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II
LECTURER' S PREAMBLE

The Ada language brings together 30 years of computer science in a sur-
prisingly well integrated and coherent package. There exist ways to use
Ada which are relatively easy to learn and which give you all the power to
conventional languages like FORTRAN. This course starts from that direction,
so that you are writing Ada programs as quickly as possible. Then we start
the process of exploring the broader capabilities of Ada. You will most
full, appreciate Ada when you apply it to large programs.

Bill Carlson

October 1983
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AN INTRODUCTION TO Ada FOR SCIENTISTS AND ENGINEERS

This course has been designed as a practical introduction to Ada program-
ming and software design for practicing engineers, mathematicians, operations
research analysts, statisticians and other professionals. The objective is
to communicate the essence of Ada so that students leave confident that they
can use Ada effectively. Specific concepts to be taught are the following:

o There is a way to do everything in Ada that you can do in FORTRAN.

o Ada satisfies the requirements which originally caused the DoD
to develop a common language.

o Ada programs are structured as one or more packages.

o The Ada compiler can help you write correct programs if you tell it
the "type" of each piece of data, and Ada provides a variety of
tools for defining new data types, operations on those data types,
and controlling the internal representation of data types.

o Generics are used when the same or similar operations are required
for several different data types.

0 o Tasks and exception handling allow asynchronous events to be created

and/or modeled.

o Separate compilation is essential for the construction of large
systems, and is provided by Ada.

An important goal is to become comfortable with the mechanical aspects of
writing an Ada program. This course explains how to write Ada statements,
use Ada's control structures, do input/output, and use the Ada development
system.

The development system is a Data General Eclipse with the Rolm Ada compiler.
That compiler has been validated by the Ada Joint Program Office. The
course will introduce the general concept of an Ada Program Support Environ-
ment (APSE) and distinguish between concepts which are unique to the partic-

ular Data General implementation and those which should be true of all Ada

implementations.



ACQUIRING VIDEO TAPES

Title of Tape: "Ada(EProgramming Language"

1. DoD organizations can obtain free copies of tapes and text by writing
to:

Commander
Tobyhanna Army Depot
DAVA
ATTN: DAVA-TLW
Warehouse #3, Bay #3
Tobyhanna, PA 18466

Tapes will be in standard DoD 3/4 inch video cassette; however, 1/2 inch VHS
and Beta formats are also available on request.

2. Non-DoD organizations and the general public can obtain tapes at minimal
cost, in any of the tformats specified above, by writing to:

National Audio Visual Center
GSA
ATTN: Order Section
Washington, DC 20409

3. For additional information, contact: a

Ada Joint Program Office
3DI39 (400 A/N)
The Pentagon
Washington, DC 20301
C202) 694-0209

or:

Director
US Army Materiel Systems Analysis Activity
ATTN: DRXSY-MP CHerbert E. Cohen)
Aberdeen Proving Ground, MD 21005-5071
(301) 278-6577/6597
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READING ASSIGNMENTS
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,,es ey Publishers Limited, pages 1-62.

Data General, "Ada Work Center", pages 35-42 of text under
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"~ DEFINING COMPONENTS

" GENERALIZING COMPONENS

" DESIGN GUIDELINES

" SCOPE AND VISIBTLITY

" RECORD ABSTRACTION

" NUMERIC ABSTRACTION

o DERIVED TYPES



pragma MATN:
with TEXTI0; use TE,.XT :0; with SORT, use SIRT:
nrocedure Roots is

A, 3, C: FLOAT:

D: Float;
beein

-- COLLECT PARAMETERS

PUT ("to solve AX**24BX+C=O");

NEW LINE:

PUT ("A="); GET (A);

PUT ("B="); GET (B);

?UT ("C="); GET (C);

NEWLINE (2);

-- COPUTE DISCRIMINANT

Dq



pragma MAIN:

with TEXT M0; use TEXT. ,

with SORT;

prncedure ROOTS is

--l 2 + bx + c = 0

A, B, C: FLOAT;

D: FTOAT; --i TSCRIMINANT

1 egi n



EXAMPLE #2

WRITE A PROGRAM TO COMPUTE

n~E ROOTS OF A OUADRATIC

EQUATION



pragma MAIN;

,wijth TEXT_10; use TEXT 10;

nrocedure ADD is

A,B,C: FLOAT;

beizin

GET (A); GET (B); GET (C);

PUT ("SUM="); PUT (A+B+C);

end ADD;



pragmA MAIN;

with TEXT 1O; use TEXTTO;

procedure ADD is

A,B,C: INTEGER;

begin

PUT ("SUMY="); PUT (A+B+C);

end ADD;



GETTING STARTED



Ada STANDARD

REFERENCE MANUAL pub. July 1980

MIL-STD 1815 Designated Dec. 1980

AN4SI Canvass initiated Apr. 1980

ANSI Recanvass initiated Oct. 1980

ANSI Recanvass crmpleted Sept. 1982

ANSI/MIL- STD 1815 Ada Jan 1983
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Ada LANGLAGE SPECIFICATION

RDQLST FOR PROPOSAL "APR 77)

17 LAIZL~a PROPOSALS FECIEVED

PHASE 1 (AUL 77 - FEB 78)

SOFrECIH INr: -2I'RcCS
SRI HONMEML

PHASE 2 (APR 78 - APR 79)

INTEPMETRICS HONEYE..L

PHASE 3 (MAY 79 - JULY 80)

HONEYWELL
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- Ada REQUIRMETS

o STRONG TYPING

o ENCAPSILATED DEFINITION
o COMPOSITE TYPES

o GENERIC DEFINITIONS

o Nt'MRIC PRECISION
(.4o PARALLEL PROCESSIN;G

o EXCEPTION HANDLING

o DECLARAT'ION OF

'~AHINE DEPENDENCE

S 
4d



0t

ADA@ REQL'MIENTS DEFINE IN A
SERIES OF DRAFT SPECIFICATIONS

" STRAL'AN (1975)

o WO21MAN (1975)

o T=l-AN (1976)

o IRONZW (1977)

0 STEEAMAN (1978)
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o LNG LIVE

o CONT=LS CHANE
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THE MOTIVATION FOR

Ada

a.'



o GENERICS

o TASKING

o ACCESS TYPES

o TASK TYPES

o MYACHINE DEPENDENT CODE



PUT (C";GET (c);
NEWLINE (2);

--COMPUTE DISCRIMINANT

D:=B**2 - A.O*A*C:

--REAL ROOTSO

if D =0

then

PUT ("POSITIVE ROOT =)

PUT ((-B + SORT(D)) I(2.O*A)
NEW LINE;
PUT ('NEGATIVE ROOT I;

PUT ((-B - SQRT(D)) /(2.O*A))
NEW LINE;

else

PUT ("IMAGINARY ROOTS");

0 end if;

end ROOTS;

d



S0

then

PUT ("POSITIVE ROOT =F)

PUT ((-B + SORT(D))/(?.O*A));

NEWLINE;

PUT ('NEGATIVE ROOT =)

PUT ((-B - SORT(D))/(2.O*A));

* NEWLINE;

else

PUT ("IMAGINARY ROOTS");

end if



MAIN PROCEDURF TEMPLATE

pra~ma MAIN; -- FOR AIDE

with COMPONENTS; -- LIBRARY

use COMPONENTS;

orocedure NAME is

£DECLARATTVE PARTJ

begin

0~ (SEOUENCE OF STATEMENTS}

end NAME;

0

0

01



BUILT-IN TYPES

Variables Literals

1: INTEGER; 2 or 3 or 789_123

A: FLOAT; 2.0 or 1.0E35

S: STRING (l..5); "HELLO"



TYPE CONVERSION

FOR "CLOSELY RELATED" TYPES

* I:= INTEGER (A); --WILL ROUND

o A:= FLOAT (1);

o STRING:="123 456"--CHARACTER STRING

* I:= T: -- ILLEGAL

01



ASSIGNMENT STATEMENT

VARIABLE :~EXPRESSION;

16



EXPRESSITONS

" OPERA TOR PRECEDENCE

*/mod rem

" LEFT TO RIGHT

o EXNPL E S

B**2 - 4.O*A*C

(-B+SQRT(D)) /2.O*A

17



package TEXT-1O

GET (A); --ASSUXES FLOATTO (FLOAT)

PUT (A;

GET (1); --ASSUTMES INTEGERTO (INTEGER)

PITT (I) ;

GET (STRING); -- VARIABLE LENGTH

PUT ("HlELLO");



OVERLOAD ING

THE SAME IDENTIFTER HAS MORE

THAN ONE MEANING AT A GIVEN

POINT IN PROGRAM TEXT

0]



pragma MAIN;

with TEXKT_10; use TE.KTTO;

orocedure ADD is

A,B,C :FLOAT;

begin

GET (A); GET (B); GET (C):

PUT ("SUM &';PUT (A+B+C);

and ADD;



LEXICAL ELEMENTS

(CHAPTER 2)

" IDENTIFIER :=letter

f underline! letter -or -digitj

-- USED AS NAMES AND RESERVED

-- WORDS

o DELIMITERS

&' *+ ,-./

" SEPARATOR :=SPACE I
FORMATEFFECTOR tEOL



COMPOUND DELIMITERS

=> ARROW

DOUBLE DOT

** DOUBLE STAR

* BECOMES

/= NOT EQUAL

>= GT OR EQ

<= LT OR EQ

« LEFT LABEL BRACKET

>> RIGHT LABEL BRACKET

<> BOX

22



if STATEMENT

IF STATEMENT

if CONDITION then

SEOUENCE OF STATEMENTS

relse

SEOUENCE OF STATEMENTS]

end if;



IF STATEMENT

(EXAMPLE)

if (COLD and SUNNY) or WARM

and then STATE ="VA,

and MONTH in WINTER

then

end if;
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READIM'G ASSIGNMENT 
-TAPE #2

DATA GENERAL 
-ADA WGRKV CEMTER

NEXT PAGE INTENTIONALLY
LFET BLANK,

:3



TA~PE f2

PJmNWG A~ PR~OGRAM;

'EXT PAGE INTENTIONALLY(

LEFT BLANK.



REVIEW

o ASSIGNMENT

o 1/0 - GET, PUT, NEW LINE

o FLOW OF CONTROL - IF, LOOP

o DECLARATIONS - TYPE AND OBJECT

o EXPRESSIONS - ARITHMETIC AND

LOGICAL

o TYPE CONVERSIONS

o MAIN PROCEDURE



ELABORATION OF STRING

DECLARATIONS

S: STRING (I..5);

; ' -; -- ILLEGAL

T: constant STRING : "HELLO";

--STORAGE, AND HENCE SIZE,

--FIXED WHEN DECLARATION

--IS ELABORATED

n9



ELABORATION

DECLARATIONS INVOLVE

RUN-TIME ACTIVITY :

1) STORAGE ALLOCATION -

CREATE OBJECTS

2) INITIALIZE OBJECTS

EXAMPLE -

I 1 INTEGER := 0;

23



for COLOR in COLORCHART

loop

--TRY COLOR

exit when GOOD;

end loop;

2 7



LOOP STATEMENT

LOOPSTATEM4ENT::

tLOOPSIMPLE-NAME:]

[INTERATIONSCHEMEJ loop

SEQUENCEOFSTATEMENTS

end loop fLOOPSIMPLENAME];

INTERATIONSCHEME::

* while CONDITION I
for LOOP PARAMETER-SPECIFICATION

26



LOGICAL EXPRESSIONS

o and [orj KO.

-- ALLOW ARGUMENTS TO BE

-- EVALUATED IN EITHER ORDER

o and then I or else

--LEFT ARGUMENT FIRST

o RELATIONAL OPERATORS PLUS in,

0 not in

25
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0

Ada

DEVELOPMENT ENV I RONMENT

ADE DEBUGGING ADE

HTOOLS

LIBRARIAN ISA

SOURCE EDITOR RUN.N-TIME

COMPILER LOADER

LINKER DEVICES

!.



LOGGING ON

< CR >

L7SERNAME: bill <CR>

PASSWORD: x <CR >

AOS CLI

)aenter

I4



ADE ILESYSTEM

L ADF

45



AEDIT

INSERT 2

MODIFY 4

DELETE 4 6

MOVE 3 5 BEFORE 7

DUP 3 5 BEFORE 7

SCREEN AHEAD Func 2

SCREEN BACK Func 1

BYE

46



FILE NAMES

OBJECT NAME::=

T DENTTFIER (1. .30) / IQUALIFIERSI,

QUALIFIERS:

CATEGORY (ADA, BIN, PROG, LIST)

VERSION 1.0, 2.0,. . ..

TARGET ADE, ACS VS ....



COMMAND EXAMPLES

ALIB ADE: YOUR LIB:WORK

ACREATE FIRST/CAT=ADA

AEDIT FIRS'7

ACOMP FIRST/TAR-ADE

ATYPE FIRST/CAT-LIST

ALINK FIRST

AEXEC FIRST

48



STATEMENTS DISCUSSED THUS FAR

o DECLARATIONS

o GET, PUT, NEW LINE

o ARITHMETIC EXPRESSIONS

o ASSIGNMENT

o MAIN PROCEDURES

o IF.. .THEN.. .ELSE

o TYPE CONVERSION

Ii

49



LABORATORY #1



LABORATORY #1

--READ AN INTEGER (N)

--READ N INTEGERS

--ADD THEM

--PRINT RESULT

-- MODIFY YOUR PROGRAM TO ADD

-- N REAL NUMBERS

-- EXPERIMENT WITH GET AVND PUT

-- FOR OTHER TYPES



OBJECTIVES OF LAB #1

1) LEARN TO USE ADE

2) COMPILE, LINK, AND EXECUTE

AN ADA PROGRAM

3) EXPERIMENT WITH LITERALS

4) BUILD FAMILIARITY WITH TEXT 10

(SEE SECTION 14.3)

52



P)PCXV2TAY NA?
S kNE A S F -.E Tt.'

2)M CIDPUI
GP'IC 1:

with =I :0
use IT-T!, 10

OPT iCN 2:
instantiate TE'WTOI

&/0P. FLA



INSTANTTATE FLOAT-10

pragma M4ALN
with TEXT_1O
procedure TEST 1 is

package REALTO
is new
TEXTTO. FLOAT_-10

(FLOAT);
use REAL_10;



GENERICS

o ENUM4EATION_10 is generic

A new version must be

instantiated for each

enumeration type

'52



ENUMERATION 1/0'

--SEE 14.3

with TEXTT0; use TEXTIC;

package DAY-I0 is new

ENUMERATION_1C (DAY);

INDAY: DAY;

GET (INDAY);

PUTT ("DAY=");

PUT (INDAY);

b, I



ENUMERATION TYPES

tv',e DAY is

(MON,

TUES,

WED,

THURS,

FRI,

SAT,

SUN)

60



INDEX VALUES

o DTSCRE7E TYPE

INTEGER

or

ENUMERATION

qDISCRETE RANGE

CLOSED INTERVAL OF

VALTUES OF A

DiSCRETE TYPE

59



UNCONSTRAINEDl ARRAY

subtvpe POSITIVE is INTEGER

range 1.. INTEGER'LAST;

type STRING is array

(POSITIVE range <>)

of CHARACTER;

V:STRING (1-5);

58



MULTTD TYENT TONAL ARRAYS

RECTANGLE: array

(1.-20, 1. .30)

of FLOAT;

type SCHEDULE is

array ( WEEK, --l. .52

DAY, --MON. .SUN

HOUR) --1. .24

of STRING;

57



ONE DIMENSIONAL ARRAYS

typ VECTOR is

array (1.-10)

of INTEGER;

typ LINE is

array (1. .MAX_-LINE-SIZE)

of CHARACTER;

. SCHEDULE is array (DAY)

of BOOLEAN;

56



RECORD S

type TIME is

record

DAY :INTEGER

range 0..*366*(2099-1901+1);

SECOND :DURATION --see 9.6

range 0.0. .86 400.0;--one day

end record;



0



T APE 1-3

RECORDS, ARRAYS & ENUMERATION TYPES

"~EXT PAGE INTENTIONALLY
LEFT BLANK.
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TTY_10

Is package in ADE Library

provides:

INTEGER_10

CHARACTER_10

I ~ STRING 10

to terminal

use TYI-0



with

TET10 TEST 1

-FLOAT_10

-INTEGER_1O

-STRING_10

TEXT_10. FLOAT_10

use TEXT_10

52d



INSTANTIATE FLOAT -10

pragma MAIN

with TEX'T 10

procedure TEST 1 is

Package INT 10

is new

TEXT_10. INTEGER-10

for INTEGER

use INT_10



SUBTYPE S

subtype WEEKDAY is

DAY range MON. .FRI;

subtype WEEK is

INTEGER range 1.. 52;

sub type HOUR is

TNTEGER range 1.. 24;



SUBTYPE

oSUBSET OF VALUES OF

BASE TYPE

o DETERMINED BY A

CONSTRAINT

06



OVERLOAD ING

type COLOR type LIGHT

is (WHITE, is (RED

RED, AMBER,

YELLOW, GREEN);

GREEN);

COLOR'GREEN 1=LrGHT'GREEN

if5



OVERLOADING

o THE SAME IDENTIFIER

HAS MORE THAN ONE

MEANING AT A GIVEN

POINT IN PROGRAM TEXT

66



TYPE

o A SET OF VALUES

and

o A SET OF OPERATIONS

APPLICABLE TO

THOSE VALUES

57



SUBTYPE

oSUBSET OF VALUES OF

BASE TYPE

o DETERMINED BY A

CONSTRAINT

68



OBJEC

o OBJECTS CONTAIN VALUES

o CREATED BY ELABORATING

A DECLARATION (OR ...)

o TYPE BOUND AT

ELABORATION

r.EXT PAGE INTENTIONALLY

LEFT BLANK,
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TAPE #4

FLOW OF CONTROL

N'EXT PAGE INTENTIONALLY
LFET BLANK,

71



FLTOW OF CONTROL STATEMENTS

1. S EC[TFNT TAL

?. IF . . .TiEN . ..ELSE

3. CASE... ..I. ..

4. WHILE . . .T 0OP

5. FOR . . .LOOP

6. EXIT . . .WHEN ...

7. PROCEDURE CALL

8. FUNCTION INVOCATITON

9. RETURN

73



OTHER STATEMENTS AFFECTING

FLOW OF CONTROL

10. RAISE --EXCEPTION

11. TASK INITIATION

12. ENTRY CALL -

RENDEZVOUS FROM USER TASK

LOOKS LIKE A PROCEDURE CALL

13. ACCEPT -

RENDEZVOUS FROM SERVER TASK

14. ABORT

15..jw -- DON'T USE

74



TF STATEMENT

fD>=

then

P[UT ("POSITIVE ROOT ="

-- ETC.

e 1z ~e

PITT ("IMAGINARY ROOTS");

end if:

75



if STATEMENT

IFSTATEMENT ::=

if CONDITION then

SEQUENCEOFSTATEMENTS

relse

SEQUENCEOF STATEMENTS]

end if;

76



ELS IF

SYNTACTIC CONVENIENCE

if CONDITION

then .

else if COND_2 then . .

else Fif COND 3 then ...

else

end if; --COND_3

end if; --COND 2

end If;

77



CASE STATEMFNT

case SENSOR is

when ELEVATION =>

RECORDELEVATION

(SENSOR VALUE);

when AZIMUTH ->

RECORDAZIMUTH

(SENSOR VALUE);

when others =>null;

end case;

/
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CASE STATEMENT

case DISCRETETYPEEXPRESSION

is --COVER VALUES ONCE

when DISCRETERANGE =>

when ANOTHERDISCRETE =>

when other =>

end case;

7

79
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0

WHILE . .. LOOP

WHILE CONDITION EVALUATED

BEFORE EACH EXECUTION OF

THE SEQUENCE OF STATEMENTS

while CONDITION loop
SEQUENCEOFSTATEMENTS

end loop;

ONLY EXECUTES IF CONDITION TRUE

0

08

0



S!

FOR . . . LOOP

for I In DISCRETERANGE

loop . . end loop;

1. CREATES I

2. EVALUATES DISCRETE RANGE

3. IF DISCRETE RANGE NOT null

EXECUTE, TREATING I AS CONSTANT

4. AFTER ALL VALUES, DESTROY

I AND EXIT

81



LOOP STATEMEN'

LOOPLSTATEMENT :S: T

[LOOP SIMPLE-NAME:]

[ITERATIONSCHEME] loop

SEOUENCE_OF_STATEMENTS

end loop [LOOPSIMPLENAME];

ITERATIONSCHEME ::

while CONDITION

lfor LOOP-PARAMETER SPEC

*

6

82
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EXIT STATEMFNT

OUTERLOOP:

for I in 1..10 loop

for J

in reverse 1..I0 loop

exit when J = I 4 3:

exit OUTER LOOP

when J = 1;

end loop;

end loop OUTER LOOP;

-- I AND J NOT VISIBLE

33

83
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EXIT STATEMENT

EXITSTATEMENT ::-

exit [LOOPNAME]

[when CONDITION];
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PROCEDURES AND FUNCTIONS

PROCEDURES

GET (A); PUT (A);

NEW-LINE;

FUNCTIONS

SORT (D 9-U~ .4~

0
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NAMED vs POSITIONAL PARAMETERS

procedure CREATE

(FILE: in out FILETYPE;

MODE: in FILEMODE := default;

NAME: in STRING :i "

FORM: in STRING := "

CREATE (WALDO); --TMP FILE

CREATE (JUDY, NAME 2> "JUDY");

86



OVERLOAD ING

PARAMETERTYPEPROFILE

-- # PARAMETERS;

-- BY POSITION, PARAMETERS

-- HAVE SAME BASE TYPE

RESULTTYPEPROFILE

-- SAME BASE TYPE

-- NOTE: NOT NAMES, NOT MODES,

-- NOT SUBTYPES, NOT DEFAULTS

87



OVERLOADING OPERATORS

o CAN OVERLOAD PREDEFINED

OPERATOR SYMBOLS

o CANNOT OVERLOAD MEMBERSHIP

TEST OR SHORT CIRCUIT

CONTROL FORMS

o EXAMPLE:

function "+" (LEFT,RIGHT: MATRIX)

return MATRIX

88



EXCEPTIONS

o DEAL WITH ERRORS OR OTHER

EXCEPTIONAL SITUATIONS

o EXCEPTION NAMES ASSOCIATED WITH

XCEPTIONS AT COMPILE TIME AND

STAY SAME NO MATTER HOW OFTEN

DECLARATION TS ELABORATED

-- EG, RECURSIVE CALLS DON'T

--PROLIFERATE EXCEPTIONS



RAISING EXCEPTIONS

o DRAW ATTENTION TO ABNORMAL

SITUATION

o ABANDON NORMAL PROGRAM

EXECUTION

o TRANSFER CONTROL TO USER

PROVIDED HANDLER

o OR PROPAGATE

90



STr"ARY

FLOW OF (ONTROL

[. SFOUENTIAL

2. IF. . .TiFN. .ELSE

3. CASE. . . IS.

5. FRI. . .TOOP

L FXTT. .C LFN

PROCFDTRF CALL

FI:NCTION INVOCATION

R F TPN

.0. RAISE --EXCEPTION

A~~~ ~~~ - - - - --~. -.-..-..t.. --



-U-fARv (W PVCIFPTTONS

FFCPTIONS %RF NOT OB)jfICTS,

THFY 'PTF MFTZFTY TAGS.

o PROP.\CATFD PYNAMTCALLIY

T7,%* !K"XIST T9PIG4UTPfCX

T.IFF -

-- CAN BE PROPACATED) niTT (IF

'qcnPF ANT, T7HN BACK IN

AGAI[N

o ONLY IUS17 FOR ABNORMAL EVENTS



EXAMPLE (CONT)

procedure AVERAGE is...

Cbgin loop declare

GET (DATA);

if DATA =-1 then EXIT; end if;

SUM := SUM + DATA

COUNT :- COUNT + 1;

exception when CONSTRAI'A-T-MW.C1

=:' BAD : - BAD + 1; (end-

end lo;PUT ("AVERAGE of");

PUT (FLOAT(SUM)/FLOAT(COUNT));

(E)AVERAGE;



EXAMPLE

procedure AVERAGE is

DATA: INTEGER range -1. .99_-999;

SU'M, COUNT, BAD: INTEGER: =O;

begin

loop --COLLECT DATA

declare --TRAP BAD DATA

begin ... -A~TILT

exception --COUNT BAD DATA

end; --END ITERATION

end loop;

end;



PROPAGATION OF EXCEPTIONS

WHERE RAISED WHERE RAISED

AND NOT HANDLED NEXT

SUBPROGRAM BODY POINT OF CALL

BLOCK AFTER BLOCK

PACKAGE BODY AFTER BODY -

WITHIN ENCLOSING

DECLARATIVE PART

LIBRARY UNIT ABANDON MAIN

PROGRAM

TASK BODY TASK COMPLETED

oo



SCOPE OF EXCEPTIONS

o EXCEPTIONS HAVE IDENTIFIERS

A DEFINITION OF THE EXCEPTION

IDENTIFIER MTST BE VISIBLE WHERE

AN EXCEPTION IS RAISED AND

WHERF A HANDLER IS DEFINED

o HANDLERS ARE INDEPENDENT OF

EXCEPTION DECLARATIONS AND

ARE OPTIONAL

99



EXA±MPL E

begin

-- SEQUENCEOFSTATEMENTS

exception

when SINGULAR? NUMERIC ERROR=>

PUT ("MATRIX IS SINGULAR");

when others ->

PUT ("FATAL ERROR");

raise; -- PROPAGATE SAME

EXCEPTION

end;

98



EXCEPTION HANDLER

EXCEPTION HANDLER ::=

when FCEPTION CHOICE

fJEXCEPT ION CHOrICE)
=)SEQUENCE OF STATEMENTS

EXCEPTION CHOICE .:=

EXCEPTION NAME lothers

97



EXCEPTION HANDLERS

begin

SEQUENCEOFSTATEMENTS

exception

EXCEPTION HANDLER

EXCEPTION HANDLER

end

96
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HANDLINCG FXCEPTIONS

declare

N :INTEGER :=0;

beg in

N :=N+J**A(K); --A&K GLOBAL

except ion

when others => PUT("AN ERROR"):

* end;

95



PREDEFINED EXCEPTIONS (CaNT)

STORAGE-.ERROR

" DYNAMIC TASK STORAGE EXCEEDED

.1o DURING ALLOCATION IF COLLECTION

FULL

o INSUFFICIENT STORAGE TO

ELABORATE A DECLARATION OR

* CALL A SUBPROGRAM

94
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0

PREDEFINED EXCEPTIONS (CONT)

PROGRAM-ERROR

o CALL SUBPROGRAM ] BEFORE BODY

o ACTIVATE TASKh IS ELABORATED

o ELABORATE GENERIC

o REACH FND OF FUNCTION

o SELECTTVE WAIT WITHOUT OPEN

BRANCHES

o ERRONEOUS ACTION

o INCORRECT ORDER DEPENDENCY

0

93



PREDEFINED EXCEPTIONS (CONT)

NUHERIC.ERROR

o EXECUTION OF PREDEFINED

OPERATION CANNOT DELIVER

CORRECT RESULT

TASKING-ERROR

o EXCEPTIONS DURING INTERTASK

COMMUNICATIONS

9

@
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PREDEFINED EXCEPTIONS

CONSTRAINTERROR

o VIOLATE RANGE CONSTRAINT

o VIOLATE INDEX CONSTRAINT

o VIOLATE DISCRIMINANT CONSTRAINT

o NON-EXISTENT RECORD COMPONENT

o NULL ACCESS VALUE

S-

*'

1r

0

0 - " . . .. . .. ... " - mul ' - - . .



DEFINING PROGRAM COMPONENTS

* NEXT PAGE INTENTIONALLY
LEFT BLANK.



COMPONENT

o A VALUE THAT TS PART

OF A LARGER VALUE

SAN nTMFCT THAT TS PART

OF A L.ARGF: OFJECT

0



FOLLOWING ARE PROGRAM COMPONENTS

o PROCEDURES

o FUNCTIONS

o PACKAGES

o TASKS

108
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SUBPROGRAM DECLARATION

procedure *IDENTIFIER rformal -part]

function DESIGNATOR [formal_part]

return type mark

formal_part:=

(parameter specification

; parameter-specification?)

parameter-specification:=

identifier list :mode

type mark expression]

109



PROCEDURE EXAMPLES

procedure RIGHT _INDENT

(MARGIN: out LINESIZE);

procedure SWITCH

(FROM, TO: in out LINK);

-procedure PRINTHEADER

(PAGES: in NATURA);

HEADER: in LINE

:= (l..LINE'LAST :='');

CENTER: in BOOLEAN := TRUE);

11.9



FUNCTION EXAMPLES

function RANDOM return

PROBABILITY;

function MIN.CELL (X : LINK);

function DOTPRODUCT

(LEFT,RIGHT : VECTOR)

return REAL;

function "*" (LEFT,RIGHT MATRIX)

return MATRIX;

I ,o
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PARAMETER PASSING MECHANISMS

in in out out

scaler copy copy copy

access copy copy copy

;irrav either reference

record or copy

task type-

private type according to full type

112



PARAMETER PASSING MECHANISMS

-COPY-

procedure PUT (X: INTEGER) is...

--CALLED BY PUT (28)

CALR U



PARAMETER PASSING MECHANISMS

-REFERENCE-

type TABLE is arrav(1...IO) of INTFGER;

procedure OUT (X: TABLE) is...

-- CAT.LEl BY

Y- : TABLE :- (others=)' );

-- OUT (Y);

CALLEROU

0
0
9

114



MATCHING ACTUALS & FORMALS

o ACTUALS AND FORMALS MUST BE

OF THE SAME BASE TYPF

o IF FORMAL IS CONSTRAINED

--ACTUAL VALUE MUST OBEY

-- CONSTRAINT

-- (BUT NOT TYPE OF ACTUAL)

o IF ACTUAL out or in out

--MORE CONSTRAINED THAN

-- FORMAL AND SCALER THEN

--MUST OBEY AT COMPLETION

115



MATCHING ACTUALS & FORMALS

(CONT)

o IF FORMAL IS UNCONSTRAINED ARRAY

--ACTUA-L MUST BE CONSTRAINED

--DEERMNESBOUNDS

o IF FORMAL IS RECORD OR PRIVATE

--WITH UNCONSTRAINED DISCRIMTNANT

--THEN USE DISCRIMINANT OF

-ACTUAL INCLUDING UNCONSTRAINED

-- IF ACTUAL IS UNCONSTRAINED

lie:



WARNINGS

FOR ARRAYS AND RECORDS

ASSIGNMENTS TO FORMAL MAY

OR MAY NOT AFFECT ACTUAL IF

SUBPROGRAM IS ABANDONED

WHERE ACTUAL IS ACCESSIBLE

BY MORE THAN ONE PATH

(E.G. GLOBAL IDENTIFIER)

VALUE IS UNDEFINED AFTER

UPDATING BY ANY MECHANISM

OTHER THAN ASSIGNING TO

FORMAL AND RETURNING
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SUBPROGRAMDECLARATION :

SUBPROGRAMSPECIFICATION;

SUBPROGRAMSPECIFICATION:=

procedure IDENTIFIER

rFORMALPART]

function DESIGNATOR

fFORMALPART]

return TYPE MARK

DESIGNATOR :=IDENTIFIER

OPERATOR-SYMBOL

~11



FORMALPART =

(PARAMETER SPECIFICATION

f; PARAMETERSPECIFICATION})

PARAMETER SPECIFICATION

IDENTIFIERLIST

MODE TYPEMARK

:= EXPRESSION 1

MODE fINIIN OUTIOUT

119



DISCRIMINANTS OF PRIVATE TYPES

type TEXT (MAXLNG : INDEX)

is limited private;

private

type TEXT (MAXLNG : INDEX) is

record

POS INDEX=o;

VALUE STRING

(I .. MAX LNG);

end record;

end;

j L -



package KEYMANAGER is

type KEY is private;

NULL KEY : constant KEY;

procedure GET-KEY

(K : out KEY);

private

type KEY is new NATURAL;

NULL KEY constant :=O

end;
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PRIVATE TYPES (CONT)

o PRIVATE PART OF INTERFACE

-- AFFECTS SPEARATE COMPILATION

o LIMITED PRIVATE

-- NO IMPLICIT ASSIGNMENT

-- NO IMPLICIT EQUALITY

-- NO IMPLICIT INEOUALITY

o DEFERRED CONSTANT

-- VALUE IS IN PRIVATE PART
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PRIVATE TYPES (CONT)

IWPLICITLY DEFINED OPERATIONS

o ASSIGNMENT

o MEMBERSHIP TESTS

o MDISCRIMINANT SELECTION1

o EXPLICIT CONVERSIONS

o T'BASE, T'SIZE, A'SIZE

A'ADDRESS

o [A'CONSTRAINED --

IF DISCRIMINANT1

o EQUALITY AND INEQUALITY

120



PRIVATE TYPEs

o PACKAGE DEFINES A SET

OF OPERATIONS

o PRIVATE TYPE DECLARATION

CREATES A TYPE FOR

OBJECTS TO WHICH THE

OPERATIONS APPLY

o DETAILS OF THE PRIVATE

TYPE HIDDEN FROM USER

29



PRIVATE TYPES

o HIDE DETAILS OF TYPE DEFINITION

o ONLY OPERATIONS DEFINED BY

PACKAGE AND THE IMPLICITLY

DECLARED OPERATIONS CAN

AFFECT PRIVATE TYPES
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package WORK-..DATA is

typeDAY is (MON, TUES, WED,

THU, FRI, SAT, SUN);

type HOURS is delta 0.25

range 0.0 .. 24.0;

type TIMETABLE is

array (DAY) of HOURS

NORMAL :constant TIMETABLE

(MON. .THR=> 8.25, FRI=> 7.0,

OTHERS=> 0.0);

end WORK-DATA;

1 27



PACKAGE BODY

PACKAGEBODY ::-

package body SIMPLE_NAME is

[DECLARATIVEPARTl

(begin

SEOUENCEOFSTATEMENTS

exception

EXCEPTIONHANDLER

JEXCEPTIONHANDLER ] ]

end [SIMPLE-NAME];
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PACKAGE SPECIFICATION

PACKAGESPECIFICATION:=

package IDENTIFIER is

JBASICDECLARATIVEITEM

LIMTED] PRIVATE

BASICDECLARATIVEITEM?-]

end rIDENTIFIERI;

125



PAKG ELRTO

PACACKAGDECLARATION

PACKAGESPECIFICATION;

-- PACKAGE-BODY

-IS OPTIONAL

124



PACKAGES

o A COLLECTION OF RELATED

TYPES, SUBPROGRAMS,

AND OBJECTS

123



MODE - ~ function --- AU

"IN"

.12



ACTUAL PARAMETERS

MODE "IN OUT"

ACTUAL FORMAL ACTUAL

PARAMETERS PARAMETERS

MODE - / procedure MODE

"IN" - - "OUT"
INTERNAL STATE

GLOBAL OBJECTS)

121
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PARAMETER MODES

o IN FORMAL PARAMETER IS

A CONSTANTo!
o IN OUT CAN BOTH READ AND

UPDATE ACTUAL

o OUT CAN UPDATE ACTUAL

CAN READ BOUNDS AND

DISCRIMINANT OF ACTUAL

(ONLY)

120
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FOLLOWING ARE PROGRAM COMPONENTS

o PROCEDURES

o FUNCTIONS

o PACKAGES

o TASKS

73
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LABORATORY #2

S

I fe

1~

0

S

S
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LABORATORY #2

OBJECTIVES:

1. EXPERIMENT WITH Ada

CONSTRUCTS COVERED ON

FIRST DAY

2. BUILD EXAM~PLE FOR

USE IN LABS ~3-5

IrkI

1 36



ASS IGNMENT

SIMULATE A SIMPLE

HAND CALCULATOR

IN Ada

0

137



CALCULATOR SPECIFICATIONS

type OPERATIONS is

(+P -§ *s I, C);

REGISTER : FLOAT;

--GET AN OPERATOR

-- GET A NUMBER

-- OPERATOR (REGISTER, NUMBER)

-PUT REGISTER

138



IMPROVE CALCULATOR

1. ROBUST HANDLING OF BLANK

CHARACTERS

2. ACCEPT NUMBERS WITHOUT DECIMAL

POINT

3. EXCEPTION HANDLER FOR INVALID

INPUT

139



TYPE LEGALOPS

Is~



package OPS_10

is new

TEXTTO. ENUMERATION TO

(LEGALOPS);

139b,
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TYPE

o A SET OF VALUES

and

o A SET OF OPERATIONS

APPLICABLE TO

THOSE VALUES

142



TAPE #6

MAKING COM1PON!ENTS MORE GENERAL

N1EXT PAGE INTENTIONALLY
LEFT BLANK.
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SUBTYPE

o SUBSET OF VALUES OF

BASE TYPE

o DETERMINED BY A

CONSTRAINT

(45.



OBJECT

o OBJECTS CONTAIN VALUES

o CREATED BY ELABORATING

A DECLARATION (OR ... )

o TYPE BOUND AT

ELABORATION



DISCRIMINANTS

type SQUARE (SIDE :INTEGER) is

record

MAT :MATRIX (1. .SIDE,

I. .SIDE);

end record;
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VARIANT RECORDS

AND DISCRIMINANTS

qubtype DRUM UNIT

is PERIPHERAL (DRUM);

subtype DISK UNIT

is PERIPHERAL (DISK);

WRITER PERIPHERAL

(UNIT =" PRINTER);

ARCHIVE DISK UNIT;



VARIANT RECORDS (CONT)

type PERIPHERAL

(UNIT : DEVICE :-DISK) is

record STATUS : STATE;

case UNIT is

when PRINTER =

LINE COUNT

when OTHERS -7

CYLINDER •

TRACK .

end case;

end record;
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VARIANT RECORDS

type DEVICE is

(PRINTER, DISK, DRUM);

type STATE is

(OPEN, CLOSED);
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UNCONSTRAINED ARRAY6

function ROWTOTAL (MATRIX)

returns VECTOR is

begin

if (MATRIXLAST(2)-MATRIX tFIRST(2))

/- (VEcTOR'LAST-VECTOR' FIRST)

then raise SOMEERROR;

--etc
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REVIEW : UNCONSTRAINED ARRAYS

WRITE SUBPROGRAMS THAT DETERMINE

SIZE OF FORMAL ARRAYS FROM ACTUAL

type MATRIX is array

(INTEGER range 4

INTEGER range<,/) of INTEGER;

type VECTOR is array

(INTEGER range o) of INTEGER;
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QUESTIONS ON EXAMPLE

1. WHY NO NEW-LINE IN LOOP

2. WHAT IF DELETE exit

3. WHY NOT USE EXCEPTION AS

TERMINAL CONDITION

154



TYPE ATTRIBUTES (GONT)

NEW-PAGE;

X :=P'FIRST;

PRINT while X 4= P'LAST loop

for I in 1. .NOCOL loop

SETCOL ((I-l)*HT+1);

PUT (P'IMAGE (X));

exit PRINT when X=P'LAST;

X:=P'SUCC(X);

end loop; end loop PRINT;
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TYPE ATTRIBUTES (CONT)

P'WTDTH MAXIM4UM LENGTH OF

IMAGES OF TYPE P

function LINE_-LENGTH return COUNT;

NO-.COL :constant INTEGER

:LINELENGTH/(P'WIDTH+5);

HT :mP'WIDTH+5;
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TYPE ATTRIBUTES (CONT)

P'IMAGE (X);

P IS DISCRETE SUBTYPE

X IS A VALUE OF TYPE P

function P'IMAGE (X) returns STRING;

RESULT IS THE PRINT IMAGE OF X

0
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TYPE ATTRIBUTES

for J in BUFFER'RANGE loop

if BUFFER QJ) /- SPACE then

PUT (BUFFER (J));

end if;

end loop;
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TOOLS FOR GENERALIZATION

o TYPE ATTRIBUTES

o VARIANT RECORDS

o UNCONSTRAINED ARRAYS

o UNCONSTRAINED DISCRIMINANTS

o PACKAGES ARE ABSTRACT TYPES

o GENERICS

149
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OTHER STATEMENTS AFFECTING

FLOW OF CONTROL

10. RAISE --EXCEPTION

I 11. TASK INITIATION

12. ENTRY CALL -

RENDEZVOUS FROM USER TASK

LOOKS LIKE A PROCEDURE CALL

13. ACCEPT -

RENDEZVOUS FROM SERVER TASK

14. ABORT

15, -- DON'T USE

t4'



FLOW OF CONTROL STATEMENTS

1. SEQUENTIAL

2. IF . . .THEN . . .ELSE

3. CASE... .. I. ..

'WHILE . . .LOOP
5. FOR . . .LOOP

6. EXIT . . . WHEN...

7. PROCEDURE CALL

8. FUNCTION INVOCATION

9. RETURN

(47
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DI SCR IMI NANT S

type TEXT (MAXLNG :TNDEX) is

record

*POS :INDEX :=0;

VALUE :STRINC (1. .MAXLNG);

end record;

161



UNCONSTRAINED DISCRIMINANTS

o DISCRIMINANTS MUST ALWAYS

HAVE A VALUE

o NORMALLY, DISCRIMINANT IS A

CONSTANT DETERMINED WHEN THE

OBJECT IS CREATED

o HOWEVER, IF DEFAULT INITIAL

VALUE GIVEN AND OBJECT

CREATED BY NORMAL DECLARATION,

DISCRIMINANT CAN BE CHANGED

BY WHOLE RECORD ASSIGNMENT

162
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STORAGE REOUIREMENT

KNOWN AT ALLOCATION

type TEXT (MAX LNG:INDEX)

LINE : TEXT(132);

type TEXT (MAXLNG: INDEX:=80)

CARD : TEXT;

LINE : TEXT(132); .

CARD :=LINE; --CHANGES MAX LNG

163
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PACKAGES AS ABSTRACT TYPES

package RATIONAL-NUMBERS is

type RATIONAL is private

function EQUAL (X,Y:RATIONAL)

return BOOLEAN;

function "+" (X,Y:RATIONAL)

return RATIONAL;

function "-" (X,Y:RATIONAL)

return RATIONAL;

-etc
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PACKAGES AS ABSTRACT TYPES

package RATIONALNUMBERS is

--etc (CONT.)

procedure GET (ITEM:out RATIONAL;

WIDTH-:in FIELD:=O);

procedure PUT (ITEM:RATIONAL;

NU MLNG:FIELD:=DEFAULT_NUM:

DENOM LNG:FIELD:=DEFAULT DENOM)

165



GENERICS

generic

type P is (K>); --DISCRETE

procedure LIST;

procedure LIST is

--CODE TO LIST ALL

--VALUES OF P

end LIST;

166



POWERFUL TOOLS FOR

THE LIBRARY BUILDER

o ATTRIBUTES

o VARIANT RECORDS

o UNCONTRAINED FORMAL ARRAYS

o UNCONSTRAINED RECORD

DISCRIMINANTS

o PACKAGES

o GENERICS

NEXT PAGE INTENTIONALLY
LEFT BLANK.
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TAPE #7

DESIGN GUIDELINES

1~69



RULE #1

TRY TO STRUCTURE YOUR PROGRAM

AS A COLLECTION OF LIBRARY UNITS

RATIONALE:

1. LIBRARY UNITS ARE INDEPENDENT

COMPONENTS

2. SIMPLIFIES SCOPE AND VISIBILITY

170



COMPILATION ORDER

STANDARD

A B C D E F

MAIN with with with with with

with D E C F TEXT-TO

B F

C

000000

1 71\



RULE #2

PUT THE BODIES OF LIBRARY

UNITS IN SECONDARY UNITS

RATIONALE:

CHANGE IMPLEMENTATION OF A

T.IBRARY UNIT WITHOUT

RECOMPILING UNITS UJSING IT

172



CREATING SECONDARY UNITS

LIBRARY UNITS:

SUBPROGRAM DECLARATION /BODY

PACKAGE DECLARATION

GENERIC DECLARATION/INSTANTIATION

173



CREATING SECONDARY UNITS (CONT)

procedure EXAMPLE(X: in INTEGER,

Y; out STRING)

is separate;

function SAMPLE(X: INTEGER)

return STRING

S sSeparate;

174



CREATING SECONDARY UNITS (CONT)

package PROBLEM is SAME

{ DECLARATIONS) SOURCE

rprivate FILE

fOTHER_DECLARATIONS] 3
end SAME

package body PROBLEM is COMPILATION

--etc
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RULE #3

CREATE A SYSTEM OF

MEANINGFUL TYPES

FOR YOUR APPLICATION

RATIONALE:

1. REDUCES CODING ERRORS

2. SIMPLIFIES MAINTENANCE

3. IMPROVES EXECUTION EFFICIENCY

S

176
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CREATING MEANINGFUL TYPES:

DEFINING YOUR TYPES

package MY TYPES is

tvpe STOPLIGHT is

(READ, YELLOW, GREEN);

tvDe DAY is

(MON, TUE, WED, THU,

FRI, SAT, SUN);

end MY-TYPES;

177



USING YOUR TYPES:

MAKING package MY.-TYPES VISIBLE

with MY TYPES;

procedure C is

SIGNAL: MY TYPES.STOPLIGHT;

begin

--etc.

end C;

178
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USING YOUR TYPES:

DIRECT VISIBILITY FOR INTERFACE OF

MY TYPES

with MYTYPES;

use MYTYPES;

procedure C is

SIGNAL : STOPLIGHT;

--etc.

179



USING YOUR TYPES:

OPERATIONS AVAILABLE ON USER

DEFINED TYPES

1. EXPLICITLY DECLARED SUBPROGRAMS

HAVING A PARAMETER OR RgQ.'"

OF THE TYPE

2. BASIC OPERATIONS

3. PREDEFINED OPERATORS

4. ENUMERATION LITERALS

5. ATTRIBUTES V

180



USING YOUR TYPES:

IMPLICITLY DECLARED OPERATIONS

BASIC OPERATIONS INCLUDE:

1. ASSIGNMENT AND INITIALIZATION

2. MEMBERSHIP TEXTS

3. QUALIFICATION - EG DAY'(MON)

4. EXPLICIT TYPE CONVERSION

5. IMPLICIT TYPE Co VIs4 -o.

UN:VERSAL REAL AND

UNIVERSAL INTEGER

--

181



USING YOUR TYPES:

EXPLICITY DECLARED OPERATIONS

package RATIONAL_-NUMBERS is

tv'pe RATIONAL is ...

function EOUAL (X,Y: RATIONAL) ...

function 1"(X,Y: INTEGER) ...

function " (X,Y: RATIONAL)...

--etc
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DLRIVED TYPES

ARE A CONVENIENT WAY TO

CREATE DISTINCT TYPES

EG:

tvpe MEASURES is new RATIONAL;

DERIVES SUBPrOGRAMS DECLARED

WITH THE PARENT TYPE

183



PITFALLS

RECOMPILING PACKAGE SPEC FORCES

RECOMPILATION OF ALL USING

PROGRAMS

--TO ADD MORE RATIONAL

OPERATIONS

with RATIONALNUMBERS:

use RATIONALNUMBERS;

package MORERATIONAL.OPS is

function "

184



OUTSIDE THE LANGUAGE

DIRECTORY SYSTEM FOp ORGANIZING

LIBRARY UNITS

(HIERARCHY OR RELATIONAL)

LIBRARY UNIT MANAGEMENT

SOURCE, OBJECT, EXECUTABLE

MODULE

NEW AND DERIVED VERSIONS

WHICH PROGRAMS USE A UNIT

135



ASSUMPTIONS ABOUT COMPILER

o UNUSED SUBPROGRAMS AND

OBJECTS ELIMINATED

o NO SPACE FOR ENUMERATION

LITERALS UNLESS DISPLAYED

o CONSTRAINTS CHECKV0 -r

COMPILE TIME IF POSSIBLE

186



RULE 114

USE A PACKAGE TO ACHIEVE

EFFECT OF FORTRAN COMMON

(GLOBAL OBJECTS)

package COMMON is

A,B,C: INTEGER;

end COMMON;

187



PACKAGE DECLARATIVF REGION

package WALDO is

X,Y: ... EXTEND TO SCOPE OF

end WALDO; ENCLOSING DECLARATION

package body WALDO is

X,Y: X,Y

begin EXIST

SEOENCE OF STATEMENTS THROUGHOUT

fe nd WALDO



DECLARATIVE REGTONS

SUBPROGRAM ENTRY & ACCEpIr

PACKAGE RECORD

TASK RENAMING

GENERIC BLOCK OR LOOP

MC



OVERLOADING

OVERLOADING:

USING THE SAME IDENTIFIER FOR

TWO OR MORE (HOPEFULLY RELATED)

MEANINGS, WHERE THE MEANTNG

IN A PARTICULAR SITUATION IS

DETERMINED FROM THE CONTEXT

EXAMPLE:

"+"(LEFT,RIGHT : INTEGER)

return INTEGER;

"+"(LEFT, RIGHT : FLOAT)

return FLOAT;

'1199



SCOPE VS VISIBILITY

SCOPE OF A DFCLARATION:

THE LIFETIME OF ANY ENTITY

DECLARED BY THE DECLARATION

VISIBILITY OF AN IDENTIFIER:

IN COMBINATTON WITH OVERLOADING,

ESTABLISHES THE MEANING OF THE

OCCURENCE OF AN IDENTIFIER

1 98



TAPE #8

SCOPE &VISIBILITY

1 97



ASSIGNMENT

1. CREATE A PACKAGE THAT

TMPLEMENTS THE CALCULATOR

FUNCTIONS

2. CREATE A MATN PROCEDURE

THAT HANDLES TERMINAL 1-0

AND USES THE CALCULATOR

PACKAGE

3. SEPARATELY COMPILE BODIES OF

ALL FUNCTIONS AND PROCEDURES

1 96



LABORATORY #k3

OBJECTIVES:

1. EXPERIMENT WITH PROCFDUTRE

AND FUTNCTION DEFINITIONS

2. DEFINE A PACKAGE

3. EXPERIMENT WITH SEPARATE

COMP ILAT ION



LABORATORY 1P3

1 94



SUMMARY

1. MAKE SUBSYSTEMS LIBRARY UNITS

2. SEPARATELY COMPILE LIBRARY

BODIES

3. USE MEANINGFUL TYPES

4. PUT GLOBALS IN PACKAGE(S)

5. COMMUNICATE VIA PARAMETERS

193
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0

RESTRICTED VISIBILITY

STANDARD

COMMON

EMAIN OBJECTS A B

with

COMMON

A COMMON

B NOT VISIBLE

192



RULE #5

PASS INFORMATION THROUGH

PARAMETERS RATHER THAN

USING GLOBAL OBJECTS

COMMENTS:

1. DON'T ASSUJME COMMUNICATING

THROUGH GLOBAL OBJECTS IS

MORE EFFICIENT

2. RESTRICT VISIBILITY OF

GLOBAL DATA

1 91
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USING NESTED PACKAGES (CONT)

with COMMON;

use COMMON:

procedure R is

use BLOCK_1;

--etc

1 90



USING NETTED PACKAGES

with COMMON;

procedure R is

use COMMON.BLOCK 1;

--COULDN'T SAY IN CONTEXT

--CLAUSE BECAUSE NOT

--LIBRARY LNIT SIMPLE NAME

189



NESTED PACKAGES

package COMMON is

package BLOCK_1 is

A,B,C :INTEGER;

end BLOCK_1;

package BLOCK_2 is

XY,Z :FLOAT;

* end BLOCK 2

end COMMON;

188



BLOCK DECLARATIVE REGION

WALDO :declare

A:

.4 B . . SCOPE SCOPE

begin . . .OF OF

exception .. A B
end WALDO;..... . ... J

202



QUALIFIED NAMES

procedure P is

A,B : OOLEAN;

procedure 0 is

C :BOOLEAN;

B :BOOLEAN; --HOMOGRAPH9 OF P.B

*begin...

B A; --0.B P.A;

C P.B; --Q.C P.B;



NESTING HIERARCHY

PACKAGE STANDARDl

BOOLEAN, CHARACTER
INTEGER, . .

SIMPLE NAMESLIBRARYUNITS

MA IN

excepton--IPLEMENTATION DEFINED

a
iI

204
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NESTING HIERARCHY

package STANDARD is

BOOLEAN, CHARACTER, INTEGER,

package CALENDAR is separate

L package TEXT_10 is separate

MAIN TEXT-1O ICALENDAR

205



COMPONENT LIBRARY

LIBRARY UNITS ARE IMPLICITLY

DECLARED IN PACKAGE STANDARD

--TO MAKE A LIBRARY UNIT VISIBLE:

with LIBRARYLNIT_SIMPLENAME;

-- NOTE IMPLICATION THAT STANDARD

HAS UNUSUAL BEHAVIOR

0

206
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COMPONENT LIBRARY (CONT)

o PROGRAM LIBRARY INCLIPFS LIBRARY

UNITS AND SECONDARY UNITS

0 SECONDARY UNITS ARE SEPARATELY

COMPILEFT SUB-UNITS OF LIBRARY

UNITS )R C7 OTHER SECONDARY

UNITS

o LIBRARY UNIT SIMPLE NAMES MUST

BE UNIOUF

3 2
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nackage STANDARD is

package LIB 1

tDackage LIB 2

LIE3 DFFERENT LIB 3

LIBl.LiB3 LIB2.LIB3
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USE CLAUSE

o ACHIEVES DIRECT VISIBILITY OF

DECLARATIONS IN VISIBLE PARTS

OF NAMED PACKAGES

package D is

T,U,V : BOOLEAN; 1 VISIBLE

procedure P . .. PART

procedure 0 ...

end D;

0
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USE CLAUSE (CONT)

o USE CLAUSE AFFECTS VISIBILITY

BUT NOT SCOPE !

o SPECIAL CASES GUARANTEE THAT

USE CANNOT HIDE AN OTHERWISE

DIRECTLY VISIBLE DECLARATION:

-DIRECTLY VISIBLE HOMOGRAPHS

HAVE PREFERENCE

210



USE AND RENAMES

o USE CLAUSE SHOULD BF VIEW4ED

AS A CONVFNT ENT SHORTHAND

Rf-Ai~iwG T)ECLARATWoN:=

TDFNTTFTER :TYPEMARK

renames OBJECTNAME;

I IDENTIFIER :exception

renam-es EXCFNAME;

package TDENTIFTER

* renames PACKNA.ME;

SUBPROGSPEC

renames SUBPROC OR ENTRY;



RENtMING (CONT)

o RENAMING DOES NOT HIDE THE

OLD NAME

o OBJECTS OF ANONYMOUS TYPE

CANNOT BE RENAMED

o SUBTYPE CAN BE USED TO

ACHIEVE EFFECT OF RENAMING

TYPE:

subtvpe MODE is

TEXT jo. FILE MODE;

212



OVERLOADING RULES

o DETERMINE ACTUAL MEANING OF

IDENTIFIER WHEN VTSTBILITY RULES

SHOW MORE THAN ONE MEANING

IS ACCEPTABLE

o ERR ON CONSERVATIVE SIDE -

GIVE ERROR IF NOT ONE

CLEARLY CORRECT

INTERPRETATION
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RESOLVING OVERLOADING CONFLICTS

o USE EXPANDED NAMES WITH DOT

NOTATION, EG

MY ARITH.STNE (X : FLOAT) . .

o USE OUALIFIED NAMES

REAL'SINE (X FLOAT)
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SUMMARY OF SCOPE AND VIS8ITLITY

o DECLARATIONS ASSOCIATE IDENTIFIERS

WITH ENTITIES

o OFTEN, STORAGE ALLOCATION IS

A SIDE EFFECT

o IDENTIFIERS CAN HIDE OTHER

IDENTIFIERS

o GOAL IS TO MINIMIZE BOTH SCOPE

AND VISIBILITY

--SCOPE RESTRICTIONS SAVE MEMORY

--VTSIBILITY RESTRICTIONS MINIMIZE

ERRORS
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Ada RECORDS VS

FORTRAN, COBOL, DMS RECORDS

o "RECORD" HISTORICALLY USED IN

A PHYSICAL SENSE -

A RECORD ON A STORAGE DEVICE

o Ada RECORDS ARE AN ABSTRACTION -

A LOGICAL GROUPING OF COMPONENTS
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MODELING REALITY

type HOUSEHOLD

(NLUMBERMEMBFRS:POSTTIVE

is record

HOME :DWELLING

MEMBERS :array

NUMBER M4EMBERS)

of PERSON;

end record;



USE C014POSITF TYPES

TO MODEL REALITY

tvpe PERSON is record...

subtype STUDENT is PERSON;

tvoe CLASS is array (POSITIVE

ranee<) of STUDENT;

tvDe HOUSEHOLD

(NUMBER !KEMBERS:POSITIVE :=I)

is record...



FIXED LENGTH VS VARIABLE LENGTH

RECORDS

o RECORD TYPES WITH NO DISCRIMINANT

OR A CONSTRAINED DISCRIMINANT

DEFINE A SET OF INDENTICAL OBJECTS

o RECORD TYPES WITH UNCONSTRAINED

DISCRIMINANT DEFINE LOGICALLY

RELATED BUT (POTENTIALLY)

DIVERSE SET OF OBJECTS

o UNCONSTRAINED RECORDS CAN BE

ARRAY COMPONENTS

22



FIXED LENGTH VS VARIABLE LENGTH

ARRAYS

o NUMBER OF ARRAY COMPONENTS

DETERMINED AT:

- COMPILE TIME IF INDEX

CCNSTRAINT IS STATIC

- TYPE DECLARATION ELABORATION

IF INDEX CONSTRAINT IS DYNAMIC

- OBJECT CREATION FOR

UNCONSTRAINED ARRAYS

o ALL ARRAY COMPONENTS ARE SAME

SUBTYPE

220



COMPOSITE TYPES

A TYPE WHOSE VALUES

HAVE COMPONENTS

" ARRAYS

" RECORDS

219



TAPE #9

RECORD ABSTRACTION

NEXT PAGE INTENTIONALLY
LEFT BLANK.
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package X is

procedure Y is

begin

declare

declare

procedire Z is

declare

procedure Z is

216e



package COMMON IS

I, J, K: INTEGER;

end COMMON;

with COMMON;

use COMMON;

procedure MINE is

I: INTEGER;

begin

I:1I+i;

21l6d



* with TEXT_10; TTY_10;

use TEXT 1O; TTY_10;

procedure P is

package REAL_10 is

new FLOAT_10

(FLOAT);

I: INTEGER;

begin

GET (I);

0 )6



. . . . .. .l .

procedure X is

I : INTEGER
for I in 1..10 loop

exit when .......

end loop

PUT (I);

0

216b
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*package TEST IS

X : INTEGER;

procedure v is

X: INTEGER;

begin

end

end v;

21aa
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Ada RFCORI)S VS

FORTRAN, COBAL, DMS RECORDS

TERMINOLOGY FROM THE PAST

" FIXED LENGTH RECORD

o VARIART,F LENGTH RECORD

" RFCORD TYPE

" REPEATING GROUP

S o MASTER AND DETAIL RECORDS

225



Ada RECORDS VS

FORTRAN, COBOL, DMS RECORDS

1. EACH "OL-D" RECORD IS A

POSSIBLE IMPLEMENTATION OF

AN Ada ABSTRACT TYPE

2. EACH "OLD" RECORD CAN BE

DESCRIBED IN Ada

22



EXAMPLES:

VARIABLE LENGTH RECORD

type VAR (LENGTH

POSITIVE 1)

is record

V - STRING (I -- VAGT1)

end record;

22
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EXAMPLES:

MULTIPLE RECORD TYPES

subtype RECORDID is

INTEGER range 1..99;

type RECORDS (KIND : RECORDID)

is record

case KIND is

when 1 => .

when 2>..

end case; end record

228



EXAMPLE S

subtype RECORD ID is

(FAMILY, HOUSE, HEADOFHOUSE,

SPOUSE, CHILD, JOB,...

tvpe RECORDS (KIND:RECORD-ID)

is record...

229



INPUT -OUTPUT

FOR FILES CONTAINING ELEMENTS

OF A GIVEN TYPE, UTSE GENERIC

SEOITENTIALXO

DIRECT-tO

230



SPECIFICATION OF THE

package DIRECT 10

with Xc _T QN

generic

type ELEMENT-TYPE is private

package DIRECTZ0 is

type FILETYPE is limited private

type FILEMODE is

(INFILE, INOUTFILE, OUTFILE);

type COUNT is range

O.. iMPLEMENTATIONDEFINED;

* subtype POSITIVECOUNT is

COUNT range I..COUNT'LAST;
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FILE MANAGEMENT

procedure CREATE

(FILE in out FILE TYPE;

MODE in FILE MODE := INOUTFILE;

NAME in STRING :- " ""

FORM in STRING := "

procedure OPEN

(FILE in out FILE TYPE;

MODE in FILEMODE;

NAME in STRING;

FORM in STRING :- "

232



FILE MANAGEMENT (CONT)

nrocedure CLOSE

(FILE : in out FILETYPE);

procedure DELETE

(FILE : in out FILETYPE);

procedure RESET

(FILE in out FILE TYPE;

MODE in FILEMODE);

procedure RESET

(FILE in out FILE TYPE)
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FILE MANAGEMENT (CONT)

function MODE

(FILE in FILETYPE)

return FILE MODE;

function NAME

(FILE : in FILETYPE)

return STRING;

function FORM

(FILE : in FILETYPE)

return STRING;

function IS OPEN

(FILE : in FILE TYPE)

return BOOLEAN;
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INPUT AND OUTPUT OPERATIONS

procedure READ (FILE : in FILETYPE;

ITEM : out ELEMENT TYPE;

FROM : POSITIVE COUNT);

procedure READ (FILE : in FILETYPE;

ITEM : out ELEMENTTYPE);

procedure WRITE (FILE : in FILE-TYPE;

ITEM in ELEMENT TYPE;

TO POSITIVE COUNT);

procedure WRITE (FILE : in FILETYPE;

ITEM in ELEMENTTYPE);
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INPUT AND OUTPUT (CONT)

procedure SETINDEX

(FILE in FILETYPE;

TO in POSITIVECOUNT);

function INDEX(FILE : in FiLE TYPE)

return POSITIVECOUNT;

function SIZE (FILE : in FILE TYPE)

return COUNT;

function END OF FILE

(FILE : in FILETYPE)

return BOOLEAN;
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EXCEPTIONS

STATUS ERRORS: exception renam-es

10_EXCEPTIONS.STATUSERROR;

MODEERROR :exception renames

1OEXCEPTIONS.MODEERROR

NME ERROR: exceTtion renames

10_E-XCEPTIONS.NANfE ERROR;

USE-ERROR :exception renames

10_E.XCEPTIONS.USEERROR;

DEV'ICEERROR :exception renames

10 EXCEPTIONS.DEVICEERROR;
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EXCEPTIONS (CONT)

ENDERROR :exception renames

10_EXCEPTIQNS.ENDERROR;

TATAERROR :exception renames

I0_EXCEPTIONJS.DATAERROR;

p ri va te

-- imp tementation-deperdent

Pnd DIRECT 10;

2mum



ATTRIBUTES (CONT)

P'SMALL =2.0**(-P'EMAX-1) 2.0 2 P'EMA

? 'MANTISSA

-1000... 00 -- =0.5

- 2.0- 1* 2 . 0 ptn

- 2.0**(-P'EMAX-1)



ATTRIBUTES (CONT)

oP'LARGE =2.O**P'EMAX 4V

-- MAX REQ EX?

(1.O-2.O**(-P'MANTTSSA))

P'MANTISSA P'MANTISSA

,i = rT0rF..7:T
1.-o(-P'MANTISSA)

1.0-2.0



ATTRIBUTES (GONT)

oP'FPSILON =2.0**(l-P'MANTISSA)

(1.0+EPSILON) = '.100 ... 1*21

1.0 - .100 .. 0*2 1

EPSILON = .000 ... 1*2 1

-P MANT IS SA *1
=2.0**(l-P'MANTISSA)
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ATTRIBUTES

o P'DIGITS # DECIMAL DIGITS IN

MANTISSA

o PtMANTISSA # BINARY DIGITS IN

MANTISSA

o P'EMAX 4*P'MANTISSA - REQ

EXPONENT RANGE

o P'EPSILON MODEL NUMBERS ARE 1.0

& 1.0 + EPSILON

o P'LARGE LARGEST NUMBER OF

SUBTYPE P

o P'SMALL SMALLEST NUMBER OF

SUBTYPE P
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DEFINING DECIMAL REALS

type REAL is digits 7;

--B D*log2 10 - D*3.3219...

--B 23.2533...-> 24 bit MANTISSA

--* 93 -> 7 bit EXPONENT

250



HOLE AROUND ZERO

-. 1001*2 167

-.1000*2 -16 2 -20

.1000*2 16 25 ii 17

.1001*2 -16

BE CAREFUL SUBTRACTING TWO

NEARLY EQUAL NUM4BERS



FLOATING POINT

1.0
.2 .4 .6 . II. 1. I.A 1.6

I I I llI I I I , Ii I r I, , , ,

it

MODEL NUMBERS ARE

B n*MATISSA*2 EXPONEN]

S TI

SMANTISSA EO1
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INTEGERS

type MYINTEGER

is range-32 768..+ 32 767--16 BITS

MIGHT MEAN

type X is new INTEGER; -- 32 BITS

type MYINTEGER is X range

-32_768..+32767;

MODEL INTEGERS EXACTLY

REPRESENTED IN HARDWARE
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THEORY AND IMPLEMENTATION

ABSTRACT
NIT"ER k APPROX PREDEFINED TYPES

OR EXACT

NUMBERS I

\ \ EXACTLY N
\ " REPRESENT \

\ \\ \

RANGE CONSTRAINTS k

HARDWARE \
SUBTYPES OF \ REPRESENTATION
PREDEFINED

NUMBERS
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NUMERIC TYPEs

UNIVERSAf,_INiTEGER

INTECER --REOPITRED

LONGINTEGER -OTOA

SHORT INTEGER -OTOA

UNIVERSAL_RVA

FLOAT

FIXED



TAPE #10

NUMERIC ABSTRACTION

Next page intentionally
left blank.
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SUMMARY

Ada RECORDS ARE VERY FLEXIBLE

USEFUL FOR MODELING REALITY

CAN BE USED FOR FILE T-0

Next page is intentionally
left blank.
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ATTRIBUTES

X' CONSTRAINED

TRUE IF . IS CONSTANT

OR HAS CONSTRAINED

DISCRIMINANT, FALSE

OTHERWISE

ALSO: BASE, FIRST BIT, LAST BIT,

POSITION, SIZE
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NAMING AND COMPONENT SELECTION

X.Y.z

TO SELECT COMPONENT Z

1D'" RECORD Y, WHICH

IS A COMPONENT OF X
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ATTRIBUTES (CONT)

o P'BASE'etc --EMAX, LARGE, SMALL

--FOR BASE TYPE

o P'MACHINE- -- EMAX, EMIN

--MANTISSA

--MACHINEOVERFLOWS

--MACHINERADIX

--MACHINE ROUNDS

" P'SAFE- --EMAX, LARGE, SMALL
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ATTRIBUTES (CONT)

o P'SAFE_ -- EMAX, LARGE, SMALL

P'BASE'EMAX <= P'SAFEEMAX

'I P'BASE'SMALL >- P'SAFE SMALL

P'BASE'LARGE <= P'SA.FE LARGE

20



DERIVED TYPES

o DERIVED TYPE DEFINITTON

new SUBTYPE INDICATION

o SET OF VALUES FOR DERIVED TYPE

IS COPY OF VALUES OF PARENT TYPE

o CORRESPONDING BASIC OPERATONS,

LITERALS, PREDEFINED OPERATORS,

DERTVABLE SUBPROGRAMS

o EXPLICIT TYPE CONVERSIONS

257
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DERIVED TYPES VS SUBTYPES

o SUBTYPES RESTRICT THE

SET OF VALUES;

IMPLICIT CONVERSION AVAILABLE

o DERIVED TYPES ERECT A WALL

SAME SET OF VALUES

DIFFERENT ABSTRACT MEANING

EXPLICIT CONVERSION REQUIRED

" , " m m k.. . . . - d " • m25"8



WHY DERIVED TYPES FOR NUMBERS

o USER SPECIFIES ABSTRACT VALUES

o COMPILER CHOOSES MOST

APPROPRIATE MODEL TYPE

o TWO TYPES DERIVED FROM SAME

MODEL TYPE ON ONE MACHINE

MAY USE DIFFERENT MODELS

ON ANOTHER MACHINE

o CONVERSIONS BETWEEN HARDWARE

TYPES MAY BE EXPENSIVE

SHOULD BE EXPLICITLY REQUESTED
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MANY OBJECTS OF SAME TYPh

tp_ MEASUTREMENTS

is digits 3 --is FLOAT

range 0.0 .. MEASUREMENTS'LARGE

A,P ! MEASUREMENTS;

C: MEASUREMENTS:

260



OBJECTS OF DIFFERENT TYPES

type LENGTH

is digits 5 -- is FLOAT

range 0.0 .. 100.0

A MEASUREMENTS; BOTH DERIVED FROM

B: LENGTH; FLOAT ON THIS

MACHINE
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FIXED POINT TYPES

L 0 R

I 1 1 1 Ii

type T is delta D range L..R;

CANONICAL FORM ::=

S IGN*MANTI S SA* SMALL

MANTISSA IS POSITIVE INTEGER

MODEL NUMBERS CHOOSE SMALL AS

SMALL - 21 f D f 2I+

--OR AS DEFINED IN LENGTH CLAUSE
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MODEL FIXED POINT NUMBERS

L R

0

o MODEL NUMBERS INCLUDE ZERO

o SMALL = 21 D 2I + l

o BOTH 'L AND 'R MUST BE WITHIN SMALL

OF A MODEL NUMBER

o CHOOSE SMALLEST NUMBER OF BITS IN MANTISSA

-(B) SUCH THAT -1 * 2B - 1* SMALLrL
B-i
2 *SMALL > R

AND (B) IS SMALLEST SUCH INTEGER
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FIXED POINT VS FLOATING POINT

FTXED POINT FLOATING

W/DELTA-2 POINT

1 (*2-4) .100..*23

2 (*2-4) .100.. *2_2

3 (*2-4) .110.. *2-2

O or 11 2

0 LI1 *2- 5

0 0.000
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WORKING WITH VERY SMALL NUMBERS

FLOATING NUMBER NEAREST ZERO

= P'SAFE SMALL

CHOOSE DELTA = 2- P'SAFE EMAX + 3 )

THEN P'SAFE SMALLT = 50*DELTA
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WORKING WITH VERY LARGE NUMBERS

LARGEST FLOATING NUMBER

P'SAFE_LARGE 'AE MX 2

CHOOSE DELTA - (21

THEN P'SAFE LARGE - 2*DELTA

10 *P'SAFE-LARGE = 20*DELTA
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PREDEFINED OPERATIONS

o ADDITION AND SUBTRACTION

OPERANDS MUST BE SAME TYPE

o MULTIPLICATION AND DIVISION

OPERANDS OF SAME TYPE

ANY FIXED PT * INTEGER

ANYFIXED * ANY FIXED =>

UNIVERSALFIXED

o EXPONENTIATION

INTEGER TO INTEGER POWER

FLOAT TO INTEGER POWER
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CONVERSION

o EXPLICIT TYPE CONVERSION DEFINED

AMONG ALL NUMERIC TYPES

o LITERALS ARE EITHER

UNIVERSAL INTEGER OR

UNIVERSAL REAL AND IMPLICITLY

CONVERTED TO TYPE OF

EXPRESSION WHERE USED
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ATTRIBUTES OF FIXED POINT TYPES

T'DELTA P.EOUESTFD FIXED

ACCURACY

* T'SMALL SMALLEST POSITIVE MODEL

NUMBER

T'MANTISSA NUMBER BINARY DIGITS

IN MODEL NUMBERS

T'LARGE LARGEST MODEL NUMBER

CHAR'S IN DECIMAL

TFORE REPRESENTATION BEFORE

T'AFT AND AFTER DECIMAL

POINT

I

269
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ATTRIBUTES OF FIXED POINT TYPES

T'SAFE SMALL SMALLEST POSITIVE

NUMBER OF BASE

TYPE OF T

T'SAFE LARGE LARGEST NUMBER OF

BASE TYPE

T'SAFE SMALL - T'BASE'SMALL

T'SAFE LARGE a T'BASE'LARGE

T'MACHINE ROUNDS BOOLEAN

T'MACHINE OVERFLOWS TRUE IF ALWAYS

OR RECOGNIZES

NUMERIC ERROR

rl
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WHY POWER OF TWO FOR DELTA

type RULER is delta 2**(-4)

range 0.0 .. 36.0;

type INCHES is new INTEGER

range 0 .. 36;

FINE MEASURE : RULER;

APPROX MEASURE : INCHES;

FINEMEASURE (APPROX MEASURE)

--LEFT SHIFT 4

APPROX MEASURE (FINE MEASURE)

--ADD 8/16 AND RIGHT SHIFT 4

27
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ALTERNATE VALUES FOR T'SMALL

type ENGLISH is delta 1.0/(12.0*16.0)

range 0.0 .. MAXINT/1024;

for ENGLrSH'SMALL use 1.0/(12.0*16.0)

delta 1.0/12.0;

type FEET is new INTEGER

--EVERY SIXTEENTH MODEL NUMBER

--OF ENGLISH IS A MODEL NUMBER

-OF INCHES
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ALTERNATE VALUES FOR T'SMALL

type MONEY is delta 1.0/1000.0

range 0.0 .. MAXINT/1024;

for MONEY'SMALL use 1.0/1000.0;

subtype PENNIES is MONEY

delta 1.0/100.0;

subtype DIMES is MONEY

delta 1.0/10.0;

subtype OUARTERS is MONEY

delta 1.0/4.0;

27
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SUMMARY OF FIXED POINT

o FIXED POINT PROVIDES FOR RATIONAL

ARITHMETIC ON MODEL NUMBERS

o COMMON DENOMINATOR IS

lI/T' BASE' SMALL

o ADDITION AND SUBTRACTION ARE

EXACT AS LONG AS ACTUAL VALUES

ARE MODEL NUMBERS

2
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SUMMARY OF FIXED POINTS (CONT)

o DEFAULT T'BASE'SMALL 1S POWER

OF TWO, WHICH TS EQUIVALENT

TO FLOATING POINT WITH

CONSTANT EXPONENT

o MULTIPLICATION AND DIVISION

PRODUCE UNIVERSAL REAL,

WHICH MUST BE CONVERTED

o CONVERSION CAN INTRODUCE

ROUNDOFF ERRORS UNLESS

SOURCE AND TARGET DERIVED

FROM SAME BASE TYPE
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SUMMARY

oNUMERIC TYPES ARE:

INTEGER

FLOAT REAL

FIXED

oUSER DEFINED ?Y-PES ARE

DERIVED FROM BUILT-IN

(HARDlWARE) NUMERIC TYPES
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LABORATORY #4

277



LABORATORY #4

OBJECTIVES:

1. IMPLEMENT PARENTHETICAL

EXPRESSIONS IN YOUR HAND

CALCULATOR USING A RECORD

WITH DISCRIMINANT TO SAVE

INTERMEDIATE RESULTS

2. ADJUST "IS DIGITS" UNTIL

YOU CAN DEMONSTRATE

ROUND-OFF ERROR

278



ASSIGNMENT

I. IMPLEMENT PARENTHETICAL

EXPRESSIONS IN YOUR HAND

CALCULATOR USING A RECORD

WITH DISCRIMINANT TO SAVE

INTERMEDIATE RESULTS

2. ADJUST "IS DIGITS" UNTtL

YOU CAN DEMONSTRATE

ROUND-OFF ERROR

Next page intentionally
left blank.

279



TAPE 11

REV I EW

NEXT PAGE INTENTIONALLY
LEFT BLANK.



STACK (CONT)

package body STACK is

type TABLE is array

(POSTTIVE range<>) of ITEM;

SPACE TABLE(1..STZE);

INDEX NATURAL := 0,;

procedure PUSH(E: in ITEM) is

297



GENERIC STACK

generic

SIZE :POSITIVE;

type ITEM is private;

package STACK is

procedure PUSH (E: in ITEM);

procedure POP (E: out ITEM);

OVERFLOW, UNDERFLOW exception

end STACK;



PACKAGE ON-VECTORS (CONT)

function SIGMA(A: VECTOR)

return ITEM is

TOTAL :ITEM :=A(AFIRST);

-- THE FORMAL type ITEM

begin

for N in A'FIRST+l. .A'LAST loop

TOTAL :-SUM(TOTAL,A(N));

--THE FORMAL function SUM

end loop;

return TOTAL;

end:,



PACKAGE ON.,VECTORS (CONT.

begin

if AtLENGTH /= B'LENGTH then

raise LENGTH-ERROR;

end if;

for N in A'RANGE loop

UESULT(N) :-SUM(A(N) ,B(N+BIAS));

--THE FORMAL function SUM

end loop;

return RESULT;

end;
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PACKAGE ON-.VECTORS (CONT)

function SUM (AB: VECTOR)

return VECTOR is

RESULT :VECTOR (A'RANGE);

--THE FORMAL type VECTOR

BIAS :constant

INTEGER :=B'FTRST - A'FIRST;
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GENERIC INSTANTIATION

package INTVECTOR is new

ON..VECTORS

(INTEGER,

TABLE,

292



ON.VFCTORS (CON?)

package ON VECTORS is

function SUM (A,B: VECTOR)

return VECTOR;

function SIGMA (A:VECTOR)

return ITEM;

LENGTH ERROR: exception

end;
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GENERIC PACKAGE EXAMPLE

generic

tvpe ITEM is private;

tyeVECTOR isary

(POSITIVE range0)

of ITEM;

with function SUM (X,Y: ITEM)

return ITEM;

package ONVECTOR is
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GENERIC EXAMPLE

generic

typ ELEI is private;

procedure EXCHANGE

(U,V: in out ELEM);

procedure EXCHANGE

(U,V: In out ELEM) Is

T: ELEM;

begin T:=U; U:=V; V:=T;

end;
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GENERICS

DEFINE A TEMPLATE FOR EITHER

SUBPROGRAMS OR PACKAGES

GENERIC FORMAL PARAMETERS CAN BE

o OBJECTS

o TYPES

o SUBPROGRAMS

288



TAPE #12

GENERICS

2ce1



0

KEY TERMS (CONT)

o ABSTRACT VS PHYSICAL

REPRESENTATION

o NUMERIC EXCEPTIONS

o ATTRIBUTES OF NU MBERS

o BINDING - BINDING TIME

o SOFTWARE COMPONENT

285



KEY TERMS (CONT)

o DISCRETE RANGE

o CONSTRAINED VS UNCONSTRAINED

o WHOLE RECORD ASSIGNMENT

o UNIVERSAL REAL

o UNIVERSAL INTEGER

284
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KEY TERMS

o SYNTAX DIAGRAMS

o DERIVED TYPES VS SUBTYPES

o OVERLOADING VS HIDING

o USE VS WITH

o DISCRIMINANT

o TYPE MARK
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STACK (CONr)

procedure PUSH(E: in ITEM) is

* begin

if INDEX >- SIZE then

raise OVERFLOW;

end it;

INDEX :- INDEX + 1;

SPACE(INDEX) :, E;

end PUSH;

0 29
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S

STACK (CONT)

procedure POP(E: out ITEM) is

begin

if INDEX = 0 then

raise UNDERFLOW;

end if;

E := SPACE(INDEX);

INDEX INDEX - 1;

end POP;

end STACK

299
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STACK (CONT)

package STACK INT is new

STACK(SIZE =>200,

ITEM =>INTEGER);

package STACKmBOOL is new

STACK(100, BOOLEAN);

STACKINT.PUSH(N);

STACK BOOL.PUSH(TRUE);

CN'
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STACK (CONT)

generic

type TTEM is private

package ONSTACKS is

type STACK(SIZE :POSITIVE)

is limited private;

procedure PUSH(S in out STACK;

E :in ITEM);

procedure POP(S in out STACK;

E :out ITEM);

oOVERFLOW, UNflERFLOW exception
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STACK (CONT)

private

type TABLE is arrav

(POSITIVE 122e-0') of ITF14;

typ STACK(SIZE :POSITIVE) is

record

SPACE :TABLE(l..SIZE);

INDEX :NATURAL :-0;

end record;

end;
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STACK (CONT)

declare

package STACKREAL is new

ONSTACKS(REAL);

use STACKREAL;

S : STACK(IO0);

begin

PUSH(S, 2.54);

end;
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GENERIC INSTANTIATION

INSTANTIATED IN SCOPE OF

DECLARATION, NOT WHERE

IT IS INSTANTIATED
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SUMMARY OF GENERICS

o GENERICS ARE USED TO CREATE

TEMPLATES FOR COMMON FUNCTIONS

o GENERICS WILL BE WIDELY USED

IN Ada

o ALREADY, GENERICS USED FOR:

INTEGER 10

FLOAT _0

FIXED_10

ENUMERATION_10

NEXT PAGE INTENTIONALLY

LEFT BLANK.
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TAPE #13

ACCESS TYPES

MIEXT PAGE INTENTIONALLY
LEFT BLANK,
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ACCESS TYPES

USED rHEN BLOCK STRUCTURED

ALLOCATION OF OBJECTS AND

OBJECT NAMES IS TOO PESTRICT[VE



REVIEW OF BLOCK STRUCTURED OBJECTS:

o NAMES BOUND TO OBJECTS

o OBJECTS DESTROYFD WHEN CONTROL

LEAVES DECLARING UNIT

o NUMBER OF OBJECTS DETERMINED

WHEN DECLARATIONS ARE ELABORATED

310



ACCESS TYPES

OBJFCTS OF ACCESSED

ACCESS TYPES OBJECTS
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SCOPE OF ACCESSED OBJECTS

SCOPE IS THAT OF

THE ACCESS TYPE

ACCESSED OBJECTS

FORM A "COLLECTTON"

OBJECTS BECOME INACCESSIBLE

WHEN NO VARIABLES REFER

TO THEM DIRECTLY

OR INDIRECTLY

312



REFERRING TO ACCFSSED OBJECTS

o P.NFXT --POINTER FIELD OF

--RECORD ACCESSED BY P

o P.]I1 --COMPLETE RECORD

--ACCESSED BY P

n O:PNTNTER :=P;

--P & Q POINT TO SAME RECORD
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Drocedure SH4OPPING is

beg n ~PIN BU 
A ; e d SOP 

NG

A MOTHERQ



procedure SHOPPING is

task GETMEAT; --BY MOTHER

task body GETMEAT is

begin BUYMEAT; end GET MEAT;

task GET BEER; --BY SON

task body GETBEER is

begin BUY BEER: end GET BEER;

begin BUY-GAS; end SHOPPING;
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task T is --SPECIFICATION

end T;

task body T is --BODY

end T;
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TASKS

o TASKS ARE USED TO EXPRESS

INDEPENDENT ACTIVITIES

o TASKS CAN (BUT MAY NOT) BE

EXECUTED IN PARALLEL WITH

EACH OTHER

o THE RENDEZVOUS IS USED TO

SYNCHRONIZF TASKS AND TO

EXCHANGE DATA BETWEEN TASKS

3,5



TAPE #14

TASK/TASK TYPES

NEXT PAGE INTENTIONALLY
LEFT BLANK.
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SUMMARY OF ACCESS TYPES

o ACCESS TYPES PROVIDE VERY FLEXIBLE

CAPABILITY TO CREATE AND

DESTROY OBJECTS

o STRONG TYPING IS ENFORCED, SINCE

EACH ACCESS TYPE IS TIED TO A

SINGLE COLLECTION OF ACCESSED OBJECTS

o CANNOT BE DANGLING POINTERS SINCE

INITIALIZED TO null AND

ASSIGNMENTS TYPE CHECK

(UNLESS ERRONEOUS

UNCHECKED DEALLOCATION)
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MAILBOX EXAMPLE (CONT)

or accept RECEIVE (RESPONSE:01ut

STRING(< lo)) do

if LAST-null then

RESPONSE: ="b";

else RESPONSE := LAST.TEXT;

X :=LAST; LAST :=LAST.PRIOR;

FREE(X); end if;

ed select; end loop; end MAILBOX;
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MAILBOX EXAMPLE (CONT)

begin loop select

accept SEND(MESSAGE:STRING

(<>)) do

X :- FIRST;

FIRST := new NODE'

(MESSAGE, null);

if LAST = null

then LAST :- FIRST;

else X.PRIOR :- FIRST

end if;
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MAILBOX EXAMPLE (CONT)

X, FIRST, LAST: POINTER

--INITIALLY null

procedure FREE is new

UNCHECKEDDEALLOCATION

(NODE,POINTER);
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MAILBOX EXAMPLE (CON'T)

typ NODE (SIZE:INTEGER

range 1. .132) is

record

TEXT STRING (I. .SIZE);

PRIOR POINTER;

end record;
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UNBOUNDED ,MAILBOX EXAMPLE

task MAILBOX is

entry SEND (MESSAGE: STRING ((>)l;

entry RECEIVE (RESPONSE:out

STRING (-C>));

end MAILBOX;

task bodv MAILBOX is

type NODE;

type POINTER is access NODE;

--etc.

0@
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QUALIFIEDEXPRESSION ::,

TYPE MARK' (EXPRESSION)

1 6 ITYPE MARK' AGGREGATE

376
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INITIALIZING A NODE

P1 POINTER:= new NODE'

(21, null);

-- ALLOCATOR new

-- TAKES OUALIFIED EXPRESSION

-- RETURNS ACCESS VALUE

-- THAT DESIGNATES OBJECT

315
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LIST PROCESSING EXAMPLE

eNODE;

type POINTER is access NODE;

type NODE is

record

VALUE INTEGER;

NEXT POINTER;

end record

P POINTER; -DEFAULT VALUE null

31 4
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TASKS JOBS TO BE DONE

GETMEAT

GETBEER

GETGAS

PROCESSORS :RESOURCES FOR

PERFORhMING TASKS

MOTHER

CHILDREN
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S

DECLARATIONS ARE

ELABORATED

DURING PROGRAM EXECUTION

o INTRODUCE IDENTIFIERS

o ALLOCATE STORAGE

o INITIALIZE OBJECTS

OBJECTS DESTROYED AT END

OF BLOCK WHERE DECLARED

330
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DECLARATION,

ACTIVATION,

TERMINATION

o TASKS ARE COMPONENTS, DECLARED

IN SUBPROGRAM, BLOCK,

PACKAGE, TASK BODY

* ACTIVATE WHEN PARENT HITSbg

o TERMINATE AT FINAL end
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RENDEZVOUS

o ONE TASK CALLS ENTRY IN ANOTHER

task T is

entry E (.)

end;

--etc

T.E (.)
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IMPLEMENTING ENTRIES

task T is

entrY E (.)

end;

task body T is

entry E (.)

begin;

accept E (.)do

--SEQUENCE CF STATEMENTS

end E;

end T;
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ENTRY QUEUES

task BUFFER is

entry PUT(X:in ITEM);

entry GET(X:out ITEM);

end;
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task BUFFER is
entry PUT (X:in ITEM);
entry GET (X:out ITEM);

end;

task body BUFFER is

V:ITEM;

begin loop

accept PUT (X:in ITEM) do

V:=X; end PUT;

accept GET (X:out ITEM) do

X:V; end GET;

end loop;

end BUFFER;
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ENTRY QUEUES

PRODUCING CONSUMING

TASKS BUFFER TASKS

N -PUT- - G-E

PUT GET

- PUT----%- -GET--*-
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ENTRY QUEUES

o FTRST IN - FIRST OUT (FIFO)

o WITHIN TASK BODY, ATTRIBUTE

E'COUNT TELLS NUMBER OF

WAITING TASKS
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ASYMMETRIES

o CALLER MUST NAME CALLED TASK

ENTRIES ARE AVAILABLE TO ANY TASK

o ENTRY CAN HAVE SEVERAL QUEUED

TASKS

TASK CAN ONLY BE ON ONE QUEUE

o TASK NAMES CANNOT APPEAR IN

USE CLAUSE, SO NEED DOT NOTATION

o SOURCE TEXT FOR A TASK CAN

CONTAIN MORE THAN ONE ACCEPT

FOR AN ENTRY; THEY ALL DRAW

FROM SAME QUEUE
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TIMING AND SCHEDULING

IF TWO TASKS WITH DIFFERENT

PRIORITIES ARE ELIGIBLE FOR

EXECUTION AND COULD SENSIBLY

USE SAME RESOURCES, LOWER

PRIORITY TASK CANNOT EXECUTE

WHILE HIGHER PRIORITY TASK

WAITS

pragma PRIORITY (integer);
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SCHEDULING

o IMPLEMENTATION SHOULD MAKE AN

"ARBITRARY" CHOICE AMONG EQUAL

PRIORITY TASKS

o IMPLEMENTATION CAN CHOOSE AN

EFFICIENT (BUT FAIR) MECHANISM

o PROGRAMS THAT DEPEND ON

SELECTION ALGORITHM ARE

ERRONEOUS
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PRIORITY

o THE PRIORITY IN A PRIORITY

prngma MUST BE A STATIC

EXPRESSION THAT EVALUATES

TO AN INTEGER

o LARGER INTEGERS IMPLY

GREATER URGENCY

o THE RANGE OF SUBTYPE

PRIORITY IS IMPLEMENTATION

DEFINED
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PRIORITY

o PRIORITY IS OPTIONAL

o PRIORITY OF RENDEZVOUS IS

GREATER OF TWO PRIORITIES

o IF NO EXPLICIT PRIORITY,

SCHEDULING RULES NOT

DEFINED

o TASK PRIORITIES

STATIC CONSTANT
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TIMED ENTRY CALL EXAMPLE

sel ect

CONTROLLER.REQUEST

(mEDIUM) (SOMEITEM);

or

delay 45.0;

-- give up

end select;

.. . . . . . ..6



CONDTTIONAL ENTRY CALL EXAMPLE

-- BUSYWAIT

procedure SPIN (R: RESOURCE) is

begin loop select

R.SEIZE;

return;

else;

null; --busy wait

end select;

end loop;

end;
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USER SELECTS

o CONDITIONAL ENTRY CALL

CANCEL CALL IF RENDEZVOUS

NOT IMMEDIATELY POSSIBLE

o TIMED ENTRY CALL

CANCEL CALL IF NO RENDEZVOUS

BEFORE TIMER RUNS OUT

ONLY ON ONE ENTRY AT A TIME!!
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MECHANICS OF SELECt

o GUARDS (WHEN CONDITION =>

EVALUATED WHEN SELECT IS

EXECUTED

o ABSENT GUARD IS TRUE

o ORDER OF EVALUATION OF

GUARDS IS UNDEFINED

o SELECT ERROR IF ALL GUARDS

ARE FALSE
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select

when COUNT < N =>

accept PUT...

or

when COUNT> 0 =

accept GET (X out ITEM) do

A(J:i
end;
J :- J mod N+l;
COUNT :-COUNT -1;

end select;



task body BUFFER is
N constant :=8; --EXAM{PLE

A array (I. .N) of ITEM;
I,J :INTEGER range 1. .N 1
COUNT :INTEGER range 0. .N :=O;

begin loop

select

when COUNT < N =>

accept PITT (X :in ITEM) do

AM : X

end;

II mod N-K:

COUNT :=COUNT+1;

or
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task body BUFFER is

N :constant :- 8; --EXAMPLE

A :array (l..N) of ITEM;

1,J INTEGER range 1. .N := 1;

COUNT :INTEGER range 0. .N :=O;

begin loop
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BUFFER EXAMPLE

task BUFFER is

entry PUT (X in ITEM);

entry GET (X out ITEM);

end;

1 N
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SERVER SELECTS

select

SELECTALTERNATTVE

for

SELECTALTERNATIVE

felse

SEQUENCEOF STATEM~ENTS1

end select;
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EXAMPLE (SELECT STATEMENT)

select

accept DRIVER AWAKE SIGNAL;

for
delay 30.0 * SECOND-;

STOPTHETRAIN;

end select;

--SELECTIVE WAIT CAN HAVE MORE

-- THAN ONE DELAY ALTERNATIVE
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SELECT STATEMENT

o SELECT FIRST OF SEVERAL

ENTRIES TO BE CALLED

o MAKE AVAILABILITY OF AN

ENTRY CONDITIONAL

o CONTROL WAITING TIMES

346
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SYNCHRONOUS EXECUTION

declare use CALENDAR;

TNTERVAL:constant DURATION:=l.O;

NEXT_-TIME: TIME:=FIRSTTIME;

begin loop

delay NEXTTIME - CLOCK 0
ACTION;

NEXTTIME:=NEXT TIME+INTERVAL;

end loop; end;
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DELAY STATEMENT

delav DURATION;

type DURATION

-- IMPLEMENTATION DEFINED

--FIXED POINT TYPE

-- IN SECONDS

--AT LEAST ONE DAY (86 400)

delay 3.0; --AT LEAST 3 SECONDS

344
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I

SYNCHRONIZATION

o USE .ij)dEZVOUS FOR

SYNCHRONIZATION

o USE PRIORITIES TO INDICATE

RELATIVE URGENCY AND FINE

TUNE RESPONSIVENESS

343
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TIMED ENTRY CALL

TIMEDENTRY CALL::=

select

ENTRYCALLSTATEMENT

rSEOUENCEOFSTATEMENTS1

or

DELAY ALTERNATIVE

end select;

357
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SUMMARY OF TASKING

TASKS VS PROCESSORS

TASK DECLARATIONS

TASKS INITIATION

(DECLARATION ELABORATION)

TASK TERMINATION

RENDEZVOUS SYNCHRONIZATION

358
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TASK TYPES

jo

359



TASK TYPES

o ARE USED TO CREATE SEVERAL

SIMILAR BUT DIFFERENT TASKS

o TASK OBJECTS BEHAVE AS

CONSTANTS (BUT NOT DECLARED AS CONSTANT

SINCE NO INITTAL VALUE EXPRESSION)

o TASK TYPES ARE LIMITED PRIVATE

(NO ASSIGNMENT,

NO EQUALITY COMPARE)
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SIMPLE TASK DECLARATIONS

task SIMPLE is task tvpe ANON is

end SIMPLE; end ANON;

SIMPLE:ANON;
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USING TASK OBJECTS IN STRUCTURES

AT :array(l..1O) of T;--AT(1).E(...);

type REC is -. TE..

record

CT T;

end record;

R REC;
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TASKS VIA ACCESS TYPES

type REF T is access T;

RX:REF T := new T;

o REFT IS NORMAL ACCESS TYPE,

SO CAN DO ASSIGNMENT AND COMPARE

TWO OBJECTS FOR EQUALITY

o TO CALL ENTRY E

RX.E (...);
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BINDING TIME OF

NUMBER OF TASKS

1) SIMPLE TASK DECLARATIONS

NO RECURSION

=> COMPILE / LINK TIME

2) NO ACCESS OBJECTS TO

OBJECTS OF TASK TYPE

=>ELABORATION TIME

3) ACCESS OBJECTS USED

->DYNAMIC DURING

EXECUTION

364



TASK TERMINATION

1) EXECUTE FINAL END =>

TERMINATr WHEN ALL DEPENDENT

TASKS ARE TERMINATED

2) TERMINATE ALTERNATIVE IN A

SELECT STATEMENT
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TERMINATE ALTERNATIVE

select

when GUARD FALSE -: ...

when GUARD TRUE =>

terminate;

--ACCEPT PREFERRED

--NO else OR delay CHOICE
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TERMINATE ALTERNATIVE (CON'T)

1. ALL ENTRY QUEUES EMPTY

2. MASTER IS COMPLETED

3. DEPENDENT TASKS AND SIBLING TASKS

ARE:

A) COMPLETE OR

B) AT TERMINATE ALTERNATIVE
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EXCEPTIONS AND ABORT

abort TASKNAMELIST;

o EACH NAMED TASK AND EACH TASK

THAT DEPENDS ON THEM "BECOMES

ABNORMAL"

o ABNORMAL TASKS MUST TERMINATE

PRIOR TO NEXT SYNCHRONIZATION

POINT
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AB!-!OR" AL TASKS
CALLER RECEIVES "TASKINGERROR"
IF:

1. CALLED TASK IS ABNORM AL
2. BECOMES ABNORMAL DURING RENDEZVOUS
3. BECOMES ABNORMAL WHILE ENQUEUED
SERVER TASKS ARE PROTECTED FROM
CALLER BECOMING ABNORMAL
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SYNCHRONIZATION POINTS

o END OF ACTIVATION

o ACTIVATE ANOTHER TASK

o ENTRY CALL

o START & END OF ACCEPT

o SELECT STATEMENT

o DELAY STATEMENT

o EXCEPTION HANDLER

o ABORT STATEMENT
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SHARED VARIABLES

RULES TO FOLLOW

o IF TWO (OR MORE) TASKS READ

OR UPDATE A SHARED VARIABLE

--(VARIABLE ACCESSIBLE BY BOTH)

o BETWEEN SYNCHRONIZATION POINTS

1) MULTIPLE READERS

OR

2) ONE WRITER

a 37

371
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SYNCHRONIZATION POINTS

1) START OF RENDEZVOUS . WITH

2) END OF RENDEZVOUS 3 PARTNER

3) AT ACTIVATION, WITH PARENT

4) AFTER COMPLETION, WITH ALL

5) pragma SHARED (VARIABLE)

--ONLY SCALERS AND ACCESS

--ONLY IF R/W INDIVISIBLE

--EVERY R/W IS SYNCHRONIZED

372
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WHY PRAGMA SHARFD ?

REQUEST

DB

ACCESS - FILE STORAGE

RESULT TASK

READ A STATUS VARIABLE

--EG DATABASE SIZE

--WITHOUT RENDEZVOUS

OVERHEAD
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SUMMARY OF TASK TYPES

o TASKS ARE ONE OF THE FOUR FORMS OF

PROGRAM UNIT

o TASKS ARE A TYPE; (SUBPROGRAMS,

PACKAGES, GENERICS ARE NOT)

o TASKS SUGGEST PARALLEL EXECUTION

BY LOGICAL PROCESSORS
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LABORATORY #5

375



LABORATORY #5

OBJECTIVES:

1. WRITE, COMPILE, AND EXECUTE

A MULTITASK PROGRAM

2. SHOW THAT Ada PROGRAMS

ARE EASY TO MODIFY

376



ASSIGNMENT

TRANSFORM EACH PROCEDURE

OR FUNCTION IN YOUR HAND

CALCULATOR PROGRAM INTO A

SEPARATE TASK ACCESSED VIA

AN ENTRY CALL

VEXT PAGE INTENTIONALLY
LEFT BLANK.
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TAPE #15

MACHINE DEPENDENT PROGRAMS/SUMMARY

379
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IMPLEMENTATION DEPENDENT FEATURES

o REPRESENTATION CLAUSES

o PRAGMAS

o LENGTH CLAUSES

o ADDRESS CLAUSES

o INTERRUPTS

o INTERFACE TO OTHER LANGUAGES

o UNCHECKED STORAGE DEALLOCATION

o UNCHECKED TYPE CONVERSIONS

380



PRAGM AS

A pragma CONVEYS ADVICE

TO THE COMPILER

pragma PACK (TEXT);

pragma INLINE (PROCEDURENAME);
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MEMORY MANAGEMENT

STATIC - COMPILE/LOAD

TIME

BLOCK ENTRY - STACK

DYNAMIC ALLOCATOR - COLLECTION

(new) IN A HEAP
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BLOCK ALLOCATION

"THE STACK"

TOP OF___

STACK "OFFSET

FRAME POINTER

POINTER

ADDAFRAME

FRAMEPOINTER TOP OF STACK;

TOP OF STACK TOP OF STACK +

LENGTH (NEWFRAME);

383



MACHINE CODE INSERTS

EACH MACHINE INSTRUCTION IS

A RECORD AGGREGATE OF A TYPE

THAT DEFINES THE INSTRUCTION

M : MASK;

procedure SET-MASK;

bragma INLINE (SETMASK);

SI FORMAT' (CODE => SSM,

B => M'BASE REG,

D -> M'DISP);

-- IMPLEMENTATION SPECIFIC ATTRIBUTES
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FORTRAN INTERFACE

package FORTLIB is

function SORT (X:FLOAT)

return FLOAT;

function EXP (X:FLOAT)

return FLOAT;

private

pragma INTERFACE

(FORTRAN, SORT);

pragma INTERFACE

(FORTRAN, EXP);

end FORTLIB;
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package SYSTEM

type ADDRESS is --MEMORY

tvpe NAME is --ENUMERATION

SYSTEM NAME constant

STORAGEUNIT constant

MEMORYSIZE constant

--REPRESENTATION ATTRIBUTES
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INTERRUPTS (CONT)

o ABOVE SEMANTICS CAN BE

IMPLEMENTED BY HAVING HARDWARE

EXECUTE THE APPROPRIATE ACCEPT

STATEMENT

o QUEUED INTERRUPTS MAP TO

ORDINARY ENTRY CALLS

o INTERRUPTS THAT ARE LOST IF NOT

PROCESSED CORRESPOND TO

CONDITIONAL ENTRY CALLS

o INTERRUPTS RAVE HIGHER PRIORITY

THAN MAIN PROGRAM OR ANY USER

TASK
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INTERRUPTS

o INTERRUPTS ACT AS ENTRY CALLS

ISSUED BY HARDWARE TASKS

task INTERRUPT HANDLER is

entry DONE;

for DONE use at 16#40#;

end INTERRUPT HANDLER;
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RECORD REPRESENTATION (CONT)

for PROGRAMSTATUS WORD use

record at mod 8;

SYSTEM MASK at O*WORD range 0..7;

PROTECTION KEY at O*WORD range 10..11;

-- BITS 8,9 UNUSED

MACHINE STATE at O*WORD range 12..15;

INTERRUPT__CLAUSE at O*WORD range 16..31;

end record;

for PROGRAM STATUSWORD'SIZE

use 4*SYSTEM.STORAGE UNIT
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RECORD REPRESENTATION (CONT)

type PROGRAMSTATUSWORD is

record

SYSTEMMASK : BYTEMASK;

PROTECTION KEY : INTEGER range 0..3;

MACHINESTATE : STATEMASK;

INTERRUPT-CLAUSE : INTERRUPTION-CODE;

end record;
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RECORD REPRESENTATION CLAUSE

WORD constant :- 4;

type STATE is (A, M, W, P);

type MODE is

(FIX, DEC, EXP, SIGNIF);

type BYTEMASK is

array (0..7) of BOOLEAN:

type STATEMASK is

array (STATE) of BOOLEAN;

type MODEMASK is

array (MODE) of BOOLEAN;
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ENUMERATION REPRESENTATION CLAUSE

type MIXCODE is

(ADD, SUB, MUL, LOA, STA, STZ);

for MIXCODE u-se

(ADD =>l, SUB -->2, MUL => 3,

LOA => 8, STA 24, STZ => 33);
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REPRESENTATION SPECS

USED TO CONTROL THE BIT

PATTERNS WHICH REPRESENT

ENUMERATION TYPES

AND

RECORDS

AND THE AMOUNT OF STORAGE

ASSOCIATED WITH A TYPE
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SIZE OF OBJECTS

IN A COLLECTION

o ALL OBJECTS MUST BE OF

SAME BASE TYPE

o VARIABLE LENGTH RECORDS CAN

OCCUR WITH UNCONSTRAINED

DISCRIMINANTS

o VARIABLE LENGTH ARRAYS OCCUR

WHEN BASE TYPE IS UNCONSTRAINED
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CONTROLLING MEMORY ALLOCATION

for TASK TYPENAME'STORAGESIZE

use INTEGEREXPRESSION;

--STORAGE UNITS PER ACTIVATION

all for ACCESSTYPE NAME'STORAGESIZE

use INTEGER EXPRESSION;

--STORAGE UNITS FOR COLLECTION,
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TASK TYPES

TASK_ 10 TASK TASK

OBJECTS ACTIVIATION STACKS

RECORD S

ff

0

a i

~0

385
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HEAP ALLOCATION

ACCESS

OBJECTS "THE HEAP"

'Ii
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UNCHECKED DEALLOCATION

generic

type OBJECT is limited private;

type NAME is access OBJECT;

procedure UNCHECKEDDEALLOCATION

(X : in out NAME);

procedure FREE is new

UNCHECKED DEALLOCATION

0 (OBJTYPE,ACCESSTYPE);

398
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UNCHECKED TYPE CONVERSION

generic

type SOURCE is limited private;

type TARGET is limited private;

function UNCHECKED CONVERSION

(S : SOURCE) return TARGET;

function UNSPEC is new

UNCHECKED CONVERSION

(SACTYPE, RESULT TYPE);

jo
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SUMMARY

SOME Ada IMPLEMENTATIONS WILL

ALLOW YOU TO:

o AFFECT MEMORY MANAGEMENT.!
o CONTROL THE REPRESENTATION

OF TYPES

o WRITE INTERRUPT HANDLERS

o WRITE EMBEDDED MACHINE CODE

o LINK TO OTHER LANGUAGES

SYSTEM ATTRIBUTES ARE USED FOR

IMPLEMENTATION DEPENDENT

ALGORITHMS

400
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Ad a

REVIEW AND CONCLUSIONS
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CONFORMING TO THE Ada STANDARD

(a) TRANSLATE & CORRECTLY EXECUTE

LEGAL UNITS, PROVIDED DON'T

EXCEED CAPACITY

(b) REJECT UNITS IF EXCEED

CAPACITY

(c) REJECT ALL ERRORS AS REQUIRED

(d) SUPPLY ALL REQUIRED PREDEFINED

UNITS

(e) NO VARIATIONS, EXCEPT AS

PERMITTED

(f) SPECIFY PERMITTED VARIATIONS

PROPERLY
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CLASSIFICATION OF ERRORS

(a) ERRORS THAT MUST BE DETECTED

AT COMPILATION BY ALL COMPILERS

(b) ERRORS THAT MUST BE DETECTED

AT RUN-TIME BY ALL

IMPLEMENTATIONS. THESE ARE

THE PREDEFINED EXCEPTIONS.

(c) ERRONEOUS EXECUTION - RULES

THAT MUST BE OBEYED BUT

THAT IMPLEMENTATIONS NEED

NOT CHECK
#0 (d) INCORRECT ORDER DEPENDENCIES
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RUN-TIME PROCESSES

o EXECUTION : PROCESS A SEQUENCE

OF STATEMENTS

o EVALUATION : COMPUTE VALUE OF

EXPRESSION

o ELABORATION ACHIEVE EFFECT OF

DECLARATIONS, SUCH

AS CREATING OBJECTS
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ORDER OF EXECUTION

DEFINED

o IN ABSENCE OF FLOW OF CONTROL

COMMAND, STATEMENTS IN TEXTUAL

ORDER

o DECLARATIONS ELABORATED IN

TEXTUAL ORDER

o EVALUATION OF SHORT-CIRCUIT

CONTROL
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ORDER OF EXECUTION (CONT)

UNDEFINED

o OPERANDS OF AN EXPRESSION

EVALUATED IN SOME (UNDEFINED)

ORDER

o ORDER OF PARAMETER ASSOCIATIONS

o ORDER IN WHICH in out AND

out PARAMETERS COPIED BACK

o ORDER OF TASKS OF EQUAL

PRIORITY
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QUESTIONNAIRE

1. Briefly state your current computer background.

2. Brief comment on course format.

3. How many tapes did you watch at a time?

4. What tapes needed to be replayed for content. Please amplify reasons to
replay.

5. Overall evaluation of the course.

6. Do you recommend future courses of this format?

7. What topics do you recommend?

8. Should any tapes be redone - which ones, and why. (Please provide con-
structive suggestions.)

9. How effective were the lecture notes?

10. What improvement c~n you recommend for lecture notes.

(If you lesire)
Name
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