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AGENDA FOR THE
Ada SOFTWARE ENGINEERING EDUCATION AND
TRAINING (ASEET) TEAM
ADVANCED Ada WORKSHOP
KEESLER AFB, BILOXI, MS
JANUARY 24-27, 1989

TUESDAY - 24 JANUARY

8:30-9:00 Bldg 1002
Room 111

9:00-12:00
(Break at 10:15)

12:00-1:30

1:30-4:30
(Break at 2:30)

6:30-8:00 Keesler AFB
Officers’' Club

WEDNESDAY - 25 JANUARY

9:00-12:00 Bldg 1002
(Break at 10:15) Room 111

12:00-1:30

1:30-4:30

(Break at 2:30)

6:30-11:00 Bldg 1002
(Optional) Room 148

Welcoming Remarks

General Announcements
Capt Roger Beauman

Software Engineering
Capt David Vega

Capt Michael Simpson
Keesler AFB

Lunch

Software Engineering

Reception

Generics

LCDR Lindy Moran
US Naval Academy
Major Chuck Engle
SEl

Lunch

Generics

Hands-on Project

Lt Dan O'Donnell

Lt Don Princiotta

Lt Kevin McGinty
Keesler AFB Instructors




THURSDAY - 26 JANUARY

9:00-12:00 Bldg 1002
(Break at 10:15) Room 111

12:00-1:30
1:30-4:30 Bldg 1002
(Break at 2:30) Room 111

FRIDAY - 27 JANUARY

9:00-12:00 Bidg 1002
(Break at 10:15) Room 111

12:00 - End of Workshop

Tasking
Capt David Cook
USAF Academy

Lunch

Methodologies for Reuse
Capt Eugene Bingue
Offutt AFB, Nebraska

Exceptions
Major Pat Lawlis
AFIT
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TOOLS

OPERATING
SYSTEM

Command
Interpreter
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GENERICS

0 Why program at all?
O Why program generically?
O What does generics provide?

O How do you write a generic unit?

[ Parameterless Generics
[ Parameterized Generics
O Value and Object Parameters
O Type Parameters
00 Subprogram Parameters
O What are the Cons of generics?
O What are the Pros of generics?
O What are the unresolved issues?

O How do you teach generics?




Whv program at all?

O Reusability - a programmed solution
can be used over and over

O Relizbility - program can be tested and
verified to ensure correct results for
subsequent runs

[J Readability - program formalizes human
solution and represents it in more
abstract readable form

[} Maintainability - making a change to
a program ensures that the change is
consistently applied to all problem
solutions




R o .
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Why program generically?

O Reusability - similar program units
needed but different enough to
preclude simply entering differing
values at run time

O Reliability - generic unit once tested
and verified does not need to be retested
for each new use or "instantiation”

O Readability - using generic unit allows
extraction of the “essence” of the unit
eliminating application specific details
and produces a very uncluttered readable
unit

O Maintainability - a change made to the
unit applies to all uses of the unit

00 Programming in the large - facilitates
concentration on higher lavers of
abstraction by providing reusable
conceptual building blocks
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What does generics provide?

» Templates for conceptual building
blocks

» Remove problem specifics => greater
clarity and understandability of
code |

* Can add levels of abstraction

* Reduces source code size => code
more readable and maintainable

¢ Facilitates REUSE of software
* Elegant complement to strong typing

« Mechanism for dotng ['O
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Creating a 'Need" for Generics
- A Simple Example -

O Long Integers Problem
00 Problem is to be able to add and
multiply non-negative integers of
unlimited digits

[ Simple problem to understand

O Creates "cognitive dissonance and
"need” in student to solve problem

[0 Need for generic unbounded stack
1s relativelyv chvicus

0] IMlustrates lavers of ¢hstraction

T Long Integer - Top Level
[0 Original level of student focus

0 Stack - Bottom Leve!
[J Second level of student focus
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Long Integers Problem
An Example:

459873 (LI
- 28765 (L2

i
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with Long_Integer_sStack:
package Long_Integers is

type long_Integer is private;
function Make_Long_Integer (Numeral : in string) return Long_Integer;

function "+" (First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer;

function "*"(N : Natural; A_Long_Integer : Long_Integer)
return Long_Integer;

function "*" (First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer;

procedure Put(A_Long_Integer : in Long_Integer) ;

private
type Long_Integer is new Long_Integer_Stack.Stack;

end Long_Integers;



.

<h Text _IO; .
ckage body Long_Integers 1s

use Long_Integer_Stack’

function Make_ Long_Integer (Numeral : in string) return Long_Integer is
L : Long_Integer;
begin
Clear(L):
for Position in Numeral'first..Numeral'last loop
Push(character'pos(Numeral(Position))-character'pos('O'),L);
end loop;
return L;
end Make_Long_Integer;

function "+" (First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer is
ReversedSum, Sum : Long_Integer;
Carry : integer := 0;
SingleColumnSum : integer := 0;

Ll : Long_Integer := First Long_Integer:
12 : Long_Integer := Second_Long_Integer;
begin

Clear (ReversedSum) ;
Clear(Sum) ;

while (NOT Is_Empty(Ll)) and (NOT Is_Empty(L2)) loop
SingleColumnSum := Top_Of(Ll) =~ Top_Of(L2) + Carry;
Push (SingleColumnSum mod 10,ReversedsSun) ;
Carry := (SingleColumnSum - (SingleColumnSum mod 10}) / 1GC:
Pop (L1l):
Pop(L2):;

end loop:;

while NOT Is_Empty(Ll) loop
SingleColumnSum := Top_Of(Ll} + Carry;
Push(SingleColumnSum mod 1C¢,ReversedsSurn; ;
Carry := (SingleCoclumnsum - (SingleColumnSum mco
Pop (L1} ;

end loop;

[}

(@]
)
h)

while NOT Is_Empty({L2) loop
SingieColumnsSum := Top_ Of({LZ) - Carry’
Push({SingleColumnSum mod 10,ReversedsSun; ;
arry := (SingleColumnSum - (SingleColurnSum moG
Pop(L2) ;

end loop;

o~

-t

)
(&
~
~—
~

if Carry = 1 then
Push(1,Reversedsum) ;
end if;

while NOT Is_Empty(ReversedSum) loop
Push(TOp_Of(ReversedSum),Sum):
Pop (Reversedsum) ;

end loop:;

return Sum;
end "+";




for Count in 1..N loop
Result := Result + A_Long_Integer;
end loop;
return Result;
end Nan H

function "*"(First Long_Integer, Second_Long_Integer : Long_Integer)

return Long_Integer is
Ll : Long_Integer := First_Long_Integer:;
L2 : Long_Integer := Second_Long_Integer;
Result : Long_Integer := Make_long_Integer("0");
Digit : integer;
Position : integer := 0;
Temp : Long Integer;
begin
while NOT Is_ Empty(Ll) loop
Digit := Top Of(L1l):
Pop(Ll):
Position := Position + 1;
Temp := Digit * 12;
for NumberOfTrailingZeros in 2..Position loop
Push(0,Temp) ;
end loop;
Result := Result + Temp:
end loop;
return Result;
end "ixn :

procedure Put(A_Long_Integer : in Long Integer) is
Temp, Temp2 : Long_ Integer; -

begin
Temp := A_Long_Integer;

-- reverse contents of Temp into Temp2
while NOT Is_Empty(Temp) lcop
Push (Top_ Of (Temp) , Temp2) ;
Pop(Tenmp) ;
end loop:

-- print contents of Temp2 on screen
while NOT Is_Empty(Temp2) loop
Text_IO.Put(integer'image(Top Cf{Temzl., (Z;,:
Pop (Temp2)
end loop;
end Put;

2nd Long_Integers;




>cedure Uselongintegers is
A, B : Long_Integer;

= Make_Long_Integer("25012345");
= Make_Long_Integer("22334455");
Put{(A * B);

New_Line;

Put (2*A) ;

: UselonglIntegers;

th Long_Integers, Text_I0; use long_Integers, Text_I0;



generic

type Item is private; ) '
package Stack_Sequential_ Unbounded_Unmanaged_Noniterator is

type Stack is limited private;

procedure

Copy

(From_The_Stack
To_The_Stack

procedure Clear (The_Stack

procedure
procedure
function
function
function

function

Overflow
Underflow

srivate

Push

Pop

Is_Equal (Left

Depth_Of (The_Stack
Is_Empty (The_sStack
Top_Of

(The_Item
On_The_Stack
(The_Stack

Right

°s s as g0 s

(The_Stack

t exception;
t exception;

type Node;
type Stack is access Node;
=nd Stack_Sequential Unbounded_Unmanaged Noniterator;

in
in
in
in
in

in
in
in
in
in
in

out
out

out
out

Stack:
Stack)
Stack)
Stack)
Stack)

Stack;
Stack)
Stack) ;
Item;
Stack) ;
Stack):

return Boolean:;
return Natural;
return Boolean;
return Item;

“Taken from Software Components with Ada by Grady Booch]




th Stack_Sequential_Unbounded_Unmanaged_Noniterator;
ckage Long_Integer_Stack is new
Stack_Sequential_Unbounded Unmanaged_Noniterator(Item=>integer) ;




Traditional Programming

Algorithms, Objects, Resources
-- 1ntermixed with --
Problem specifics
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procedure Swap(X,Y : in out integer)
Temp : integer = X;

begin
X:=Y;
Y := Temp;

end;

procedure Swap(X,Y : in out character)
Temp : character = X,

begin
X:=Y;
Y := Temp;

end;

procedure Swap(X,Y : in out float)
Temo : float = X;
begin
X:=Y;
Y := Temp:
end;

type AnArray is array(i..1G) of integer;

procedure Swap(X,Y : in out AnArray)
Temp : AnArray = X;

begin
X:=Y;
Y := Temp:

end;

is

is

1S



Generic Programming

Algorithms, Objects, Resources

i ——— - ———— ————— - ———— —— . ——————————

Problem specifics

. / ~
Objects m

/

7 Resources /|yl 5




Syntax and Semantics

generic
. . . generic formal parameters . . .
subprogram or package specification;

subprogram or package body




A Generic Swap Procedure

generic
type Element is private;
procedure Swap(X,Y :in out Element);

procedure Swap(X,Y :in out Element) is
Temp : constant Element = X;

begin
X=Y;
Y := Temp;

end Swap;




NO!! Generic units not "callable/usable !!

Explicit
Instantiation

® Creates callable/usable unit
with Swep;
procedure Example is

procedure CharSwap is new Swapicharacter):
procedure IntSwap is new Swap(Element=>integer);

begin

CharSwap(OneLetter, AnotherLetter);
IntSwap(Anlinteger, Anotherlnteger);

end Example;




Overloading Instance Names

with Swap;
procedure SwapThings is
X : integer := 5;
Y : integer := 10;
A : character := 'A";
B :character := 'B’;

procedure Exchange is new Swap(character);
procedure Exchange is new Swap(integer/;

begin
Exchange(X.Y);
Exchange(A B):
end:



Data Object:

Generic Unit :

Generic Units
An Analogy

Declaration Instantiation

Type Declaration Object Declaration
Ivpe Age is range 0. /100: OldAge - Age
Generic Declaration Generic Instantiation
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Explicit Instantiation

generic
type Element is <»;
procedure Swap (XY :in out El
procedure Swap (XY :in out El
Temp : Element = X;

begin

X:=Y;

Y .= Temp;
end;

with Swap;
procedure SwapThings is
X integer :=5;
Y rinteger = 10;
A : character = A"
B : character =B"
pegi
Q

-—

N
wap(X,V);, ——Why NOT?
Swap(A,B); --param types differ aft
end SwapThings;

gb

O Requirement to EXPLICITLY instantiate
simplifies compilation of units

O The w<ph cit instantiation provides
well-defined locus for renorting errors
-uﬂx--;;\,q Frmps tmmmm stang Symctititiang



Explicit instantiation (continusac)

0 Permits independent checki ing of generic
units and generic instantiations

[ Resolves ambiguily of reference that
might otherwise occur

[l Provides better awareness of inSLan ces
anc improves reliabilitv and readabilit

with Swap;
procedure SwapThings is
X :integer = 5;
Y :integer = 10
A cnaracf =AY
O : character =
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begin
Swap(X,YJ); --generic Swap used
Swap(A,B); -~ local Swap masks generic one
end SwapThings:

D iy ihat = abhcot
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Parameteriess Generics
"Cloning” Units

A nongeneric "unigue cbject” Stack package:

package Stack is
procedure Poptl : out integer);
procedure Push({l : in integer);
iunction Empty return boolean;
function Full return boolean:
end Stack;

A non-generic "many gbjects” solution:

package Stacks is
tvpe Stack 1s . . .;
procedure Pop(S : in out Stack; ] : out integer):
procedure Push(S : in out Stack: I : in integer!;
function Emptv(S : Stack) return boolean:
function Full(S: Stzck! return boolean:

end Stacks:

-- changes must be made to bodv of package also

A sample user program:
procedure StackUp is
S1,82: Stack; liem: integer;
begin
PushiS{,10); Push{52.5); Pop(Si,ltem);

end:



. e ——

Parameteriess Generics cont.
A generic "many obiects” sofution:

generic

package Stack is
procedure Pop(l : out integer);
procedure Push(l : in integer);
function Empty return boolean:
function Full return boolean;

end Stack;

-- generic body is identical to non-generic one
-- no changes have to be made to get manv stacks

A sample user progran:

with Stack;
procedure StacklUp is
ltem : integer:
package Si 1s new Stack;
package S2 is new Stack:
begin
S1.Push(10); S2.Push(5};
S1.Pop{item): S2.Pop(ltem):
end StackUp:




Parameterless Generics cont.

[ Stack implementations compared

O Non- generic package - only one
elaboration and initialization occur

O Generic package - multiple
elaborations and initializations occur
- once for each package

Example: with Text_IO;
package bodv Stack is

begin
Text_10.Put{"New stack created."):
end Stack:

package &1 (s new Stack; -- message prinis
package S2 is new Stack:; -- message prints agzin
pacakge S3 is new Stack; -- message prints again




Creating Library Units
of

Generic Instantiations

-- compile following separately into the library

with Stack;
package S1 is new Stack;

-~ S1 is now a usable library unit

with St; use S1;
procedure StackUp is
[tem : integer;
begin
Push(10);
Push(20)};
Pop(ltem);
end StackUp;




Parameterized Generics

[0 Generic Parameters
00 Value and Object Parameters
O Type Parameters

O Subprogram Parameters




Value and Object Parameters

0 Value Parameters
[0 Are of mode IN
[0 Serve as local constants in
generic units
[0 Object Parameters

[0 Are of mode IN OUT

O Serve as global objects in
’ generic units

e e b o s e s e+ s+ et S et serocor mresormrems s




Value Parameters

generic

Max : in integer;

Min : integer; -- default mode is IN
procedure BigNSmall(X : in integer);

procedure BigNSmall(X : in integer) is

begin
if X > Max then
Max := X; -- not with mode IN
end if;
if X <« Min then
Min := X; -- not with moce IN
end if;

end BighSmall;




Value Parameters
and
Initialization Before Instantiation

0O Actual parameters which are to match
with formal generic value parameters
"must” have been initialized before the
instantiation occurs

Example:

generic

Max : in integer;

Min : integer; -- default mode is IN
procedure BigNSmall(X : in integer):

with BigNSmall;

procedure UseBigNSmall is
LocalMin : integer; --no initial value
LocalMax : integer; -- no initial value
X :integer :=100;

procedure Extremes is new

BigNSmat1(Max->LocaiMax,Min=>LocalMin);

-- run-timeerror occurs due to lack of initialization IF contents

-- of uninitialized objects raises constraint.error
begin
Extremes(X):
end UseBigNSmall;



Value Parameters
and
Levels of Abstraction

generic
Lower, Upper : in character;

function In_Range(S : in string) return boolean;

function In_Range(S : in string) return boolean is
begin
for I in S'Range loop
if S(I) not in Lower..Upper then
return FALSE;
end if;
end loop;
return TRUE;
end In_Range;

A non-generic version of In_Range:

function In_Range(S : in string; Upper,Lower :
character) return boofean is
begin
for I in S'Range loop
if S(I) not in Lower .. Upper then
return FALSE;
end if;
end loop;
return TRUE;
end In_Range;




Value Parameters
and
Levels of Abstraction cont.

OCompare clarity in user's programs using
generics to add another level of abstraction
in "customized " names for In_Range function

with In_Range;
procedure InBounds is
Name :string(1.4) = "JACK";
Phone :string(1.7) = "6725642",
begin
if In_Range(Name 'A',/7') then ...
if In_Range(Phone,'0’ 'S )then . ..
end InBounds;
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with In_Range;

procedure InBounds is
Name :string(i.4) = “JACK";
Phone :sining(!.7) = "672554 %"

function [s_aAll Upper_Case is new In_Range('A’,'Z');

function Is_All Lower_Case is new In_Range('a’,'z');

function [s_All Decimal is new In_Range('0','9');
begin

if Is_All Upper_Case(Name)then ...

if Is_All Decimal(Phone) then . ..
end InBounds:

[*In_Fange taken from Ada Language and Methedology)




Value Parameters

Our Stack Example Revisited

generic
Size : in natural;
package Stacks is
tvpe Stack is limited private;
procedure Push(S : in out Stack; I : in integer):
procedure Pop(S : in out Stack; | : out integer);
private
subtvpe NumberOfElements is integer
range 0..Size;
tvpe ElementArrav is
arraviNumberOfElements) of integer;
tvpe Stack is record
Elements : Element_£z rrav;
Top : NumberOfElements := O:
end record;
end Stacks;

with Stacks;
proecedure StackUp is
package SmaliStack is new Stacks(3);
pacakge BigStack is new Stack(5000):
begin




Value Parameters
and
Default Values

(only on VALUE parameters, not OBJECT parameters)
generic
Rows : in positive := 24;
Columns : in positive := 80;
package Terminal is

end Terminal;
-- some possible instantiations

package MicroTerminal is new Terminali24,40);
-- using positional notation

package WordProcessor 1S new
Terminal(Cofumns=>S85 Rows=:2661:
-- using named notation

package DefaultTerminal is new Terminal:
-- using the default values of 24 and 80

package NewTerminal is new
Terminal{X+Y,Z+10);
-- using expressions



Yalue Parameters
and
The Subtleties of Default Values

What are the outputs of the following?

package CountingPackage 1s
function NextNum return integer;

generic
Val integer = NextNum,
procedure Count,
end CountingPackage

with Text_IC:

'ﬂackagé body Co' intingPackage i=
CurrentValue :integer =G,
n.mc-xorw I\:axtNm return integer (s

5‘L1
CurrentValue = Currentvalus < |
retusn Currentialue

A N et BT
enc nexlhum ,

na;\.-:_—a sz ~N s T
>~ Ve e v Ve iy aw

TeXLIC PULLINE. neoET Imagel val ),

v A e
v.lv -/\/\A-AL

eric Countingrackage

with CountingPackage;
procedure StartCounting is
procecure FirstCount is new CountingPackage Count;
prozedurs CountAgain is new CountingPackage Count;
begin
FirstCount;
CountAgain,

.:.r\,ﬂ t’ Irﬂ \| et tatal
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AN IMPLEMENTATION DEPENDENCY

with Text IO; use Text I0;
procedure Imp is

Counter : integer := 0;

generic
A : in integer:
B : in integer;
procedure X;

procedure X is

begin
put_line(integer'image(A+B));

end X;

function Next return integer 1is

begin
Counter := Counter + 1; el
return Counter; . ks

end Next:; L’/Ifi/// to !

=
procedure InstanceOfX is new X (NN
begin
InstanceOf¥;

end Imp:




Value Parameters
and
Limited Types

O Value parameters are constants whose
value 1s a copy of the value of the
generic actual parameter suppiied
in the instantiation.

O] Type of generic formal value parameter
therefore cannot be limited type because
copy of actual parameter value cannot be
assigned to it.

with Text_IO;
generic

MvFile : Text_IO.Fite_Tvpe: -- NC!
procedure Wrong;

-- problem is File_Type is limited private



Object Parameters

A More Useful Example

generic
Control_Block : in out DeviceData,

Kind : in VDU_Kind := Basic_Kind;
package VDU is
end VDU;
with VDU;

procedure ManyVDUs is
DeviceTable : array(1..N) of DeviceData;

package VDU s new
VDU(DeviceTable(1) Kind_A);
package YDU2 is new
VDU(DeviceTable(2) Kind_B);
begin

end ManyVDUs;

[*Taken from Ada Language and Methodology by Watt, Wichmann, and Findl ay]




Object Parameters
and
Subtleties

00 Object parameters passed by reference
not by copy-restore method

O Object parameters are “aliases” for their
actual parameter counterparts

Example:

with Text_I0; use Text_IO;
procedure X is
Global : integer := 99;
procedure Z{Param : in out integer) is
begin
Param := Param + |;
Put_Line(integer image(Param)';
Put_Linelinteger image(Global));
end Z:
begin
Z(Global);
end X;

-- output 1s 100, 99 for copy-restore method
-- output is 100,100 for pass by reference




Object Parameters
and
Subtleties cont.

O Object parameters passed by reference
not by name -- not like Algol's "copy
rule”

O Address of actual parameter corresponding
to formal generic object parameter is
evaluated ONCE and does not change

O Using generic object parameter NOT like
doing textual substitution of actual
parameter's name




Object Parameters
and
Subtieties cont.

boan o

LJ ADDRESS of actual parameter
corresponding Lo a generic formal object
parameter 1S evaluated at time of
instantiation




declare
Y: afray(l 5) of character := "kitty";
Index : integer := {;

generic
X : in out character;
procedure Replace;

procedure Replace is

C’J‘
"J

ia

2:1.

Ir* ex := 5;

X:= - X = ¥{1), NOT Y{5
Put Stmng(‘ﬁ

end Repiace;

proc edar Lpdate is new Replace(Y(Index)):
-- lndex = | when this instantiation oCCurs



NON-EXAMPLE

declare
Y : array(1..5) of character := "kitty";

Index : integer := {;
generic

X : in out character;
procedure Replace;

procedure Replace 1s

begin
Index := 5:
Y{ladeg) :- v,

Put(String(Y));
end Replace:

procedure Update is new Replace(T{lades)
-- Index = | when this instantiation occurs

begin
Update;
end;




declare
subtvpe Small is integer range | .. 10;
X : integer := 27;
generic
S: im Small;
procedure Gen;
procedure Gen is
begin
Put("All OK");
end Gen;
arocedure P is new Gen(X};
-- Constraint_Error raised at time of instant.
begin
P;
end;




declare
subtype Small is integer range 1..10;
X : integer := 27;
generic
S:{im oBe Small;
procedure Gen;
procedure Gen is
begin
Put{"All OK");
end Gen;
procedure P is new Gen(¥);
-- executes OK --
pegin
?;
end:




Object Parameters
and
Constraints Imposed

(] Constraints applied to generic formal
object parameter are those of corresp.
ACTUAL parameter.

declare
subtvpe Small is integer range 1..10;
X: integer = 10;
seneric

S: im ®®e Small:
procedure Constraints;
procedure Censtra:ints 1s
begin

S:=§5+1I:
end;

procedure ActualConstraint is new
Constraints{X); -- causes NO problem
-- constraints of iMEEEEP apply
begin
ActuaiConstraint;

enc,



declare
subtype Small is integer range 1..10:

X : Saall - 10;

generic

S: in ®we Small;
procedure Constraints;
procedure Constraints is
begin

S:=§5+1;
end;

procedure ActualConstraint is new
Constraints{X): -- causes problem
-- constrains of Small appiv
begin
ActualConstiraint:

ens:




Object Parameters

O Use not recommended because suffer
from all same falacies as global objects

[ Generic object parameters usuaiiy
SHOULD have been regular {ormal
parameters in the subprogram



Object Parameters cont.

generic
Variable : in out 1nteger;
Limit, ResetValue : in integer;
procedure ResetintegecTemplate;

procedure ResetlntegerTemplate is
begin
if Variable > Limit then
Variable := ResetValue;
end if;
end Kesetliniegeriempiaie;

Better written as . . .

generic
Limit, ResetValue : in integer:
procecure Rpsptmtpg TemclatetVarianle
integeri:
pracedure Reset.niegerTemplate!Variabie : i

integer) is
begin
if Variable . Limit then
Variable := ResetValue;
end if;
end ResetintegerTemplate:




Object Parameters
and
Defined Operations

(] Operations defined on object are the
basic or predefined cperators defined
for the matching actual type. .. even
il operator redefined for actual type or
parent tvpe of actual tvpe.

with Text_10: use Text_IC;
procedure Notkedefined is

. 4+ LIS i b . ~
function "L R . integer) return integer i

1
pegin
return L+B~!
e,
generic
tume Qoene T rme 1T maess
Ly S LadT L T W S LIEN
€1 50m A - vrm T T D AT a Y mmt i vmn T mean 2 T e -
funcuon Pius. L SomeT YO TCLLTTL Ouillc . Y Ut
runclion PlusiL K SomeTyvpel return Some” vpe s
begin
* Ao . 3 T
return L « =; -- predefined intsger pius
end Plus
fanction Plusinstance is new
Dt ~ e N
Pius(SomeTvpe=rinteger)
egin

end;




Type Parameters

O tvpe /dentifier 1S range ©;
O tvpe sdeniifier 1s digits .
O tyvpe 7sdentifrer is delta ©;
O tvpe rdentifier is (o),

O tvpe sdentifier is arrav{ sypemark range o,
... tyvpemark range <) of Lypemark,

D wpe sdentilier is array(Lypemark, . . .,
tyvpemark) of tyvpemark:

T otvpe sdeniffier is access yoemars,

wvpe sdeniilrer 1S privaie:
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Integer Type Parameters

O type sdentifrer is range ¢;

O matches an integer type, predefined or
user-defined

O operations defined are those defined for
integers such as +,-,/ % * rem, mod,
negation, abs, >, <, =, /=, <=, »=

O attributes defined are those defined for
integers such as ‘first, 'last, 'succ, . . .




Integer Tvpe Parameters
An Example

generic
type IntType is range «;
function Increment({X : IntType) return IntTvpe;

function Increment{X:IntTvpe) return IntTvpe is
begin

return X+ 1;
end Increment;

with Increment;
procedure IncrementThings i

tvpe Age 1S range © .. [30;
tvpe Temp 1S range - 100

——
<D
[

)

MyAge : Age := 30
CurrentTemp : Temp = S0

[¢

function YearClder 1s nevw lacrementidge!:
function TempUp is new
Increment/intTyvpe=>Temp):

begin
MyAge := YearOlder(MyAge):
CurrentTemp ;= TempUp{CurrentTemp!;
end IncrementThings;




Float Type Parameters

O type 7deniifier is digits o;

O matches any floating point type, predefined
or user-defined

O operations defined are those available for
floating point types such as +, -, /, ¥,
¥ negation, abs, », ¢, =, /=, <=, >=

O attributes defined are those available for
floating point types such as ‘small, 'large,
'digits, ‘mantisa, ‘epsilon, ...

[ useful in providing mathematical routines
where user can control the precision used




Float Type Parameters
An Example

seneric
type FloatType is digits <;
function Sqrt(X : FloatType) return FloatTvope;

function Sqrt(X : FloatType) return FloatTvpe is
begin

end Sqrt;
with Sgrt;
procedure Rooting ts

tvpe VervPrecise 1s digits 7;
tvpe Imprecise 1S digits =:

X :VervPrecise := 0.1224-
Y . Imgrecise ;= 0.12;

function ExactRoot is new Sgrt{VeryPrecisel:
function RoundRoot is new Sqrt{imprecise;;

begin
X := ExactRoot(X);
Y := RoundRoot(Y):
end Rocting;



Discrete Type Parameters

O type sdentilier is (¢);

[0 matches any discrete type -- includes
integer types and enumeration types
(boolean also)

O attributes defined are those available for
any discrete/scalar type such as ‘first,
‘last, ‘'succ, ‘pred, 'image, 'value, 'pos,
'val

[ operations defined are those defined for
discrete/scalar types such as », <, =, /=,
>=, <=




Discrete Type Parameters
An Example

geaeric
type Element is (<>);
package Sets is
type Set is private;
function Intersection(S1,52 : Set) return Set;
function Union(S1,S2 : Set) return Set;
function Isin(Item : Element; S : Set) return
boolean;
function IsNulliS : Set) return boolean:;
private
type Set is arravi(Element) of boolean:
end Sets:

-- some possible instantiations
package CharzcterSer is new Satsicharacier),
peckage IntegerSer is new Setsiintegeri:

tvpe Studeat is { John, Joan, Ann, Sue, ... Zig":

package StudentSet is new Sets(Student);




Discrete Type Parameters cont.

O Minimal assumptions about the type
must be made - operations must apply
to ALL discrete types

Example:
generic
type Element is (<>):

function Next(X : Element) return Element:

function Next(X : Element) return Element is

begin
X:=X+1; --notdefined for ALL
-- discrete types
end Next;

Use atiributes:

function Next(X : Element) return Element is
begin
if X = Element'Last then
return Element First;
else
return Element Succ(X):
end if;
end Next;




Constrained Array Type Parameters

O type rdentifier is array ( eypemark, . . .,
typemark) of typemark,

(1 matches any constrained array type
where:

1) number of dimensions match,

2) index subtypes of corresponding
dimensions match,

3) bounds in corresponding dimensions
are identical,

4) component types match

O attributes defined are those available for
constrained arrays such as ‘first{n),

'last(n), 'range(n), 'length(n)

[ operations deflined include those evaiiatle
for constrazined arrzvs such as =, :=. Ucing

siice notation (for one dimensional arravs:




Constrained Array Type Parameters
An Example

generic
type Index is range <;
type Component is (<>);

type AnArray is array(lade®) of Component;

-— LRM 12 1.2(2) only discrete range that is
—- allowed is a tyvpe mark.. . NOT (1..10) erc.
procedure Sort(A : in out AnArray);
procedure Sort(A : in out AnArrav) is
Temp : Component;
begin
for I in A'first+1 .. A'last loop
for Jin A'first..I-1 loop
it A(I) < A(J) then

Temp := A(]);
A(J) = All);
Al = Temp:
end 1if:
end 100D
end loop:

end Sort;

Ada N %




-- 1n user program

subtvpe Small is integer range 1..10;

tvpe Age is integer range 0..130;

tvpe AgeArray is arrav(Small) of Age;

X: AgeArrav := (8,0,9,4,50.35,87,97,1,124);

procedure AgeSort is new
Sort{Index=>Small,
Component=>Age,
AnArrav=>AgeArrav);

AgeSort(Xi: ..

' am.




Unconstrained Array Type
Parameters

O type sdentifier is array( tvpemarkrange <,
.., typemark range o) of typemark,

O matches any unconstrained array where:
1) number of dimensions the same
2) subtype of index for corresponding
dimensions is the same
3) component types match

O attributes defined are those available for
unconstrained arrays such as ‘first{n),
'last(n), ‘'range(n), 'length(n)

O operations defined include those available
for unconstrained arrays such as =, :=,
using slice notation (for one dimensional

typearrays)




Unconstrained Array Type
Parameters

An Example
generic
type Index is range «;
type Component is range <;
type AnArray is array(Index range <) of
Component;
procedure Sort(A : in out AnArray);
procedure Sort(A : in out AnArray) is
Temp : Component;
begin
for I in A'First+1 .. A'Last feop
for J in A'First .. I-1 loop
if A(I) < A(J) then

Temp = A(J);
A(]) = A(T};
A(l} := Temp:
end if;
end loop
end [ooc

end Sort:




--in user's pregram

tvpe Age i1s range 0..130;
tvpe EmploveeNumber is range [..100;
tvpe EmpList is arrav(EmploveeNumber range <)
of Age;
procedure EmployeeAgeSort is new
Sort(Index=>EmploveeNumber,
Component=>Age,
AnArray=>EmpList);

Emplovees : EmpList(5..50) := (. .. .);

... EmploveeAzeSort{Emplovees): . . .




Private Type Parameters

O type rdentifier is private;

0 matches any constrained tvpe except &
limited tvpe

O operations available are onlyv declaring
objects of the type, testing for equality
and inequality, and assigning values to

“objects of the type




Private Type Parameters
An Example

generic
type Index is ();
type Component is private;
type AnArray is array(Index) of Component;
function Found(A : AnArray; T : Component)
return boolean;
function Found(A : AnArray; T : Component)
return boolean is
begin
for [ in A'First..A'Last loop
if A(I) =T then
return TRUE;
end if;
end loop;
return FALSE;
end Found;




--in user's program

tyvpe Student is (Joan, John,Sue,....Debbie);
tvpe Grade is range 0..100;
type GradeArray is arraviStudent) of Grade:
function GradeMade i{s new
Found{Index=;Student,
Component=>Grade,
AnArray=:GradeArray);

Grades : GradeArrav = (. ...}

if GradeMade(Grades.100) then . . .




e e

Private Type Parameters cont.
and
Restrictions Imposed

What's wrong here?

generic

type Index is (<>);

type Component is private;

type Int_Array is array(Index) of Component;
procedure Sort_Array(Arr : in out Int_Array);

procedure Sort_Arrav(Arr : in out Int_Array) is
Temp : Component;
begin
for I in Index'Succ(Arr'First)..Arr'Last loop
for J in Arr'First..Index Pred(I) loop
if Arr(I) < Ar(J) then
Temp := Arr(J);
Arr(]) = Arc(1);
Arcl]) := Temp;
end if;
end loop;
end loop;
end Sort_Array;




[

--in user's program

tvpe Student is (Joan, John,Sue,....Debbie);
tvpe Grade is range 0..100;
tvpe GradeArray is arrav{Student) of Grade;
function GradeMade is new
Found(Index->Student,
Component=>Grade,
AnArray=>GradeArray);

Grades : GradeArrav := (. .. .}

if GradeMade(Grades.100) then . ..




Private Tvpe Parameters
Another Caution

What's wrong here?

generic
type Element is private;
procedure Swap(X,Y : in out Element);

procedure Swap(X.Y : in out Element) is
Temp : Element;
begin
Temp := X;
X:=Y;
Y := Temp;
end Swap;

-- in user s program
HerName : string{1..5) := "Lindy";
HisName : string(!..5) := "Chuck";

procedure NameSwap is new Swap(string);




----------------------------------------------

procedure NameSwap(X,Y : in out string) is
Temp : g8zimg: -- OOPS!

begin
Temp := X;
X:=Y;

Y := Temp;
end NameSwap;




generic
type Element is private;
procedure Swap(X,Y : in out Element):

procedure Swap(X,Y : in out Element) is
Temp : constant Element :- X;

begin
X:=Y;
Y := Temp;

end Swap;

B o I o T I T T M M m T A T M e = e e v A b e e e S e o s e Sn ot em e S o e e = = e
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procedure NameSwap(X,Y : in out string) is
Temp : constant string - X:

begin
X:=Y:
Y := Temp:

end NameSwap:




Limited Private Type Parameters

O matches any type including a limited
type

0 only declaration of objects of the type
permitted and NOTHING else
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Access Type Parameters

[0 matches any access type

[J operations defined for access types
available such as setting object to nul{,
use of NEW allocator, use of .ALL notation




AcCCess Type Parameters
An Example

generic
tvpe Node is private;
tvpe Link is access Node,
package List i

type STudent,;
tvpe StudentPointer is access Stucent:

tyne STudent is
record
P “:L /'1"\7'\‘ Dw:/\v‘-c\;" o~ :"K“"""’P" -~ el
H eXu\-\—Juti I i !'v" \.,“\,‘Jut‘ - \_uvu:‘: v‘.- [ u:
) -4 /4' s '/'\-;
Name @ st-ing(t .27
AGE  inleger;
' -
end record;

package StudentPackage is new
List(iode=>Student, Link=>StudeniPointer);




Generic Formal Type Parameters
A Synopsis

Generic formal parameter Actual parameter

type T is limited private; any tvpe

tvpe T is private; anv non-limited tvpe
type T is (¢); any discrete type
tvpe T is rangeo: anv integer type
type T is digits «; any float tvpe

tvpe T is delta < any fixed point tvpe

[*Taken from Ada Languags and Methodology by Watt, Wichman,
and Findlay]




Type Parameters
and
The Standard Generic I0 Packages

package Text_lIO is
... non- generic part of Text_I0O
generic
tvpe NUM is range o;
package Integer_IO is

end Integer_l0;
generic

tvpe NUM is digits <
package Float_IO is

end Float_IQ:

4 gener:¢
tvpe NLUM is delia o
package Fixed_IC s

! end Fixed_IO:
generic

type ENUM is (¢>):
h package Enumeration_IO is

end Enumeration_IO:
end Text_IOQ:
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Subprogram Parameters
An Example

generic
type Index is (¢);
type Component is private;
type Int_Array is array(Index range <) of
Component;
with function "<"(X,Y:Component)
return boolean: |
procedure Sort_Array(Arr : in out Int_Array);

procedure Sort_Array(Arr: in out Int_Arrav) is
Temp : Component;
begin
for I in Index'Succ(Arr'First)..Arr'Last {oop
for Jin Arr'First..Index'Pred(1} {oop
if Arr(I) < Ar(]J) then
Temp := Arr(J:
Are(]) = Are(l):
Arc(l) := Temp;
end if;
end loop;
end loop:
end Sort_Array;




o

Generic Formal Type Parameters
How To Choose?

0 What operations are performed on the
type in the generic body?

O How restrictive on the type that the user
can choose do you want to be?




Subprogram Parameters

[ allow definition and "pass in” of
additional operations for generic
formal type parameters - especially
private and limited private types

0 can pass functions or procedures

O formal parameters of generic formal
subprogram parameter are checked to
ensure match with actual parameters
in a call to that subprogram at compile
time




Subprogram Parameters

StudentRec
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Subprogram Parameters - cont.

type Anindexisrange 1.100;

type StudentRec is record
Age 'natural,
QPR : float;
StudentNumber : natural;
end record;

tvpe StudentArrayv is array{Anlndex range ¢) of StudentRec;

1NAt i TTIV V. Qhygdant Tian Y mat11en anipan ic
LAAACUAVLA o \da, s . [V e.ua.vv, . \-tu.zd uvoleu44-u
begin

return X StudentNumber < ¥ StudentNumber:
encd LT;

function ""(X )Y StudentRec return boolean s

"\c_ﬂin'

VV&LQ A&

return X.JPE <« V QPR

In "
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(Index=rAnindex, Component=>Studentzec,
AnsArray=Studentarray, < = ")

Studentlata : StucdentArray(l.30) =( . . );
begin
NumberSort(StudentData);
QPE_Sort(StudentData):

agm A
eng,;




Subprogram Parameters
and
Default Values

generic
tvpe Index is (¢);
tvpe Component is private;
tvpe Int_Array is array(Index range <») of
Component;
with function “<"(X,Y:Component)
return boolean {3 ¢5;

procedure Sort_Array(Arr : in out AnArray):

--1n user's program

function "<"(X,Y : StudentRec) return boolean is
begin

return X.QPR « Y.QPR;
end "<":

procedure DefaultSort is new Sort_Array
(Index=>Anlndex,Component=>StudentRec,
AnArray=>StudentArray);

DefaultSort(StudentData): -- will sort on
-- QPR values




Subprogram Parameters
and
Default Values

-~-in user's program

function LessThan(X,Y : StudentRec) return
booiean is
begin
return X.QPR <« Y.QPR;
end LessThan:

generic
tvpe Index is ();
tvpe Component iS private;
tvpe Int_Arrav is arraviindex range - 1 of
Component;
with function "< %, Y:Component:
returc boclean 4
procedure Sori_Array

.

. A / ~e s
f 100Ul AnaArra

procedure DefaultSert is new Seri_Arrav
(Index=>Anlndex,Component=>StudentRec,
AnArray=:StudentArrayv);

DefaultSort(StudentData); -- will sort on
-- QPR values




Subprogram Parameters
and
Default Values cont.

Another example:

type SmallRange is range 1..10;
type Values is array(SmaliRange range <) of
integer;

procedure IntegerSort is new Sort_Array
(Index=>SmallRange, Component=>integer,
Int_Array=»Values);

V:Values(5.9):=(....);
begin

IntegerSort(V); -- default "¢<" for integers used
end;

-- using Put for subprogram parameter name
-- results in default to generic Put routines
-- in the [0 packages




Subprogram Parameters
and
Sut-tleties of Default Values

O Global references inside a generic are
resolved to those at point of DECLARATION.

O For subprogram parameters, default
references resolve to matching names from
point of INSTANTIATION.
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NAMING CONFUSION

with Text IO; use Text IO;
procedure Doubles is

generic
with procedure amigmee®twmimgg<Char : in character);:
with procedure erwmilliwigmy (Value: in integer);
procedure GenericOne;

procedure GenericOne is
begin
DoSomething ('A');
DoSomething (10) ;
end GenericOne;

procedure FirstSomething(Char : in character) is
begin

null;
end FirstSomething;

procedure SecondSomething(Char : in integer) is
begin

null; / (T‘f—:
end SecondSomething; -

procedure InstanceOfGenericOne is new
GenericOne VilESSNme~>F i rstSomething , SEENNGWNED.~ >SccondScnetning
begin
InstanceO£fGenericOne;
end Doubles;




with Text_10; use Text_l0;
package Shell is
Global : integer := 17;
generic
with procedure Put(Val : integer) is ;

procedure Demo;
end Shell;

package body Shell is
procedure Demo is
begin
Put(Global);
end Demo;
end Shell;
with Shell;
package Inner is
Global : integer := 39;
procedure Put(l : integer);

procedure User s new Shell.Demc:
end Tnner;

with Text_I0O:

package bodv [nner is
procedure Put(l : integer) is
begin

Text_i0.Put("Surprise” & integer image(])):

end Put;
end Inner;

... Inner.User: ...




Subprogram Parameters
and
Nesting Generic Units
An Example

generic
type KeyType is private;
type ElementType is private;
with function "< (Left,Right : KeyType)
return boolean is «;
package BinarvTreeMaker is
tvpe Kind 1s private;
function Make return Kind;
function ISEmptv(T : Kind) return boolean:
procedure Insert(T : in out Kind;
K : KevTvpe;
E : ElementTvpe!:
function Retrieve(T : Kind: K : KevTvoe!
return EiementType:
KevNotFound : exception:

generic
with procedure Operation(K : KeyTvpe;
E : ElementType);

procedure InorderTraverse(TheTree: in Kind);
private

type InternalRecord:

tvpe Kind is access IniernaiRecord;
end BinarvTreeMaker;
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with EmploveeDataBase; use EmploveeDataBase;

with Text_IO; use Text_I0O;

procedure PrintReports is
package Salary!lO is new Fixed_IO(Dollar);
package AgelO is new Integer_l0i{AgeTvpel;
use SalarvlO, AgelO;

procedure PrintSalarv{Key : NameTvpe:
Info : Emploveelnfo) is

begin
.. Put(Info.Salarv);

end;

procedure Print Age(Kev : NameTvpe;
Info : Empioveelnfo) is

begin
... Put({Info.Age};

end:;

procedure ReportSalaries is new
EmployesTree.InorderTraverse
(Operation-» PrintSafarv!:

procedure ReporitAge is new
EmploveeTree.InorderTraverse
(Operation=»s PrintAge);
begin
ReportSalaries(RootNodej;
New_Line;
ReportAges(RootNode):
end PrintReports;




with BinaryTreeMaker;
package EmployeeDataBase is
NameLength : constant := 40;
subtype NameType is string(1..NameLength):
tvpe Dollar is delta 0.01 range 0.0..1.0e8§;
tvpe AgeType is range 0 .. 150;
tvpe YearTvpe is range 1900..2100;
tvpe Emploveelnfo is record
Salary : Dollar;
Age : AgeTvpe;
Hired : YearType:
end record:

package EmploveeTree is new
BinaryTreeMaker{KevType->NameTvpe,
ElementTvpe=;Emploveelnfo;;

RootNode : EmployeeTree Kind:
end EmployeeDataBase:

["' varm frans TTmmamat gm St~ A SNa s Tmpes g~ e fimson’
laken irom ungerstancing ACa 0V Z72V 800 r LETasE,

~
e




W-_—_-’ -

Subprogram Parameters
and
Handling Exceptions

generic
package Stack is
.. . Same as before

Overflow, Underflow : exception;
end Stack;

-- In yser's program

package S1 1s new Stack;
package SZ is new Stack;

{ begin

S{.Push(5':

; S2.Pop(ltem);

| exception

when Sl.Underflow => . .
when S1.Overflow =, . | ..

J when SZ.Underflow =, . . ;
; when S2.0verflow =» . . .;
end;
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Subprogram Parameters
and
Handling Exceptions cont.

O Cannot pass exceptions as generic parameter

generic
When_Error : exception; -- NOT allowed

procedure X . . .
exception

when others => raise When_Error;
end X:

My _Exception : exception;
procedure S is new X(My_Exception):

begin
S;
exception
when My_Exception => ...; -- NOT allowed

end:




rﬁ v

Subprogram Parametlers
and
Handling Exceptions cont.

generic
with procedure OverflowHand!ler;

package Stack is
.. . same as before;
end Stack;

package body Stack is

... 1in Push procedure . . .
when Constraint_Error => OverflowHand ler:

end Stack:

-- in user program
with Stark;

procedure OverflowHandler iz
begin

Text_[0.Put_Line("Overflow has occurred i
end OverflowHandler:

package S1 is new Stack(OverflowHandler);
begin

S1.Push(5); -- if overflow occurs msg prints
end;




Generic Can'ts

O No generic SUBtvpe parameters, only TYPEs
[ No generic record types
00 No generic tasks
L] Wrap a package around it

O "...Adaprovides formal tvpes for al!
classes of type BRe6PE Feeerd And a3k
types. The major reason for this is that
it 1s not clear that reasonable criteria for
matching exist for these tvpe classes -
criteria that would be consistent with the
degree of tvpe checking performed
elsewhere, vet at Lhe same time have a good
probability of being usable for many actual
record types and task tvpes.” LRM 12.4.2
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when Count > 0 =

cept Read(C : out Item) do

C = Pool{Out_Index);

end;
Out_Index = (Qut_Index mod Size) + 1

Count :=Count - 1;
or
terminate;
end select,
end loop;
end Buffer;
end On_Buffers

" o — T ——— — —— — t— T — ——, —— p— —— —— ——— ——— —. — T — —— W . e o S st Ut e . S e i, s

|
package Character_Buffering is
On_Buffers(ltem=>character S‘:e=>?f’”“”
A_Buffer - Characler_tuffering Bufier

[Taken frorn Ada Rationale]
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What are the Cons of Generics?

[] Takes longer/is harder to write generic code

(] Usually some efficiency sacrificed for

the generality -- use of application
specifics could [ead to increased efficiency

00 Difficult to make component robust/reliable
enough to survive all uses
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What are the Pros of generics?

0O Reusability - no reinventing the wheel
for each specific application

O Levels of abstraction added - separation
of abstraction and implementation

O Source code size of user programs reduced
O Maintainability, readability, and
understandability increased
O Verification more manageable

[0 When used in conjunction with user-defined
types increases portability across machines

[ Provides necessary answer to strong tvping
without sacrificing increased reliability of
compils time checls

T Provides flexibie 10 packeges which car
be used {if needed, for predefined AND
user-cefined types




Generics Philosophy
(From Ada Rationale)
. Whereas such packages are likelyv
to be utilized¢ by LARCE ciasses of USERS,
it shouid be reatized that FEWER
programmers will actuallyv be imolaec in
WRITING generic¢ packages. Accordingly

we have tried to design a facility that can
be almost ignored by the maiority of users
Thev must indeed know how to insiantiate
da generic package. and this is fairiv easv
On the cther hand. theyv need not be
familiar with the rules and precautions
1
necessary for writing generic units.
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More on the Generic Model

3

O Users of generic units should be able t
ignore details of generic body entirely

Ve

(.

O Errors should be reported to user in
terms of the instantiation not body

O Generic body checked for consisi

with respect to formal parame
specifications

ency
v
i




Unresolved Issues in Generics

O Compiler Issues

2y

O Use "code sharing” or "code copying” to
implement generics

[0 Management Issues

[ How to faciiitate creation of generic units
U In retrospect, after recognizing

] similarity in produced units

U Beforehand using "domain analvsis”

[} How to manage storage and retrieval
of units in a library of generic units

_ How to "publicize” availability of
! units in generic library and provide
J criterion for selecting proper uni:

1 How to manage updating of used generic
uniis as "bugs” are uncovered

] Legal Issues
O Who owns the generic module

O Who is liable for the generic module's
! performance
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How do you TEACH generics?

O Necessary as 10 is an issue arising early
and should not be kept a "magic” process

[J One key is to use concrete examples
0 Driver's licence form is a generic
template -- individual's license is
a usable instantiation

O One key is to tie to previous learning

[ Use old/familiar packages, procedures.
and functions - Stacks, Swap, etc.
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with Text_ IO, Binary_Search _Trees:; use Text_IO;
procedure MidTree is

type AlphaType 1is range 1..4000;
type CompanyType is range 1..36;
subtype NameType is string(l..20);
subtype MajorType is string(l..4):

type MidRec is reccord

Alpha : AlphaType:
Name : NameType;
Company : CompanyType:

Major : MajorType;
end record;

package AlphaI0 is new Integer_ IO (AlphaType):

} package CompanylO is new Integer_ IO (CompanyType):;
use Alphal0O, CompanyIO;

MidFile : File_ Type:;

MRec : MidRec;

package MidTreePkg is new Binary_Search_Trees(Itemtype=>MidRec):
use MidTreePkg:

MidshipmanTree : Tree;

function "<"(Left,Right : in MidRec) return boolean is
begin

return Left.Name < Right.Name;
end H<" :

procedure Acéd is new Insert ("<"=>"<");

procedure Print (¥ : in out MIdRec) is
begin
Put_iine{M.Kame;:

-

Open{MidFile,In_Flle,"sys$fac: meran.play mids.cat",;
'hile NOT end_cf_file(MidFile) loop
Get (Midrile,MRec.xlpha):;
Get (MidFile,MRec.Name) ;
Get (MidFile,MRec.Company) ;
Get (MidFile,MRec.Major);
Skip_Line(MidFile);
Add (MidshipmanTree,MRec) ;
end loop:;
Close(MidFile) ;

NameList (MidshipmanTree) ;
end;
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with Text IO, Binary_Search Trees: use Text_IO;
procedure MoviesTree is

type CategoryType is (AD, DR, CL, SF, MU, MY);
subtyvpe IDType is string(l..5):

subtype LengthType is integer range 0..300;
subtype YearType is integer range 1800..1988;
type RatingType is (PG,R,G,NR):

subtype TitleType is string(l..80);

type MovieRec is record
Category : CategoryTyr<a:

ID : IDType;
Length : LengthType;
Rating : RatingType:
Year : YearType:
Title : Titletype:

end record;

package IntIO is new Integer_ IO(integer):

package CategeoryIO is new Enumeration_IO(CategoryType):
package RatingIO is new Enumeration IO(RatingType):

use IntIO, Categoryl0O, RatinglIo;

MovieFile : File_Type;
MRec : MovieRec;

Filler : character;
Count : naturzl;

Temp : string(l..80);

Elanks : string(l..80) := (others=>' ');

Ccmmando, BearIsland, Daniel, Flashpcint, Masszppeal : McovieRecs;
package MovieTreePkg is new Binar, _Search Trees(Itemtype=>MovieRec' :

use MovieTreePkg:

MovieTree : Tree;

Zunction "<"(Lef<t,Right : in Meoviefecs) return toclean is
begin

return Left.Title < Ficht.Title:
ens ll<l| -
functicon EQ(LefT,ricnt n MovieRers, revTurn oLci.earn ls
begin

return Lef<.Title = Right.Title;
end EQ:;

procedure Add is new InsertByKey ("<"=>'"<");
procedure Print(M : in out MovieRec) is
begin
Put_Line(M.Title};
end Print:
procecdure NameList is new INR_Traversal (Visit=>Print);
procedure Remcve i1s new RemoveByKey ("<"=>"<" EQ=>EQ);

begin
Commancdo.Title := Blanks:




Daniel.Title(l..6) := "Daniel":
Flashpoint.Title := Blanks:;
Flashpoint.Title(1..10) := "Flashpoint";
MassAppeal.Title := Blanks;
MassAppeal.Title(l..11) := "Mass Appeal”:

Open(MovieFile,In_File,"movies.dat");
while NOT end_of_file(MovieFile) loop
Get (MovieFile,MRec.Category);
Get (MovieFile,Filler);
Get (MovieFile,MRec.ID) ;
Get (MovieFile,Filler);
Get (MovieFile,MRec.Llength) ;
Get (MovieFile,Filler):;
Get (MovieFile,MRec.Rating);
Get (MovieFile,Filler):;
Get (MovieFile,MRec.Year);
Get (MovieFile,Filler):
Get_Line(MovieFile, Temp,Count) ;
MRec.Title := Blanks:

MRec.Title(l..Count) := Temp(l..Count);
Add (MovieTree,MRec) ;
end loop:;

Close(MovieFile):

NameList (MovieTree) ;

Remove (MovieTree,BearIsland);
Remove (MovieTree,Daniel) ;
Remove (MovieTree,Flashpoint);
Remove (MovieTree,MassAppeal) ;
Remove (MovieTree, Commando) ;
Namelist (MovieTree) ;

end;




generic ]
type ltemType is private;
packace Binary_Search_Trees is

type Tree is private:

generic
with function "<"(Left,Right : in Itemtype) return boolean is <>;
procedure InsertByKey(T : in out Tree; Item : in Itemtype);

generic .
with procedure Visit(Item : in out Itemtype):
procedure NLR Traversal (T : in Tree):

generic
with procedure Visit(Item : in out Itemtype):
procedure LNR_Traversal(T : in Tree);

generic
with procedure Visit(Item : in out Itemtype):
procedure LRN_Traversal(T : in Tree):

rrocedure Shere{OriginalTree in Tree; SharingTree : out Tree;:

procedure Clear (T : out Tree);
generic
with function EQ(Left,Right : in Itemtype) return boolean:;
with functicn “<«"({Left,Right : in Itemtvpe) return boclean;
procedure RemoveByKev (T : in out Tree; Item : in Itemtype):;
function Left _Sorn(T : ir Tree) return Tree;
function Right_Sen(T : in Tree; return Tree;
functicn IsZmpoy (T @ I Tree’ return tcoclean
fyunction Gethzotlzzte T Ln Tree, retTurn ItemIvpe
SutT_CI Memory ioerceztlcn
Rus._Tree : excertich:
rrivete
type TreeStruczture;
tvpe Tree is access TreefStructure:
end Binary_Search_Trees;

package body Binary_Search_Trees is

type TreeStructure is recorad

Iter : Itenmtype;
LeftSon : Tree := null;
RightScn : Tree := null;
end record;

procedure InsertByKey(T : in out Tree; Item : in Itemtype) is
begin
if T = null then
-- found leaf position where Iter to be inserted
-- create new leaf and insert it




else
-- go down right subtree
InsertByKey (T.RightSon,Item);
end if;

exception
when Storage_Lrror => raise Out_Of_Memory:

end InsertByKey:

procedure NLR_Traversal(T : in Tree) is
begin
if T /= null then
Visit(T.Item):
NLR_Traversal(T.LeftSon) ;
NLR_Traversal (T.RightSon):
end if;
end NLR_Traversal:;

procedure LNR_Traversal (T : in Tree) is
begin
if T /= null then
LNR_Traversal (T.LeftSon);
Visit(T.Item):;
LNR_Traversal (T.RightSon);
end if;
end LNR_Traversal;

procedure LRN Traversal(T : in Tree) is
begin
i€ T /= null then
LRN Traversal(T.LeftsSon);
LRN Traversal (T.RightSon):
Visit(T.Item);
end if;
end LRN_Traversal;

procedure Share(CriginalTree : in Tree; SharingTree : out Tree' Is
begin
SharingTree := OriginalTree;
end Share;
Trocedure Clear!{T : cut Tree, .¢
becin
T := null;
end Clear;
procedure RemoveByKey (T : in out Tree; Item : in ItemType) is
Father, ReplacementItem : Tree;
begin

if T = null then
-- do nothing...item not in the tree
null;
elsif EQ(Item, T.Item) then
if (T.RightSon=null) and (T.LeftSon=null) then
-- item is a leaf...no reattachment of children necessary
T := null;
else -~ item not a leaf
-- go left and then right as far as possible to find
-- replacement "value" to put in de.eted place
if T.LeftSon /= null then
Father := T;
ReplacementItem := T.LeftSon:
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-- transfer replacement value up intc pecsiticn
T.Iterr := ReplacementItem.Item;
-- reattach children of replacement value that

-- was pulled up

if Father = T then
T.leftSon := ReplacementIltem.leftSon;
else
Father.RightSon := ReplacementlItem.LeftScn;
end if;
else

-- go right and then left as far as possible <
-- replacement "value" to put in deleted rlace
Father
ReplacementIten := T.RightSon;
while ReplacementItem.leftSon /=
Father := ReplacementlItem;
ReplacementItem := ReplacementItem.LeftSon;
end loop:
-- transfer replacement value up into position
T.Item := ReplacementItem.Item;
-- reattach children of replacement value that
-- was pulled up
i£ Father T then
T.RightScn := ReplacementItem.RightScn;
else
Father.LleftScn
end if;
end 1if:

o= M.
. PO

null ioop

:= ReplacementItem.RightSon;

end if;

N~ &
-

el

RemcveByKey

else

T then
subtree

eftSon,Iter);

Item <
go down

.Iten
& -

left

(T.L

go down right subtree

RemoveByKev (T.RightSon,Iten);

end

3 €.

-

end RemoveRByKey;

ion

£y~ -
Qngcolion

begin

if T = null

b & Idan
eft SsSon{(T

Right Scn(T : Tree Is

then

raise Null Tree;

else

return T.RightSon:
end if;
end Right_Son;

function ISEmpty(T :

begin

return 7T

in Tree) return bcclean is

null;

end IsEmpty:

functicn GetRoctData (T :

in Tree) return ItemType 1i=s

~ F

~

-

in

o]
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return T.Item;
end if:
end GetRootData;

e idnidiain o, J ol

end Binary_Search_Trees;
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with Lists, Text_IO; use Text_IO;
procedure MoviesList is

type CategoryType is (AD, DR, CL, SF, MU, MY);
subtype IDTvpe is strincg(l..5):

subtype LengthType is integer range 0..300;
subtype YearType is integer range 1800..1988:;
type RatingType is (PG,R,G,NR);

subtype TitleType is strlng(l..SO"

type MovieRec 1is record
ategory : CategoryType:

ID : IDType;
Length : LengthType:
Rating : RatingType:
Year : YearType:
T_tle : Titletvpe:

end record:

package IntIO is new Integer IO(integer):

package Categor}IO is new Enumeration IO(CategoryT"pe):
package RatingIO is new Enumeration_ 10¢ {RatingTvpe) ;

use IntIO, CategoryIO, RatingIO;

MovieFile : File_Type:

MRec : MovieRec;
¥iller : character;

Count : naturel;
Terp : strinc(l..80);
Elanks : string(l..80) := (others=>' '});
functicn Get_Title(Movie : MovieRec) return Titletype:;
function "<"(Left, Right : TitleType) return boolean;
fanction EgQ(Left, Right : TitleType) return boolezn;
vackage MovielistPko is revw Lists(Item=>McovieRec,
KeyType=>TitleType,
Key=>Get Title
TT=xtn —T“‘-z\.?" N
s ~ — T e oW, f
use MovlellstPhkg
Moviellst ListPcinter;
functicn Get_Title{Movie : Mcvizkec) return TitleTvpe is
begir

return Movie.Title;
end Get_Title;

function "<"(Left,Right : TitleType) return booclean is
begin

return Left < Right;
enc "<";

function EQ(Left,Right : TitleType) return boolean is
begin

return Left = Right;
end EQ:

begin

Open(MovieFile,In_File,"movies.dat"):




Get (MovieFile,Filler);
Get (MovieFile,MRec.Llength);
Get (MovieFile,Filler):;
Get (MovieFile,MRec.Rating):;
Get (MovieFile,Filler):
Get (MovieFile,MRec.Year) ;
Get (MovieFile,Filler):
Get_Line(MovieFile, Temp,Count) ;
MRec.Title := Blanks;
MRec.Title(l..Count) := Temp(l..Count);
Put (MRec.T:>tle(l..Count)):;
InsertlnorderInlist (Movielist,MRec) ;
end loop:;
Close(MovieFile);

end;
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-= Module : Lists
-=- Author : LCDR MORAN
-= Date : 29 SEP 1987

-- Function

generic
type Item is private;
type KeyType is private;

with function Key(Anltem :

Item) return KeyType:

return boolearn;

Implements basic operations on a singly linked list.

with
with
package

subtype Count

function LE(Keyl, Key2 : KeyType)
function EQ(Keyl, Key2 :

Lists is

is natural;

type ListPointer is private;
procedure Copy(PointerToOriginallList : in ListPointer:
PointerToCopylist : out ListPointer};
procedure Clear (PointerToThelist : in out ListPointer):
procedure Share(PointerToOriginallist,
PointerToSharinglist : in out ListPointer);
procedure InsertAtHeadOfList (PointerTcThelist : in out ListPocinter:
TheItemTcBelnserted : in Item):
procedure InsertAtTailOflist (PointerToThelist : in out ListPcinter:
ThelItemToBeInserted : in Item):
rrocedure InsertInOrderInlist(PcinterTsThelist : in out ListPointer
ThelternToBelnsertec : in Item):
rrocedure RemoveFrom¥eadOflList (PocinterTcThelist in cutT ListPcincter
kemovecIten ot ItTen;
procedure RemovelromTzillflist(PointerTcThelicsx Im ot Listroinzer
remcveiltern cut ItTenml o
procedure RemovefyKeyFromList (PcinterTcThelist !Ln CTUT LisTroLnter
RemovelItern Pooet ItTenm:
KeyValte : Lo NevTyre
function Arefcual (PclinterTell, Po nterTcll ¢ ListPcointer, reTurn boclezr
functicn IsEmpty(PcinterTol : ListPointer) return boolean;

function

func=icn

function

function

Emptylist

LengthOf (PointerTol :

Predecessor (PointerToAList, PointerToANode

return ListPointer:

Successor (PointerToAList, PointerToANode
return ListPointer;

GetData(PointerToANode :

: exception;

KeyType) return boclean:

ListPointer) return Count:

: ListPointer)

ListPointer)

ListPointer) return Item:;



private
type ListNode:
type ListPointer is access ListNode;

end Lists:
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Module : Lists

Author : LCDR MORAN

Date : 29 SEP 1987

Function : Implements basic operations on a singly linked list.

with Unchecked Deallocation;
package body Lists is

type ListNode is record

Data : Item:
NextPointer : ListPointer;

end record:

function Successor(PointerToAlist, PcinterToANcde : ListPointer)

return ListPointer is

begin

return PointerToANode.NextPointer:

end Successor;

function Predecessor(PointerToAlList, PointerToANode : ListPointer)

return ListPointer is
Prior, Temp : ListPointer := PointerToAList:

begin

if PointerToANode = PointerToAList then
return null;
else
while Temp /= null and Temp /= PointerToANode loop
Prior := Temp:
Temp := Temp.NextPointer:
end loop:;
if Temp /= null then
return Prior;
else
return null;
end if;
end if;

encé Predecessor;

£

begin
< £

unction GeitDate/PcinterToiNode : ListPointer rezurr Itex Is

--

1 'y

cinterTcANode /= null <her
eturn PointerToiNode.lz%
enéd 1f;

end GetDatea:;

'y

de]

rocedure Dispose Is new Unchecked Deallocaticon{listiNzile,listPcinter,;

rocedure Copy(PointerToOriginallist : in ListPointer;
PointerToCopylList : out ListPointer) is
Temp : ListPointer := PointerToOriginallis<%;
LastAddedPtr : ListPointer;
NewNodePtr : ListPointer:;

begin

PointerToCopylist := null;

while Temp /= null loop
-~ make the new node and copy the data into it
NewNodePtr := new ListNode;
NewNodePtr.Data := Temp.Data;

if Temp = PointerToOriginallist then -- acd tnhe first ncde
PointerToCopylList := NewNodePir;




e e - —em

R .

else -- add other than the firs:t nz
LastAddedPtr.NextPointer := NewNodePtr;
end if;
Temp := Temp.NextPointer; -- move to next node in crig. lir
LastAddedPtr := NewNodePtr; -=- keep track of last node addecd
end loop:
end Copy:

procedure Clear (PointerToThelist : in out ListPointer) is
Temp, Trail : ListPointer := PointerToThelist;
begin
while Temp /= null loop
Trail := Temp:;
Temp := Temp.NextPointer;
Dispose(Trail);
end loop:

PointerToThelist := null;
end Clear;

procedure Share(PointerToOriginallist,
PointerToSharinglist : in out ListPointer) is
begin
PointerTecSharinglist := PointerToOriginallist;
end Share;

function IsEmpty(PointerTol : ListPointer) return booclean is
begin

return (PointerTolL = null):;
end IsEmpty:

procedure InsertAtHeadOfList(PointerToThelist : in out ListPcinter
TheItemToBelnserted : in Item) is
PointerToNewNodeToBeInserted : ListPcinter:
begin
PointerToNewNodeToBelInser<ecd := new ListNode:
PointerToNewNodeToBeInsertec.Data := TheltemnToBelnsesrtec;
if NOT IsEmpty(PointerToThelist) then
PointerToNewNodeToBeInserted . NeyxtPointer = PointerTcThel.cx
end if;
PointerTcThelist := PecinterToNewNodeToBelInserted:
end InsertAtBeadOfilist:
procedure InsertAtTailOfList(PointerToThelist : in out ListFcinter:
TheltemToBelnserted : in Item 1is
TempPointe> : I.istPointer;
PointerToNewNodeToBeInserted : ListPointer;
begin
PointerToNewNodeToBeInserted := new ListNode;
PointerToNewNodeToBelInserted.Data := TheltemToBelnserted:

if IsEmpty(PointerToThelist) then

InsertAtHeadOfList (PointerToThelist,TheltemToBelnserted) ;
else

TempPointer := PointerToThelist:

while TempPointer.NextPointer /= null

loop

TempPointer := TempPointer.NextPointer:
end loop:
TempPointer.NextPointer := PointerToNewNcdeToBelnserted;




2t

end 1if;
end InsertAtTailOfList;

procedure InsertInOrderInList(PointerToTheList : in out ListPointer;
TheItemTcBeInserted : in Item) is
Temp, Trail : ListPointer := PointerToThelist;:
PointerToTheNewNodeToBeInserted : ListPointer;

begin
if IsEmpty(PecinterTcThelist) or else

(NOT LE(Key(PointerToThelList.Data),Rey(TheltemToBelnserted))) the:
InsertAtHeadOfList (PointerToThelList,TheltemToBelInserted);

else
while (Temp /= null) and then

(LE(Key (Temp.Data) ,Key (TheItemToBeInserted))) loop

Trail := Temp;
Temp := Temp.NextPointer:
end loop; )

PointerToTheNewNodeToBelInserted := new ListNode;

PointerToTheNewNodeToBelnserted.Data

:= TheltemToBelnserted:;

Trail .NextPointer := PointerToTheNewNodeToBelnserted;
PointerToTheNewNodeToBelInserted.NextPointer := Temp:

end if;
end InsertInOrderlInlist:

precedure kemoveFromideadOflist (PointerToThelist : in out ListPcinter;
is

RemovedIten : out Item)
Temp : ListPointer := PointerToThelist;
begin
if IsEmpty(PocinterTcThellist) then
raise Emptylist:
else
RemovedItem := PointerTcThelist.Data:
PcinterToThellist := PcinterToThelist.NextPcinter;
Dispose (Temp) :
end if;
end RemcveFrombeadQflis<:
procedure RemoveFfromTel_ lflist{PointerToThellist in ocut lListPoirter
Femovellter : out Iten) ls
TempPcinter, Pricrdointer l.strcinter
bezin
if IsilnspTy(PcinterTcThelist, then
ralse LLZTVLIsSY;
elsif Pocirm<erTcTrnells. . Nextrcinter = null ther
kRemecveFromEead0flict {PeinterTcThellst, RemovedItern):
else

TempPointer := PointerToTheList;
while TempPointer.NextPointer /= null
loop

PriorPointer := TempPointer;

TempPointer := TempPointer.NextPointer;

end loop:
RemovedItem := TempPointer.Data;
Dispose (TempPointer):
PriorPointer.NextPointer := null;
end if;
end ReroveFromTailOflist:

procedure RemoveByKeyFromList (PointerToThelist

RemovedItem

in out ListPointer:
out Item:;



KeyValue : in Keytype) is
TempPointer, PriorPointer : ListPointer;
begin

if IsEmpty(PointerToThelist) then

raise EmptylList:
elsif EQ(Key(PointerToThelist.Data),KeyValue) then

RemoveFromHeadOfList (PointerToTheList, RemovedItem) :
else

TempPointer := PointerToThelist;

while (TempPointer /= null) and then

(NOT EQ(Key (TempPointer.Data) , 6 KeyValue))

loop
PriorPointer := TempPointer:;
TempPointer := TempPointer.NextPointer;
end loop:

if TempPointer /= null then
RemovedItem := TempPointer.Data;
PriorPointer.NextPointer := TempPointer.NextPointer:;
Dispose (TempPointer) ;

else
raise Emptylist;

end if;

end if;
end RemoveByKeyFromList:

function AreEqual (PointerToll, PecinterToL2 : ListPointer) return boclean

TempPointerToll : ListPointer := PointerToll;
TempPointerTol2 : ListPointer := PointerTol2;
begin

while (TempPointerTolLl.Data = TempPocinterTol2.Data) and
(TempPointerTolLl /= null) and (TempPointerTol2 /= null)

loop
TempPcinterToll := TempPocinterToll.NextPointer;
TempPointerTol2 := TempPointerTol2.NextPointer;

end loop:

if (TempPointerToll = null) and (TempPointerTol2 = null) <%hen
return true;

elsif (TempPointerToll = null) and (TempPointerToll /= null; then
return fzlse;

elsif (TempPcinterTcll /= null) and (TempPcinterTcll = null, thern
return false;

else
return (TempPointerTcli.Datz = TempPcinterToclz.Date,

nd 1f;

end AreEqual;

function LengthOf (PointerTolL : ListPointer) return Count is
TempPointer : ListPcinter := PointerTol;
Length : Count := 0;
begin
while TempPointer /= null
loop
Length := Length + 1;
TempPointer := TempPointer.NextPointer:
end loop;
return Length:;
end LengthOf;

end Lists:




with Lists;
package Polynomials is

subtype CoefficientType is integer:;
subtype ExponentType is integer;

type Term is record
Coefficient : CoefficientType:
Exponent : ExponentType;
end record:;
function ExponentValue(ATerm : Term;, return ExponentType:
function LE(Exponentl, Exponent2 : ExponentType) return boolean:
function EQ(Exponentl, Exponent2 : ExponentType) return boolean;
package Polynomiallists is new Lists(Item=>Term,KeyType=>ExponentTvpe,
LE => LE, EQ => EQ,
Key => ExponentValue) ;
use Polynomiallists;
subtype Pclynomial is ListPointer;
function CreatePolynomial (InputFile : string) return Polvnomial;
] function "+"(P1,P2 : Polynomial) return Pclynomial;

procedure Put(P : in Polynomial):

end Polynomials;

S




with Text_IO; use Text I0;
package body Polyncmials is

function NoMoreTerms (P : Polynomial) return boolean renames
PolynomialLists.IsEmpty:

function TermValue(P : Polynomial) return Term renames
PolynomialLists.GetData:

procedure AddTermToPolynomial (P : in out Polynomial; ATerm : in Term)
renames Polynomiallists.InsertInOrderInlList:

function MoreTerms(P : Polynomial) return boolean is
begin

return NOT (NoMoreTerms(P)):
end MoreTerms;

function ExponentValue(ATerm : Term) return ExponentType is
begin

return ATerm.Exponent:
end ExponentValue;

function Coefficientvalue(ATerm : Term) return CoefficientType is
begin

return ATerm.Coefficient;
end CoefficientvValue;

function LE(Exponentl, Expcnent2 : ExponentType) return boclean Is
1 begin
return Exponentl <= Exponenti;
end 1E;
function EQ(Exponentl, Expcnentl : IxpcnentType. return beclean is
begin
return Expcnentl = Expcnenti;
end EQ;
{ function Createfolyncnliel{Inputriile @ string. return Foclinemlzl ls
ATerm : TerTy
PolynomialFile : file_type:
F : Pclynomial:
peckage Int IC .s new Integer I{  .nteger;;
use Int Iy
becin -
Open{pPolvnorlalFlile,In_Fille,Inputfile;;
while NOT end of file(PolvnomialFile)

| loor -
Get (PolynomialFile,ATerm.Coefficient):
Get (PolynomialFile,ATerm.Exponent) ;

if ATerm.Coefficient /= then
AddTermToPclynomial (P,ATerm) ;
end if;

end loop;
return P;
exception
when Name_ Error=>Put Line("ERROR =~ Nonexistent file"):
when Data_Error=>Put_Line("ERROR =~ Data error in file"):
end CreatePolynomial;

function "+"(P1,P2 : Polynomial) return Polynomial is




Templ : Polynomial := Pl;
Temp2 : Polynomial := P2;
Sum : Polynomial;
Tail : Polynomial;

begin

if IsEmpty(Pl) then
Copy (P2,Sum) ;
elsif IsEmpty(P2) then
Copy (P1,Sum):
else
while (MoreTerms(Templ) and MoreTerms(Temp2))
loop
while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue(Terpl) )=ExponentValue (TermValue (Temrgz,
loop
if (CoefficientValue (TermValue(Templ)) +
CoefficientvValue (TermValue(Temp2))) /= O then
AddTermToPolynomial (Sum, (CoefficientValue(TermValue (Terpl)
+CoefficientvValue (TermValue (Temp2)
ExponentValue (TermValue (Templ; ), :

)

i

end 1if;
Templ := Successor(Pl,Templ);
Temp2 := Successor (P2,Templ):
] end loop:

v while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Templ) ) <ExponentValue (TermValue (TenzZ,
loco
AddTermToPolyvnomial (Sum, (CoefficientValue (TermValue (Templ,
ExponentValue (TermValue (Templ) ),
Templ := Successor(Pl,Templ):
end loop:

while (MoreTe:Ts{Templ) and MoreTerms(Temp2)) and then
(ExponentValue (Ternvalue (Tempe) ) <ExpcnentValue (TermValue (Templ|
loer
AidTermToPclyvnomial (Sum, (CoefficientValue(TernValue (Tenmpel)
; ExponentVealue{Termvelue (Temsa) |

J Temp2 := Successcr/FZ,Tenpl)
e~Z loor
end locor
end 1Z:
1% MoreTerms ‘Templ, tThen
Templ := TempZ;
y end If:

while McreTerms(Terrl) Z00p
AdéTermToPolynomial (Sum, (CoefficientValue(TermValue (Temgl)),
ExponentValue (TermValue (Templ)))):
Templ := Successor(Pl,Templ):
enc loop;

1 return Sumn;
en: "+";

procedure Put(P : in Polynomial) is
Temp : Polynomial := P;

| package Int_IO is new Integer_IO(integer):
use Int_IO;

begin




while MoreTerms (Temp) loop
if CoefficientValue(TermValue(Temp)) > 0 then

Put('+'):
end if; .
Put(COefficientValue(TermValue(Temp)),0);

Put("XAll) H
Put(ExponentValue(TermValue(Temp)),0):
Temp := Successor(P,Temp);
end loop:;
end Put;

end Polynomials:




W— ™ T -

with Polynomials, Text_ IC; use Polynomials, Text_IO;
procedure AddPolynomials is

FirstPolynomial,SecondPolynomial : string(l..30) :=

" ”o.
’

procedure GetPolynomialFileName(FileName : out string) is
NumChars : natural;
TFileName : string(l1..30):;

begin
New_Line(2):
Put_Line("Enter filename where a polynomial is locazzecd.";:
Get_Line(TFileName,NumChars) ;
FileName := TFilename(l..NumChars);

end GetPolynomialFileName;

begin
New_Page;
GetPolynomialFileName (FirstPolynomial) ;
GetPolynomialFileName (SecondPolynomial) ;

Put (CreatePolynomial (FirstPolynomial) ~+ CreatePclynomial (SecondPclyneonmial
end AdcdPolynomials;
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generic
type
type
type
with

Item is
Index is
Items is

function

package Heap_ Sort

procedure Sort (The_Items

end Heap_Sort;

¢eneric
type
type
type
with

Item is
Index is
Items is
functicon

private;

(<>)

-
’

array(Index range <>)

'l<"

ls

priv
(<>)

(Left
Right

ete;
.

’

in Item;
in Item)

of Item;

return Boclean;

in out Items):

array(Index range <>) of Item;

"<"

package Quick_Sort is

procedure Sort

end Quick_Sort;

1§}
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€ f (¢t oty
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procedure Sort

tem 1is
Index 1is
Items is
function

(The_Items

(<>)

(Left
Right

private;

-
1

.
.
.
-

in Item:

in Item) return Boolean;

in out Items);

array(Index range <>) of Iten;

ll<|l

(The_Items

(Left
Right

end Binary Insertion Sort:

in Item:

in Item) return Boolean;
package Bilnary Insertion_Sort is

in out Items):

[Taken from Software Components with Ada by Grady Booch]




generic
type Key is limited private;
type Item is limited private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function Is_Equal (Left : in Key:

package Sequential_Search is

function Location_Of (The_Key

Right ¢ in

In_The_Items

item_Not_Found : exception;

end Sequential_ Search;

Item) return Boolean;

: in Rey:
: in Items) return Index:

generic
type Key is limited private:
type Item is limited private;
type Index is (<>);

type Items is array(Index range <>)

with function Is_Equal (Left
Right
with function Is_Lless_Than (Left
Right

package Ordered_Secuential_ Search is

function Location_Of (The_Key

*s oo 0o oe

In_The_ Iterms

Item_Nct_Found : exception;

end Crdered Secuentizl Sezrcn:

type Key is lirited privacte;
trpe Ztex  Is lizmited private:
type Index is (<>);

of Item:;
in Rey;

in Item) return Boclean:

in Key:

in Key:;
in Items)

in Item) return Boolean;

return Indes:;

tyne Ite:s_is array(Incex range <>) of Item:
with function Is_Egual (Left : in Key;
Right : in Item) return Boolean;

with function Is lLess Than (Lef<«
' Righ+
sackage Binary Search is

function Location oOf (The Key
In_The_Iterns

tem_Not_Found : exception:

:nd Binary Search;

[Takan from Software Components with Ada by
jole) =

Arn

in Rey:

in Iter) return Bcclearn:

in KRey:
in Itenms)

re

L ]
[

a

~
-

bo

Ince:::;
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task [type] [is
{entry_declaration}
{representation_clause}

end (task_simple_name] ]

task body task_simple_name is
[declarative_part]
begin )
[sequence_of_statements]
[exception
exception_handler
{exception_handler})
end (task_simple_name];
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SiMPLEST Form oF Task ENTRY

ACCEPT
Task T1 1s
) ENTRY ENTRY1;
1 END T1;

Task Bopy T1 1Is
BEGIN :
LooP

accePT ENTRY1 po
<S0S>
>END ENTRY1;

<S0S
END LOOP;

END T1;
~-WAIT FOREVER FOR CALL To ENTRY!L

L 16
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Task T1 1s
ENTRY ENTRY];
eEnp T1;

Task Bopy T1 1s
BEGIN
LOOP

ACCEPT ENTRY1; --'svync’ caLL oONLY
<S0S>

END LOOP;
END T1;

~~WAIT FOREVER FOR CALL To ENTRY!

--eveN IF ENTRY] HAS PARAMETERS ASSOCIATED WITH
== 1T, THE ACCEPT BLOCK DOES NOT HAVE TO HAVE A
-- SEQUENCE OF STATEMENTS

20




h SELECT STATEMENT

USED BY THE Task To ALLOW OPTIONS

(61

Task T1 1s
ENTRY ENTRY];
ENTRY ENTRYZ;
END T1; :

Tasx Bopy T1 1s
BEGIN
LOOP
SELECT
ACCEPT ENTRYI po
<Se>

END ENTRY];
<S0S>

OR
ACCEPT ENTRY2 po
<SQS>

END ENTRYZ2;
<S0S>

TTAS MANY ‘OR’ AND ACCEPT CLAUSES &g

END SELECT;

END LOQP;
END T1; . 3
] TTWAIT FOR EITHER ENT2YI e ENTRVS
‘
b
21

SIMPLEST FORM 1Is THE SELECTIVE WAIT (waAlT FOREVER)

NEEDED
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SELECTIVE WAIT WITH ELSE (DON'T WAIT AT ALL)

Task T1 1s
ENTRY ENTRYI;
enp T1;

Task BopYy Tl rs
BEGIN
LOOP
SELECT
accepT ENTRYI po
<S0S»
enp ENTRYI;
<S0S»
ELSE
<SO0S>
END SELECT;
END LOOP;
END T1;

[F THERE S NCT A CALLER WAITING R1GHT NOW,
DO THE ELSE PART.

22




SELECTIVE WAIT WITH ELSE, MULTIPLE
ACCEPTS

Task T1 1s
ENTRY ENTRYI;
eNTRY ENTRYZ;
EnD T1;

Task BoDY T1 1Is
BEGIN
LOOP
SELECT
accepT ENTRY1 po
<S0S>
enp ENTRYD;
<S0S»>
OR
accerT ENTRYZ po

-~ AS MANY 'OR’ AND ‘accePT’

ELSE
<S0S»;
END SELECT;
END LOOP;
END T1;

23
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SELECT WITH DELAY ALTERNATIVE
(WAIT A FINITE TIME)

Task BoDy 11 1Is
BEGIN
LOOP
SELECT
accepT ENTRYL po....

OR
ACCEPT ENTRY2.....]
OR ~
pELAY 15.0; --.ECONDS
<S0S>;
END SELECT;
END LOOP;
END T1;

IF ENTRYl cALLED WITHIN 15 SECONDS,

THEN YOU ACCEPT THE CALL. OTHERWISE,
AFTER 15 SECONDS YOU WILL DO SOMETHING-

24




"DELAY’ RuLEs

YOUu MAY HAVE SEVERAL ALTERNATIVES
wiTH A DELAY STATEMENT.

SINCE DELAYS CAN BE STATIC, THE SHORTEST
DELAY ALTERNATIVE WILL RE SELECTED.

LERO AND NEGATIVE DELAYS ARE LEGAL.

YoUu MAY NOT HAVE AN ELSE PART WITH
A DELAY, SINCE THE DELAY WOULD NEVER
BE ACCEPTED.

25
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SELECT WITH DELAY ALTERNATIVE

(WAIT A FINITE TIME)

Tasx Bopy T1 1s
BEGIN
LOOP
SELECT
AccerT ENTRY]1 po....

OR
AcCEPT ENTRY2.....]
OR :
DELAY <EXPRESSION>;
<S0S>;
OR
DELAY <EXPRESSION>;
<S0S>;

“TSHORTEST DELAY WILL GET CHOSEN

END SELECT;
END LOOP;
END T1;

26




GUARDS CAN BE USED ON ANY ACCEPT
STATEMENT

""WHEN SOME_CO
ACCEPT EN

[F THERe 1s No GUARD, THE ACCEPT STATEMENT
1s saip 1o Be OPEN.

IF THERE 1s A GUARD, anp THE WHEN conDITION
IS TRUE, THE ACCEPT 1s ALso OPEN.

FaLse GUARD sTATEMENTS ARE sAID To BE CLOSED.

OPEN ALTERNATIVES ARE CONSIDERED. |F THERE IS
MORE THAN ONE, THEN ONE [S SELECTED ARBITRARILY.

IF THere ARe NO OPEN ALTERNATIVES (aND NO ELSE
PART), THE EXCEPTION PROGRAM_ERROR 1s RAISED-

27



TERMINATION

WHEN A TASK HAS COMPLETED ITS SEQUENCE
OF STATEMENTS, ITS STATUS IS COMPLETED

ADDITIONALLY, THERE 1S AN OPTION THAT
ALLOWS A TASK TO TERMINATE.

SELECT
ACcerT ENTRYl po ecv..

OR

ACCEPT ENTRY2 pOeco.o.]
OR

TERMINATE;
END SELECT;

THIS MAY NOT BE USED WITH EITHER THE
THE DELAY or anN ELSE crLAusE.

SINCE THIS IS USED ONLY WITH A 'WAIT FOREVER'
TASK, THIS OPTION ALLOWS A TASK THAT 1S
WAITING FOREVER TO TERMINATE IF ITS PARENT
IS ALSO READY TO QUIT.

28
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TASK SEMAPHORE 1s
ENTRY P; -=GET RESOURCE
ENTRY V; <~-RELEASE

END SEMAPHOAE

TASK BODY SEMAPHORE 1s
AVAILABLE : BOOLEAN := TRUE;

BEGIN
LOOP
SELECT
WHEN AVAILABLE
ACCEPT P D
AVAILABLE := FALSE;
END P;
OR
WHEN NOT AVAILABLE
ACCEPT V
AVAILABLE ;= TRUE;
END
OR
TERMINATE;
END LOOP;

END SEMAPHORE

32.1




Tasx SeecraL_Ops 1
ENTRY ASSTGN (
eNnTrRy RETRIEVE

END CrecraL_0Ops;

s
OBJECT : IN Some_TvypPg );
( OBUECT : ouT SoMe_TvyrPe);

Task BoDY SpeciaL_0Ops 1Is
THE_OBJUECT : SOME_TYPE;
BEGIN

LOOP

SELECT
AccePT ASSIGN(OBJUECT:IN SoMe_TyrPe)DO

THe_OBJECT := OBJUECT;
enp ASSIGN;
OR
AccepT RETRIEVE(OBUECT:0UT SOME_TYPE)DNO
OBJECT := THE_OBUECT;
eNnD RETRIEVE;
OR
TERMINATE;
END SELECT;
END LOOP;
END SpectAL_Ops;

a3
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CALL AND WAIT FOREVER

To CALL AN ENTRY, SPECIFY THE
TASK NAME AND THEN THE ENTRY NAME

BEGIN
" T1.ENTRY1(DATA);

35
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TIMED ENTRY CALL
(WAIT FOR A FINITE TIME)

SELECT
T1.ENTRY1(DATA);

<S0S>

OR
DELAY 60;
<S0S> :

END SELECT;

YOU CANNOT USE AN ‘OR’ TO CALL TwO ( )
TASK ENTRIES!!! . o MoRe

THIS wouLD BE EQUIVALENT TO STANDING IN TWO
DIFFERENT LINES AT ONCE.

36
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CONDITIONAL ENTRY CALLS
(DON'T WAIT AT ALL)

SELECT
T1.ENTRY1(DATA);
<S0S>

ELSE
<S0S>
END SELECT;

NOTICE THE 'ORTHOGONALITY' OR THE
SELECT sTATEMENT. IT IS USED IN
EITHER A TASK ENTRY CALL OR AN
ACCEPT STATEMENT.

AL§0 NOTICE THAT INSTEAD OF
ACCEPT.«+BEGIN...END ACCEPT;

IT 1S
"ACCEPT...DO...-END ENTRY_NAME;

WHY?77?

Ky
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SYNCHRONIZATION OF DATA

TAask SYNC 1s
entrY UPDATE ( DA
eNTRY READ ( DA

eND SYNC;

TAsk Bopy SYNC 1s
LOCAL : DATA_TYPE;
BEGIN

LOOP

SELECT
accepT UPDATE(DATA : 1~ DATA_TYPE) po

LOCAL := DATA;
END UPDATE;

TERMINATE;
END SELECT,

OR

SELECT
ACCBZ{ READ (DATA : out DATA_TYPE) po

LOCAL;
END READ
OR
TERMINATE;
END SELECT;

END LOOP;
enp SYNC;

40
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TYype URG

FAMILIES OF ENTR.ES

ENCY 1s (LOW, MEDIUM, HIGH);

TAsK MESSAGE 1is
eNTRY RECEIVE(URGENCY) (DATA : DATA_TYPE);

END MESSAGE;

TASK BOD
BEGIN

LooP

SE

OR

OR

vy MESSAGE 1s

LECT
ACCEPT RECEIVE(HIGH) (DATA:DATA_TYPE) po

END RECEIVE-

wHEN RECEIVE(
accept RECEIV

END RECEIVE;

(HIGH) ¢ NT =0 =
E(M EDI (DATA: DATA _TYPE) po

OR
wHEN RECEIVE(HIG COUNT+RE EIVE(MEDIUM) ‘counT=0 =>
accept RECEIVE(L (DATA:DATA_TYPE) bpo
End RECEIVE;

Yy 1.0; == SHORT walT

END M

DELA
ESS E

41
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SAME THING, WITH NO GUARDS
TYPe URGENCY ts (LOW, MEDIUM, HIGH);

TASK MESSAGE 1s
ENTRY RECEIVE(URGENCY) (DATA : DATA_TYPE);
END MESSAGE;

TASK BoDY MESSAGE 1s
BEGIN
LOOP
SELECT
accepT RECEIVE(HIGH) (DATA:DATA_TYPE) po

eND RECEIVE;
ELSE
SELECT
acceptT RECEIVE(MEDIUM) (DATA:DATA_TYPE) po

eND RECEIVE;
ELSE
SELECT
AcCCEPT RECEIVE(LOW) (DATA:DATA_TYPE) no

END RECEIVE;

DELAY 1.0; -- SHORT WAIT
END SELECT;
END SELECT;
. END SELECT;
END MESSAGE;

OR

41.1




REPRESENTATION SPECIFICATIONS

LeneTH CLAUSE

T*STORAGE_SIZE

TASK TYPE Tl 1S
ENTRY ENTRY_1;
For T1'STORAGE
2000°SY

SIZE useE
STEM.STORAGE_UNIT);
END T1;

THE PREFIX T DENOTES A TASK TYPE.
THE SIMPLE EXPRESSION MAY BE STATIC, AND IS USED

TO SPECIFY THE NUMBER 0S STORAGE UNITS T0 BE
RESERVED OR FOR EACH ACTIVATION (NOT THE CODE) OF

THE TASK-.

42




Appress CLAUSE

Task TYpe T1 1Is
eNTRY ENTRY_1;
gor T1 use AT 16#167A#;

enp T1;

IN THIS CASE, THE ADDRESS SPECIFIES THE ACTUAL
LOCATION IN MEMORY WHERE THE MACHINE CODE
ASSOCIATED WITH Tl wiLL BE PLACED-

Task T1 1s
eNTRY ENTRY_I;
For ENTRY_1 use AT 16#40#;

END T1;
[F TH1s CcASE, ENTRY_l wiLL BE MAPPED TO HARDWARE
INTERRUPT D4.

OnLy IN PARAMETERS " CAN BE ASSOCIATED WITH
INTERRUPT ENTRIES-

AN INTERRUPT WILL ACT AS AN ENTRY CALL ISSUED BY
THE HARDWARE, WITH A PRIORITY HIGHER THAN ANY
USER-DEFINED TASK-.

DePENDING UPON THE [IMPLEMENTATION, THERE CAN BE
MANY RESTRICTIONS UPON THE TYPE OF CALL TO THE
INTERRUPT, AND UPON THE TERMINATE ALTERNATIVES.

NOTE: YOU CAN DIRECTLY CALL AN INTERRUPT ENTRY.

43
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TASKS AT DIFFERENT PRIORITIES

EN 5 TASKS, 3 OF VARYING PRIORITY, 1 TO BE INTERRUPT
VEN, AND 1 THAT wILL BE TIED TO THE CLOCK.

cepure HEAVY_STUFF 1s

TAsk HIGH_PRIORITY 1s
PRAGMA PRIORITY(50); =--OR AS HIGH AS SYSTEM ALLOWS

ENTRY POINT;
END HIGH PRIOR]TY

TASK MEDIUM_PRIORITY 1s
PRAGMA PRIORITY(25);
ENTRY POINT;

END MEDIUM_PRIORITY;

Task LOW_PRIORITY 1s
PRAGMA PRIORITY(]);
ENTRY POINT;

END LOW_PRIORITY;

TAask INTERRUPT_DRIVEN 1s

ENTRY POINT;
For POINT use AT 16#61#; --INTERRUPT Q7
END [NTERRUPT_DRIVEN;

. 7ask CLOCK_DRIVEN 15

END

~=-THERE ARE TwWO WAYS T0O DO THIS

--FIRST WAY IS TO HAVE ANOTHER TASK MONITOR
-- THE cLock, AND caLt CLOCK_DRIVEN.CALL

-- EVERY TIME UNIT.

ENTRY CALL;

--SECOMD WAY S TO ACTUALLY TIE CALL TO AN

== CLOCK INTERRUPT, AND LET CALL DETERMINE WHEN
-- HE WISHES 70 PERFQORM AN ACTION

FOrR CALL use AT 1H#32#%, --ASSUME INTERRUPT 50

== 1S A CLOCK INTERRIIPT
END CLOCK DRIVEN;
HEAVY_STUFF,
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TAask QUEUE 1s

ENTRY INSERT(DATA : In DATA_TYPE);
ENTRY REMOVE(DATA :out DATA_TYPE);
enp QUEUE;

TAsK BopY QUEUE 1s
HEAD,TAIL : INTEGER := 0Q;
Q : ARRAY (1..100) oFf DATA _TYPE;
BEGIN

LooP
SELECT
WHEN TAIL - HEAD + 1 /= 0 AND THEN
AIL - HEAD + 1 /= 100 =
AcCePT INSERT(DATA : 1~ DATA_TYPE) po
1F HEAD = Q tWen HEAD := 1; enp 1F;
1F TAIL = 100 THen TAIL :="0; enp 1F;
TAIL := TAIL + 1;
Q(TAIL) := DATA;
END [NSERT;
OR
wHEN HEAD /= 0 =>
ACCEPT REMOVE(DATA :out DATA_TYPE) bo
DATA := Q(HEAD);
IF HEAD = TAIL THEN
HEAD := 0;
TAIL := 0Q;
ELSE
HEAD := HEAD + 1;
1F HEAD > 100 THen HEAD := 1; enp
END IF;
END REMOVE;
OR
TERMINATE;
END SELECT;
END LOOP;
eND QUEUE;
44
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Task TtYype QUEUE 1s
eNTrY INSERT(DATA INn DATA_TYPE);
ENTRY REMOVE(DATA :out DATA_TYPE);
Enp QUEUE;

TasKk BopYy QUEUE 1s
AD,TAIL : INT
g : array (1..1
BEGIN
LOOP
SELECT
WHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + l /- 100 =>
accepT INSERT(DATA : 1n DATA_TYPE) po
1r HEAD = 0 tHen HEAD := 1; enD 1F;
IF TAIL = 100 TYEN TAIL := 0; enp 1f;

= 0;
OF DAfA_TYPE;

eND NS
OR
WwHEN HEA

HEAD := HEAD +

1;
1¢ HEAD > 100 tHen HEAD := 1; enn |f;

END [F;
END REMUVE;
OR
TERMINATE ;
END SELECT;
END LOOP;
END QUEUE;

MY_QUEUE, YJQUR_DQUEUE . QUENE, -~ Twn Tasxs
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GE~ERIC
DATA _TYPE : prIVATE
ousuE SIZE: POSITIVE := 100;

PAcKAGE QUEUE_PACK 1s

TAsK QUEUE 1s
ENTRY INSERT(DATA : 1n DATA_TYPE);

ENTRY REMOVE (DATA :out DATA_TYPE);
END QUEUE;

PACKAGE BODY OUEUE_PACK IS
TAsk BopY QUEUE
HEAD,TAIL : INTEGER 1= 0;
Q@ : ARRAY (1..QUEUE_SIZE) of DATA_TYPE;

BEGIN
LOOP
SELECT
wHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + 1 /= QUEUE_SIZE =>
AccerT INSERT(DATA : 1~ DATA_TYPE) po
1F HEAD = 0 THen HEAD := 1; enD 1IF;
1F TAIL = QUEUE_SIZE thewn TAIL := 0;
TAIL := TAIL + T;
Q(TAIL) := DATA;
eND INSERT;
OR :
WHEN HEAD /= 0 =>
AcceprT REMOVE(DATA :out DATA_TYPE) po
DATA := Q(HEAD);
1F HEAD = TAIL THEN
HEAD := 0;
TAIL := 0;
ELSE
HEAD := HEAD + 1;
1F HEAD> QUEUE_SIZE THen HEAD ;=
END IF;
END PEMOVE;
OR
TERMINATE;
END SELECT;
END LOOP;
END QUEUE;
packaGE NEW_QUEUE 1s new QUEUE_PACK(MY RECORD, 250)
PackAGE OLD_QUEUE 1s new QUEUEZPACK(INTEGER);
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GER (DATA : 1N INTEGER ) rENAMES

EGER (DATA :out INTEGER ) RENAMES

-~



g

PROCEDURE SPIN (R : RESOURCE)
BEGIN
LooP
SELECT
R.SEIZE;
RETURN;
ELSE
NULL; ~-BUSY WAITING
END SELECT;
END LOOP;
END;

--OR-_

IS

prRoCEDURE SPIN (R : RESOURCE) 1s

BEGIN
R.SEIZE;
RETURN;

END;
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IN-CLASS EXERCISE

LET uS DESIGN THE TASK SPECIFICATIONS FOR THE FOLLOWING
SENARIO.

THREE TASKS HAVE ACCES TO A TYPE KNOWN AS MESSAGE_TYPE.

TASK_1 pRODUCES MESSAGES. TASK_2 CAN RECEIVE MESSAGES,

" HOLD THEM IN A BUFFER (IF NECESSARY), AND SENDS THEM TO

TASK_3 wWHEN THE DATE/TIME FIELD (PART OF MESSAGE_TYPE:
SAYS TO.

TAask TASK_1 1s

END TASK_1;

TAsk TASK_2 1s

END TASK_2;

Task TASK_3 1s

END TASK_3;
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[SRverDl

Tasking EXERCISE

WRITE A MAIN PROGRAM AND TWO TASKS TO SIMULATE A HOUSE ALARM
SYSTEM. THE MAIN PROGRAM IS AN INPUT SIMULATOR TO THE
TASKS . ONE TASK KEEPS TRACK OF THE STATUS OF THE HOUSE.
ANOTHER IS THE ACTUAL ALARM SYSTEM.

Task 1: THE House Status (Tasx Name :HOUSE)
THrRee ENTRIES => 0K, NOT_OK, WRITE

THe ENTRIES 0K AND NOT_OK SET OR RESET A FLAG THAT
DETERMINES THE STATUS OF THE HOuse. NOT_OK wiLL ALSO SET A
VARIABLE TO TELL YOU WHICH ALARM IS CURRENTLY GOING OFF.
Botrn OK anD NOT_OK sSHOULD PRINT OUT A MESSAGE VERIFYING THAT
THEY WERE CALLED. THE WRITE ENTRY WILL PRINT THE STATUS OF
THE HOUSE. |F THERE 1S AN ALARM CURRENTLY GOING OFF, WRITE
WILL TELL YOU THE ALARM NUMBER.

Task 2: THe ALarm SysTEM (Task NAME: ALARM) .
Turee ENTRIES => FIRE, INTRUDER, SHUTOFF

THE ALARM SYSTEM WILL ACCEPT ANY OF THE THREE ENTRY
CALLS FROM THE INPUT SIMULATOR. IF THERE ARE NO ENTRY CALLS
WITHIN 5 seconps, IT witL caLL HOUSE.WRITE To DisPLAY THE
sTaTus. FIRE anp INTRUDER EACH HAVE A PARAMETER INDICATION
THE ALARM LOCATION. FIRE LocaTions ARe ‘1’ THRU ‘9'.
INTRUDER tocaTions ARe ‘A’ 7THrRu 'Z'. FIRE anp INTRUDER
sHouLD cALL HOUSE.NOT_OK (AND TELL THE HOUSE WHERE THE ALARM
IS SOUNDING), AND THEN PRINT OUT A MESSAGE

MAIN ProGRAM

THE MAIN PROGRAM WILL READ IN CHARACTERS FROM THE
KEYBOARD. |F THE CHARACTER 1S A 'l’ THRU ‘Q', CALL THE FIRE
ALARM. [F THE CHARACTER 1S A 'A’ THRU ‘I’ THEN IT CALLS THE
INTRUDER ALARM. [|F THE CHARACTER IS A '0'(ZERO), THE HOUSE
IS RESET 7o OK. [F THE CHARACTER IS A '!', THEN THE ALARM
IS SHUTDOWN, AND THE PROGRAM ENDS. ALL OTHER CHARACTERS DO
NOTHING.

THE HOUSE STATUS sHouLD BE OK TO START.
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run cookie

The house is ok
The house is ok
&

Invalid character., Try again

The house is ok

G

House alarm set to not OK at location G

Intruder in room G

The house is not ok ..alarm is off at

The house is not ok ..alarm is off at
4

House alarm set to not OK at location
Fire Alarm ¢ 4 has been_set off.

The house is not ok ..alarm is off at

@
House alarm reset to OK,

The house is ok

The house is ok

1
The alarm has been turned off

*)
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location G

location G

location 4




wi.N_TEXT_10;
use TEXT_TO;

procepurRe COOKIE 1s
CHAR : CHARACTER;

Task HOUSE 1s
ENTRY 0K;
ENTRY NOT_OK (WHERE:CHARACTER);
ENTRY WRITE;

enp HOUSE ; :

Task ALARM s
ENTRY FIRE
ENTRY INTR
ENTRY SHUT

DER
FF;
END ALARM ;

U
0
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BEGIN
LOOP
SELECT
Do
STATUS := OK;
NE(“House ALARM RESET To 0K.");
OR
AccepT NOT_OK (WHERE:CHARACTER) po
ALARM_STATUS := NOT 0K;
ALARM_LOCATION := WHERE;
PuT_LINE(“HousE ALARM SET To NOT 0K AT"S
“LocaTion “ & ALARM_LOCATION);
eNp NOT_OK;

accepT WRITE po
NEW_LINE;

_LINE;
caSE ALARM_STATUS 1s
wHEN OK =>PUT_LINE("THE HOUSE 1s ok”);
wHEN NOT_OK => PUT_LINE
("THE HOUSE 1S NOT OK“&
" . ALARM IS OFF AT LOCATION " &
ALARM_LOCATION);

OR

END CASE;
NEW _LINE;
eEND WRITE;

TERMINATE
END SELECT;
END LOOP;
end HOUSE ;

OR
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TAask BoDY ALARM 1s
BEGIN

LOOP
SELECT
AccerT FIRE (LOCATION CHARACTER) po
HOUSE.NOT_OK(LOCATION) ;
PUT ("FIRE ALARM # “*);
PUT (LOCATION);
PUT_LINE (" HAS BEEN SET OFF.")
enp FIRE;
OR -
accept INTRUDER (LOCATION:CHARACTER) po
HOUSE . NOT_OK(LOCATION);
PUT ("INTRUDER IN ROOM “);
PUT (LOCATION);
NEW_LINE;
enp INTRUDER;
OR
AccepT SHUTOFF;
PUT_LINE (“THE ALARM HAS BEEN TURNED OFF");
EXIT;
OR
DELAY 5.0;
HOUSE . WRITE;
END SELECT;
END LOOP;
eEND ALARM;

88




BEGIN

LOOP

--MAIN

GET (CHAR);

SKIP_LINE:;

case CHAR 1s
wHEN ‘1’ ..
WHEN
WHEN
WHEN
WwHEN '!
WHEN OTHERS

L
Al
lAl

I'I

=>
=>
=)
=>
=>
=)

PUT_LI

NE

(“INVALID CHARACTER. TRY AGAIN");

I!I;

END CASE;
EXIT WHEN CHAR =

END LOOP;

enp COOKIE;
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Qutline

=> Overview

Naming an exception

» Creating an exception handler

+ Raising an exception

« Handling exceptions

+ Turning off exception checking

-+ Tasking exceptions

» More examples

» Summary




Overview

* What is an exception

* Ada exceptions

» Comparison
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What Is an Exception

A run time error

An unusual or unexpected condition
A condition requiring special attention
Other than normal processing

An important feature for debugging

A critical feature for operational software



Ada Exceptions

* An exception has a name
- may be predefined

- may be declared

* The exception is raised
- may be raised implicitly by run time system

- may be raised explicitly by raise statement

« The exception is handled

- exception handler may be placed in any frame*
- exception propagates until handler is found

- if no handler anywhere, process aborts

* executable part surrounded by begin - end



The American Way

package Stack_Package is
type Stack_Type is limited private;

procedure Push (Stack : in out Stack_Type;
Element . in Element_Type;
Overflow_Flag :out  BOOLEAN);

end Stack_Package;

with TEXT_IO;
with Stack_Package; use Stack_Package;
procedure Flag_Waving is

Stack : Stack_Type;

Element : Element_Type;

Flag : BOOLEAN;
begin

Push (Stack, Element, Flag);
if Flag then
TEXT_IO.PUT ("Stack overflow");

end if;

end Flag_Waving;




Using Exceptions

package Stack_Package is

type Stack_Type is limited private;
Stack_Overflow,
Stack_Underflow : exception;

procedure Push (Stack rinout Stack_Type;
Element :in Element_Type);
-- may raise Stack_Overflow

end Stack_Package;

with TEXT _IO;
with Stack_Package; use Stack_Package;
procedure More_Natural is

Stack : Stack_Type;

Element : Element_Type;
begin

Push (Stack, Element);
exception

when Stack_Overflow =>

TEXT_IO.PUT ("Stack overflow");

end More_Natura!;

7a
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Naming an Exception

* Predefined exceptions
* Declaring exceptions

* /O exceptions




Predsfined Exceptions

In package STANDARD (also see chap 11 of LRM)

CONSTRAINT_ERROR

violation of range, index, or discriminant constraint...

NUMERIC_ERROR

execution of a predefined numeric operation cannot
deliver a correct result

PROGRAM_ERROR

attempt to access a program unit which has not yet
been elaborated...

STORAGE_ERROR

storage allocation is exceeded...

TASKING_ERROR

exception arising during intertask communication

10




Declaring Exceptions

exception_declaration ::= identifier_list : exception;

« Exception may be declared anywhere an object declaration
is appropriate

« However, exception is not an object

- may not be used as subprogram parameter, record
or array component

- has same scope as an object, but its effect may
extend beyond its scope

Example:

procedure Calculation is

Singular : exception;
Overflow, Underfiow : exception;

begin

end Calculation;




/O Exceptions

 Exceptions relating to file processing

* In predefined library unit IO_EXCEPTIONS
(also see chap 14 of LRM)

« TEXT_IO, DIRECT_|O, and SEQUENTIAL_IO with it

package |IO_EXCEPTIONS is

NAME_ERROR  : exception;
USE_ERROR . exception;

STATUS_ERROR : exception;
MODE_ERROR  : exception;
DEVICE_ERROR : exception;
END_ERROR . exception;
DATA_ERROR : exception;
LAYOUT_ERROR : exception;

end |IO_EXCEPTIONS;

--attempt to use
--invalid operation

--attempt to read
--beyond end of file
--attempt to input
--wrong type

--for text processing

12
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Creating an Exception Handler

« Defining an exception handler
+ Restrictions

« Handler example

14




Defining an Exception Handler

« Exception condition is "caught" and "handled" by an exception
handler

« Exception handler may appear at the end of any frame (block,
subprogram, package or task body)
begin
exception

-- exception handler(s)
end;

« Form similar to case statement

exception_handier ::=
when exception_choice {| exception_choice} =>
sequence_oi_statements

exception_choice ::= exception_name | others

15




Restrictions

Exception handlers must be at the end of a frame

Nothing but exception handiers may lie between exception
and end of frame

A handler may name any visible exception declared or
predefined
A handler includes a sequence of statements

- response to exception condition

A handler for others may be used
- must be the last handler in the frame
- handles all exceptions not listed in previous
handlers of the frame

(including those not in scope of visibility)

- can be the only handler in the frame

16




Randler Example

procedure Whatever is

Problem_Condition : exception;

begin

exception

when Problem_Condition =>
Fix_It;

when CONSTRAINT _ERROR =>
Report_lt;

when others =>
Punt:

end Whatever;

17
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Raising an Exception

Elaboration and execution exceptions
How exceptions are raised
Effects of raising an exception

Raising example

18




Elaboration and Execution Exceptions

 Elaboration exceptions occur when declarations are being
elaborated

- after a unit is "called"
- before execution of the unit begins

- can only be predefined exceptions
« Execution exceptions occur during execution of a frame
« Elaboration exceptions can also be considered as execution
exceptions
- depending on viewpoint
- can consider as part of the execution of the last
executable statement making the call to the unit

being elaborated

- this helps with understanding the consistency of
the rules for exception handling

19a



How Exceptions are Raised

« Implicitly by run time system

- predefined exceptions
- Explicitly by raise statement
raise_statement ;.= raise [exception_name];
- the name of the exception must be visible at the

point of the raise statement

- araise siatement without an exception name is
allowed only within an exception handler

20




Effects of Raising an Exception

(1) Control transfers to exception handler at end of frame
being executed {if handler exists)

(2) Exception is lowered
(3) Sequence of statements in exception hander is executed
(4) Control passes to end of frame

- If frame does not contain an appropriate exception handler,
the exception is propagated - effectively skipping steps
1 thru 3 and going straight to step 4

21




Raising Example

procedure Whatever is

Problem_Condition : exception;
Real_Bad_Condition . exception;

begin

if Problem_Arises then

raise Problem_Condition;
end if;
if Serious_Problem then

raise Real_Bad_Condition;
end if;

exception

when Problem_Condition =>
Fix_It;

when CONSTRAINT_ERROR =>
Report_lIt;

when others =>
Punt;

end Whatever;
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Handling Excseptions

How exception handling can be useful

Which exception handler is used

Sequence of statements in exception handler
Propagation

Propagation example

24
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How Exception Handling Can Be Ussiul

» Normal processing could continue if
- cause of exception condition can be "repaired"
- alternative approach can be used

- operation can be retried

» Degraded processing could be better than termination

- for example, safety-critical systems

« It termination is necessary, "clean-up"” can be done first

25
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Which Exception Handler ls Used

« When exception is raised, system looks for an exception
handler at the end of the frame being executed

« If exception is raised during elaboration of the declarative
part of a unit (unit is not yet ready to execute)

- elaboration is abandoned and control goes to the
end of the unit with the exception still raised

- exception part of the unit is not searched for an
appropriate handler

- effectively, the calling unit will be searched for an
appropriate handier
-- consistent with execution viewpoint

- if elaboration of library unit, program execution is

abandoned

-- all library units are elaborated with the
main program

- If exception is raised in exception handier
- handler may contain block(s) with handler(s)

- if not handled locally within handler, control goes
to end of frame with exception raised

26
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Sequence of Statements in Exception
Handler

« Handler completes the execution of the frame
- handler for a function should usually contain a
return statement
« Statements can be of arbitrary complexity

- can use most any language construct that makes
sense in that context

- cannot use goto statement to transfer into a
handler

- it handler is in a block inside a locp, could use exit

statement

« Handler at end of package body applies only to package
initialization

27
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Propagation

Occurs if no handler exists in frame where execution
exception is raised

Always occurs if elaboration exception is raised

Also occurs if raise statement is used in handier

Exception is propagated dynamically

- propagates from subprogram to unit calling it
(not necessarily unit containing its declaration)

- this can result in propagation outside its scope
- task propagation follows same principle, but a
little more complicated
» Propagation continues unrtil
- an appropriate handler is found

- exception propagates to main program (still with
no handler) and program execution is abandoned

28
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Propagation Example

procedure Do_Nothing is
procedure Has_It is
Some_Problem : exception;
begin
raise Some_Problem;
exception
when Some_Problem =>
Clean_Up;
raise;
end Has_lt;
procedure Calls_ltis
begin

Has_It;

end Calis_lt;

begin -- Do_Nothing

Calls_lIt;
exception

when others => Fix_Everything;
end Do_Nothing;

29
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Turning Off Exception Checking

« Overhead vs efficiency
» Pragma SUPPRESS

» Check identifiers

31



Overhead vs Efficiency

« Exception checking imposes run time overhead

- interactive applications will never notice
- real-time applications have legitimate concerns
but must not sacrifice system safety

» When efficiency counts

- first, make program work (using good design)

- be sure possible problems are covered by exception
handlers

- check if efficient enough - stop if it is

- if not, study execution profile
-- eliminate bottienecks
-- improve algorithm
-- avoid "cute" tricks

- check if efficient enough - stop if it is

- if not, trade-offs may be necessary

- some exception checks may be expendable since
debugging is done

- however, every suppressed check poses new
possibilities for problems
-- must re-examine possible problems
-- must re-examine exception handlers

- always keep in mind
-- problems will happen
-- critical applications must be able t2
deal with these problems
32




Moral

Improving the design is far better - and easier in
the long run - than suppressing checks

32a
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Pragma SUPPRESS

» Only allowed immediately within a declarative part or
immediately within a package specification

pragma SUPPRESS (identifier [,| ON =>] name]);
- identifier is that of the check to be omitted

(next slide lists identifiers)

- name is that of an object, type, or unit for which
the check is to be suppressed

-- if no name is given, it applies to the

remaining declarative region

* An implementation is free to ignore the suppress directive
for any check which may be impossible or too costly to
suppress

Example:

pragma SUPPRESS (INDEX_CHECK, ON => Index);

iy
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Check ldentifiers

» These identifiers are explained in more detail in chap 11 of
the LRM

» Check identifiers for suppression of CONSTRAINT_ERROR
checks
ACCESS_CHECK
DISCRIMINANT_CHECK
INDEX_CHECK
LENGTH_CHECK
RANGE_CHECK
« Check identifiers for suppression of NUMERIC_ERROR checks

DIVISION_CHECK
OVERFLOW_CHECK

« Check identifier for suppression of PROGRAM_ERROR checks

ELABORATION_CHECK

« Check identifier for suppression of STORAGE_ERROR check

STORAGE_CHECK
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Tasking Exceptions

- Exception handling is trickier for tasks
« Exceptions during task communication

- Tasking example
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Exception Handling ls Trickier for Tasks

« Rules are not really different, just more involved

- local exceptions handled the same within frames

if exception is raised

 during elaboration of task declarations
- the exception TASKING_ERROR will be raised at the
point of task activation (becomes execution
exception in enciosing subprogram)

- the task w.ll be marked completed

« during execution of task body (and not resolved there)
- task is completed

- exception is not propagated

+ during task rendezvous

- this is the really tricky part

37




hia ool

hdl

L

Exceptions During Task Communication

if the called task terminates abnormally
exception TASKING_ERROR is raised in calling task at the

point of the entry call

If an entry call is made for entry of a task that becomes
completed before accepting the entry

exception TASKING_ERROR is raised in calling task at the
point of the entry call
If the calling task terminates abnormally
no exception propagates to the called task
If an exception is raised in called task within an accept (and
not handled there locally)
the same exception is raised in the calling task at the point

of the entry call

(even if exception is later handled outside of the accept in
the called task)




Tasking Example

procedure Critical_Code is

Failure : exception;

task Monitor is

entry Do_Something;
end Monitor;

task body Monitor is

begin
accept Do_Something do

o

raise Failure;
end Do_Something;

exception -- exception handled here
when Failure =>

Termination_Message;
end Monitor;

begin -- Critical_Czde

Monitor.Do_Something;

exception -- same exception will be handled here
when Failure =»>

Critical_Problem_Message;

end Critical_Code;
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More Examples

* Interactive data input

* Propagating exception out of scope and back in

* Keeping a task alive

41



Interactive Data lnput

with TEXT_IO; use TEXT_IO;
procedure Get_Input (Number : out integer) is

subtype Input_Type is integer range 0..100;
package Int_io is new INTEGER_IO (Input_Type);

In_Number : Input_Type;
begin -- Get_input
loop -- to try again after incorrect input
begin -- inner block to hold exception handler

put ("Enter a number 0 to 100");
Int_io.GET (In_Number);

Number := In_Number;

exit; -- to exit loop after correct input

exception
when DATA_ERROR =>
put ("Try again, fat fingers!");
Skip_Line; -- must clear buffer

end; -- inner block
end loop;

. end Get_input;
i_ p




Propagating Excseplion Out of Scope and
Back In

declare
package Container is
procedure Has_Handler;
procedure Raises_Exception;
end Container;
procedure Not_in_Package is
begin
Container.Raises_Exception;
exception
when others => raise;
end Not_in_Package;
package body Container is
Crazy : exception;
procedure Has_Handler is
begin
Not_in_Package;
exception
when Crazy => Tell_Everyone;
end Has_Handler;
procedure Raises_Exception is
begin
- raise Crazy;
end Raises_Exception;
end Container;
begin
Container.Has_Handler;
end;
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Keeping a Task Alive

task Monitor is
entry Do_Something;
end Monitor;

task body Monitor is

begin
loop -- for never-ending repetition
select
accept Do_Something do
begin -- block for exception handier
raise Failure;
exception
when Failure => Recover;
end; -- block
end Do_Something; -- exception must be
-- lowered before exiting
end select;
end loop;
exception

when others =>
Termination_Message;
end Monitor;
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Summary

- Exception handling principles are consistent

» Suppression of exception checking will usually do more harm
than good

 Use of exceptions must become a habit to be useful
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