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FOREWORD

THE UNITED STATES AIR FORCE HAS COMMITTED ITSELF TO "STANDARDIZATION."
THE THEME OF THIS YEAR' S CONFERENCE IS "RATIONAL STANDARDIZATION," AND WE
HAVE EXPANDED THE SCOPE TO INCLUDE US ARMY, US NAVY AND NATO PERSPECTIVES
ON ONGOING DOD INITIATIVES IN THIS IMPORTANT AREA.

WHY DOES THE AIR FORCE SYSTEMS COMMAND SPONSOR THESE CONFERENCES?
BECAUSE WE BELIEVE THAT THE COMMUNICATIONS GENERATED BY THESE GET-TOGETHERS
IMPROVE THE ACCEPTANCE OF OUR NEW STANDARDS AND FOSTERS EARLIER, SUCCESSFUL
IMPLEMENTATION IN NUMEROUS APPLICATIONS. WE WANT ALL PARTIES AFFECTED BY
THESE STANDARDS TO KNOW JUST WHAT IS AVAILABLE TO SUPPORT THEM: THE
HARDWARE; THE COMPLIANCE TESTING; THE TOOLS NECESSARY TO FACILITATE DESIGN,
ETC. WE ALSO BELIEVE THAT FEEDBACK FROM PEOPLE WHO HAVE USED THEM IS
ESSENTIAL TO OUR CONTINUED EFFORTS TO IMPROVE OUR STANDARDIZATION PROCESS.
WE HOPE TO LEARN FROM OUR SUCCESSES AND OUR FAILURES; BUT FIRST, WE MUST
KN4OW WHAT THESE ARE AND WE COUNT ON YOU TO TELL US.

AS WE DID IN 1980, WE ARE FOCUSING OUR PRESENTATIONS ON GOVERNMENT
AND INDUSTRY EXECUTIVES, MANAGERS, AND ENGINEERS AND OUR GOAL IS TO
EDUCATE RATHER THAN PRESENT DETAILED TECHNICAL MATERIAL. WE ARE STRIVING
TO PRESENT, IN A SINGLE FORUM, THE TOTAL AFSC STANDARDIZATION PICTURE FROM
POLICY TO IMPLEMENTATION. WE HOPE THIS INSIGHT WILL ENABLE ALL OF YOU TO
BETTER UNDERSTAND THE "WHY'S AND WHEREFORE'S" OF OUR CURRENT EMPHASIS ON
TljjS SUBJECT.

MANY THANKS TO A DEDICATED TEAM FROM THE DIRECTORATE OF AVIONICS
ENGINEERING FOR ORGANIZING THIS CONFERENCE; FROM THE OUTSTANDING TECHNICAL
PROGRAM TO THE UNGLAMOROUS DETAILS NEEDED TO MAKE YOUR VISIT TO DAYTON, OHIO
A PLEASANT ONE. THANKS ALSO TO ALL THE MODERATORS, SPEAKERS AND EXHIBITORS
WHO RESPONDED IN SUCH A TIMELY MANNER TO ALL OF OUR PLEAS FOR ASSISTANCE.

Accession For--

NTIS T'&

ROBERT P. LAVOIE, COL, USAF T T
DIRECTOR OF AVIONICS ENGINEERING
DEPUTY FOR ENGINEERING

Dl4i'3



DEPARTNIENT OF THE AIR FORCE
RY ~ ," E S O -5Y Sr= ° *'.'14 &N 0

- NP. A IR --CRCrE 3-5r 2C234

23 AUG 1982

OF

Second APSC Standardization Conference

ASD/Oz

1. Since the highly successful standardization conference hosted by ASD in
1980, significant technological advancements have occurred. Integration of
the standards into weapon systems has become a reality. As a result, we have
many *lessons learned* and cost/benefit analyses that should be shared within
the tri-service comunity. Also, this would be a good opportunity to update
current and potential "users.0 Therefore, I endocse the organization of the
Second WSC Standardization Conference.

2. This conference should cover the current accepted standards, results of
recent congressional actions, and standards planned for the future. We should
provide the latest information on policy, system applications, and lessons
learned. The agenda should aucmnodate both government and industry inputs
that criticize as well as support our efforts. Experts from the tri-service
arena should be invited to present papers on the various topics. Our APFSC
project officer, Maj David Hamomid, HD ASC/ALR, AUMM 858-5731, is prepared
to assist.

ROBERT M. BOND, Lt Gen. USAE
Ccmmander

PiGUIIMPA - MAlE-NO MM

V



MIL-STD-1815

ADA HIGH ORDER LANGUAGE

Instructor: Ma. Richard E. Bolz
U.S. Air Force Academy

ABSTRACT

This tutorial will discuss the development history, design and

implementation of Mil Std 1815 (the Ada programming language). The

syntax and semantics of the language will be covered in overview fashion

with emphasis on data typing and the use of Ada as an object-oriented

design language.

BIOGRAPHY

Major Richard E. Bolz has earned the BS and MS in Computer Science

from Penn State University and has been a member of the Computer Science

Department at the U.S. Air Force Academy since 1973. He is the

co-developer of 'Software Engineering with Ada', A 4-day course for

managers, analysts, designers and programmers.
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PROB'LEM SPACE RESULTS

DATA

-rV4. PROGRAMMER'S HUMAN INTERPRETATION
ii?-RESENTAT ION OREUT

TH ROLM

SOLUTION'SPACE

From the Froaramming Langu'aae Landscape by Henry Ledgard and Michael Marcctty
(c) Ir~e1 Science Research Asociates, Inc. Reproduced by permission of
the publisher

Figure 5-1: Model for a Typical Programming Task

8 Object-oriented Design
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-SUBPROGRAMS

1 - PACKAGES

-- TASKS

-rWo F"FZr 3jra

-SPECIFICATION (VISIBLE PART)

-- BODY (HIDDEN PART)

An Overview of the Language



Sc4tware Engineerknig with Ad&

Figure 6-1: Symbol for an~ Undefined Entity

An Overview of the Language



SUBPROGRAM SPECIFICA~TION

SUBPROGRAM BODDY

Figure 6-2: Symbol for an Ada Subprogram
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TASEK SPECIFICATION

U 2P

TAa.OD

Fiur 6-:Smolfra AaTs
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Figure 6-4: Package with Visible Parts
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PACKAGE SPECIFICATION

" ECT AND TYPES

; r 

(

11

~ 
~OFERAT IONS- 

L

PCAEBODY

Fioure 5: Symbol for an~ Ada Pacage

, 
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C

Figure 6-6: COnMmunicating Ada Tasks

17 An Overview of the Language
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SU BP ROGRAM

FigUr-e 6-7: Nestin'g Ada Progr-am Units
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PACKAGE

(MAIN) SUBPROGR'AM

Figure 6-S: An~ Ada Program from the Top Down,
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ock 0 t% F=F-4 C3M -T " : ]E C3-T--r C M 'K

* LEX NUMERIC LTERALS INLL E

-CHARACTER LITERALS

-- STRINSS

-- DELIMITERS

-COMMENTS

An Overview of the Language
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4 D% D W C3FkDS

abort declare generic of select

abs delay goto or separate

accept delta others subtype

access digits if out

all do in task
C

and is package terminate

array pragma then

* at else private type

elsif limited procedure

end loop

begin entry raise use

body exception range

exit mod record when

rem while

new renames with

case for not return

constant function null reverse xor

An Overview of the Language
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TVeFE DE n F= x " I 1~ 3 " V3

-A SET OF VALUES

-A SET OF OPERATIONS APPLICABLE TO THOSE VALUES

INC- LUDE

-- SCALAR

- INTESER

- REAL

- ENUMERATION

-- COMPOSITE

- ARRAY

- RECORD

-- ACCESS

-- PRIVATE

-SUBTYPE AND DERIVED TYPE

An Overview of the Language
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-VARIABLES

-- CONSTANTS

-DYNAMIC CREATION

An Overview of the Language
23
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NAM~ES

DEN3IOTE DECLAFED ENT IT I ES

£

M MAbY BE MOVEFLOADED

42

" * ARE STRONGIELY TYFED

24An Overview of the Lang'.age
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- EXPONENTIATING S

-- MULTIPLYING * /

-mod rem

-- UNARY -

-ADDING + - &

-- RELATIONAL I<

<=> >=

LOGICAL and or xor

and then or else

-- MEMBERSHIP in not in

* OPERTrF SYM1OLS MAIY BE

An Overview of the Language
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STAWTEM1ENTS

* PfROV IDE CNTFROL AND ACT I ON

ADA STAEE:N--T3 INPC=L.UDE:

-- SEQUENTIAL

- ASSIGNMENT

- NULL

- SUBPROGRAM CALL

- RETURN

- BLOCK
z

-- CONDITIONAL

- IF

- CASE

- ITERATIVE

- LOOP

- EXIT

-- OTHER STATEMENTS

- ENTRY CALL - RAISE

- ACCEPT - CODE

- ABORT - GOTO

- DELAY

- SELECT

An Ovmview of the Language
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* -- PROCEDURES

* -- FUNCTIONS

An Overview of the Language
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f

SEGU ENT I POL- F' C)DESES

* USE T1-IE CONCEr DFA

z• RENDEZVOULS

*SPECIAL STAEMENTS AR~E

IFROV.IDED~ FDF TA~SK< CONTRDL

An Overview of the Language
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EP R E TTION >-FEC I F I CA r NS

S ERMITr MA=ING TH.-IE LANIUA"GE

- * INCLUJDE SPECIFICATION OF

-- LENGTH

S-- ENUMERATION TYPE REPRESENTATION

- RECORD TYPE REPRESENTATION

-- ADDRESS SPECIFICATION

W FE:IRMIT ACCE:8E T

-- INTERRUPTS

-- IMPLEMENTATION DEPENDENT FEATURES

An Overview of the Language
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- DIRECTJIO

- TEXT-10

-LOWLEVEL I0

An Overview orf the Language
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- -' 4

Figure 7-1: A Binary Tree

The First Design Problem
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r-C3OUNT%- I P4Gr L- EE ~k'o r-E3

I IF= T-r FE -rF EE I~ !F 0 -FEF

NUMBEROFLEAVES(TREE) = I

* IF -ri- -rF~t-E= 4-CDNSf-I E3

NUMBER_OFLEAVES (TREE)=

NUMBER OF LEAVES (RIGHT SUBTREE)

NUMBER OFLEAVES (LEFT SUBTREE)

The First Design Problem
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-SEQUENTIAL

-CONDITIONAL

4 -- ITERATIVE

~K FP S N ~FsP DEFINEDr=
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The First Design Problem
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DEVELOP AN INFORMAL_ STRATEGY

KEEP A PILE OF THE PARTS OF THE TREE THAT HAVE NOT YEt

BEEN COUNTED. INITIALLY, GET A TREE AND PUT IT ON THE

EMPTY PILE; THE COUNT OF THE LEAVES IS INITIALLY SET TO

ZERO. AS LONG AS THE PILE IS NOT EMPTY, REPEATEDLY TAKE

A TREE OFF THE PILE AND EXAMINE IT. IF THE TREE CONSISTS

OF A SINGLE LEAF, THEN INCREMENT THE LEAF COUNTER AND

THROW AWAY THAT TREE. IF THE TREE IS NOT A SINGLE LEAF

BUT INSTEAD CONSISTS OF TWO SUBTREES, SPLIT THE TREE

INTO ITS LEFT AND RIGHT SUBTREES AND PUT THEM BACK ON

THE PILE. ONCE THE PILE IS EMPTY, DISPLAY-THE COUNT OF

THE LEAVES.

The First Design Problem

40
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10. Ta.e a. Tree cf-f the pile

and ex:amine 4t

i. Since 2t is a leaf. coLInt it

and throw away the tree

1-l. Sirn:e the pile is empty,
we can display the count

L

Figure 7-2": Example of Counting the Leaves

41 The First Design Problem

41,



LEAFCOUNT T:EE FILE

1. Initially:E

2. Take a tree off the pile 0

and e:: amine it

and return the subtrees

T .- take a tree off the pile
and e;.amine it -

Since it is a leaf. count it

and throw away the tree

6. Take a tree off the pile 1

and e:-amine it

7 Since it is a tree. split it

and retur the subtrees

e. Take a tree off the pile .

and e:amine it

S. Since it is a leaf, count it

and throw away the tree 42
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FF; MALI ZE TI- E STAF TEGY
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4% r-r F I IBUT-FE

KEEP A PILE OF THE PARTS OF THE TREE THAT HAVE NOT YET

BEEN COUNTED. INITIALLY, GET A TREE AND PUT IT ON THE

EMPTY PILE ; THE COUNT OF THE LEAVES IS INITIALLY SET TO

ZERO. AS LONG AS THE PILE IS NOT EMPTY, REPEATEDLY TAKE

A TREE OFF THE PILE AND EXAMINE IT. IF THE TREE CONSISTS

OF A SINGLE LEAF , THEN INCREMENT THE LEAF COUNTER AND

THROW AWAY THAT TREE. IF THE TREE IS NOT A SINGLE LEAF

BUT INSTEAD CONSISTS OF TWO SUBTREES, SPLIT THE TREE

INTO ITS LEFT AND RIGHT SUBTREES AND PUT THEM BACK ON

THE PILE. ONCE THE PILE IS EMPTY, DISPLAY THE COUNT OF

THE LEAVES.

The First Design Problem

43
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The First Design Problem
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FO3RMAL.I ZE TH-E ET TE=Y

I DENT'r I FY OFETF r I CO8 CN

KEEP A PILE OF THE PARTS OF THE TREE THAT HAVE NOT YET

BEEN COUNTED. INITIALLY, GE A TREE AND PUT IT ON THE

EMPTY PILE; THE COUNT OF THE LEAVES IS INITIALLY SET TO

ZERO. AS LONG AS THE PILE IS NOT EMPTY, REPEATEDLY TAKE

A TREE OFF THE PILE AND EXAMINE IT. IF THE TREE CONSISTS

OF A SINGLE LFAF, THEN INCREMENT THE LEAF COUNTER AND

THROW AWAY THAT TREE. IF THE TREE IS NOT A SINGLE LEAF

BUT INSTEAD CONSISTS OF TWO SUBTREES, SPLIT THE TREE

INTO ITS LEFT AND RIGHT SUBTREES AND PUT THEM BACK ON

THE PILE. ONCE THE PILE IS EMPTY, DISPLAY THE COUNT OF

THE LEAVES.

The First Design Problem

45
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* - 1- db =_ -- C3LJ -r

-- DISPLAY

-INCREMENT

- - -- ZERO

* I IL-E

-- SyOT.EMPTY

* -- PUT

-PUTINITIAL

-TAKE

FZ I (3I-C-!_UErF;Z-E=

-GETINITIAL

-IS SINGLE LEAF

-- THROW-AWAY

The First Design Problem
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TR: EE FC

I!S__SNGLEEAT~jCOUNT_LEPVES ONB EI NARY_TREE-

FILE FACKAGE

IS NOT ~ r Ef-FT IONLAEONI YTE

f FU Fst Dsg rb
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FOFkMAL- I ZE -rTHE STR -rE3Y

ETABL I H TH-E: I N EFF CES

package COUNTERPACKAGE is

. . type COUNTER-TYPE is limited private;

procedure DISPLAY (COUNTER : in COUNTERTYPE);

procedure INCREMENT(COUNTER : in out COUNTERTYPE);

procedure ZERO (COUNTER : out COUNTERTYPE);

private

end COUNTERPACKAGE;

The First Design Problem
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F3FrtcL- I ZE TH-E STRAE(3N'

EST A ] LI H 1- T1-= I NTFI E F = E S

with TREE-PACKAGE;

package PILEPACKAGE is

type PILETYPE is limited private;

function ISNOT EMPTY(PILE : in PILEJTYPE) return BOOLEAN;

- procedure PUT (TREE : in out TREEPACKAGE.TREETYPE;

ON : in out PILETYPE);

procedure PUTINITIAL (TREE : in out TREEPACKAGE.TREE_TYPE;

ON : in out PILE TYPE);

procedure TAKE (TREE : out TREEyPACKAGE. TREETYPE;

OFF : in out PILETYPE);

private

end PILEPACKAGE;

The First Design Problem
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F=FRI 1bL- I ZE T- E ETRATEE3Y

ES r BL- I f3HI T"-E I NTEFF CES

package TREEPACKAGE is

type TREETYPE is limited private;

procedure GET-INITIAL (TREE : out TREETYPE);

function ISSINGLELEAF(TREE : in TREE-TYPE)

return BOOLEAN;

procedure SPLIT (TREE : in out TREE TYPE;

LEFT_INTO : out TREE-TYPE;

RIGHT-INTO : out TREETYPE);

procedure THROWAWAY (TREE : in out TREETYPE);

private

end TREEPACKAGE;

The First Design Problem
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FMAFt L- I ZE TH-E E -AFTEGY

I M LEMENT " E FOE AT I D3NIS

with COUNTERPACKAGE, PILEPACKAGE, TREE PACKAGE;

"- use COUNTERPACKAGE, PILEPACKAGE, TREE-PACKAGE;

procedure COUNTLEAVESONBINARYTREE is

LEAF COUNT : COUNTERTYPE;

LEFTSUBTREE : TREE-TYPE;

PILE : PILETYPE;

RIGHTSUBTREE : TREE-TYPE;

TREE : TREETYPE;

The First Design Problem
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beg i n

GET-INITIAL(TREE);

PUT INITIAL(TREE, ON => PILE);

ZERO(LEAFCOUNT);

while IS-NOT-EMPTY (PILE)

loop

TAKE(TREE, OFF -> PILE);

if IS.SINGLELEAF(TREE) then

INCREMENT (LEAFCOUNT);

THROW AWAY (TREE);

else

SPLIT (TREE,

LEFTINTO -1 LEFTSUBTREE,

RIGHT_-INTO =~> RIGHT-SUBTREE);

PLIT(LEFTSUB','EE, ON -> PILE);

PUT(RIGHT..SUBTREE, ON => PILE);

end if;

end loop;

DISPLAY (LEAF_.COUNT);

end COUNTLEAVESONBINRY_TREE;

The First Design Problem
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-ATA TFES ADRESS

*MI~ I N1A I mdJb3 I L.. I TV'l

THE NEED TO DESCRIBE OBJECTS WITH A FACTORIZATION

OF PROPERTIES

€* I'EADAEILITY

a -- THE NEED TO SAY SOMETHING ABOUT THE PROPERTIES

OF OBJECTS

' * REL.IABILITY'

-- THE NEED TO GUARANTEE THAT PROPERTIES OF

OBJECTS ARE NOT VIOLATED

FE=DUCTION OF COMPLEXITY

THE NEED TO HIDE IMPLEMENTATION DETAILS

Data Abstraction and Ada's Types
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-r = * : m RP - -rFEFz X~ ZF -LE f

CCF

3F T-rIE- rNc% ID -r'FFDE

Data Abstraction and Ada's Types
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C:-CE-c3-E COF= -YFE:S= I I--LL X E

-THE VALUES HAVE NO COMPONENTS

-THE VALUES CONSIST OF COMPONENT OBJECTS

z

-THE VALUES PROVIDE ACCESS TO OTHER OBJECTS

-THE VALUES ARE NOT KNOWN TO A USER

Data Abstraction and Ada's Types
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I NTECER TYPES

* INTRODUCJE2E A SET F

CONSEZUeT I VFE 1X> CT I NTEERS

* UEF--DEFINED TYPES

2

type LINECOUNT is range 0 o 66;

type INDEX is range 55 77;

type FATHOM is range -5000 0;

type TOTALELEMENTS is range 1 (ROWS*COLUMNS);

Data Abstraction and Ada's Types
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SUMt11ARY OF INTEGER~ DATA TYPES

* ET OF VAUES

-- A SET OF CONSECUTIVE INTEGERS

E ST RUCT4- rU RE 1-

-- range L .. U

-- WHERE L AND U ARE STATIC EXPRESSIONS
r

REPRESENTING LOWER AND UPPER BOUNDS

z
"* SE OF uOPE~RAT-IONS.u'

-- ADDING + -

- ASSIGNMENT

-- EXPONENTIATING $3

-- EXPLICIT CONVERSION

-- MEMBERSHIP in not in

-- MULTIPLYING S / mod rem

-- QUALIFICATION

-- RELATIONAL = -<=

-- UNARY + - abs

Data Abstraction and Ada's Types
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-4 -2 -i 6'. : 7

FigIr-e G-7: Floating Point Model NUmbers

Data Abstraction and Ada's Types
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-6 -5 -4 .; -2 - . ,6

Figure -- 4: Fi:,-ed PoInt Model NUmbers

Data Abstraction and Ada's Types
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SU ErY F= %OF REL U TYPES

-- APPROXIMATIONS TO THE REAL NUMBERS

* Sr UTRLJrFE

- digits N range L .. U

SPECIFIES RELATIVE ACCURACY

WHERE N IS A STATIC INTEGER REPRESENTING

THE NUMBER OF SIGNIFICANT DIGITS AND

WHERE L AND U ARE STATIC EXPRESSIONS

REPRESENTING LOWER AND UPPER BOUNDS

-- delta N range L .. U

SPECIFIES ABSOLUTE ACCURACY

WHERE N IS A STATIC REAL VALUE

REPRESENTING THE DELTA AND

WHERE L AND U ARE STATIC EXPRESSIONS

REPRESENTING LOWER AND UPPER BOUNDS

Data Abstraction and Ada's Types
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E 8=r DP C3 OF RATIONE

-- ADDING + -

-- ASSIGNMENT =

-- EXPONENTIATING 5*

-- EXPLICIT CONVERSION

-- MEMBERSHIP in not in

-- MULTIPLYING S / mod rem

QUALIFICATION

-- RELATIONAL = <=

> >=

-- UNARY + - abs

* r r ~ IE3i rI-3

-- FIXED POINT ATTRIBUTES

ADDRESS SIZE

BASE MACHINEOVERFLOWS

FIRST SAFESMALL

LAST SAFE-LARGE

Data Abstraction and Ada's Types
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FLOATING POINT ATTRIBUTES

ADDRESS MACHINEMANTISSA

BASE MACHINEOVERFLOWS

DIGITS MACHINERADIX

EMAX MACHINEROUNDS

EPSILON MANTISSA

FIRST SAFE EMAX

LARGE SAFELARGE

LAST SAFESMALL

MACHINEEMAX SIZE

MACHINEEMIN SMALL

* EDI-IFINED TYF1

DURATION

FLOAT

LONGFLOAT

SHORTFLOAT

Data Abstraction and Ada's Types
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1- UM =-F o I I O3iP -rY F>e

I* 4- IN FR 3 D Lj F= Nk C DFR I2D E- 8E1- 11= 7

IF 1%j I- -r W 4%C %~L 1=E3

* ; E ~ FZX - FI 1E -r% F=ES

dtype CARDSUIT is (CLUBS, DIAMONDS,

HEARTS, SPADES);

type GEARPOSITION is (DOWN, UP);

type MOTOR-STATE is (OFF, FORWARD, REVERSE);

type HEX-_DIGIT is ('A', 'B', 'CP, 'Dr, 'E', 'F');

Data Abstraction and Ada's Types
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SUMMAFY OF ENUMEATION TYFES

* ET OF VAd=LUES

-- ORDERED SET OF DISTINCT VALUES

* STfFRUCTURFE

-- (E_O, EI, ... E_n)

WHERE E i IS AN ORDERED ENUMERATION

zLITERAL
C

* SET OF OPERATIONS

-- ASSIGNMENT

-- MEMBERSHIP in not in

-- QUALIFICATION

-- RELATIONAL = =<=

Data Abstraction and Ada's Types
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AT TR X 3UrES

ADDRESS PRED

BASE SIZE

FIRST SUCC

IMAGE VAL

LAST VALUE

PUs WIDTH

*PRE~DEF INED TYI=ES

BOOLEAN

CHARACTER

Data Abstraction and Ada's Types
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COrIFOSITE TYFE

VALLUES COMPONENTS
INCLUDES

-- ARRAY TYPES-
R-FECOR:D TYPES

FiQUre E-:Composite Data Types

Data Abstraction and Ada's Types
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*INTROCDUCE AN INDEXED

COLL.ECT I ON OF S I I I TYP=-S

*CONSTRAINED TYPES

type GAMEBOARD is array (1 .. 8, 1 .. 8) of CHESSPIECES;

type LIST is array (INTEGER range -100 .. 10) of FLOAT;

type VECTOR is array (INTEGER range 1 MAXIMUMINDEX)

of FLOAT;

type LONGARRAY is array (EXTENDED INDEX) of FLOAT;

type SHORTARRAY is array (EXTENDED INDEX range 10 .. 49) o4 FLOAT;

type RECORDOFWORK is array(DAY range MONDAY %. FRIDAY) of HOURS;

type OVERTIME is array(DAY range SATURDAY .. SUNDAY) of HOURS;

type FULL-WEEK is array(DAY) of HOURS;

U LNCONSTRA INED TYPES

type BIT VECTOR is array(INDEX range <>) of BOOLEAN;

type MATRIX is array(INDEX range <>, INDEX range <>) of FLOAT;

Data Abstraction and Ada's Types
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E3 1-=r C1= R-./ 0kL UE- E

-INDEXED COLLECTION OF SIMILAR TYPES

E* - R - -r U TLF:E

-array(INDEX...) of COMPONENT

AN UNCONSTRAINED ARRAY TYPE

WHERE INDEX... IS A LIST OF

UNCONSTRAINED DISCRETE TYPES

-array INDEX-CONSTRAINT of COMPONENT

A CONSTRAINED ARRAY TYPE

WHERE INDEX-CONSTRAINT IS A LIST

OF DISCRETE TYPES

Data Abstraction and Ada's Types
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E S FE- C = C OFI FF R #% rI C3NS

-- ADDING &

-- AGGREGATES

-ASSIGNMENT

-EXPLICIT CONVERSION

-- INDEXING

-- LOGICAL and or xor

-- MEMBERSHIP in not in

-QUALIFICATION

-RELATIONAL <

* -- UNARY not

-r i-r tI ~ U -Lr 1=E3

ADDRESS LAST (J)

BASE LENGTH

FIRST LENGTH(J)

FIRST(J) RANGE

LAST SIZE

F=*Ft EE T->FF I r4 1> -ri 1 F=>E-=V

STRING

Data Abstraction and Ada's Types
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FRECORFD TYPES

* NRDULCE A COLLE~CTION

0F (POTENTIALLY) D I =IFFEENT

COMPONET~ TYPFES

*SIMPLE RECORD TYPES

~type DAY OFYEAR is

~record

DAY INTEGER range 1 .. 31;

MONTH MONTHNAME;

YEAR :NATURAL;

end record;

type CPU_FLAGS is

record

CARRY BOOLEAN;

INTERRUPT BOOLEAN;

NEGATIVE BOOLEAN;

ZERO BOOLEAN;

end record;

~Data Abstraction and Ada's Types
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type CPU-STATE is

record

PRIORITY :INTEGER range 0 -7;

FLABG CPU-FLAGS;

end record;

* D DICRI 1INl tc D F;ZFE C) F 0

type SQUARE(SIDE INTEGER 4) is

record

MATRIX :SIMPLE-ARRAY(l SIDE, 1 SIDE);

end record;

type TWOSQUARES(LENGTH :INTEGER) is

record

FIRST : SQUARE(LENGTH);

SECOND t SQUARE (LENGTH);

end record;

Data Abstraction and Ada's Types
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VARIANT R e 3ECRF]ES

type AIRCRAFTRECORD(KIND : AIRCRAFTID : UNKNOWN) is

record

AIRSPEED : SPEED;

HEADI4G : DIRECTION;

LATITUDE : COORDINATE;

LONGITITUDE : COORDINATE;

case KIND is

when CIVILIAN =>

null;

when MILITARY =>

CLASSIFICATION : MILITARY TYPE;

SOURCE : COUNTRY;

when FOE 1 UNKNOWN =>

THREAT THREAT-LEVEL;

end case;

end record;

Data Abstraction and Ada's Types
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-- COLLECTION OF (POTENTIALLY) DIFFERENT COMPONENTS

j -- record

component _list

z end record

WHERE COMPONENT-LIST NAMES THE ELEMENTS OF

THE RECORD

* ~e:- 3F= 1FECrIrt'J

-- AGGREGATES

-ASSIGNMENT

-EXPLICIT CONVERSION

-- MEMBERSHIP in not in

-QUALIFICATION

-RELATIONAL-

-- SELtCT ION

Data Abstraction and Ada's Types
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* ~ -rTF -F; I ]E LJ-r E8!

ADDRESS LASTBIT

BASE POSITION

CONSTRAINED SIZE

FIRSTBIT

Data Abstraction and Ada's Types
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;,CCE .:- Oi ECT

ACCESS VALUE

- Y. : -DESIGNATE-' CCTECT

Figcure 3-6: AcCess Data T'/pe

Data Abstraction and Ada's Types
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ACES TYP'FE8

PROVE3.-IDE DYNAMIC ACCZESS

TO OT- HERF OBJECTS

S IMP1IL.E TYPES

type BUFFER is

record

MESSAGE STRING(1 10);

PRIORITY INTEGER range 1 100;

end record;

type BUFFERPOINTER is access BUFFER;

SINCOM LETE YFES

type NODE;

type LINK is access NODE;

type NODE is

record

LEFT : LINK;

VALUE : STRING(I 5);

RIGHT : LINK;

end record;

Data Abstraction and Ada's Types
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ACCESS C B3ECT

MiESSAG3E --- -- -- -
PRIORITY 1

DESIT4ETS OBJCTOFTYEEUFER

Ficure Relationship of Aces Values and Objects

Data Abstraction and Ada's Types
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£EETh~TE FrOCE OED3ECT TCF r OCE

L15J~E ND O~ECT DSGAE OEOJC

LEFT IH
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E3U M MAR om N 3F ECE S -TYP > E

E r 3F VA'lLUEs

-- ACCESS VALUES TO DESIGNATED OBJECTS

ET -RFUC- URFE

-- access subtypeindication

WHERE SUBTYPEINDICATION IS THE TYPE OF

THE DESIGNATED OBJECT

-Er OF- OF FR r IONS

-- ALLOCATION

- - -- ASSIGNMENT :

-- EXPLICIT CONVERSION

-- INDEXING

-- MEMBERSHIP in not in

-- QUALIFICATION

-- RELATIONAL - /=

-- SELECTION

-r ~r F~ Z E U-r es c

ADDRESS SIZE

BASE STORAGE SIZE

Data Abstraction and Ada's Types
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F=1Ft I V nk-rEF= ID db7r&N rN '[= 1

n* e D FINMe: 4= E1S; rFR #nkC: r n -~r o

-r FI=-E; LJ " 3 3 E %/ic UE=- 44FRI=

HIDDEnf F=FZDI" T-E= US -L~FZ

I* LI-I TEDn ="~ ~ I W#b1E- -rY1F=S3

package PASSWORD is

type VALUE is limited private;

function ISVALID(CODE :in VALUE)

return BOOLEAN;

procedure SET (CODE :out VALUE:

AUTHORIZATIONLEVEL :in NATURAL);

private

type VALUE is new STRING(l 40);

end PASSWORD;

Data Abstraction and Ada's Types
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package RANDOM is

type NUMBER is private;

procedure SET(SEED : in INTEGER; VALUE in out NUMBER);

function UNIFORMRANDOM return NUMBER;

private

type NUMBER is

record

SEEDVALUE : INTEGER;

VALUE : FLOAT;

end record;

end RANDOM;

Data Abstraction and Ada's Types
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!S 1-=r C3F= W c 'LLUE=- !

-- HIDDEN FROM THE USER

3 -r -UFRE

-- HIDDEN FROM THE USER

* IET OF O ERATIO3S

- EXPLICIT CONVERSION

-- MEMBERSHIP

-- QUALIFICATION

-- FOR LIMITED PRIVATE TYPES

ONLY THOSE OPERATIONS DEFINED IN THE

CORRESPONDING PACKAGE SPECIFICATION ARE

AVAILABLE

-- FOR PRIVATE TYPES

OPERATIONS OF ASSIGNMENT AND TEST FOR

EQUALITY OR INEQUALITY ARE AVAILABLE

IN ADDITION TO THOSE DEFINED IN THE

PACKAGE SPECIFICATION

A T-rR I %U-TEE

ADDRESS BASE SIZE

Data Abstraction and Ada's Types
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* F F;Z C .o I ]E =:F-UF 7 -=EF; F='k-rCFzZ X Z T ION- ZC

03F='-~ F1 E FR ik(: T1FR I -T Z (--!

* E3LJ3P FNeF'e'E3

-RANGE CONSTRAINT

subtype INDEX is NONNEGATIVE range 0 .. 10;

-ACCURACY CONSTRAINT

subtype COARSE is WEIGHT delta 10.0;

z -- INDEX CONSTRAINT

subtype VECTOR 3D is VECTOR(1 . 3);

-DISCRIMINANT CONSTRAINT

subtype HEAT-SENSOR is SENSOR (KIND => TEMPERATURE);

*yp MASS isnew r ~FLOAT

type MASSH is new FLOAT;

type BUDGET is new FLOAT range 0.0 .. 12_000.0;

AK -- 1 =1'1- C 3 %JE3-UF 0aI " r -S o* 1= -S- oc -rTIEZg

E3uET - -i- - c m - -DN r FR o - sI NTS E=-ED

N1j 3 r 1E F= f - 4 I r

Data Abstraction and Ada's Types
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*S IMLE DECLARATIONSIJ

DISTANCE : FLOAT;

RESPONSE : CHARACTER;

NUMBER : INTEGER;

GRADES : array(1 .. 100) of FLOAT;
r

* ELA TIONIS WITH 5 CONSTRAI NTS

z

NAME STRING(. 40);

BOTTOM : INTEGER range -10 .. -1;

IDECLARATkIDI NJS -1 E WIH- IN IT I A.L.

RANGE : DISTANCE := 0.0;

* ONSTANT DECLARA INS

FIRSTMONTH : constant MONTHNAME JANUARY;

PI : constant = 3.141_592 65;

DIAMETER : constant .= 4;

Data Abstraction and Ada's Types

84



Software Engineeringq with Ada

1B N L- I -- =FR okL

-INTEGER NUMERIC LITERAL 10f24

-REAL NUMERIC LITERAL 0.398_829_138

-- ENUMERATION LITERAL BLOCKED

-CHARACTER STRING "WAREHOUSE"

-- NULL ACCESS VALUE null

-- CHARACTER LITERAL b

-BASED NUMERIC LITERAL 16#IFFE#

Expressions and Statements
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IE X F>FE-=!EE I C:)" E

I- K : CFE E rF M E W %-PaAJ-U -~I E3 F DI'C

F=1,F; I M tce FZ I EE3 P - 3 C = - Rik- C3D E:Z E3

* D ZXMn I1 FIE XJZ.LD

-STRING LITERAL .$prompt"

-- NUMERIC LITERAL 10.125

-- NAME MATRIX_1

-- ALLOCATOR new COUNT' (0,0,0,0)

-- FUNCTION CALL COS(37.5)

-- TYPE CONVERSION INTEGER(123.9)

-- QUALIFIED EXPRESSION COEFFICIENT' (O.53)

-PARENTHESIZED EXPRESSION (3 ** 4)

-- NULL VALUE null

Expressions and Statemnents
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* BASIC OPERATORS IN

ORDER OF~ RECDENCE ARE

-- EXPONENTIATING **

-- MULTIPLYING $ /

mod rem

UNARY +

not abs

-- ADDING +- &

-- RELATIONAL /=

-- LOGICAL and or xor

and then or else

-- MEMBERSHIP in not in

Expressions and Statements
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SEQ3UENTIA LE MTATEMEN-rE

O Dt;E 8TATEM-ENTz IS EXEECUTED

ArFE ANTHEFR IN A INA

* I<INDS OF SEQUENIL

I NCLUJDE

SF- -- ASSIGNMENT

-- NULL

-- PROCEDURE CALL

-- RETURN

-- BLOCK

* 3E WC3ILL L8O CON8IDERr rTH-E

GOTs IN ToI SECtION

Expressions and Statementst 88
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ASS I GNMENT STATFEMENT

* EPLACE -rHE C F EN-r PVAUE

C3F 4N %VARctFIABk 39LE F= ROC3M AN4

EXfPM ESS I N VALUE

T YPE FI E=T- IDES Fe TiM1E

ASS IGNMEN'~iT MUST BE

* SS I GNMENT STEMENT EXA3FLEC

VALVERECORD(1 .. 10) VALVERECORD(6 .. 15);

VOLTAGE_1 VOLTAGE_2 + 24.0;

MATRIX_ 1 MATRIX_2;

LOCALSCHEDULE.all COUNT' (0,0,0,0);

SCHEDULERTABLE(READY) SCHEDULERTABLE(READY) 1;

VALVERECORD(COUNT_1).OPEN) TRUE:

VALVERECORD(1 . 10) VALVES' (1 .. 10 =>

(NAME => "SPARE

POSITION => "WAREHOUSE ",

OPEN => FALSE,

FLOW RATE => 0.0));

Expression-, and Statements
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*e:XF-L.X=-r- IC Ph -r.. 3 E3 X M~T ON4--rXC

null;
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RIETLURN SrAT-rEMENTr

FtETIURN CONWT L FFOMC A

- PROCEDURE return;

- FUNCTION return <expression>;

A SUBPR~OGRAM MAY1~'

HACVE MULL..TIFL.E. RETLIURNS

* FROCEDURE EXAMP2'LE

procedure INSTALL(BUFFER in LINE;

* LIST : in out TABLE;

TOP a in out POSITIVE) is

begin

LIST(TOP + 1) := BUFFER;

for INDEX in 1 .. TOP

1 oop

if LIST(INDEX) = BUFFER then

return;

end if;

end loop;

TOP :- TOP + 1;

end INSTALL;

Expressions and Statemets
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* T=-X-rL oL.LV eN"C-_^mSUL.d~-T 3 0%

* BLOC4< 0:XdcMFI"LE3

0 begin

aA A B/C;

exception

when NUMERIC-ERROR ->

A :0. 0;

end;

SWAP:

declare

TEMP :FLOAT;

begin

TEMP rnVOLTAGE_1;

VOLTAGE..1 :VOLTAGE..2;

VOLTAGE_.2 :-TEMP;

and SWAP;

Expressions and Statements
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* LINCON X I T I amdohL-L-Ne c(mknD

- CDnMrF~tUI-

<<SHUT-DOWN > STARTOWERDOWN..SEQUENCE;

goto SHUTDDWN;

Expressions and Statements
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I-C3OMND XIr C3 ON D iL- 3-M -Tr1= EEN-r E

E3FE S L- 1-=C---rIC3O 4 C C OE C3~ OF- d

z

-- IF

-- CASE

Expressions and Statements
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x F= 3-rmE :r

d!: S&QLEENhCE: O3F M-dT-rM I-N-r-c

DEFEXDINE3 OUI 'T"-= TF~LtU-"

iXft~ CUTI <O0the

CON_1 0

if COUNTEOR~l.DE thethe

COUNT1 OR(2.OE TRU0;

ifVALVERECORD().OPEN thenE

VALVE-RECORD (2) .OPEN :-FALSE;

VALVE-RECORD (3).*OPEN :-TRUE;

end if;

Expressions and Stateents
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if V.OLTAGE1 > VOLTAGE 2 then

VOLTAGE_1 -- VOLTAGE 2;

elsif VOLTAGE-1 < VOLTAGE-2 then-

VOLTAGE...2 :VOLTAGE_1;

C else

- null;

end if;

Expressions and Statements
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ESF- E - r 1~-=mI- m ~ E ON-rI

IEX F=FRE-E3E I ONM

case PROCESS-STATE is

when RUNNING -> SCHEDULER TABLE(RUNNING) 1

ISACTIVE :=TRUE;

awhen READY => SCHEDULER-TABLE (READY) =

SCHEDULER-TABLE (READY) + 1;

ISACTIVE :- FALSE;

when BLOCKED => SCHEDULERTABLE(BLOCKED)

SCHEDULERTABLE (BLOCKED) + 1;

ISACTIVE :- FALSE;

when DEAD >SCHEDULER-TABLE (DEAD) =

SCHEDULER-TABLE (DEAD) + 1;

end case;

E-xpressions'and Stateoments
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case COUNT 1 is

when 1 => VALVE RECORD(CDUNT 1).OPEN gWTRUE;

when 2 :3 => VALVERECORD(COUNT_1).OPEN :FALSE;

- -when 5 10 =e VALVE-RECORD(COUNT_1).OPEN :wFALSE;

when others => VALVE RECORD(COUNT1) .OPEN :=TRUE;

zVALVERECORD (COUNT_1). FLOW RATE =1.0;

end case;

Expressions and Statements
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I -rE-Fk~m4T I %WPM -Tro-E1E -rS

* - F IEI -r'1ET oc !S M U -=4CME F=

ZeUF:ZO UF:; r13FR -rXMIE

-- BASIC LOOP

-- FOR LOOP

-- WHILE LOOP

L- 3 30F tF S E 3 -- 1 dk I-T IS - rE E

e~X I r Sc -it -e91e:"r

Expressions and Statmsents
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LOOP~ EXAMPLES

loop

GET-SAMPLE;

PROCESSSAMPLE;

end loop;

loop

GETSAMPLE;

exit when TEMP > MAX TEMP;

PROCESS_SAMPLE;

end loop;

OUTERLOOP:

loop

INNERLOOP:

loop

end INNERLOOP;

end OUTERLOOP;

Expressions and Statements
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for INDEX in RUNNING .. DEAD

loop

SCHEDULER_TABLE(INDEX) := 0;

end loop;

for INDEX in reverse TOTALVALVES

loop

VALVERECORD (INDEX) .OPEN FALSE;

end loop;

£

for INDEX in 1 . COUNT_1

loop

end loop;

for I in VALVES'RANGE

loop

end loop;

while (SCHEDULERTABLE(1).FLDW_RATE > 10.0) and (not IS EMPTY)

loop

end loop;

Expressions and State-ments
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* c E'F E=- -r"1= 1 O-3II--E B.-=I EX E I- t E9L- UNMIT-

.3 ~~8rFUNCTNSi

Subprograms
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SUBPFROGRAM SPECIFICATION

_____________________ SUBPROJGRAM BODY

Figure 10-1: Symbol for an Ada Subprogram

Subprograms
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Figre 0-2 Moal fin AaSbrga

SUBPROGRAMm

GLOBALOBJ104
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PAAEE MODES

*IN

ONLY THE ACTUAL VALUE IS USED; THE SUBPROGRAM

CANNOT MODIFY THE VALUE

* OLIT

-1u-
!

.z THE SUBPROGRAM CREATES A VALUE BUT DOES NOT USE

] THE VALUE OF THE ACTUAL PARAMETER
0

! " * I N OUT

- THE SUBPROGRAM USES THE VALUE FROM THE ACTUAL

PARAMETER AND MAY ASSIGN A NEW VALUE TO IT

Subprograms
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NA I I NC3 SFEC I F I CAtT I ONS

X I MPf=L.E SFEC I F I CA^r I ONS

procedure COUNTLEAVESONBINARYTREE;

procedure PUSH (ELEMENT x in INTEGER;

ON t in out BUFFER);

procedure ROTATE(POINT : in out COORDINATE;

ANGLE t in RADIANS);

function COS(ANGLE - RADIANS) return FLOAT;

function "*"(X, Y : in MATRIX) return MATRIX;

function RANDOM return FLOAT;

' E3=SPEC Z F XI ^- CAT ION W X -r" DE-F~dAULTSE-0

procedure PRINT(BANNER : in STRING;

CENTERED : in BOOLEAN :- TRUE;

SKIP-PAGE : in BOOLEAN : TRUE);

OV0ELOA DED SPE>C I F I CA-T I ONS

procedure SET(LISTING : in BOOLEAN);

procedure SET(PIXEL : in COLOR;

FRAME : in out BUFFER);

procedure SET(PRIORITY : in NATURAL);

procedure SET(ADDRESS : in NATURAL);

Subprograms
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4* C3MRU -r=-r- 1-"1E d Ou-3CFtXIr"-M

X F= X 4--nr X ON

specification

begin

sequenceof statements

(exception part)

end;

Subprogram
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SUB RFt3RA C aLL-S

3 IVEN HE-Il FOLL.OW IN3

ROCEDURES

procedure SEARCH_FILE(KEY : in NAME;

INDEX : out FILEINDEX);

procedure SLEEP (TIME % in DURATION : 10.0);

procedure SORT (DATA : in out NAMES;

ORDER : in DIRECTION : ASCENDING);0
"V

procedure SORT (DATA a in out NUMBERS;
• 0

ORDER . in DIRECTION :- ASCENDING);

I procedure TURN..ON (LIGHT :in LOCATION);

( POS I T I ONAL-r AEE CA L.LS

SEARCH_FILE("SMITH, J", RECORDENTRY) ;

SLEEP (120.0);

SORT (PERSONNELNAMES, DESCENDING);

SORT (GRADES, ASCENDING);

TURNON (OFF ICELIGHTS);

Subprograms
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* aM NMtEED ARA E AFz I AT I ON

SEARCHFILE(KEY > SMITH, 3",

INDEX -> RECORDENTRY);

SLEEP(TIME -> 120.0);

SORT (DATA => PERSONNEL-DATA;

ORDER => DESCENDING);

* CLLS3 W I- -I DEFAULT3

SORT (PERSONNELDATA);
K

SLEEP;

* C VO IVEN T-E FOLLOW I N FUNCT ION

i
function COS (ANGLE : in RADIANS) return FLOAT;

function HEAT(SENSOR : in SENSOR-NAME) return FLOAT;

function "+" (X, Y : in MATRIX) return MATRIX;

X M I LAR OPT IONS APPL.Y

DISTANCE : LENGTH * COS(30.0);

VALUE :, HEAT(SENSOR -> WINGTIP);

SUM :" +"(FIRSTMATRIX, SECONDI_MATRIX);

SUM : FIRST-MATRIX + SECONDMATRIX;

Subprograms
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PERIT THEC CKLLCTIN OF

FOUPS OF LO I CALLY rELATED

*" DIRECTLY( SUPPFORT INFORMA'1TION

X K) XN43 HIDN ND AkBTRACT ION' 0

0

PERMI AN INDUS3TRY OF

SOFTARE~ MODUJLES

Pac kages
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'~ CKGESPECIFICATION

DE9JECTSADTYE

OP ERAT IONS

FAaCA~ec BODY

Figure 1Z-1: Symbol for an Ada Pac'kage

Packags
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* F=C3FtM O~ f-CorFroc-r B91--rvWEe1%

T-I"E- X I NTE F= -ri-

f=dmk:dmC3E OknD T-I~l- UJE=FR

* Tic<E r F=FO:t

package SOMENAME is

end SOMENAME;

M M V 191= = FJ-r - FtX> D %,AIDX>eDX

-VISIBLE PART

-PRIVATE PART

Packages
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PAC<AG E J 3 S X E I L_ ITY'

I- I lEN TH FLLWINQ

Package COMPLEX is

type NUMBER is record

REAL PART " FLOAT;

IMAGINARY PART : FLOAT;

end record;

function "+"(A, B in NUMBER) return NUMBER;afunction "-"(A, B in NUMBER) return NUMBER;

function "*,(A, B in NUMBER) return NUMBER;

end COMPLEX;

Packages
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* rI:CI<E3ES ~ E ~ I4~

procedure MAIN-PROGRAM is

procedure FIRST is .. end FIRST;

package COMPLEX is ... end COMPLEX;

package body COMPLEX is ... end COMPLEX;

procedure SECOND is..

t procedure THIRD is ... end THIRD;

end SECOND;

begin

-sequence of statements

end MAIN-PROGRAM;

* lt~CIt~n3E=-! d=0S L- I 9~t~kQY UM I iS

with COMPLEX;

package MAINPROGRAM is..

Packages
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NAM I N3 'V I S I BLE C3OM ONENTS

SIMIL.E V=ISIBILITY

with COMPLEX;

procedure SOME-PROGRAM is

NUMBER_l, NUMBER_2 COMPLEX.NUMBER;

begin

NUMBER_I.IMAGINARYPART := 37.961;

NUMBER 1 COMPLEX."+"(NUMBER_I, NUMBER 2);

0

0

.o end SOME-PROGRAM;

* DIFRECT VISIBILIT Y'

with COMPLEX;

procedure ANOTHER-PROGRAM is

use COMPLEX;

NUMBER_3, NUMBER_4 : NUMBER;

begin

NUMBER_3 := NUMBER_3 + NUMBER_4;

end ANOTHER-PROGRAM;

Packages
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F- cC--I< r 3E F- DOC D x E3

C3~ F= N=TM- I -T IE E3 I M r R C D U =JC=ED

E-= E3F SIEC I F= I CiT I UN

*~~~~C M~Y Fl X3J~ rE- c 1 I=- n

-rrF~ FE-E §='MFZM

package body SOME-NAME is

end SOMENAME;

Packages
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F>tF < #=a CS olnD Fl'F I'/ k-re: -VV F,eS

I I:o- 1=DEr

-r %I C3 CLd=%EStS 01EE C3F= - F" -

-- PRIVATE

-LIMITED PRIVATE

4 package MANAGER is

type PASSWORD is private;

NULLPASSWORD :constant PASSWORD;

function GET return PASSWORD;

function ISVALID(P : in PASSWORD) return BOOLEAN;

private

type PASSWORD is range 0 . 70i00;

NULL-PASSWORD constant PASSWORD :0;

end MANAGER;

Packages
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IE X 4ET a: P D-rX 3 S

m IIE -E %W E r r r Ac I=-WI C~JEm

SLUFC3Re: M S I C) NC OF' P4CFR MstL.

E-EOE3F I EC.m _L =n tdm X E-3LJ X ONN

*E aoFtWIIJI= a"TTI%13DTII' TO TiE

IE\EN IS CL.:E e: =>SING

="I-E z XI r 3FTZdk IDNF _ I :C k C . m rIC

Exeto wln ndLwlvlFaue
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DECLARI NG AND RAISI NG EXCEPT IONS

* EXCEE1-IONS MAk1Y BE USJEFR-

DEFI NED

ABOVELIMITS, BELOW_LIMITS : exception;

PARITYERROR : exception;

FATALDISKERROR : exception;

* SMr=E EXCETIONS ARE FE--

l DEFINED
*2.0

0

-- CONSTRAINT-ERROR

-- NUMERIC_ERROR

-- PROGRAMERROR

-- STORAGEERROR

-- TASKING ERROR

RAF~ISING3 AN EXCEPTIDN MA~Y

BE DEN1E EXPLICI-rL

raise FATALDISK_ERROR;

raise ABOVE-LIMITS;

raise;

raise NUMERIC_ERROR;

Exception Handling and Low-level Features
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RA6ISIN4G PRDEFINED EXCETIONS

*CONSTRAINT__ERROR~

-- RAISED WHEN A RANGE, INDEX, 
OR DISCRIMINANT

CONSTRAINT IS VIOLATED

4NUM1EIC_ERF;OVR

-- RAISED WHEN A NUMERIC OPERATION 
YIELDS A

RESULT THAT CANNOT BE REPRESENTED

* FFoG~RM __ ERF-ORF

-- RAISED WHEN ALL ALTERNATIVES 
OF A SELECT

STATEMENT HAVING NO ELSE 
PART ARE ALL CLOSED,

OR IF AN ERRONEOUS CONDITION 
IS DETECTED

*STOR~gE_ERROF

-- RAISED WHEN THE DYNAMIC 
STORAGE ASSOCIATED

ALLOCATED TO AN ENTITY 
IS EXCEEDED

-r SKI 3 _ERR

-- RAISED WHEN EXCEPTION ARISE 
DURING INTER-

TASK COMMUNICATION

Exception Handling and Low-level 
Features
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dot m nDL. X M 3 EX 4-CE 1=1 T- m OS

* LU-ME Oct IEXICE-F=IONXCr IS R~toiXE3=D,

FFC)"-FOC3L- 111jk3e3 rC S~ NdONEI P

Po CF~ #mnLI=F ON m~ NI~LF"=IdRP

1- 4n C = be E -C Z ( R - - BC D%

C)F * U E3 F- L..E M C k m IFEF ~ 1 ~ r=- E

C3at -rAaF

E- - FEN- XC ID L- a:.CU O~t! T-r kE - -r e

F=C0ZM C = A C m - 3- rFEME=M7

Exception Handling and Low-level Features
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A~ TASK

*IS A~N ENTITY' TI-AT OPERATES

IN PARALLE EWITH OTH-ER

FROGRM UN IT

C

P Ft PHYICLLY AY EXECUTE ON

Ft•E U M TI Me O kMTEERc SEEYSTEMS - E F

0

Tak

'ILMULT IPROCESSOR SYSEM~Ss

* OR WX IH INTERLEAVXEI

EXECUTION ON A SINQLE

PRO~CESSOR

*RE(QUIRFES A M1EANS FOR INTER-

TASK< COMMU4LN I CHT ION
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* F~lEFtM X -F aC3llIL X C--d%- X MM6

F IEM EEZtW CNE' F

E~DZJL3Ar=MMr 0FE

P6F 3WXnE-nf t- m <aC rF 3L
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.1

-i-

Figure 16-1: Task Communication with Semaphores
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TAK

Ficure 16-2: Tasks as Communicating Sequential Processes
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TAS K S FECIFICATDC N

"I

TASK BODY

Figure 16-7: Symbol for an Ada Task
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THE F M OF 4% TAE<

TASKSI< ARE ACTIVATFED

% AF ENT TASK W ILL NOT

TEFRMINATE UNTIL ALL OTH-EFR

.5

"2 DEPENDENT AKSHV

STERMI. NATED

'* -- A TASK DEPENDS ON AT LEAST ONE MASTER

-- A MASTER IS A TASK, A CURRENTLY EXECUTING BLOCK

OR SUBPROGRAM, OR A LIBRARY UNIT

-- A TASK THAT IS A DESIGNATED ACCESS OBJECT OR

COMPONENT THEREOF, DEPENDS ON THE MASTER THAT

ELABORATED THE ACCESS TYPE

-- ANY OTHER TASK DEPENDS ON THE MASTER WHOSE

EXECUT ION CREATED THE TASK OBJECT

121 Tasks _
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-r h S < E3FIEC I F= I I--t Im -r1 NSP4E

I* -1r F CD1ELUC=E- T-1 E P4 ckM E C OF -TI=-

#mL..ONS( WIT-" WISIDL.E E-=4-hIES=!

5 * I1Y NOTr ]B- F3EFl=d=F~dTE:LY

o- C3 M FO I L f-

task SOMENAME is

-TASK ENTRIES

end SOMENAME;

Tasks
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TAcSmK ENTFR I ES

DEFINE T-I aT mOF CO m DI 1MOBUlN-

E3 *- M PoM- 1- E3 Pi 8Za ID I F= FFEFtD"-

IC T ON W TH A GIE.T S

-r - aVE F= C3 FO 1>MM CS I TOLL
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MNAJMING I !E3 I E31 L.E UOMOF NENTS

S GIVE=N -rH- FOLL3W %IN

task PROTECTED 3TACK is

pragma PRIORITY(7);

entry POP (ELEMENT : out INTEGER);

entry PUSH(ELEMENT : in INTEGER);

" end PROTECTED-STACK;

0

M* = tJI M C3 onk 1- -EN FZ~
0

PROTECTEDSTACK. POP(MYVALUE);

PROTECTEDSTACK. PUSH(36);

FR ENAMING AN ENTR'

procedure PROTECTEDPOP(ELEMENT out INTEGER)

renames PROTECTEDSTACK.POP;

Tasks
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ENTF Y SEMANT I CS

*EAC- ENTRYx v 1EFINE8 AN'%

IfIPLI CIT~ QUEUE

SONLY ONE ASK-rc MAYl FENDEZVOUS

WIT- AN ENTVEREED T S< aT

-A TIiE AL- L. OTH-EFRS WAIT-" " : C E-UE- IN ORDER~ OF ARIA IN

irlTHE QUEUE

A -TAS< MAYc% BE IN ONE OF

FOUR U STTE

-- RUNNING (CURRENTLY ASSIGNED TO A PROCESSOR)

-- READY (UNBLOCKED AND WAITING FOR PROCESSING)

-- BLOCKED (DELAYED OR WAITING FOR A RENDEZVOUS)

-- TERMINATED (NEVER OR NO LONGER ACTIVE)

131 
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F-Ft I C3FZ I -r

1'1J I N E- %, -F FRt"F -F6005 I Cdlm"

INIUE FZ C33FE EE"DF-

* m Wt1C-Y BE QuL.IIl-=7f= SET ITG

C3"1 * -rE NOT FI-EC I-C"I-E 0 T-F3DF

IN Z -I1-IICI I L- cILFEE F=L =- I=-SX>

IN~13 
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* 1-4EF- aCPL.LEF~ I'1LST- I<ND3W T-1"E:

* -- I=- !SER'=~t~'E=F~ DOES=-= NOT3- F("COW

T-E~- rNdmkME- O3F T-rIE C:mLL.ER=

.1

i * -tPE-K*3 MbckY STIrL-L. amL.L. ON"e
:z

4 task FIRST TASK is

entry SERVICE;

end FIRSTTASK;

task SECONDTASK is

entry SERVICE;

end SECONDTASK;

task body FIRST_TASK is

task body SECONDTASK is..
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F#0I I L.. I E3 C31 ENTP4FFRI ES

ImNDEXE-=D D'fi d ISFtT

* 3 X3I'.EN i-~E: FOMlLOW X "C3

2type IMPORTANCE is (LOW, MEDIUM, HIGH);

task MESSAGE is

enr E(MOTNE(M:otMSAETP)

entry GET (IMPORTANCE) CM : out MESSAGETYPE);

end MESSAGE;

MESSAGE. GET (HIGH) (YOURJIESSAGE);

MESSAGE. PUT (IMPORTANCE => HIGH) (MYMESSAGE);
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!=* l<IN Bt ~I C3T ION OF I

W C=:=XPE- r e PC- 34 Cf

.tas bod SOME_ TE is~3

end SOMENAME;
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SB Ot mF), L-M: -r SI < m ODn I= E3

task WATERMONITOR;

task body WATERMONITOR is

begin

loop WTR

if AE-EVL>MAIUML.VEL then.

SOUNDALARM;

end if;

end loop;

end WATER-MONITOR;

Tasks
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F task CONSUMER is

entry TRANSMIT-MESSAGE(M in STRING);

end CONSUMER;

with LOW LEVEL_10;

use LOW LEVELID;

task body CONSUMER is

begin

loop

accept TRANSMIT MESSAGE(M :in STRING) do

SENDCONTROL(MODEM, M);

end TRANSMITMESSAGE;

end loop;

end CONSUMER;
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P=* FtO 3I DE PFt I MIT I WE FLOW

MF= CONTRO3L

* CLSSES DF STA~TEMENTS

0

-- SEQUENTIAL

-- CONDITIONAL

-- ITERATIVE

Expressions and Statements
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COND IT ION FOF FReNDEZV3US

A N ENTRY CALL F) O-TSIDE

-r E -r AK

A C CORREMPOIDING ACCEPT IN

TH-E TASK BODY

•0

* FOR SIMP1LE RENDEZVOUS., A

STASK< WILL. FUT ITEL- F -rO

SLEE IF IT APRRFIV.E E3 A

SCleMRN I ZAT I ON IO I NT

BEFORE ANOTH-ER

* WH-=EN TI-IE RENDEZVMUS- IS

COMFLETE. T-"E TWO TASKS

ARE REL.EASED TO CONrINUE

I N PARALLEL-
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1=Fl,- B- P I = S1M IE 1 rSE

TlE Tr kSl3 < n C3n N

C3F'rIg"=LL'" r>=F I-E3I--

UF E3rOt- Ee : -rE =C Z - =

OFR MMI' E F -ERE3 F" 3n IN4B

&PC:C:RF=,T CLLUE8E
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task SEQUENCER is

entry PHASEj;

entry PHASE_2;

ntry PHASE_3;

end SEQUENCER;

task body SEQUENCER is

begin

accept PHASE_1;

accept PHASE_2;

accept PHASE_3 do

INITIATE LAUNCH;

nd PHASE_3;

end SEQUENCER;
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* DELAY' STATrEMENTS

aTasks
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IUS -F'ENDS PRO.o=#ECINII FORc AT

LEAST ~TH-E GIVdEN' TIMfE

* SIMPLE DE:LAY ST TE E:NT8

delay 10.0;

delay DURATION(NEXTTIME - CALENDAR.CLOCK);

0

*ck ADDING NIM1ED NUMEFS FOR

ED B I L I TY

SECONDS : constant DURATION 1.0;

MINUTES : constant DURATION 60.0;

HOURS : constant DURATION 3600.0;

delay 2.0*HOURS + 7.0*MINUTES + 36.0*SECONDS;

143 Tasks
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A CTOR~ TASKS

-- HAS NO VISIBLE COMMUNICATION PATHS

- MAY CALL OTHER TASK ENTRIES

-- SAMPLE APPLICATION

task PRODUCER;

TRANSDUCER~ TASKS

-- HAS VISIBLE ENTRIES
0

S--MAY CALL OTHER TASK ENTRIES

-- SAMPLE APPLICATION

task MESSAGE-PASSER is

entry RECEIVEMESSAGE(M in MESSAGE);

end MESSAGEPASSER;

ERVER -rTA<

-- HAS VISIBLE ENTRIES

-- DOES NOT CALL OTHER TASK ENTRIES

-- SAMPLE APPLICATION

task CONSUMER is

entry TRANSMITMESSAGE(M : in STRING);

end CONSUMER;
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CLASS8ES OF TAS< C M M UN I CAT I ON

S IMPLE COECMMUN ICAT I ON

SELECTIVE. RENDEZVOUIS BY.

THI--E SERVWERF

-- SELECTIVE WAIT0

S-- SELECTIVE WAIT WITH AN ELSE PART
.0

-- -SELECT WITH GUARDS

-- SELECT WITH A DELAY ALTERNATIVE

-- SELECT WITH A TERMINATE ALTERNATIVE

-S LE IVdE RLENDEZVOUJS BY

TH4E CALLER~

-- TIMED ENTRY CALL

-- CONDITIONAL ENTRY CALL

Tasks
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S~C M M1. UD Il-4 1 C-,4%- I C3

i*k(.- T-C3FiZ -rAE3<

-CUSTOMER TASK

MAKE DEPOSIT(ID => 1273,

C AMOUNT => 1.0);

*0 * -8E EF:Z -1,S-c

-TELLER TASK

accept MAKEDEPOSIT(ID :in INTEGER;

AMOUNT :in FLOAT) do

BALANCE(ID) :- BALANCE(ID) + AMOUNT;

end MAKE-DEPOSIT;

Tasks
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SEL- EC I VFE WA I T

*SELEC DNE 0F SEVERAL

FPOSS I L E ENTrF I ES

HrI-E SELEC-ION IS NON--

DETERF 'M I N I ST I C

m* A SERVER~ TASK<
• 0

-- TELLER TASK

Iloop

select

accept MAKEDEPOSIT(ID in INTEGER; AMOUNT in FLOAT) do

end MAKEDEPOSIT;

or

accept MAKE_DRIVEUPDEPOSIT(ID in INTEGER; AMOUNT in FLOAT)

do ...

end MAKEDRIVEUPDEPOSIT;

end select;

end loop;

147 Tasks
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SELEI TIVE WAIT WITH. AN ELSE PART

* SELECT ONE DF SE E A

eOSSIBLE ENT-RF-IES OR aEN

ELSE PARTI IF NO TASK1S AR= E

WA IT IN , - I 4 F SEER VICE

13 SE=RVPIEFR -ITdiaSK

-- TELLER TASK
z
*c loop

p select

I accept MAKEDEPOSIT(ID : in INTEGER; AMOUNT in FLOAT) do

end MAKE-DEPOSIT;

or

accept MAKEDRIVEUPDEPOSIT(ID : in INTEGER; AMOUNT : in FLOAT)

do ...

end MAKE-DRIVEUPDEPOSIT;

else

DO-FILING;

end select;

end loop;
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SELECT WI TH- GUiRDS

*SELECT ONE OF SEVERAL
E3 SI L 1=LE-C=- C3"e NTC RI=- ES HA ARE:t a

OPEN BASED ON EVALUA~TION

OF Ai GUARFD CLAUJSE

* A SERVER TASK~

-- TELLER TASK

- select

* when BANKINGHOURS =>

0

end MAKEDEPOSIT;

or

when DRIVEUPHOURS =>

accept MAKEDRIVEUP.DEPOSIT(ID : in INTEGER; AMOUNT : in FLOAT)

do ...

end MAEDRI YEUPDEPOSIT;

else

DOFILING;

end select;

end loop;

Tasks
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!S 1=L-=C:T- W I T- ( LJ &bFR XDE

FOSS ID11SL-E=- ENT-FtIES-c T-rI&jT ImFZe:

C3DEN 3Bd!mEDC ONr E"PdmLLJdaT ION:

O31 dm C-3LJ=a;12 OL0LJS3FE

* 4 8EF~te:F; -roSIa

-- TELLER TASK

loop

*~select

* when BANKING-HOURS =>

* accept MAKE DEPOSIT(lD gin INTEGER; AMOUNT :in FLOAT) do

end MAKE-DEPOSIT;

or

when DRIVE UP HOURS =>

accept MAKEDRIVE_UP_DEPOS1T(ID in INTEGER; AMOUNT :in FLOAT)

do..

* end MAKE.DRIVEUP_DEPOSIT;

* else

DO-FILING;

end select;

end loop;
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-TELLER TASK

Sloop

select

accept MAKE DEPOSIT(ID in INTEGER; AMOUNT in FLOAT) do

end MAKE-DEPOSIT;

or

delay 30*MINUTES;

TAKEABREAK;

end select;

end loop;
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* SELECT ON4E OF SEERL
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TERM1I NATE PARFT

* CO3NIDITIONI F R T 3ER INATION

-- TASK PARENT IS READY TO TERMINATE

-- DEPENDENT TASKS ARE TERMINATED OR READY TO TERMINATE

-- NO CALLING TASKS NEED SERVICE

4% SFEFR VPE-= TASK 0 E

I- ELLER TASK

loop

select

accept MAKE DEPOSIT(ID :in INTEGER; AMOUNT :in FLOAT) do

end MAKE-DEPOSIT;

or

terminate;

end select;

end loop;
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CUTOE TASK FD ~~ E

select

MAKEDEPOSIT(ID = 1273, AMOUNT => 10i00.0);

or

delay 10.0*MINUTES;

TAKEAHIKE;

end select;
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-CUSTOMER TASK

select

MAKEDEPOSIT(ID => 1273, AMOUNT => 1_000..0);'

else

RUN ____AWAY;

end select;
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TOOLS8

The Ada Programming Support Environment
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The Ada Programming Support Environment
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* APSE

-- ADA PROGRAMMING SUPPORT ENVIRONMENT

The Ada Programming Support Environment
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The Ada Programming Support Environment
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-TEXT EDITOR

-PRETTY PRINTER

-- COMPILER

-LINER

-SET-USE STATIC ANALYZER

-CONTROL-FLOW STATIC ANALYZER

-DYNAMIC ANALYSIS TOOLS

* -- TERMINAL INTERFACE ROUTINES

* -- FILE ADMINISTRATOR

-COMMAND INTERPRETER

-CONFIGURATION MANAGER

n DI 4=tM 5 C dN F"FZ C3% I=- d~ C: C3 MM C3 P

-DESCRIPTIVE INTERMEDIlATE ATTRIBUTED

NOTATION FOR ADA

The Ada Programming Support Environment
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PRO C3 IDES TOOL_S F R

-- CREATION OF DATA BASE OBJECTS

-- MODIFICATION

-- ANALYSIS

-- TRANSFORMATION

S-- DISPLAY
-U

-- EXECUTION

-- MAINTENANCE

*TWO CLASSES OF TOOLS XS

-- GENERIC TOOLS THAT APPLY TO ALL PROGRAMMING

TASKS WITHOUT REGARD FOR SPECIFIC DISCIPLINES

-- METHODOLOGY-SPECIFIC TOOLS THAT SUPPORT A

PARTICULAR PROGRAMMING OR MANAGEMENT DISCIPLINE

The Ada Programming Support Environment
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Trends and Conclusion
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