementation bzhavior. 1ilodifications are made by the AVF in cascs whers

izgitimate implew=zntatinn behavior prevents the sucrzesfn] ~nmpletion of an
{otherwise) applicable test. Examples »f such mndifications 1include:
adding a length clause to alter the default size of a collection; sriitting
z Class B test irto subtests so that 211 errors are detec*=d; and
confirming that we=ssages produced by an e2xacutable test demonstrate
confnrming behavior that was not anticipated by the test (such as railsing
one e¥ception irstead of another).

Hodifications were required for 14 tests.
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APPENDIX A

DECLARATION OF CONFORMANCE

SYSTEAM KG has submitted the following Deslaratinn
of Conformance coucerning the SYSTE:Z' 2da Compiler
VAX/VHMS x MC658020/BARE Version 1.81.

e
s




Declaration of Conformance

Customer: SYSTEAM KG
Ada Validation Facility: IABG m. b. H., Abt. SZT

ACVC Version: 1.10

Ada Implementation

Ada Compiler Name: SYSTEAM Ada Compiler VAX/VMS x MC68020/BARE
Version: 1.81

Host Computer System: VAYX 853C under VMS, Version 4.7

Target Computer System: Motorola MC68020 on MVME 133XT board

with MC68882 floating-point coprocessor
(bare machine)

Customer's Declaration

I, the undersigned, representing SYSTEAM KG, declare that SYSTEAM KG has
no knowledge of deliberate deviations from the Ada Language Stardard
ANSI/MIL-STD-1815A in the implementation(s) listed in this declaration.

. 25.08.1989
Signature Date
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APPEUDIX 7 0¥ THE ida STAWDARD

The only allow=d implementation dependencies correspond to
irplementation-dependent  pragras, to certain machine-depend=nt conventions
as mentioned in chaptar 13 of the Adaz 3tandard, and to «ertain allowed
restrirtions on representatinn  clanses, The implamentation-denendent
characteristics c¢f the SYSTEAN Ada Compiler VAX/VY¥S ¥ MCAR3ND20/BARE Versian
1.81, as described in this Appendix, are provided by 3YSTEA! K&G.
Unless specifically noted otherwise, vrzfzrances 1in this appendix are
to compijer documentation and not to this report.
Irplementation-specific portions of the package STANDARD, which are not a

-

part of Zppendix T, are:

package STANDARD 1is

vpe INTEGER 1s range - Z_147_483_6d
tvpe SHORT_INTEGER 1is range - 32_7%

type FLOAT is digits 15 range

- 16%0 .FFFF_FFFF_FFFF_F8LEZ56 .. 1680.FFFF_FFFF_FFFr_F34#E256;
tvpe SHORT_FLOAT is digits é range

- 1R4C . FFFT VF3E3" .. 1640 FFFT_FrEEl2;
type LOWG_FLOXT is digits 18 range

- 1640 .FTFF_FFFF_FFFT_FTFTET36948 ..

16#0.-?:? _FFFF_FFFF_FFFFAR4006;

tvpe DUFPATION is delta 241.08E-14 range

- 131_.072.0 .. 131_071.999_933_964_843_75;
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11 Appendix F

This chapter, together with the Chapters 12 and 13, is the Appendix F required in
[Ada], in which all implementation-dependent characteristics of an Ada implementation
are described.

11.1 Implementation-Dependent Pragmas

The form, allowed piaces, and effect of every implementation-dependent pragma is
stated in this section.

11.1.1 Predefined Language Pragmas

The form and allowed places of the following pragmas are defined by the language;
their effect is (at least partly) implementation-dependent and stated here. All lhe

other pragmas listed in Appendix B of [Adz] are implemented and have the eJect
described there.

CONTROLLED
has no effect.

INLINE
Iniine expansion of subprograms is supported with the following restrictions:
the subprogram must not contain declarations of other subprograms, tasks, generic
units or body stubs. If the subprogram is called recursively only the outer call of
this subprogram will be expanded.

INTERFACE

is suppo-ted for assembler.

If a subprogram <ada_.name> is irmplemented by an assembly language program the
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PRAGMA interface (assembler, <ada.name>)

must be used. The actual parameters for the subprogram a.e written into a parameter
block before the call; within the subprogram body, the address of this parameter block
is stored at (4,A7). All parameters must be stored in a record object, where the first
parameter must be stored at the lowest address of the object; then the subprogram
has only one parameter (of the corresponding record type} and the parameter block
contains only the address of the record object. This technique guarantees conformity
with the calling mechanism of Ada subprograms.

The name of the routine which implements the subprograi. <ada_name> should be
specified using the pragma externzl_name (see § 10.1.2), ctherwise the Compiier will
generate an internal name that leads to an unresolved reference during linking.

MEMORY_SIZE
has no effect.

OPTIMIZE
has no effect.

PACK
see §12.1.

PRIORITY

There are two implementation-defined aspects of this pragma: First, the range of
the subtype priority, and second, the effect on scheduling (see Chapter 10) of not
giving this pragma for a task cr main program. The range of subtype priority is
0 .. 15, as declared in the predefined library package system (see §11.3); anc the
effect on scheduling of leaving the priority of a task or main program undefined
by not giving pragma priority for it is the same as if the pragma priozity O
had been given (i.e. the task has the lowest priority).

SHARED
is supported.
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STORAGE_UNIT
has no effect.

SUPPRESS
has no effect, but see §11.1.2 for the implementation-defined pragma suppress_
all.

SYSTEM_NAME
has no effect.

11.1.2 Implementation-Defined Pragmas

EXTERNAL_NAME (<string>, <ada_name>)
<ada_name> specifies the name of a subprogram or of an object declared in a
library package. <string> must be a string literal. It defines the external name of
the specified subprogram or object. The Compiler uses a symbol with this name .
for the entry point of the subprogram or the base address of the object, so that it
can be called or accessed by external routines by using this name. The Compiler
also uses this name when calling the subprogram or accessing the object. <string>
is case given order sensitive, i.e. it must be given in exactly the same manner as it
is used by external routines. The subprogram or object declaration of <ada_name>
must precede this pragma. If several subprograms or objects with the same name
satisfy this requirement the pragma refers to that subprogram or object which
immediately precedes it.
For subprograms this pragma is useful in connection with the pragma interface
(assembler) (see §11.1.1).

RESIDENT (<ada_name>)
this pragma causes the value of the object <ada_name> to be held in storage (it
may be held in a register too) and prevents assignments of a value to the object
from being eliminated by the optimizer (see §3.2) of the SYSTEAM Ada Compiler.
The following code sequence demonstrates the intended usage of the pragma:

X : integer;
a : systerm.address;
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a := x'address; -
do_something (a); -- let do_something be a non-local

-~ procedure

-- a.ALL will be read in the body

-- of do_something

If this code sequence is compiled by the SYSTEAM Ada Compiler with the option

OPTIMIZER=>0N

the statement x := 5; will be eliminatec because from the point of view of the
optimizer the value of x is not used before the next assignment to x. Therefore

PRAGMA resident (x):

should be inserted after the declaration of x.

This pragma can be applied to all those kinds of objects for which the address
clause is supported (cf. §8.5).

It will often be used in connection with the pragma interface (assembler, ...)
(see §11.1.1).

SQUEEZE
see §12.1.

SUPPRESS_ALL

causes all the run_time checks described in [Ada,§11.7] to be suppressed; this
pragma is only allowed at the start of a compilation before the first compiiation
unit; it applies to the whole compilation.

11.2 Implementation-Dependent Attributes

The name, type and implementation-dependent aspects of every implementation-de-
pendent attribute is stated in this chapter.
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11.2.1 Language-Defined Attributes

The name and type of all the language-defined attributes are as given in [Ada]. We
note here only the implementation-dependen: aspects.

ADDRESS
If this attribute is applied to an object for which storage is allocated, it yields the
address of the first storage unit that is occupied by the object.
If it is applied to a subprogram or to a task, it yields the address of the entry
point of the subprogram or task body.
If it is applied to a task entry for which an address clause is given, it yields the
address given in the address clause.

For any other entity this attribute is not supported and will return the value
systex.address._zero.

IMAGE
The image of a character other than a graphic character (cf. [Ada, §3.5.5(11)])
is the string obtained by replacing each italic character in the indication of the

character literal (given in [Ada, Annex C(13)]} by the corresponding upper-case
character. For example, character'image(nul) = "NUL".

MACHINE_OVERFLOWS

Yields true for each fixed point type or subtype and false for each floating point
type or subtype.

MACHINE_ROUNDS

Yields true for each fixed point type or subtype and false for each floating point
type or subtype.

STORAGE_SIZE
The value delivered by this attribute applied to an access type is as follows:
If a length specification (STORAGE.SIZZ, see §12.2) has been given for that type
(static collection), the attribute delivers that specified value.
In case of a dynamic collection, i.e. no length specification by STORAGE_SIZE has
been given for the access type, the attribute delivers the number of storage units
currently allocated for the collection. Note that dynamic collections are extended
if needed.
If the collection manager (cf. §9.3.1) is used for a dynamic collection the attribute
delivers the number of storage units currently allocated for the collection. Note
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that in this case the number of storage units currently allocated may be decreased
by release operations.

The value delivered by this attribute applied to a task type or task object is as
follows:

If a length specification (STORAGE_SIZE, see §12.2) has been given for the task
type, the attribute delivers that specified value; otherwise, the default value is
returned.

11.2.2 Implementation-Defined Attributes

There are no implementation-defined attributes.

11.3 Specification of the Package SYSTEM

The package systen required in {Ada,§13.7] is reprinted here with all impiementation-
dependent characteristics and extensions filled in.

PACKAGE system IS
TYPE designated_by_address IS LIMITED PRIVATE;
TYPE address IS ACCESS designated_by_address;
FOR address’size USE 32;
FOR address’storage_size USE O;
address_zero : CONSTANT address := NULL;

TYPE name IS (motorola_68020_bare):

systex_name : CONSTANT name := motorola_68020_bare;
storage_unit : CONSTAKT := 8;

nezory_size : CONSTANT := 2 == 31;

ein_int : CONSTANT := - 2 =»» 31;

sax_int : CONSTANT := 2 =» 31 - 1;

pax_digits : CONSTANT := 18;

mex_nmentissa : CONSTANT := 31;

Zine_delta : CONSTAKT := 2.0 »* (- 31);

tick ¢ CONSTANT := 1.0;
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SUBTYPE priority IS integer RANGE O .. 15;

FUNCTION "+ (left : address; right : integer) RETURN address;
FUNCTION "+" (left : integer; right : address) RETURN address;
FUNCTION n-" (left : address; right : integetr) RETURN address;
FUNCTION "-" (left : address; right : address) RETURN integer;
SUBTYPE external_address IS string;

-~ Eccternal addrasses use hexadecimal notation with characters
=~ '0°..'9°", 'a’..'?" and °"A’'..'F'. For instance:

-~ "TFFFFFFF"

-~ "80000000"

-- "8" represents the same address as "00000008"

TYPE interrupt_number IS RANGE 1 .. 32;

interrupt_vector : ARRAY (interrupt_number) OF address;
-~ converts an interrupt_number to an address;

FUNCTION convert_address (addr : external_address) RETURN address:

-- CONSTRAINT_ERROR is raised if the external address ADDR
-- is the expty string, contains characters other than

== *C*..'9°, 'a'..'?", *A’..'F' or if the resulting address
-- value cannot be represented with 32 bits.

FUNCTION convert_addreas (addr : address) RETURN external_address:

-- The resulting external address consista of exactly 8
-- characters '0'..°'9", 'A’'..°F".

non.ada_error : EXCEPTION;

-~ non_ada_error is raised, if soze event occurs which does not
== correspond to any situation covered by Ada, e.g.:

-- illegal instruction encountered

-- error during address translation

-- illegal address

TYPE exception_id IS NEW integer:;

no_exception_id : CONSTANT exception_id := 0;

——
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-- Coding of the predefined exceptions:

constraint_error_id
numeric_error_id
prograz_error.id
storage_error.id
tasking_error_id

non_ade_error._id

status_error_id
node_error._id
name_error._id
use_error.id
device_error_id
end_error._id
data_error_id
layout_error_iad

time_error_-id

no_error_code

: CORSTANT
: CONSTAKT
: CONSTAKRT
: CONSTANRT
: CONSTANT

: CONSTAKT

: CONSTANT
: CONSTAKT
: CONSTANT
: CONSTAKT
: CONSTANT
: CONSTANT
: CONSTAWNT
: CONSTAKT

: CONSTANT

: CONSTART

TYPE exception_information IS

exception_id :
exception_id :
exception_id :
exception.id :

exception_id :=

exception_id :

exception.id :
exception_id :
exception_id :
exception_id :
exception_id :

exception_id :=

exception_id :=

exception_id :=

exception_id :

= 0

RECORD
excp.-id : exception.id;
-- Identification of the exception. The codings of
-- the predefined exceptions are given above.
code_addr : address;

-~ Code address where the exception occured. Depending
-~ on the kind of the exception it mey be the address of
-- the instruction which caused the exception, or it

-- may be the address of the instruction whiclL would

-- have been executed if the exception had not occured.

error_code : integer;
END RECORD;

PROCEDURE get_exception_inforzmation
(excp_info : OUT exception_information);

-- The subprogram get_exception_information must only be called

-- from within an exception handler BEFORE ANY OTHER EXCEPTION
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-- IS RAISED. It then returns the information record about the
-=- actually handled exception.
-- Qtherwise, its result is undefined.

TYPE exit_code IS NEW integer;

error : CONSTANT exit_code := 1,
success : CONSTANT exit.code := O;

PROCZDURE set_exit_code (val : exit_code);
-- Specifies the exit code which is returned to the
-- cperating system if the Ada program terminates normally.
-=- The default exit code is ‘success’'. If the program is

-- abandoned because of an exception, the exit code is
-- ‘'error’.

PRIVATE
-- private declarations

END systerx;

11.4 Restrictions on Representation Clauses

See Chapter 12 of this manual.

11.5 Conventions for Implementation-Generated Names

There are implementation generated components but these have no names. (cf. §12.4
of this manual).

11.6 Expressions in Address Clauses

See §12.5 of this manual.
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11.7 Restrictions on Unchecked Conversions

The implementation supports unchecked type conversions for all kinds of source and
target types with the restriction that the target type must not be an unconstrained
array type. The result value of the unchecked conversion is unpredictable if

target_type'SIZE > source_type'SIZE

11.8 Characteristics of the Input-Output Packages
The implementation-dependent characteristics of the input-output packages as defined
in Chapter 14 of [Ada] are reported in Chapter 13 of this manual.

11.9 Requirements for a Main Program

A main program must be a parameterless library procedvre. This procedure may be
a generic instance; the generic procedure need not be a library unit.

11.10 Unchecked Storage Deallocation

The generic procedure unchecked_deallocation is provided, but the only effect of
calling an instance of this procedure with an object X as actual parameter is

X := NULL;

i.e. no storage is reclaimed.

However, the implementation does provide an implementation-defined package col-
lection_manager to support unchecked storage deallocation (cf. §9.3.1).

11.11 Machine Code Insertions

A package machine_code is not provided and machine code insertions are not sup-
ported.
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11.12 Numeric Error

The predefined exception numeric_error is never raised implicitly by any predefined
operation; instead the predefined exception constraint_error is raised.




.
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In this chapter we follow the section numbering of Chapter 13 of [Ada] and provide
notes for the use of the features described in each section.

12.1 Pragmas

PACK

As stipulated in [Ade,§13.1], this pragma may be given for a record or array type.
It causes the Compiler to select a representation for this type such that gaps
be:ween the storage areas allocated to consecutive components are minimized.
¥or components whose type is an array or record type the pragma pack has no
effect on the mapping of the component type. For all other component types the
Compiler wil! try to choose 2 more compact representation for the component type.
All components of a packed data structure will start at storage unit boundaries
and the size of the components wili be a multiple of systez.storage_unit. Thus,

the pragma pack does not effect packing down to the bit level (for this see pragma
squeeze).

SQUEEZE

This is an impiementation-defined pragma which takes the same argument as the
predefined language pragma pack and is allowed at the same positions. It causes
the Compiler to select 2 representation for the argument type that needs minimal
storage space (packing down to the bit level). For components whose type is an
array or record type the pragm: squeeze has no effect on the mapping of the
component type. For all other component types the Compiler will try to choose
a more compact representation for the component type. The componen:s of 2
squeezed data structure will not in general start at storage unit boundaries.
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2.2 Length Clauses

for all integer, fixed point and enumeration types the value must be <= 32;
for short_float types the value must be = 32 (this is the amount of storage
which is associated with these types anyway);
for £1loat types the value must be = 64 (this is the amount of storage which is
associated with these types anyway).
for long-float types the value must be = 96 (this is the amount of storage which
is associated with these types anyway). :
for access types the value must be = 32 (this is the amount of storage which is
associated with these types anyway).
If any of the above restrictions are violatec, the Compiier responds with a RE-
STRICTION error message in the Compiler listing.

STORAGE_SIZE
Collection size: If no length clause is given, the storage space needed to contain
objects designated by values of the access type and by values of other types derived
from it is extended dynamically at runtime as needed. If, on the other hand, a
length ciause is given, the number of storage units stirulated in the length clause
is reserved, and no dynamic extension at runtime occurs.

Storage for tasks: The memory space reserved for a task is 10K bytes if no length
clause is given (cf. Chapter 10). If the task is to be allotted either more or less
space, a length clause must be given for its task type, and then all tasks of this
type will be allotted the amount of space stipulated in the length clause (the
activation of a small task requires about 1.4K bytes). Whether a length clause is
given or not, the space allotted is not extended cynamiczaily at runtime.

SMALL
there is no implementation-dependent restriction. Any specification for SMALL

that is allowed by the LRM can be given. In particular those values for SMALL are
also supported which are not a power of two.

12.3 Enumeration Representation Clauses

The integer codes specified for the enumeration type have to lie inside the range of the

largest integer type which is supported; this is the type integer defined in package
standard.




Chapter 12 Appendix F: Representation Clauses

12.4 Record Representation Clauses

Record representation clauses are supported. The value of the expression given in an
alignment clause must be 0, 1, 2 or 4. If this restriction is violated, the Compiier
responds with a RESTRICTION error message in the Compiler listing. If the value is
0 the objects of the corresponding record type will not be aligned, if it is 1, 2 or 4 the
starting address of an object will be a multiple of the specified alignment.

There are implementation-dependent components of record types generated in the
following cases:

o If the record type includes variant parts and the difierence of the size between the
maximum and the minimum variant is greater then 32 bytes, and, in addition, if it
has either more than one discriminant or else the only discriminant may hold more
than 256 different values, the generated component holds the size of the record
object. (If the second condition is not fulfilled, the number of bits allocated for any
object of the record type will be the value delivered by the size attribute applied
to the record object.)

e If the record type includes array or record components whose sizes depend on dis-
criminants, the generated components hold the ofisets of these record components
(relative to the corresponding generated component) in the record object.

But there are no implementation-generated names (cf. [Adz,§13.4(8)]) denoting these
components. So the mapping of these compone:ts cannot be infiuenced by a represen-
tation clause.

12.5 Address Clauses

Address clauses are supported for objects declared by an object declaration and for
task entries. If an address clause is given for a subprogram, package or task unit, the
Compiier responds with a RESTRICTION error message in the Coxpiler listing.

If an address clause is given for an object, the storage occupied by the object siarts at
the given adcress.

If an address clause is given for a task entry, then this entry can be called by 2 user
written interrupt service routine. Such an entry is called an interrupt entry. While an
interrupt entry is identified by its Ada name within the Ada program, it is identified
by a number (TYPE interrupt_number of PACKAGE systex) outside the Ada program
(e.g. in the interrupt service routine). This number is defined by the address clause for
the interrupt entry, as the following example shows, where an interrupt entry intr.
entry is declared with number 1:
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ENTRY intr_entry:
FOR intr_entry USE AT system.interrupt_vector (1);

The number of an interrupt entry allows an interrupt service routine to call the inter-
rupt entry. Parameters for interrupt entries are not supported.

The connection between a hardware interrupt and an interrupt entry is done within
an interrupt service routine. An interrupt service routine is an assembler routine that
is automatically activated each time a specific hardware interrupt occurs.

Consider the following example: The user wants to catch the hardware interrupt INTR.
(INTR represents the vector number of the hardware interrupt to be caught.) Then he
has to write an assembler routine ISR which will be activated each time INTR occurs.
This routine must be defined as an interrupt service routine by calling the PROCEDURE
define_interrupt_service_routine of PACKAGE privileged_operations. In the
Ada program ISR must be declared as an interrupt service routine as follows:

-- Declaration of the external routine ISR:
PROCEDURE isr;

PRAGMA interface (assembler, isr);

PRAGMA external_name ("ISR", isr);

-~ Definition of ISR as interrupt service routine for interrupt INTR:
define_interrupt_service_routine (isr'address, INTR);

The interrupt service routine ISR must look like this:

ISR: .. *-~- gave all used registers
*-~ action

ces »-~ restore all used registers
JMP ([-IRRETURN])

-IRRZTURN is defined by the Ada Runtime System. It contains the start address of
the Target Kernel routine that carries out the return from interrupt hgmdling. It is
very important that when !caving ISR all registers (except the status register) have the
same values as they had when entering ISR. ISR is executed in the supervisor state of
the processor. So all instructions (including privileged ones) can be used within ISR.
The processor’s priority depends on the interrupt source.

If the user wants to call the interrupt entry with the number N, then he has to set a
bit within the interrupt entry call pending indicator _IRENTRVYC by the instruction:
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bfset (_IRREKTRYC).1,{N-1:1} =*-- prepare call of
*-- interrupt entry N

This instruction should be placed immediately in front of the last instruction of ISR.
ISR need not call the interrupt entry each time it is activated. Instead ISR can, for
example, read one character each time it is activated, but call the interrupt entry only
when a complete line has been read.

A complete example for interrupt handling follows. ror this example the second RS232
serial line of the MVME133XT board is used (available through the P2 connector)
The assembler routine ISR_READ is activated each time a characier is rece.-ed on that
line. ISR_READ calls interrupt entry char_entry of TASK terzinal_in. terzinal_in
uses TASK terzinal_out to output each character read.

WITH systexz,
privileged_operations,
text_io;

USE privileged_operations,
text_io;

PROCEDURE terminal IS
PRAGMA priority (2);

PROCEDURE setup..scc;
PRAGMA interface (assembler., setup_scc):
PRAGMA external_name ("SETUP_SCC", setup_s«c);

PROCEDURE isr_read;
PRAGMA interface (assembler, isr_read);
PRAGMA externzl_neme ("ISR_RIAD", isr_reald):

TASK terzinal_imn IS
PRAGMA priozity (1);

ENTRY char_entry;

FOR char_entry USE AT system.interrupt_vector (1):
END terzinal_in;

TASK terminal_out IS
PRAGMA priority (0):

ENTRY put (item : IN character);
END terzminal_out:
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sccb_rro : CIONSTANT system.address :=
systex.convert_address ("FFFAOOOO");
sccb_wro : CONSTANT system.address :=

system.convert_address ("FFFAQOOOO");

sccb_rdr : character;
FOR sccb_rdr USE AT system.convert_address ("FFFAOOO1");
sccb_tdr : character:
FOR sccb_tdr USE AT system.convert_address ("FFFAOOO1");

TASK BODY terminal_in IS
ch : character:
BEGIN
LogP
ACCEPT char_entry DO
c¢h := sccb_rdr;
assign_byte (sccb_wro, 16#38%);
END char_entry:
put (ch):
terminal_out.put (ch);
END LOOP;
END terminal_in;

TASK BODY terminal_out IS

BEGIN
LogpP
SELECT '
WHEN bit_value (sccb_rro, 2) =>
ACCEPT put (item : IN character) DO
sccb_tdr := item:
END put;
ELSE
NULL;
END SELECT;
END LOOP;

END terminal_out;

BEGIN

setup_scc;

define_interrupt_service_routine
(isr_read’address, 16#80%);

END terminal;

The following assembler routines also belong to the example:
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typlang equ O
attrrev equ $8000
.——
psect terminal,typlang.,attrrev,0,0,0
o
sccb_rro equ $FFFAOO00
sccb_wro equ S$FFFAO000
sccb.rdr equ $FFFAO001
sccb_tdr equ $FFFA0001
»—-
SETUP_SCC: :
move.b #3830, (sccbhb_wro).1l »-- clear receivar error status
move.b  #3$10,(sccb_wro).l *-- clear external status interrupts
move.b #8309, (sccb_wro).l *-- WR O
move.b  #3$40,(sccb_wro).1l =-- reset channel A & B, disable IRs
-
move.b  #8$0OA, (sccb_wro).l x-- WR 10
pnove.b #8300, (sccb_wro) .1l =-- NRZ format
move.b  #$0OE, (sccb_wro).l =-- WR 14
move.b  #3$82,(sccb_wro).l *-- gource=BR generator, RTXC input
*-- *-- disable BR generator
move.b  #$04,(sccb_wro).l *-- WR 4
move.b #8344, (sccb_wro).l *-~ clck mode=x16,1 stop bit,no parity
move.b  #303,(sccb_wro).l =-- WR 3
move.b  #3$C1,(sccb_wro).l *-- 8 bits, enable receiver
move.b #3056, (sccb_wro).1l *-- WR B
move.b  #$EA, (sccb_wro).l =-~ DTR&RTS=0on,8 bits,enable transmir
move.b  #30C,(sccb_wro).1l s-- WR 12
move.b  #302, (sccb_wro).l *-- lower byte of time const (9600 EBZ)
move.b  #30D, (sccb_wro) .1l =-- WR 13
move.b  #$00, (sccb_wro).l *-- usper byte of time const (9600 Bd)
cove.b  #3$0B,(sccb_wro).l =-- %P 11
move.b #3856, (sccb_wro) .l =-- Pxllock=TxClock=TRxClock=BR output
*-- *»-= TRxC output
cove.b  #80Z,(sccbhb._wro).l =-- WR 14
zove.b  #381,(sccb_wro).l =-- gource=BR generator, RTXC input
*-- =-- enable BR generator
move.b  #$01,(sccb_wro).1l s-- WR 1
nove.b  #$11,(sccb_wro).l »~- interrupt on all received chars or
-~ »-- gpecial cond, disable external IRs
move.b  #3$0F, (sccb_wro).l =-- WR 2
move.b  #380,(sccb_wro).l s-- jnterrupt vector numbers $80
zove.b  #302, (sccb_wro).l
move.b  #3$80, (sccb_wro).l
move.b #8309, (sccb_wro).1l *-- WR O
move.b  #308, (sccb_wro).l =~- enable interrupts
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rts
*--
ISR_READ:
*-- bfset (_IRENTRYC).1{0:1} #-- call interrupt entry 1
»--  Because of an assembler bug the following consiruction
»-- 18 used instead of the BFSET instruction:
DC.W $EEF9,$0001
DC.L -IRENTRYC
jzp ([-IRRETURN])

ends

12.6 Change of Represeatation

The implementation places no additional restrictions on changes of representation.
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In this chapter we follow the section numbering of Chapter 14 of [Ada) and provide
notes for the use of the features described in each section.

13.1 External Files and File Objects

The implementation only supports the files standard_input and standard_output

of PACKAGE text_io. Any attempt to create or open a file raises the exception use_
error.

13.2 Sequential and Direct Files

Sequential and direct files are not supported.

13.3 Text Input-Output

standard_input and standard_output are associated with the RS232 serial port of
the target. If the Full Target Kernel is used, then all input/output operations are done
on the host using the communication line between the host and this port. Both the
Debugger and the Starter are prepared to do these I1/O operations.

{ the Minimal Target Kernel is usec, then the same serial port as in the Full Target
Kernel is used, but all data of etandard_output is directiy written to this port and
all data of standazd_input is directly read from this por:.

For tasking aspects of I/O operations see §10.4.

For further details on the I/O impiementation within the Target Kernel see |ST4/89.

18.8.1 Implementation-Defined Types

The implementation-dependent types count and field defined in the package specifi-
cation of text_io have the following upper bounds:
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COUNT'LAST = 2_.147_483_647 (= INTEGER'LAST)
FIZLD'LAST = 512

2.4 Exceptions in Input-Output

For each of name_error, use_error, device_error and data_er-or we list the condi-
tions under which that exception can be raised. The conditions under which the other

exceptions declared in the package io_exceptions can be raised are as described in
[Ada,§14.4].

NAME_ERROR

is never raised.

USE_ERROR
is raised if an attempt is made to create or open a file.

DEVICE_.ERROR

is never raised.

DATA_ERROR

the conditions under which data_error is raised by text_io are laid down in
[Ada].

13.5 Low Level Input-Output

We give here the specification of the package low_level_io:

PACZAGE low.level_io IS
TYPE device_type IS (null_device):

TYPE data_type IS
RECORD
NULL:
END RECORD;

PROCEDURE send_control (device : device_type;
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data : IN OUT data_type):

PROCZDURE receive_control (device : device_type:
data : IN OUT data_type):

END low_level_io;

Note that the enumeration type device_type has only one enumeration value, null_
device; thus the procedures send_control and receive_control can be called, but
send_control will have no effect on any physical device and the value of the actual
parameter data after a call of receive_control will have no physical significance.
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PRI

~PPENDIX ©

TEST PRRAMETERS

Certain tests in the ACVC make use of implementation-dependent values, such
as the wavimom l-ngth of an inpont line and in—=alid file namas, A ftest that
makes use of such values is identified by the =2tension .T3T in its fils
name. Actual valuss to be suhstituted Are r=pros-ut=d hv namzg tha! becin
vith a dollar sign. & walu:z wust be substituted for ecach of thees paaes
before the test is run. The walues nsed for this wvalidation arz given
below:

Name and Meaning Value
SACC_SIZE 32

&n int=ger literal whose value
is the number of hits sufficiznt
to hold anv vwvalune of an access
tvpe.

$BIG_ID1 254 * '} & 1"
An  identifier the sizz of the
maximum input iine length which
is identiral to SEIG_IES except
frr the last rcharactar.

$BIG_IDZ 2584 * 'nt g '
An  identifier the size of the
raximum input lins length which
is identical to SBIG_IDI ercept
for the last character.
$BI5_ID2 127 * "% & '3' & 127 % '3’
An  identifier the sizz of the
ravimum inout line lencth which
is identical to 33IG_ID+: except
for a chararter near the middle.

Name and Mzaning Value




SBIC_TD4
%1 identifier the size of the
‘a¥imum  input line length which
1< identical to $BIG_ID3 ewcept
for a character n=ar the middle.
SBIG_TNT_LIT
an integer literal of value 298
with =2nough 1l=ading zernes so
that it 1is the size onf the
maxirum line length.

$BIG_REAL_LIT

P universal real literal of

“3lue  $90.0 with enongh lzading
zz2roes to be the size of the
maximor line lengtl.

SBIG_CTRTNG1

M string 1l.teral which when
catenated with BIG_STRING2
vizlds the image of BRIG_IDI.
§BIG_STRING2
» string literal vhick when
catenated to the enl of
BI6_STRINGl1 vields the image of
BIZ_ID1
SBLANYS
% sequence of blanks twenty
characters 1less than the size

of the maximum line length.

SCOUDT_LAST
p universal integer
lit-ral whose valus= is
TZZT_IO.COUMNT'LAST.
$DETIULT_MEY_SICT
in 1nteger literal whose wvalue
is SYSTEM.MEMORY_"ZICE.
SDEFAULT_STOF_UNIT
=t integer literal whose vwalne
is SYSTEM.STORAGE_UNIT.

TE3IT DIRAMETEC
127 * "R & 40 & 127 *x
252 % ‘N & “293"

250 x 57 & "69n.a”

235 x
21474281647
2_147_483_648
8




Mame and M=zaning

SDEFAULT_SYS _WARME
The valne cf the constant
SVITEM . SYSTEN _MiLVE,

SDELTA_DOC
A real literal whosa wvalue is
SYSTEM.FIWE_DELT

FIELD_LAST
A universal integer
literal whoew 7alue is
TEXT_IO.FIELD'LAST.

SFIFED_MAVE
The name of a przdafined
fived-point tvre  other than
DURATION.

SFLOAT_WAME
Th~ name of a predefined
floating-pnint tvne other than
FLOAT, SEORT_FLOAT, or
LONG_FLAAT.

SGRELTEP_THAN_DURATINN
3 universal rsal literal that
lies betwszan DUTITION'BASE'LAST
and DURATION'LAST or any value
in the range of DURATION

SGREATEF_THAN_DURATIOI_BASE_LAST

L universal real literal that is
gr=zater than DURATION'BASE'LAST.

SHIGH_PRIORITY
In integsr 1itzrval wheose value
i« the upnar bhound of the rang=
for the subtyne SYSTEM PRIORITY.
SILLEGARL_EXTERNAL_FILE_NAMEL
in  external file name which
contains invalid characters.
SILLEGAL_EXTERNAL_FILE_NAWE2
AN evternal file name which
is too 1long

Valur

“I0TOROLA_63020_BARE

K12

NO_SICH_FIXED_TYPE

NO_SUCH_FLOAT_TYPF

0.0
200_000.0

15
ipvalid_1.1@48% &x ()
invalid_2.!1@#5% &x ()




integer literal

12 INTEGER'FTIRST.

integer literal
THTRSER ' LAST.

A nnivavsyl
whose value 1s

TUTEGER_LAST_PLUS_1

A unlversal
whose value is

<

literal
GER'LAST + 1.

integer
INTE

1 1literal that
TION'BASE'FIRST
anc I‘-n_rr T nY any valne
in the range of DUR:TION.

SLE"!

~
Y
L

=

_THAM_DUPATION_BAST_FIRST
universal real literal that is
l2ss than DURATION'BASE'FIRST.

SLOV_PRIOFITY
an int=ger literal whose valwa
1s the lower bound of the range
for the subtype SY\T““. RIORTTY.
SHANTISSA_DOC
in integer literal whose alue

is SYSTEM.MAX_MANTISSA.

SMEX_DIGITS

Havimum  digits supncrted for
floating-point tvnes.
Qﬂ&j?b?i
avimoum innut line length

permltted by the implementation.

E uriversal
vhose value

integer 1literal
is SYSTEM.MAY_INT.
THRX_INT_FLUS_]

£ upiversal integer

whose value is SYSTEHM.MAX

literal
_INT+

2147423ka7

21474335813
-0.0
-200_606.0

0

31

15

235
212474314847
2_147_483_648




Name and Feaning

"T BHSL“ _LITERAL
integer basad
value is 281148
leading z2roes in
to he MAX_IN_LF:

1 whnce
with enough
the mantissa
long.

SHMAX_LEV_RTAL_BASED_LITERAL

A universal real based literal
vhose value 1s 16:F.E: with
enough leading =zernes 1in the

mantissa to be MAX_IN_LEN long.

SMAY_STRING_LITERAL
e string literal of size
MAY_IN_LEMN, including the aquote
charartars,

$MIN_INT
h universal 1nteger literal
wvhose walue is SYSTEM.MIN_INT.

SHIN T'S} _SITE

x‘]

An integer literal whose <walue
is the number of bits required

tan hold a task abject which has
no entries, no derlarations, and
"MULL;" as the only statement in
its bodyv.

s IAME

%2 nane of
tvpe othzr than FLORT,
SHORT_FLOAT, SHORT_INT=GER

LONG_FhOnT, or LONG_ lN"GLR.

a predefined numeric

TN
q'rr'(-rrrl

SURME_LIST
r 2iet of =numeration literals
in  ths tvpe SYSTEM.WANE,
sznaratad hv commas.

SMEG_BASED_INT
A based integer literal whnse
highest order  nonzero  bhit
falls in the sian bit
position of the representation
for SYSTEY.MAZ_INT.

Valne

n2:u ~ 350 * ‘G‘ & "11:"

A L &-,5-3 *x \;\\ & [NTIRY

MO_SUCK_TYPE

“CTOROLA_A8020_BR7"




Hame apd Meaning

SMRY_MFY_STIF

An inteder litsral whose vwalne
1s A permattad argnment  for
pragma HEMORY_STZE. «ther ‘*han
SPETAINT 77 _ST7n.  Tf thers e
no other EERRIE than T
SDEFAULT_MEM_SIZE.

SHTW_STOR_UMIT

An inteager literal whose value
1s a Dpermitted arqument  for
pragma STORAGF _UNTT, orher than

If thers is
value, then

SDEFAULT_STOR_UNIT.
no athasy  nermitted

us< valus of SYSTEM.STORNGE_UNIT.

SNEW_SYS_NAME
value of the typs SYSTEM.NAE
other than S$PETAULT_SYS_NAME. If
the At
D

re 1s only one value of th=
2, then use that value.

En integer literal whose value
is the number of bits raquired
to hold a2 task object whirch has
a single entry with one 'IW oOUT'
narametor,

A r=al literal whnse +value 1is

SYSTEX.TTIX.
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Some tests are withdrawn from the ACVC because thev Ao not ecanfarm *tao  the
AGA Standard. The frllovwing 4° tests had bLeen withdrawn at the time of
validation t=sting for the reasons indicatzd. & r-fzrence of the form
4T-dAddd ie to an 3di Comu=ntary.

a. EZ8005C This test 2ypects that the string "-- TC® OF PRGE --
63" of line 204 will appear at the rop of the listing pag= dite
te a pragma PAGE in line 203; bnt live- 3 contains text that
follows the pragma, and it is this that wust appear at the teo
of the rage.

b. 2390055 This teet unveagopabhly ewnects A ~nrnorent  clanes  to
pactk an array component into a minimum <72 (line 3I0).

c. BSTiC2E This test contains an unitended illegality: selact
statement contains a null statemant at the place of a s:lective
wait alternative (line 31).

d. C971163 This test contains rxce conditions, and it assumes that
guards are evaluated indivisibly. A& conferming implementation
may nse interleavad execution in such a way that the svaluna*tian
of the guards at lines 50 & 54 and tl= evecvtion of task CRANGING-
_OF_TRE_GUARD resnlts 1a a £all to REPORT.FAILED at nne nf
lines 52 or 56.

e. BC3N0OSR Thie tagst wrongly evnacts that ~irenlar instantiations
wiil be detzctzd in several compilAaticn units even though rnor. of
the wunits 1< ill~gal with respect to the units it derends on: hy
~1-00256, the illiegality need not be det-rt-d unptil eve-cation is
attempted (lins 95).

f. ZDZARZD This test wrongly requires *hat an arrav ohiect's <eize
be no greater than 10 although its suhtvpe's size was specified
tc be 40 (line 137).

#PFENDIX D
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NITHDRAWH TZ3T

COoAA3R.. D, ZDZAARAA..D, ODIAT3A..D, CDIRTAA..D [16 tests) Thesx
tests  wronclv Attenmpt teo cherk the size of nhiwets of a3 derived
tine {for whish a 'SIZE length clause is ai7=n) by nassing thenm
to a drrived subrrograr (whichk implicitly ronverts them to  the
parent tvpe ‘Ada standard 3.4:14)). Additionally, they use the
"SITE lenath clause and attribute, whos» intzrpretation 1is
considered problesmatir by the WG9S AFRG.

CDZAE816G, CD22533G, CDZA34N & M, & CDROI16 [5 tests] These tzoets

assume tha*t dependent tasks will terminate while the main pro-
gram executes a loop that simply tests for task termination; this
is not the case, and the main program may loop indefinitely
{l1ines 74, 85, 86 & 94, 86 & 94, and 58, resn.).

CDZR15C & 7D7205¢C These tests expect that a 'STORAGE SIZE
l2ngth clanse provides precise control over the number of
d=2cignated objects in a collzction; the Ada standard 13.2:15
aliows that such contiol must not be expected.

CD2D11Fr This test gives a SHALL representation clause for a
derived fixed-point tvpe {(at line 30) that d=fines a s-t of
mod=1 numbers that are not necessarily represented in the

~

model numbers of a

par=nt type: Dby Commentary AI-00099, ail:
e2santabhle wvalues of the

derived fix=2-point tvpe must be repr
narent tvpe.

7350078 This tzst wrougly expacts an implicitly declave?d subh-
program  to be at the the address that is specified for an  un-
related subprogram {(line 303).

ED7004B, EB7ON5C & D, ED700AC & D [5 tests] These tests check
various aspe~ts of ths use of the three SYSTE pragmas; the AVO
withdraws these tests as being inappropriate for validation.

CD7105A This test requires that successive calls tn CARLENDAR.-
CLOCK change by at least SYSTEM.TICK; howaver, by Commentary
~I-00201, it is only the exnected frequency of chance that must
be at lszast SYSTEN.TIZK--particular instances nf cliange nav b=
less (line 29!

CL7203B, & CDTI04E These tasts usz the 'SITT length rlanse and
attribute, whose interpretation is considered preblematic by
the GO ARZ.

ZT7L559 Thig teet checks an invalid test objectiwe: it  ‘treats
the sp=cifization of storage to be reservad for tasv's
arctivarion as thongh 1t were like the specification of storags:
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VITHDERAYN TTTT3

CEl2107°T Thie test raquires that obhi-cte of twe similar scaiar
tvp-<  he  distinguishad when read fror 4 £i1---DATL_EFFOR  is
exnp=cted  t2 bs ralig=d byr an attemnt 5 r=2ad onz ohizct as of
the cther toune, HOWLUcY 1t Ze not clsar axactly how the Ada
standard 12.2.4:4 is to b= int=rnreted; *thus, thie *zst obiz-rtive
is not cnqs1dered »1lid. {line 30)

CER1LLC This t=ast reanires czrtain h=havior, when two files are
Azzoaciarad with tle sam- 27ternal file, that 1s not requirzd hy
the Ada standard

CE33012 This tzst rontains sevaral calls to END_OF_LINT &%
ENIN_OF_PAGE that have no param=tar: these calls wer: 1ntended
to  spccify s file, not to refer tn STAUDARD_INPUT (lines 177,
107, 118, 132, & 137).

CE34113 This test requires that z text file's ¢crlumn nur:2r  be
s2f to COUNT'LAST in order to check that LAYOUT_ZRF.F 1s raised
by a subsequent PUT oneraticn. Eut the former op:rition will
generally raiss an exception duz to a lach »f avallable disk
spac=, and the test would thus sncumber waiidation recting.

-




AFFEIDIX E

This appendix contains ivformation concerning the comniiation and
commands used within the command scripts for this validation.




Compiling and Completing Chapter 3

3 Compiling and Completing

After a program library has been created, one or more compilation units can be com-
piled in the context of this library. The compilation units can be placed on different
source files or they can all be on the same fiie.

2.1 Compiling Ada Units

The SYSTEAM Ada Compiler is started by the command:

CADA:COMPILE <source> [LIBRARY=<directory>] -
(OPTIONS="option [,...]"] -
[LIST=<filespec>]

Option Default
LIST => ON/OFF OFF
OPTIMIZER => ON/OFF ON
INLINE => ON/OFF ON
COPY_SOURCE => ON/OFF OFF
SUPPRESS_ALL

SYMBOLIC_.CODE

The input file for the Compiler is <source>. If the file type of <source> is not specified,
<gource>.ADA is assumed. The maximum length of lines in <source> i. 2535; longer
lines are cut and an error is reported.

<directory> is the name of the program library; [ .ADALIB] is the default of ti.is parame-
ter. The library must exist (see §2.1 for information on program library management).

The listing file is created in the default directory with the file name of <source> and
the file type .LIS if no file specification <filespec> is given by the parameter LIST.
Otherwise, the directory and file name are determined by the file specifization <fie-
spec>. If the file specification given is not a full file specification, missing components
are determined as described above (i.e. the default directory is used if no directory is
specified, the file name of <source> if no file name is specified and the file type .LIS if
the file type is missing).

Options for the Compiler can be specified by using the parameter OPTIONS; they
have an effect only for the current compilation. Blanks are allowed following anc
preceding lexical elements within the OPTIONS parameter. The options accepted by
the Compiler are shown in the table above.
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The options LIST and SUPPRESS_ALL have the same effect as the corresponding

pragmas would have at the beginning of the source (see {[Aca,Appendix B] and §11.1.2
of this manual).

No optimizations like constant folding, dead code elimination or structural simplifica-
tions are done if OPTIMIZER => OFF is specified.

Inline expansion of subprograms which are specified by a pragma inline (cf. §11.1.1)
in the Ada source can be suppressed by giving the option INLINE => OFF. The value
ON will cause inline expansion of the respective subprograms.

COPY_SOURCE => ON causes the Compiler to copy the source file <source> into

the program library so that the Debugger can work on these copies instead of on the
orig'nal ones.

A symbolic code listing can be produced by specifying the option SYMBOLIC_CODE
when calling the Compiler. The code listing is written on a file with file type .SYM
whose file name and directory are identical with those of the listing file.

The source file ma: contain a sequence of compilation units, cf. §10.1 of [Ada). All com-
pilation units in the source fiie are compiled individually. When a compilation unit is
compiied successfully, the program library is updated and the Compiler continues with
the compilation of the next unit on the source file. If the compilation unit contained
errors, they are reported (see §3.2). In this case, no update operation is performed on

the program library and all subsequent compilation units in the compilation are only
analyzed without generating code.

The Compiler delivers the status code WARNING on termination (see [VAX/VMS,
DCL Dictionary, command EXIT]) if one of the compilation units contained errors.
A message corresponding to this code has not been defined; hence XNONAME-W-
NOMSG is printed upon notification of a batch job terminated with this status.

2.2 Compiler Listing

A Compiler listing of a2 compilation unit looks as follows: [t starts with the kind and
the name of the unit and the library key of the current unit.

Ezample:
= PROCEDURE MAIN, Library Index 76

By default only source lines referred to by messages of the Compiler are listed. A
complete listing can be obtained by using pragma LIST or the Compiler option LIST.
The format effectors ASCIL.LHT, ASCIL.VT, ASCIL.CR, ASCILLF and ASCILFF are
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6 Linking

The Linker produces executable code for a given Ada main procedure together with
all its Ada units and external units. This process is calied final linking. The result of
a final link is a code portion which must be loaded onto the target later on.

Furthermore, the Linker supports linking a program step by step (say in N > 1 steps
1 ... N). All steps except the last one are calied incremental links. In an incremental
link a collectson is linked; a collection is a set of Ada units and external units.

Each step X € {2 ... N} is based on the result of step X-i. The last step ic always a
fina! iink, i.e. it links the Ada main program. The result of an incremental link is aiso
a code portion which must be loaded onto the target later on.

So the code of a program may consist of several code portions which are loaded onto
the target one by one. This is called sncremental loading.

The reasons for the introduction of the concept of incremertal linking anc leading into
the Aca Cross System are the foliowing:

o It should be possible that some Ada library units and externa! units are compiled,
linked, and burnt into a ROM that is plugged into the target, and that programs
using these units are linked afterwards.

e The loading time during program development should be as shor:. as possible.
This is achieved by linking those parts of the program that are not expected
to be changed (e.g. some library units and the Ada Runtime System). The
resulting code portion is loaded to the target and need not be linked or loaded
iater on. Instead, only those parts of the program that have been mocdified or
introduced since the first link must be linked, so that the resulting code portion
is much smaller in size than the code of the whole program would be. Because
:ypically this code portion is loaded several times during program deveiopment
the development cycle time is reduced crastically.

The Runtime System (which is always necessary for the execution of Aca programs)
is aiways linked during the first linking step. In particular, this means that also the
version of the Runtime System (Debug or Non-Debug) is fixed during the first step.

The Linker gives the user a wide flexibility by allowing him to prescribe the mapping
of singie Ada units and assembler routines into the memory of the target. This, for
exampie, enables the user to map units that are time critica] into the fastect memory
parcts.

For tzis purpose the user specifies the regions of the target's memory space that should
be used by the Linker, the size of the stack, and the regions that should be used for
the stack, for the code, for the data, and for the heap. All these instructions for the
Linke: are contained in the linker directive file, which is a parameter of the Linker.
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The main task of the Linker is to map a set of sections into the target’s memory regions.
Each section belongs either to a compilation unit or to an external (assembler) unit,
or is generated by the Linker itself. In mapping sections into regions the Linker has to
take into consideration the parameters and directives given by the user.

A section is a contiguous sequence of bytes representing code or data. A section is the
smallest unit for the Linker.

6.1 Linking Main Programs

Linking a main program is callec final linking. The Linker determines the compilation
units belonging to the Ada program, automatically completes (i.e. compiles by the
Completer) all instances of generics units and all packages which do not require a
body, determines the elaboration order and finally links the Ada program. Selective
linking is done automatically by the Linker. Linking selectively means that only those
subprograms of an imported package which are really needed are linked. This can lead
to a drastic reduc:ion of the program size, e. g. when only a few subprograms of a
package providing ma-hematical functions are used.

Final linking results in a program smage file. There is a code portion in this image file
which together with the code of the given base (if any) is the code of all Ada units and
all external (assemwv... written) units that belong to the program and that are really
needed (selective linking).

If the resulting program is to be a stand-alone program (no communication line between
host and target), the Minimal Target Kernel must explicitly be linked to the program
during final linking.

The Linke: for linking a program (final linking) is started by

QADA:LINK <ada_name> <result_file_name> <directive_file_name> -
[LIBRARY=<directory>] -
(COMPLETE=ON/OFF] -
[OPTIONS=<string>] -
[LIST=<filespec>] -
(EXTERNAL=<2ilespec>[....]] -
(KERNEL=<filespec>] -
[BASE=<filespec>] -
[DEBUG=0ON/OFF] -
(MAP=<£ilespec>]
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Option Default

OPTDMIZER => ON/OFF ON
INLINE => ON/OFF ON
SUPPRESS_ALL
SYMBOLIC_CODE

<ada_name> is the name of the library procedure which acts as the main program.
The main program must be a parameterless library procedure.

<result_file_name> is the name of the file which will contain the result of the final link.
The file type .LOD is assumed if none is specified.

<directive_file_name> is the name of the file which contains the linker directives. They
describe the target’s memory regions and prescribe the mapping of code, data, stack,
and heap sections into these regions. The file type .LID is assumed if none is specified.
For its format see §6.3. The SYSTEAM Ada System is delivered with a directive file
for the MVMEI133XT. It can be used for those applications that use the whole memory
of the MVME133XT and do not require specific units to be linked into specific regions.
If the user wants to use this file, he has to specify:

ADA:133

<directory> is the name of the program library which contains the main program;
[.ADALIB] is assumed if this parameter is not specified.

The COMPLETE parameter specifies whether the program is to be completed before

it is linked; default is ON. If the Completer is called, the parameters LIBRARY,
OPTIONS and LIST are passed to it (cf. §3.2).

The EXTERNAL parameter specifies files which contain the object code of those
program units which are written in assembler. If several files are given, they must be
separated by commas. Their default file type is .0BJ.

The parameter KERNEL specifies the name of the file that contains the assembled
code of the Target Kernel that is to be linkeé 1o the program. If the user wants to link
the Minimal Target Kernei to his program, then he must specify:

KERI'EL=ADA :MTK.0BJ

If KERNEL is not specified, then no Target Kerne! is linked to the program. This is
recommended if the Full Target Kernel is already on the target. Note, the Minimal

Target Kernel must not be linked to the final program if the Debug Runtime System
is used.

The BASE parameter specifies a collection image file (2 file containing the resui: of a
previous incremental link). Its default fiie type is .LOD. If a base is specified, then the
final link is done on the base of the given file.
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The DEBUG parameter (default: ON) has the following efiect: If DEBUG=ON, then
the Debug Runtime System is linked to the program and information for the SYS-
TEAM Debugger is generated. If DEBUG=O0OFF, then the Non-Debug Runtime Sys-
tem is linked to the program and no information for the SYSTEAM Debugger is
generated.

Important: If a base is given (parameter BASE), then nc Runtime System is linked
because it is aiready part of the base collection.

The MAP parameter controls the generation of a Linker map. If a map file is specified,
then the Linker map will be written into this file. Its default type is .MAP.

The following steps are performed during fnal linking:

1. Firs: the Completer is called, unless suppressed by COMPLETE=0FT, to com-

piete the bodies of all instances which are used by the main program and all
packages which are used by the main program and which do no: require a body.

Then the Pre-Linker, a component of the Linker for final linking, is executed. The
Pre-Linker determines the compilation units that have to be linked together and a
vaiid elaboration order and generates a code sequence to perform the elaboration.

3. Finally, the Linker is called. §6.4 describes the mapping done by the Linker.
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The resulting executable program has two different entry points:

e Ada program entry point and
e kernel entry point

The Ada program entry point is the first instruction of the code sequence generated
by the Pre-Linker. It is used if the program is started by the SYSTEAM Ada Starter
or the SYSTEAM Ada Debugger (see §7.2). This is possible even if the KERNEL
parameter is given.

The kernel entry point is the entry point of the startup routine of the Target Kernel
specified by the KERNEL parameter. If KERNEL is not given, then the kernel entry
point is not defined. It must be used if the program is started as a stand-alone program
by any means other than the Starter or the Debugger (see §7.2).

If no errors are cetected within the linking process, then the result of a final link is a
program image file containing the following in an internal format:

e A code portion that contains the complete code necessary to execute the program
on the target, except the code of the base collection.

e Base addresses and lengths of the regions actually occupied by the complete pro-
gram (including the base collection).

o Checksums of the regions which contain code sections and which are actually
occupied by the complete program (including the base collection).

e  The kernel entry point (if defined) and the Ada program entry point (if defined).
At least one entry point is defined.
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o Debugging information if DEBUG=0ON was specified.

This program imeage fie serves as input for the Loader or the Debugger in order to
load the code portion inciuded in the file onto the target, or for the Starter or the
Debugger in order to start the linked program, or for the Format Converter.

The Linker of the SYSTEAM Ada System delivers the status code WARNING on ter-
mination (see [VAX/VMS, DCL Dictionary, command EXIT)) if an error was detected
during linking. A message corresponding to this code has not been defined; hence
%NONAME-W-NOMSG ic printed upon notification of a batch job terminated with
this status. .

6.2 Linking Collections

A set of Ada units and external units which can be linked separately is called a col-
lection. Such a collection consists on one hand of all compilation units needed by
any of the given library units and on the other hand of all given external units. All
compilation units must successfully have been compiled or completed previously.

The code of a linked collection does not contain any unresolved references and can
thus be lJoaded to the target and used by programs linked afterwards without any
changes. In particular, this allows the code of a linked collection to be burnt into 2
ROM. Linking a collection is called sncremental linking.

Contrary to final linking, incremental linking is not done selectively. Instead all code
and data belonging to the collection is linked, because the Linker does not know which
programs or collections will be linked on the collection as = base.

Incremental linking results in a colleztion image file. There is a code portion in this
image file whick., together witkL the code of the given base (if any), is the code of ali
Ada units and ali external (zssembler written) units that belong to the coliection.

For linking 2 collection (incremental linking), the Linker is siarted by

CADA:LINKINC <result_Zfile_neme> <directive_file_name> -
{LIBRARY=<directory>] -
[UNITS=<ada_name>[,...]] -
(EXTERNAL=<Zilespec>[,...]] -
[BASE=<filespec>] -
[DEBUG=0N/OFF] -
[MAP=<2ilespec>]
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<result_file_name> is the name of the file which will contain the result of the incre-
mental link. The file type .L0OD is assumed if none is specified.

<directive_fille_name> is the name of the file which contains the linker directives, which
describe the target’s memory regions and prescribe the mapping of code, data, stack,
and heap sections into these regions. The file type .LID is assumed if none is specified.
For its format see §6.3. The SYSTEAM Ada System is deiivered with a directive file
for the MVME133XT. It can be used for those applications that use the whole memory
of the MVME133XT and do not require specific units to be linked into specific regions.
If the user wants to use this file, he has to specify:

ADA: 133

<directory> is the name of the program library which ccntains the main program;
[.ADALIB] is assumed if this parameter is not specified.

The UNITS parameter specifies the Ada library units that are to be linked. <ada.
name> denotes any library unit within the given program library. All specified library
units together with their secondary units and all units needed by themr must have been
successfully compiied and completed (cf. Chapter 3).

The EXTERNAL parameter specifies files which contain the object code of those
program units which are written in assembler. If several files are given, they must be
separated by commas. Their default file type is .0BJ.

The BASE parameter specifies a collection image file (a file containing the result of 2
previous incremental link). Its default file type is .LOD. If a base is specified, then the
incremental link is done on the base of the given file.

The DEBUG parameter (default: ON) has an effect only when the parameter BASE is
not given. If DEBUG=O0N, then the complete Debug Runtime System is linked to the
collection. If DEBUG=OFF, then the complete Non-Debug Runtime System is linked
to the collection.

Important: If a base is given (parameter BASE), then no Runtime System is linked
because it is aiready part of the base collection.

The MAP parameter controls the generation of a Linker map. If a map file is specified,
then the Linker map will be written into this file. Its default type is .MAP.

The UNITS and EXTERNAL parameters define a collection C as defined at the be-
ginaing of this section. If a base collection is specified (parameter BASE), then C is
enlarged by all units belonging to this base collection. The units belonging to the base
collection are identified by their names (Ada name of a library unit or name of the
external unit) and by their compilation or assembly times. The Linker uses these to
check whether a base unit is obsolete or not.

See §6.4 for the mapping process.
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If no errors are detected within the linking process, then the result of an incremental
link is 2 coliection image file containing the following in an internal format:

e A code portion that contains the complete code of t} e linked collection, except
the code of the base coliection.

o Base addresses and lengths of the regions actually occupied by the complete col-
lection (including the base collection).

e Checksums of the regions which contain code sections and which are actually
occupied by the complete collection (including the ba:e collection).

e The names of all library units as specified by the user (parameter UNITS) (in-
cluding those ¢! the base collection).

e The lis: of all compiiation units and external units that belong to the complete
linked collection (including the base collection), together with their compilation
(resp. assembly) times.

« Information about all sections belonging to the complete linked collection (includ-
ing the base collection), and about the symbols which they define and refer.

This collection image file serves as input for the Loader or the Debugger in order to
load the code portion inciuded in the file onto the target, or for the Linker as 2 base
collection file, or for the Format Converter.

The Linker of the SYSTEAM Ada System delivers the status code WARNING on ter-
mination (see [VAX/VMS, DCL Dictionary, command EXIT]) if an error was detected
during linking. A message corresponding to this code has not been defined; hence

%NONAME-W-NOMSG is printed upon notification of a batch job terminated with
this status.

6.3 Linker Directives

The Linker always needs a directive file containing a description of the target’s memory
regions anc directives for the mapping of code, data, stack, and heap sections into these
regions. The contents of this file must have the following format:

linker_directive_file ::=
region_description +
[reset_vector_directive]
stack _directive
[location_directive +]
code_directive
data_directive
heap_directive
region_description ::= REGION region_name base_address size
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base_address ::= hex_number
size ;= hex_number
hex_number ::=

1112131415161 718191I
AIBICIDIEIF)+

reset_vector_directive ::= RESET region_name

stack_directive ::= STACK size region_name

location_directive ::=
UNIT library_unit_name CODE region_name |
UNIT library_unit_name DATA region_name |
MODULE object_module_name CODE regioa_name |
MODULE object_module_name DATA region_name

code_directive ::= CODE region_list

data_directive ::= DATA region_list

heap_directive ::= HEAP region_list

region_list ::= region_name [(, region_name)<]

The syntax is specified in an extended Backus-Naur notation with start symbol linker_
directive_file. {X| means that X is optional, X + means that X is repeated several
times (but at least once), X | Y means that X or Y is used.

All characters are case insensitive. Hexadecimal numbers must be in the range 0 ..
FFFFFFFF. region_name, library_unit_name, and object_module_name can be any
sequence of readable characters except comma and blank.

The user has to specify all contiguous memory regions of the target that are to be used
for the program or the collection to be linked. Each REGION description defines the
name, the base address, and the size in bytes of one region.

The RESET directive specifies a region whose first 8 bytes are to be reserved for
the initial program counter and the initial stack pointer. This directive supports the
generation of ROMable programs: If a hardware reset occurs, then the processor fetches
its reset vector from the start address of the given region. The RESET directive is
ignored if KERNEL is not specified.

The STACK directive tells the Linker the size of the main task’s stack and the name
of the region into which the stack is to be mapped.

It is possible to specify specific regions for the code or the data of Ada library units
or of external (assembler written) units in LOCATION directives. If a region for a
library unit is specified, this causes this unit and all its secondary units to be mapped
into this region. A region for the code or data of a 'ibrary unit or of an external unit
must not be specified more than once.

In the CODE directive a list of regions must be specified to be used for the code and
the constants of those units for which no LOCATION CODE directive is given. The
specified regions are filled in the given order.
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Ir. the DATA directive a list of regions must be specified to be used for the data of
those units for which no LOCATION DATA directive is given. The specified regions
are filied in the given order.

A list of regions must be given to be used for the heap of the program (HEAP directive).

The following objects are allocated on the heap:

o« All Ada collections for which no length clause is specified
e The storage for a task activation (see §10.3)
o  All task control blocks (see §10.3)

Enough space for these objects must be allocated; otherwise storage_error will be
raised when the heap space is exhausted.

The directives for the MVME133XT that is delivered with the Ada System are:

REGION main 00010000 OC3E80CO
STACK 40000 mzin

CODE main

DATA main

HEAP main

These directives can be found in the file ADA:133.LID. They cause the Linker to use
one contiguous region in the address range 16#1_0000# .. 16£3F7_TFFF#. This
region contains 4000 kByte. The MVME133XT board has a 4 MByte local memory
(4MByte = 4096 kByte). The lowest 64 kByte are left {or the data of the target's
monitor and the highest 32 kByte for the Full Target Kerne..

256 kByte are allocated for the stack.

The user is free to change these directives. He has 1o take -are that space for the Full
Target Kerne! is reserved (il it is used).

6.4 Mapping Process

The Linker maps a set S of sections, each belonging to 2 compiiation uni: or to an
external (assembier) unit or to the code sequence generated by the Pre-Linker, into
the target’s memory regions. In doing this the Linker has to take into consiceration
the parameters and directives given by the user.

S i1s determined as follows:
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e« Final link: S contains only those sections that are transitively referred by the

sections defining the Ada program entry point and the kernel entry point. This is
called selective linking.

e Incremental link: S contains all sections beionging to the collection that is to be
linked.

If a base collection is given (parameter BASE), then S is diminished by excluding those
base sections that can be reused. A section of the base collection cannot be reused

o if it belongs to a compilation unit that was recompiled since the base collection
was linked or

» il it belongs to an external unit that has an assembly time different from that in
the base collection or

e if it contains a reference to a section of the base collection that cannot be reused.

If a section of the base collection cannot be reused, then it is extracted from the given
Ada library and included in the resulting image file. Nevertheless, the size of the
resulting image may be reduced drastically when a base collection is given, even if
memory space occupied by the "old” section is not reused.

The Linker automatically takes care that the regions specified by the user in the RE-
GION descriptions of the directive file do not overlap with the regions actually occupied
by the given base collection. If the Linker detects an overlap, then it issues a warning
and changes the user defined region description so that it does not overlap with a base
region any longer.

The mapping of the sections of S into the regions proceeds as follows:

1. Final link only: If there is a RESET directive, then space for the initial program

counter and for the initial stack pointer is reserved at the bottom of the given
region.
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Final link only: The stack is mapped into the specified region with the given size.

If the given region has not enough space for the stack, then an error message is
issued.

3. The LOCATION directives are processed in the order in which they appear in the
Linker’s directive file. Each directive is treated as follows: If the specified library
unit or external unit is not part of the resulting program (e.g. as a consequence of
selective linking), then the directive is ignored and a warning is issued. Otherwise
all memory sections belonging either to the given library unit or one of its sec-
ondary units or to the given external unit, and containing code or data (as given
in the directive), are mapped into the given region. If the given region has not
enough space left for this mapping, then an error message is issued.

4. Then all sections not yet mapped are processed in an arbitrary order. If a section
contains code or constants, then the regions specified in the CODE directive are
scanned in the given order and the section is mapped into the first region that
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has enough space left. If the sectior is a data section, then the same is done with
the regions specified in the DATA directive. If no regicn ic found that has enough
space lefi, then an error message is issued.

Now =ach region is filled without any gaps, beginning at its base address. The sections
which are mapped into a region are sorted as follows: First the stack, then code

sections, then data sections. If there is any space left in a region, then this space is a
contiguous byte block at the top of the region.

5. Final link only: The heap is located in those regions that have space of at least a
certain minimum size (100 byte) left and are listed wichin the HEAP directive.

6. Final link only: If there is 2a RESET directive, then the values of the initial stack

pointer and of the kernel entry point are written into the first 8 bytes of the given
region.

If the MAP parameter was given, then the result of this mapping is written into the
specified map file. The map fiie ic generated even if errors were detected during linking.
The information writtea into the map file has the following structure:

1. Header (including link time and the information whether the linking process was
successful or not)

Map of the generated code portion

List of all sections that could not he mapped (only in case of an unsuccessful link)
List of used base sections (only for final link and if BASE was given)

Symbol table

Ada program entry point and kernel entry point (only for final link)

Elaboration order of Ada units (only for final link)
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