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Eachprogramwe haveseerso far hasbeena sequentigl or single-threadedpne;thatis, it hasconsisteaf a
seriesof stepsthat areexecutedn sequencepne afterthe other. In this chapterwe introducethe ideaof a
concurrent or multithreaded program,one in which severalthings can happen—orat least appearto
happen—simultaneously.

Concurrentictionsarereally part of mostinterestingprograms.For example,a time-sharedoperating
systemmustdealwith a numberof humanuserswvorking simultaneouslyat their terminals. Further, many
real-timeapplications gspeciallythosecontrolling physicalprocessesarecomposedf concurrentprogram
segmentsgachresponsiblefor its own physicalsubsystemFinally, the world is concurrentfilled with
peopledoingdifferentthingsall atthe sametime, anda programthat would modelthat world is bestseen
ascomprisingconcurrenpprogramsegments.

This chapteintroducesyou to the fascinatingdfield of concurrentprogrammingwhichis the writing of
concurrentprograms.Ada providesan especiallyrich and interesting set of structuresfor concurrent
programmingthis chaptepresentsomeof thesestructuresin particular,we introduceAda task typesand
protectedtypes.A task objectis an active program,carryingon its activities independentlyof othertasks
andinteractingwith othersonly whennecessaryA protectedobjectis passivejts purposeis to encapsulate
a data structure and provide servicesto tasks on request,allowing many tasks to view the structure
simultaneouslbut authorizingonly onetaskat atime to modify the structure.

What Is Concurrent Programming?

Much of the programmingworldinvolves concurentapplications.Herearesomeexamplesrom operating
systemsreal-timesystemsandsimulation.
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Operating Systems

Whenyou andyour colleaguell log in at terminalsconnectedo the sametime-sharingsystem,eachof
you works separatelyput you are all using the samecomputer.Eachof you has the feeling that the
computeiis working only on your task, yet manyof you areworking simultaneouslyHow is this seeming
paradoxpossible?

The illusion that you are alone on the time-sharedcomputeris causel by a combination of fast
computersand clever programming.Supposeyou are using the computerto edit a programor read
electronicmail. You readandtype at humanspeedA very fast typist can enter 100 words per minute,
or—at an averageof six charactes per word—about10 charactersper second.n the tenth of a second
betweentwo of your keystrokes,a modern computercan execute hundredsof thousandsof machine
instructionslf those“extra” machinanstructionscouldbe put to productiveuse, the computer would have
plenty of time betweeryour keystrokego serviceotherhumanusers.It is not unusualfor a moderntime-
shareccomputerto handle100 or moresimultaneousisers.eachworking at humanspeed.

Managingall thoseinstructionsandusersis pat of the responsibilityof a modernoperatingsystem.
An operatingsystemis, asyou know by now, just a sophisticatecprogram;in fact, it is a concurrent
program capableof managingmanydevicesandhumanusersto give theillusion of simultaneity.

Sometime-sharedomputersonsistof a single CPU; othersconsistof a set of identical CPUs.With
morethanoneCPU, programsanbe executedn parallel—thatis, literally atthe sametime. With a single
CPU, no real parallelexecutionis possible,but tha one CPU can be sharedin such a way that many
programsseemto be executingin parallel. Concurrentprogrammingis the creationof programsthat
consistof segmentghat havethe potential for parallel execution;dependingupon the actual number of
CPUsavailable executiorof a concurrentprogrammay be literally parallel, entirely time-sharedpr some
combinationof the two.

Real-Time Systems

Many computersystemsexist to control physicalsystemsof one kind or another.Examplesaboundin

medical techmlogy, manufacturingand robotics, and transportation.In the latter domain, real-time
computemprogramscontrol modernautomotivefuel systemsaircraft suchas the Boeing 777, andrailroads
suchasthe ChannelTunnelbetweerFranceandEnglandandthe subway systemin WashingtonDC. These
are,of necessityconcurrentprograms:They must managea numberof electronicdevicessimultaneously;
thesedevicesin turn, areconnectedo physicalmachinesuchas an automobile’sfuel injection systemor

a railroad’s “turnout” (a movablesectionof trackthat allows a train to enterone or the otherof two rail

lines).

Modeling and Simulation

Concurrenprogrammings usefulin modelingor simulatingphysicalsystemsgvenif thosesystemsare

not directly contrdled by a computer For example,the waiting andservicetimes in a bank, supermarket,
or other serviceorganizationcan be studiedby writing a programin which eachcustomerand each

server—bankteller, supermarkethecker,airline reservationclerk—is representedby its own program
segmentwhichinteractswith the othersegments.

Similarly, a subwaysystemcanbe modeledby a programin which eachtrain, station, turnout, and
block (sectionof trackthatis permittedo hold at mostonetrain)is representedby a programsegment.The
flow of simulatedcustomersn the bank,or of simulatedrainsin the subway,canbe controlledor varied at
will.

Simulationis an important tool in optimizing physical systems—forexample,choosingthe most
effectivenumberof opencheckoutinesin a supermarkedr the frequencyandmaximumspeedof trainsin a
subway.Studying the computermodelprovidesinformation andinsightinto the behaviorof the physical
systemif the formeris a faithful representatiorf the latter; concurrentprogrammingprovidesa natural
way of assigningprogramsegmentgo represenphysicalobjectsandthereforeaidsgreatlyin developing
goodsimulations.
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Adais one of only a few programminglanguages—andhe only popular one—to provide built-in
structuregor concurrenprogrammingln this chapterwe usea seriesof exampledo presenta few of the
basicAda structuresandendwith two simulations:oneof a bank andthe otherof a group of philosophers
in a Chineserestaurant.

Ada Structures for Concurrent Programming

In concurrentprogramming,an executionof a programsegments calleda process.For example,when,
loggedinto atime-sharingsystemyou invoke the electronicmail program,a processs created.The mail
programitself is just a file on disk whenit is loadedinto memory and executed,that executionis a
processlf you andseverafriendsall log in atthe sametime andinvokethe e-mail program,severalcopies
of that programare executingsimultaneouslyon the samecomputer. One program has given rise to
multiple simultaneousprocessesAda’s term for processis task; Ada providestask typesto allow the
creationof multiple processesyhich Ada callstaskobjects resultingfrom a single programdeclaration.

Generally,your incoming e-mail is storedin a systemfile calledthe electronicmailbox, or just the
mailbox. Supposeyou arereadingyour mail whena friend sends/ou a messageThenew messagenustbe
addedto your mailbox file; your readingmustbe momentarilysuspendedvhile the file is modified (you
may not notice the temporarysuspensionput it happensanyway).Now supposethat two incoming
messagearrive at the sametime. Not only mustyour readingbe suspendedhut somethingin the mail
softwaremust updae your mailbox one messagat a time. If this protectionwere not provided—if two
messagesould updatethe mailbox literally at the sametime—the mailbox would becomehopelessly
garbledandthereforeuseless.

Thee-mailsituationis anexampleof a readers-writersproblem, a categoryof computing problemsin
which multiple readerof, andmultiple writersto, a datastructuremustbe preventedirom interferingwith
one another.The preventiontechniqueis called mutual exclusion;updateactionson the da@a structureare
handledoneat atime while otheractionsareexcluded Ada’s protectedtypes provide mutual exclusion;we
candeclarea protectedype, andvariablesof that type, with readoperationgcalled protectedfunctions)and
updateoperations(protected procedures),which Ada guaranteedt will executecorrectly. Specifically,
multiple callsto a protectedprocedureareexecutecbneat atime.

Section 15.2 introducestask types and task objects; Section 15.3 introduces protectedtypes and
protectedbbjects.

Ada Structures: Task Types and Task Objects

An Adataskis aninterestingstructurelt hasaspectof a packagepf a procedureandof a datastructure,
but is really noneof theseit is somethingdifferent altogether:

» Like a package a task hasa specificationanda body. Unlike a packagejt must be declaredin an
enclosingstructurenot put in aseparatdile andcompiledseparately.

» Like aprocedureataskhasadeclarationsectionanda sequencef executablestatementsHowever, it
is not called like a procedure;rather,it starts executingimplicitly, automatically, as part of its
enclosingblock.

« Like adatastructure,it hasa type andis broughtinto existenceby declaringa variableof the type.
Indeedike avariantrecord,it canhaveoneor morediscriminants.

Programl5.1illustratestheseaspect®f tasks.

Program 15.1
A Task within a Main Program

WITH Ada.Text_IO;
PROCEDURPnNe_Task IS
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--| Show the declaration of a simple task type and one

--|  variable of that type.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: December 1995

-- A task type has a specification
TASK TYPE SimpleTask (Message: Character);

-- A task type has a body
TASK BODY SimpleTask IS

BEGIN -- SimpleTask
FOR Count IN 1 ..10 LOOP
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
Ada.Text_IO.New_Line;
END LOOP ;
END SimpleTask ;
Task_A: SimpleTask (Message =>'A");

BEGIN -- One_Task

Unlike procedures, tasks are not "called" but are activated
automatically.

- Task_A will start executing as soon as control reaches this
- point, just after the BEGIN but before any of the main program's
- statements are executed.

NULL ;

END One_Task;

A samplerun of this programwouldlook like this:

Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A
Hello from Task A

First note the overall structureof the program. A task type, SimpleTask , is declaredwith a
discriminant,Message. This task specificationis followed by a task body in which the messages
displayed10 times Next, Task A is declaredas a task variable, usually called a task object, with a
discriminantvalueof ‘A’

Reachingthe main BEGIN of this program, we discover that the program has no executable
statementsjusta NULL statemento satisfytherule thata proceduranusthaveat leastone statement.Yet
the samplerun showsthe taskactuallydisplayingHello  from Task A 10 times. The task wasnever
calledfrom the main program but it executecanyway.

In fact, the taskbegarits executiorjust afterthe main BEGIN wasreachedIn Ada, this is called “task
activation™: All tasksdeclaredn agivenblock areactivatedust afterthe BEGIN of that block. Here,there
is only onetask, Task_A.
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Multiple Task Objects of the Same Type

Programl5.2 showsthe declarationof two task objects, Task_A andTask_B . Further,the tasktype is
modifiedto allow two discriminantsthe messagandthe numberof times the messagés to be dsplayed.
Here,adiscriminantactslike a parameteof thetask, butit is not a fully generaparameterjike a variant-
recorddiscriminant,it mustbe of a discrete—integeor enumeration—typeA string, for example,cannot
beusedasataskdiscriminant.

Program 15.2
Two Tasks within a Main Program

WITH Ada.Text_IO;
PROCEDURHwWo_Tasks IS

--| Show the declaration of a simple task type and two

--|  variables of that type.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: December 1995

-- A task type has a specification
TASK TYPE SimpleTask (Message: Character; HowMany: Positive);

-- A task type has a body
TASK BODY SimpleTask IS

BEGIN --  SimpleTask
FOR Count IN 1 ..HowMany LOOP
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
Ada.Text_IO.New_Line;
END LOOP ;
END SimpleTask ;
-- Now we declare two variables of the type
Task_A: SimpleTask (Message =>'A', HowMany => 5);
Task_B: SimpleTask (Message =>'B', HowMany => 7);
BEGIN -- Two_Tasks
-- Task_Aand Task_B will both start executing as soon as control
-- reaches this point, again before any of the main program's
-- statements are executed. The Ada standard does not specify
-- which task will start first.
NULL ;

END Two_Tasks ;

This time, the programexecutiormightlook like this:

Hello from Task B
Hello from Task B
Hello from Task B
Hello from Task B
Hello from Task B
Hello from Task B
Hello from Task B
Hello from Task A
Hello from Task A
Hello from Task A

copyright © 1996, Michael B. Feldman January 26, 2003




Software Construction and Data Structures with Ada 95 Chapter 15 6

Hello from Task A
Hello from Task A

As in Program15.1, Task_A andTask B areactivaedjust afterthe main BEGIN. Now thereare
two tasks.In which orderarethey activated?The Ada standarddoesnot specifythis, leavingit up to the
compilerimplementeiinsteadln a shortwhile, we will seehow to control the orderin which tasksstart
their work.

Looking at the sample run from Program 15.2, we see that Task_B evidently started—and
completed—itsvork beforeTask_A evenstartedits own work. This tells us first that the compiler we
usedactivatedTask B first, andalsothat, onceschedled for the CPU, Task_B wasallowedto continue
executinguntil it completedts run. This seemsodd: The tasksdo not really executeas thoughthey were
runningin parallel;thereis, apparently,no time-sharing.If therewere, we would expectTask A and
Task B outputto beinterleavedn somefashion.

In fact, the Ada standardallows, but doesnot require,time-slicing. Time-slicing, implementedn the
run-time support software,supports“parallel” executionby giving eachtask a slice, usually called a
guantumwhichis a certainamountof time on the CPU. At the endof the quantum,the run-time system
stepsin andgivesthe CPUto anothettask, allowing it aquantumandso on, in “round-robin”fashion.

Cooperating Tasks

If Program15.2 werecompiledfor a computerwith severalprocessorsin theory Task_A andTask_B

couldhavebeenexecuted—trulyn parallel—orseparat€CPUs,andno time-slicing would be needed With
asingleCPU,we’d like to emulatethe paralleloperation,ensuringconcurrentexecutio of a set of tasks
evenif the Adarun-timesystemdoesnot time-slice.

To get “parallel” behaviorportably, using one CPU or many, with or without time-slicing, we code
thetasksin astyle calledcooperativemultitasking;thatis, we designeachtasksothat it periodically “goes
to sleep,”giving up its turn on the CPU so that anothetask canexecutefor awhile.

Programl15.3 showshow this is done,using a DELAY statemenin eachiteration of the task body’'s
FOR loop. The DELAY causeghe task to sugpendits execution,or “sleep.” Now while Task_A is
“sleeping,”Task_B canbeexecutingandso on. The cooperatinghatureof the two tasksis easily seenin
the sampleoutput.

Program 15.3
Using DELAYto Achieve Cooperation

WITH Ada.Text_IO;
PROCEDURHwWo_Cooperating_Tasks IS

--| Show the declaration of a simple task type and two

-|  variables of that type. The tasks use DELAYs to cooperate.
--| The DELAY causes another task to get a turn in the CPU.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: December 1995

-- A task type has a specification
TASK TYPE SimpleTask (Message: Character; HowMany: Positive);

-- A task type has a body
TASK BODY SimpleTask IS

BEGIN --  SimpleTask

FOR Count IN 1 ..HowMany LOOP
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
Ada.Text_IO.New_Line;
DELAY 0.1; - lets another task have the CPU
END LOOP ;
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END SimpleTask ;
-- Now we declare two variables of the type
Task_A: SimpleTask (Message =>'A’, HowMany => 5);
Task_B: SimpleTask (Message =>'B', HowMany => 7);
BEGIN -- Two_Cooperating_Tasks
- Task_Aand Task_B will both start executing as soon as control
-- reaches this point, again before any of the main program's
-- statements are executed. The Ada standard does not specify
-- which task will start first.
NULL ;

END Two_Cooperating_Tasks ;

This time, the executioroutputis interleaved.

Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task B

Controlling the Starting Order of Tasks

We know that the Ada standarddoesnot specify an order of activation for multiple tasksin the same
program.Eachcompilercanusea differentorder;indeed,a compileris—theoretically—fredo usea different
startingordereachtime the programis run, thoughpracticalcompilersrarely,if ever,take advantageof this

freedom.

Although we cannotcontrol the actualactivationorder of tasks,we cangain contiol of the orderin
which thesetasksstartto dotheir work by using a so-called“start button.” This is a specialcaseof a task
entry, whichis apoint in ataskatwhichit cansynchronizevith othertasks.This is illustratedin Program
15.4.

Program 15.4
Using “Start Buttons” to Control Tasks’ Starting Order

WITH Ada.Text_IO;
PROCEDURGEStart_Buttons IS

--| Show the declaration of a simple task type and three

--|  variables of that type. The tasks use DELAYs to cooperate.
--| "Start button” entries are used to to control starting order.
--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: December 1995

TASK TYPE SimpleTask (Message: Character; HowMany: Positive) IS

-- This specification provides a "start button” entry.
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ENTRY  StartRunning;
END SimpleTask ;
TASK BODY SimpleTask IS
BEGIN -- SimpleTask
-- The task will "block" at the ACCEPT, waiting for the "button”
- to be "pushed" (called from another task, Main in this case).
ACCEPT StartRunning ;
FOR Count IN 1 ..HowMany LOOP
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
Ada.Text_10.New_Line;
DELAY 0.1; -- lets another task have the CPU
END LOOP ;
END SimpleTask ;

-- Now we declare three variables of the type

Task_A: SimpleTask (Message =>'A', HowMany => 5);
Task_B: SimpleTask (Message =>'B', HowMany => 7);
Task_C: SimpleTask (Message =>'C/, HowMany => 4);

BEGIN --  Start_Buttons

Tasks will all start executing as soon as control
reaches this point, but each will block on its ACCEPT
until the entry is called. In this way we control the starting
order of the tasks.

Task_B.StartRunning;
Task_A.StartRunning;
Task_C.StartRunning;

END Start_Buttons

Theexecutioroutputis

Hello from Task B
Hello from Task A
Hello from Task C
Hello from Task B
Hello from Task A
Hello from Task C
Hello from Task B
Hello from Task A
Hello from Task C
Hello from Task B
Hello from Task A
Hello from Task C
Hello from Task B
Hello from Task A
Hello from Task B
Hello from Task B

In this program the taskspecificatia is expandedo includeanentry specification:

ENTRY StartRunning;
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This is, syntactically, similar to the subprogram specificationsthat usually appear in package
specificationsThetaskbodyincludesjmmediatelyafterits BEGIN, the correspondingdine

ACCEPT StartRunning ;

Accordingto the rulesof Ada,a SimpleTask object, uponreachingan ACCEPT statement,must
wait at that statementintil the correspondingentry is called by anothertask. In Program15.4,then, each
task—Task A, Task B, andTask C—is activatedust afterthe main program’sBEGIN, but—beforeit
startsany work—eachreachesdts respectiveACCEPTandmustwait there(in this simple case,possibly
forever)until the entryis called.

How is the entrycalled?In our first threeexamplesthe main programhadnothing to do. In this case,
its job is to “pressthe startbuttons” of the threetasks,with the entrycall statements

Task_B.StartRunning;
Task_A.StartRunning;
Task_C.StartRunning;

Thesestatementsare syntactically similar to procedue calls. The first statement‘pressesthe start
button” of Task_B. Since Task B was waiting for the button to be pressedijt acceptshe call and
proceedwith its work.

Themain programis apparentlyexecuting—irthis case pressingthe start buttons—"in parallel” with
thethreetasks.In fact, this is true. In a programwith multiple tasks,the Ada run-time systemtreatsthe
main programasataskaswell.

A taskbodycancontaincodethatis muchmore interestingthan what we haveseen.Ada providesthe
SELECTstatemento give a programmemuch flexibility in codingtask bodies.For example,using the
SELECT,

» The ACCEPTstatementanbe written to “time out” if a call is not receivedwithin a given time
interval.

» Thetaskcanbemadeto terminate—endts execution—ifthe call is nevereceived.

e The task specificationcan provide a numberof entries and its body can be made to respondto
whicheverof a setof differententrycallsoccursfirst, thenloop aroundandrespondagain.

The SELECTconstrucis oneof the mostinterestingin all of programmingWewill returnto it a bit
later,in Section15.4,whenwe introducea banksimulation.

In this section,we haveseenthe basicsof task typesandobjects. We will now introduce protected
typesandobjects.

Ada Structures: Protected Types and Protected Objects

In Section15.1,we discussedanutual exclusion,using the exampleof an e-mail reader.Herewe look at an
analogousbut simpler, situation.Supposeve havea three-taskprogramlike Program15.4, but we want
eachtaskto write its outputin its own areaof the screenThedesiredoutputis

Hello from Task A Hello from Task B Hello from Task C
Hello from Task A Hello from Task B Hello from Task C
Hello from Task A Hello from Task B Hello from Task C
Hello from Task A Hello from Task B Hello from Task C
Hello from Task A Hello from Task B

Hello from Task B

Hello from Task B
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This simple examplés representativef multiwvindow programs.We modify the task specificationto
read

TASK TYPE SimpleTask (Message: Character ;
HowMany: Screen.Depth ;
Column: Screen.Width) IS . . .

addinga third discriminant,Column, to indicatewhich screencolumn eachtask should use for the first
charactenf its repeatednessagef-urther,we modify the main loop of the taskbodyasfollows:

FOR CountIN1 ..HowMany LOOP
Screen.MoveCursor  (Row => Count, Column => Column);
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
DELAY 0.5; -- lets another task have the CPU
END LOOP

Thatis, thetaskpositionsthe screercursorin the propercolumnbeforewriting the messageProgram15.5
showsthefull program.

Program 15.5
Several Tasks Using the Screen

WITH Ada.Text_IO;
WITH Screen;
PROCEDURE Columns IS

--| Shows tasks writing into their respective columns on the

--|  screen. This will not always work correctly, because if the

--|  tasks are time-sliced, one task may lose the CPU before

--|  sending its entire "message" to the screen. This may result

-| instrange "garbage" on the screen.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: December 1995

TASK TYPE SimpleTask (Message: Character ;
HowMany: Screen.Depth ;
Column: Screen.Width) IS

-- This specification provides a "start button" entry.
ENTRY  StartRunning;

END SimpleTask ;
TASK BODY SimpleTask IS
BEGIN --  SimpleTask

-- Each task will write its message in its own column
ACCEPT  StartRunning ;

FOR Count IN 1 ..HowMany LOOP
Screen.MoveCursor  (Row => Count, Column => Column);
Ada.Text_ 10.Put (ltem =>"Hello from Task " & Message);
DELAY 0.5; - lets another task have the CPU
END LOOP ;

END SimpleTask ;

-- Now we declare three variables of the type
Task_A: SimpleTask (Message =>'A', HowMany => 5, Column => 1);
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Task_B: SimpleTask (Message =>'B', HowMany => 7, Column => 26);
Task_C: SimpleTask (Message =>'C/, HowMany => 4, Column => 51);

BEGIN -- Columns
Screen.ClearScreen;
Task_B.StartRunning;
Task_A.StartRunning;
Task_C.StartRunning;

END Columns ;

Hereis the executioroutput:

Hello from Task A Hello from Task B Hello from Task C
2Hello from Task C ;26f[2;1fHello
from Task  AHello from Task B [[3;1fHello from Task A3;26fHello
from Task  BHello from Task C4;4;1fHello from Task A51fHello from Task C26fHello
from Task B5;526;f1fHello from Task BHello from Task A
Hello from Task B
Hello from Task B

The output from running this programis not exactly what we intended! Insteadof the desiredneat

columnswe got messageslisplayedin seemimgly randomlocations,interspersedvith apparentgarbage”
like

C;26f[2;1f

Whathappenedhere?To understandhis, recallthe bodyof Screen.MoveCursor ~ (Program?.16):

PROCEDURBoveCursor ( Column : Width; Row : Depth) IS
BEGIN
Ada.Text_|O.Put (Item => ASCII.ESC);
Ada.Text_IO.Put ("[");
Ada.Integer_Text_|O.Put (Item => Row, Width => 1);
Ada.Text_IO.Put (Item =>"");
Ada.Integer_Text_lO.Put (Item => Column, Width => 1);
Ada.Text_|O.Put (Item =>'f);
END MoveCursor ;

Positioningthe cursorrequresan instruction,up to eight charactersn length, to the ANSI terminal
softwarethe ESCcharacterthen'[' , followed by a possiblytwo-digit Row; then';' , thena possibly
two-digit Column value, andfinally 'F' . Onceit receivesthe entire instruction, the terminal actually
movesthe cursoron the screen.

Supposethe MoveCursor call is issuedfrom within a task, as in the presentexample.Suppose
furtherthatin this caseéhe Adarun-timesystemdoesprovidetime-slicingto produce“parallel” behavio by
multiple tasks. It is quite possiblethat the task’s quantumwill expire after only some of the eight
characterdhavebeensentto the terminal, andthen anothertask will attemptto write somethingto the
terminal.In this casethe terminalneverecognizedthefirst instruction,becauset receivedonly part of it,
so insteadof obeying the instruction, it just displays the characters.The “garbage” string above,
C;26f[2;1f , consistsof piecedrom severaltlifferentintendednstructions.

This problem arosebecausea taskwasinterruptedn mid-instructionandthenanothertask was allowed
to beginits own screennstruction.This is called a race condition, becausawo tasksare, effectively,in a
raceto write to the screenwith unpredictableesuts. It is actuallyareaders-writerproblem:Multiple tasks
areinterferingwith eachother’sattemptsto write to the screen.
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To prevent this problem from ruining our columnar output, we must protect the screen so
that—whetheor not we havetime-slicing—ataskis allowedto finish an entire displayoperationbefore
anothetaskcanbeginone.Wedothisin Adawith aprotectedype, asshownin Programl5.6.

Program 15.6
Using a Protected Type to Ensure Completion of a Screen Action

WITH Ada.Text_IO;
WITH Screen;
PROCEDURFProtect_Screen IS

--| Shows tasks writing into their respective columns on the

-|  screen. This time we use a protected type, whose procedure

--|  can be executed by only one task at a time.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: December 1995

PROTECTED TYPE ScreenManagerType IS

-- If multiple calls of Write are made simultaneously, each is
-~ executed in its entirety before the next is begun.
--The Ada standard does not specify an order of execution.

PROCEDURE Write (Item . IN String;
Row: IN Screen.Depth
Column: IN Screen.Width);

END ScreenManagerType ;

PROTECTED BODY ScreenManagerType IS

PROCEDURE Write (Item : IN String;
Row: IN Screen.Depth
Column: IN Screen.Width) IS
BEGIN -- Write

Screen.MoveCursor  (Row => Row, Column => Column);
Ada.Text_ 10.Put (ltem => Item);

END Write ;
END ScreenManagerType ;
Manager:  ScreenManagerType ;
TASK TYPE SimpleTask (Message: Character ;
HowMany: Screen.Depth ;
Column: Screen.Width) IS

-- This specification provides a "start button" entry.
ENTRY  StartRunning;

END SimpleTask ;
TASK BODY SimpleTask IS
BEGIN --  SimpleTask
-- Each task will write its message in its own column
-- Now the task locks the screen before moving the cursor,

- unlocking it when writing is completed.

ACCEPT StartRunning ;

copyright © 1996, Michael B. Feldman January 26, 2003




Software Construction and Data Structures with Ada 95 Chapter 15 13

FOR Count IN 1 ..HowMany LOOP
-- No need to lock the screen explicitly; just call the
- protected procedure.
Manager.Write  (Row => Count, Column => Column,
Item => "Hello from Task " & Message);

DELAY 0.5; - lets another task have the CPU
END LOOP ;

END SimpleTask ;

-- Now we declare three variables of the type

Task_A: SimpleTask (Message =>'A', HowMany => 5, Column => 1);
Task_B: SimpleTask (Message =>'B', HowMany => 7, Column => 26);
Task_C: SimpleTask (Message =>'C/, HowMany => 4, Column => 51);

BEGIN --  Protect_Screen

Screen.ClearScreen;

Task_B.StartRunning;
Task_A.StartRunning;
Task_C.StartRunning;

END Protect_Screen

In this program we declarea type

PROTECTED TYPEScreenManagerType IS

PROCEDURE Write (ltem  : IN String;
Row: IN Screen.Depth
Column: IN Screen.Width);

END ScreenManagerType ;

Manager: ScreenManagerType ;

An object of this type—in this case,Manager —providesa procedureWrite to which all the
parametersf the desiredscreeroperatiorarepassedthe string to bewritten, therow, andthe column. Any
task wishing to write to the screenmustdo so by passingtheseparameterdo the screenmanager.The
SimpleTask bodynow containsthe call

Manager.Write  (Row => Count, Column => Column,
Item => "Hello from Task " & Message);

asrequired.Thebodyof the protectedypeis

PROTECTED BODYScreenManagerType IS

PROCEDURE Write (Item  : IN String;
Row: IN Screen.Depth ;
Column: IN Screen.Width) IS
BEGIN -- Write

Screen.MoveCursor  (Row => Row, Column => Column);
Ada.Text_ 10.Put (Item => Item);

END Write ;
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END ScreenManagerType ;

andthe Write procedureencapsulateshe MoveCursor andPut operations.Write is a protected
procedure.

Whatis the differencebetweerthis protectednrite procedureandan ordinary procedureAda guarantees
thateachcall of a protectedorocedurewill completebeforeanotheicall canbe started Evenif severatasks
arerunning trading control of the CPU amongthem, a task will not be allowed to start a protected
procedurecall if anothercall of the sameprocedurepr any other procedureof the sameprotectedobject, is
still incomplete.In our casethis provideshe necessar mutual exclusionfor the screen.

Protectedtypes canprovide functionsandentriesin additionto proceduresProtectedfunctions allow
multiple tasksto examinea datastructuresimultaneouslybut not to modify the data structure.Protected
entrieshawe someof the propertiesof both task entriesandprotectedproceduresA detaileddiscussionof
theseis beyondour scopehere.

Data Structures: The Task as a Data Structure

We mentioneckearlierin this chapterthat a task has characteristicsesembng thoseof a procedure,of a
packageandof a datastructure We haveseerexampleof the first two; wewill now considetthe third.

So far, we havedeclaredtask types andtask variables.In Program15.7, we declarean array of tasks,
with thedeclaation

Family: ARRAY (1 ..3) OF SimpleTask;

Program 15.7
Creating an Array of Tasks

WITH Ada.Text_IO;
WITH Screen;
PROCEDURHask_Array IS

--| Shows tasks writing into their respective columns on the

--|  screen. This time we use a protected type, whose procedure

-|  can be executed by only one task at a time.

--| The task objects are stored in an array, and receive their
--|  configuration parameters through "start buttons" rather than

-|  discriminants.

--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: December 1995

PROTECTED TYPE ScreenManagerType IS

-- If multiple calls of Write are made simultaneously, each is
- executed in its entirety before the next is begun.
--The Ada standard does not specify an order of execution.

PROCEDURE Write (Item : IN String;
Row: IN Screen.Depth
Column: IN Screen.Width);

END ScreenManagerType ;

PROTECTED BODY ScreenManagerType IS

PROCEDURE Write (Item . IN String;
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Row: IN Screen.Depth
Column: IN Screen.Width) IS
BEGIN -- Write

Screen.MoveCursor  (Row => Row, Column => Column);
Ada.Text_ 10.Put (ltem => Item);

END Write ;
END ScreenManagerType ;
Manager:  ScreenManagerType
TASK TYPE SimpleTask IS
-- Task receives its parameters through a start-button entry
- instead of discriminants This is more flexible..
ENTRY  StartRunning (Message: Character ;
HowMany: Screen.Depth ;
Column: Screen.Width);
END SimpleTask ;
TASK BODY SimpleTask IS
MyMessage: Character
MyCount :  Screen.Depth;
MyColumn :  Screen.Width;
BEGIN -- SimpleTask
-- Each task will write its message in its own column
-- Now the task locks the screen before moving the cursor,

- unlocking it when writing is completed.

ACCEPT  StartRunning (Message: Character ;
HowMany: Screen.Depth ;

Column: Screen.Width) DO
MyMessage := Message;
MyCount := HowMany;

MyColumn := Column;
END StartRunning ;
FOR Count IN 1 ..MyCount LOOP

-- No need to lock the screen explicitly; just call the
- protected procedure.

Manager.Write  (Row => Count, Column => MyColumn,
Item => "Hello from Task " & MyMessage);
DELAY 0.5; -- lets another task have the CPU
END LOOP ;

END SimpleTask ;

Family: ARRAY (1 ..3) OF  SimpleTask;
Char : CONSTANT Character :='A’;

BEGIN -- Task_Array ;
Screen.ClearScreen;

FOR Which IN Family'Range LOOP
Family(Which).  StartRunning
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(Message => Character'Val ~ ( Character'Pos(Char) + Which),
HowMany => 3 * Which,
Column => 3 + (24 * (Which - 1)));
END LOOP ;

END Task_Array ;

This programcreateshreetask objects, just as declaringan array of threeintegerswould createthree
integerobjects.Wereferto the taskobjectswith arraysubscriptsasin an ordinary array.In this case,each
taskhasa “startbutton” entry

ENTRY StartRunning (Message: Character ;
HowMany: Screen.Depth ;
Column: Screen.Width);

andwe call eachtask’srespectiveentryin the loop
FOR Which IN  Family'Range LOOP
Family(Which).  StartRunning
(Message => Character'Val ~ ( Character'Pos(Char) + Which),
HowMany => 3 * Which,
Column => 3 + (24 * (Which - 1)));
END LOOP

In this program,we have passedeachtask’s parameterdn the “start button” insteadof using the
discriminantof earlierexamples.

It is alsopossibleto declareataskasafield of arecord.Finally, it is possibleto declarean accesgype
suchas

TYPE TaskPointer IS ACCESS SimpleTask;

Then,givenavariable

Task 1. TaskPointer ;

we canallocatea taskdynamically like anyotherdynamicdatastructure:

Task_1:=NEW SimpleTask;

Thetaskstartsrunningwhenit is allocatedwe cancall its entrywith a statemensuchas

Task_ 1.ALL.StartRunning(Message =>'Z', HowMany => 10, Column => 20);

or, moreconcisely,

Task_ 1.StartRunning(Message => 'Z, HowMany => 10, Column => 20);

Furtherexampleof tasksasrecordfields, andof dynamicallyallocatedtasks, arebeyondthe scopeof
this book.

Becausatasktypeis atype, it makessenseo askhow it is relatedto the overall Ada type system.
Specifically, which operationsareavailablefor task types?The answeris that task types are similar to
LIMITED PRIVATE types—nooperationsat all arepredefinedor them. Taskobjectscanbe declared but
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the only operationsare those provided by entries. In particular, assignmentand equality test are not
available.

Havingintroducedthe basicsof tasktypesandprotectedypesthrougha seriesof simple exampleswe
now proceedo two extendedaplications:a banksimulationandthe Dining Philosophers.

15.5 Application: Simulation of a Bank

Oneinterestingapplicationof concurrenprogrammings simulatingthe behaviorof a physicalsystemor a
real-life situation.For example,it is relatively straightforwardto simulatea customer/serveenvironment
suchasabank.Theobjectsin our modelof abankare:

*  Thebankitself

» A setof customerswho visit the bankperiodicallyto openaccountsdepositmoney, and withdraw
money

» A setof tellers,the bankemployeesvho areresponsibldor interactingwith the customers
» Thedatabaseafile of accouninformationto whichthetellershaveaccess

Wewill modelthe bankusingamain programfor the bank andpackagedor the databasetellers, and
customersThedependencieareshownin Figure 15.1; the bank andthe threepackagesareshownin the
middle column; to the right andthe left are other packageshat provide servicesto them. As in other
dependencgliagramsanarrowfrom oneunit to a secondunit meanghatthe secondis a client of the first.
CPUClock refers to the package introduced in Programs 3.17 and 3.18; Random refers to
Ada.Numerics.Discrete_ Random (detailsin AppendixF). We will shortly introduceTypes and
Reporter

Figure 15.1
Package Dependencies for Bank Simulation

‘ Bank

——| Database

Types l

>
Tellers [
Reporter l Random
L
Customers [€—
| I
CPUCIlock l

Bank

Executingthe main programsimulatesa time periodin the life of the bank. Hereis a sampleof the
line-by-lineoutputfrom the simulationafterit hasbeenrunningfor awhile:
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T =11 Account 3 depositing 398 with Teller C
T= 11 Teller B: Acct 1 - Balance is 0

T =11 Account 1 will return after 2 sec

T =13 Account 1 withdrawing 179 with Teller B
T= 13 Teller B: Transaction will take 6 sec

T =15 Account 2 checking balance with Teller A
T= 15 Teller A: Transaction will take 7 sec
T= 15 Teller C: Acct5 - Balance is 0

T= 15 Teller C: Transaction will take 1 sec

T =15 Account 5 alive.

T =15 Account 5 will return after 5 sec

T= 16 Teller C: Acct 3 - Balance is 398

T = 16 Account 3 will return after 6 sec

T =17 Account 4 withdrawing 816 with Teller C
T= 17 Teller C: Transaction will take 1 sec
T= 18 Teller C: Acct 4 - InsufficientFunds
T =18 Account 4 will return after 9 sec

Eachline of the outputbeginswith a*“time stamp”™—forexample,T = 15—thatgives the numberof
secondshat elapsedincethe start of therun. Theline

T =11 Account 1 will return after 2 sec

indicatesthat Customerl hascompleteda transactionandwill comebackfor anotherone after2 seconds
haveelapsedTheline

T = 13 Account 1 withdrawing 179 with Teller B

indicateshat Customerl communicate$o TellerB its desireto withdraw$179. Theline

T= 13 Teller B: Transaction will take 6 sec

indicatesthat Teller B expectdhis transactiorio take6 secondsWe will seeshortly how thesetimes and
amountsaregenerated.

The Bank Main Program and the Package Specifications

Firstwe examineProgram15.8, the main programBank. This programhasnothing to do but causethe
Customers andTellers packageso beelaboratedby the WITH clauses).

Program 15.8
Body of the Bank Main Program

WITH Customers; USE Customers;
WITH Tellers; USE Tellers;
PROCEDURE Bank IS

--| Main program for bank simulation; it does nothing but cause

-|  the customers and tellers to come into existence.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

BEGIN -- Bank
NULL ;

END Bank;
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Next, we look at the variouspackagespecificationsPrograml5.9 providesa set of typesthat areused
by all the otherpackages.

Program 15.9
Some Types Needed by the Bank Simulation

PACKAGE Types IS

--| Types package for the bank simulation. This contains only public

-| declarations, and therefore needs no package body.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

-- These 2 constants can be altered to change
-- the behavior of the simulation

SUBTYPE TellerRange IS Character RANGE '‘ALCY
NumberOfCustomers : CONSTANT Integer :=5;

-- These 2 ranges can be altered to change
-- the behavior of the simulation

SUBTYPE TransactionTimeRange IS Integer RANGE 1.7;

SUBTYPE TimeBetweenVisitsRange IS Integer RANGE 1..11;

-- Global types

SUBTYPE Money IS Integer RANGE 0.. Integer'LAST;

TYPE Status IS (OK, InsufficientFunds, BadCustld);

SUBTYPE Custld IS Integer RANGE 0.. NumberOfCustomers;
END Types ;

How shallwe modelthe customersWe declarea tasktype Customer ; eachtaskobjectrepresent®ne
humancustomerThis tasktype hasno entriesbecausdhe customerobjectsarecreatedat the start of the
run, but donot needto be called.Theysimply live out their lives, occasionallymaking transactionst the
bank.The custometype, andanarrayof customersaredefinedin Program15.10.

Program 15.10
Specification of the Customer Package

WITH Types; USE Types;
PACKAGE Customers IS

--| Customer package for bank siumulation. Each customer is
--| atask object.
--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: January 1996

TASK TYPE Customer IS -- Requestor task type, no entries
END Customer

CustomerGroup : ARRAY (1 .. NumberOfCustomers)  OF Customer;

END Customers ;

Programl5.11showsthe specificatiorfor Tellers

Program 15.11
Specification of the Teller Package

WITH Types; USE Types;
PACKAGE Tellers IS
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--| Teller package for bank siumulation
--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

TASK TYPE Teller ( TellerID: TellerRange) IS
-- Entries to do simple transactions and return status
ENTRY NewAcct( ID :OUT CustlD;

Stat: OUT Status);

ENTRY Deposit ( ID : CustlD;
Val : IN Money;
Stat: OUT Status);
ENTRY Withdraw ( ID : CustlID;
Val : IN Money;
Stat: OUT Status);
ENTRY Balance ( ID : CustlID;

Stat: OUT Status);
END Teller

- declare tellers and give them "names"
A: ALIASED  Teller(  TellerID =>"A";
B: ALIASED  Teller(  TellerlD =>'BY);
C: ALIASED  Teller( TellerlD =>'C";

TYPE TellerPointer IS ACCESS ALL Teller;
- abank full of tellers
TellerGroup  : ARRAY ( TellerRange) OF TellerPointer :=

( A'Access, B'Access, C'Access);

END Tellers ;

Herewe havedeclaredhetasktype Teller  with adiscriminanto initialize theteller's“name.”
Eachteller objecthasfour entriesthat customersancall:

* NewAcct opensanewaccounfor acustomer.
e Deposit processesacustomer’'siepositransaction.
 Withdraw processea customer'svithdrawaltransaction.
» Balance allowsacustometo view its accounbalance.
Eachoperationreturnsa statuscodeto the customer;the codes—OK InsufficientFunds , and

BadCustld —aredefinedin Types .

Becauseeacthteller objectneedsa different value of the discriminant(eachteller needsa uniqguename),
anarrayof tellersis heterogeneousVe cannotsimply declareanarrayof tellers,but mustinsteaddeclarean
arrayof pointersto tellers,andinitialize this array with pointersto the threeteller objects.This is similar
to thetechniqueusedn Programo.8.

Program15.12 gives the specificationfor Database . The databasemanagerprovidesoperations
documentedby the postconditionslt is a protectedbbject,which providesmutual exclusionin caseseveral
tellersmakeconcurrentalls of the databas@perations.

Program 15.12
Specification of the Database Package

WITH Types; USE Types;
PACKAGE Database IS
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--| Maintains bank's internal data about open accounts and balances
--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

PROTECTED Manager IS

-- All these procedures are protected, so only one call at a time
- will be executed, even if the calls arrive concurrently.

PROCEDURE EnterCustID ( ID:OUT CustID; Stat : OUT Status);
-- Pre: None
-- Post: ID is the next available customer ID; Stat is OK.

PROCEDURE Deposit ( ID:IN CustID; Amount : IN Money;
NewBalance : OUT Money; Stat : OUT Status);
-- Pre: ID and Amount are defined
-- Post: If ID is valid, NewBalance is the resulting balance
- and Stat is OK; otherwise, Stat is BadCustID.

PROCEDURE Withdraw ( ID:IN CustID; Amount : IN Money;
NewBalance : OUT Money; Stat : OUT Status);
-- Pre: ID and Amount are defined

-- Post: If ID is valid and NewBalance would be nonnegative,
-- Stat is OK and NewBalance is returned.
-- If ID is invalid, Stat is BadCustID; if NewBalance
- would be negative, Stat is InsufficientFunds

PROCEDURE Balance ( ID:IN CustID; Amount : OUT Money;
Stat : OUT Status);
-- Pre: ID is defined
-- Post: If ID is invalid, Stat is BadCustID; otherwise,
- Stat is OK and Amount is current balance
END Manager ;

END Database ;

Finally, we turn to the specificationfor Reporter , shownin Program15.13.The protectedobject
ScreenManager providesan operationPut , which is protected,so only one call at a time can be
executed.

Program 15.13
Specification of the Reporter Package

PACKAGE Reporter IS

--| Reporter package for bank simulation; Put is protected
--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

PROTECTED ScreenManager IS
PROCEDURE Put(Message: IN String);
END ScreenManager ;

END Reporter ;
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The Package Bodies in the Bank Simulation

We now turn to the bodiesof the variouspackaged-irstlook at Reporter , in Program15.14.The Put
procedurausesCPUCIock to producea “time stamp”thatindicatesthe numberof secondlapsedsincethe
startof the simulation.Note that this packagebody hasits own executablestatemenpart, following the
BEGIN. The two statementshereareexecutedonce, when Reporter is elaboratedat the start of the
programexecution.The New_Line statemenis therebecauseAda input/outputis usually buffered, and
flushing the bufferwith a New_Line call ensureghat screenoutput will begin immediatelyafter the
programstarts.

Program 15.14
Body of the Reporter Package

WITH Ada.Text_IO;
WITH CPUCIlock; USE CPUCIlock;
PACKAGE BODY Reporter IS

--| Body of Reporter - a simple screen protector
--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

PROTECTED BODY ScreenManager IS

PROCEDURE Put(Message: IN String) IS
BEGIN -- Put
Ada.Text_ 10.Put ("T="& Integer'image(Integer( CPUTime))
&"" & Message);
Ada.Text_IO.New_Line;
END Put ;

END ScreenManager ;
BEGIN -- Reporter
-- These two lines are executed once, when the package is elaborated.
ResetCPUTime;
Ada.Text_|O.New_Line; -- gets output going

END Reporter ;

Let uslook next at the body of Customers . Eachcustomertask opensan accountthen executesa
main loop that waits a randomamountof time beforebeginninga transactionthen constructsa transaction
from arandomteller, arandomtransactiortype, anda randomamountof money. The customerthen calls
the appropriateentry of the selectd teller. This requiresfour randomnumber generators—instancesf
Ada.Numerics.Discrete_ Random —eachwith its own rangeof randomquantities.

Program 15.15
Body of the Customer Package

WITH Reporter; USE Reporter;

WITH Ada.Numerics.Discrete_Random;
WITH Tellers; USE Tellers;

WITH Types; USE Types;

PACKAGE BODY Customers IS

--| Body of customer package. Each customer executes ten random

--|  transactions with random tellers before terminating.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996
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TYPE Transactions IS (Deposit, Withdraw, Balance);

PACKAGE RandomTransactions IS
NEW  Ada.Numerics.Discrete_Random (Transactions);

PACKAGE RandomTellers IS
NEW  Ada.Numerics.Discrete_Random ( TellerRange);

SUBTYPE MoneyRange IS Money RANGE 1 .. 999;
PACKAGE RandomAmounts IS
NEW  Ada.Numerics.Discrete_Random ( MoneyRange);

PACKAGE RandomTimesBetweenVisits IS
NEW  Ada.Numerics.Discrete_Random ( TimeBetweenVisitsRange);

TASK BODY Customer IS

-- Local variables

ID : CustID;

Amount - Money;,

Stat : Status;

WaitTime : TimeBetweenVisitsRange;
Teller : TellerRange;

Transaction  : Transactions;
NumTransactions : CONSTANT Integer := 10;

RandomTransactions.Generator ;
RandomTellers.Generator ;
RandomAmounts.Generator ;
RandomTimesBetweenVisits.Generator ;

<z

BEGIN -- Customer

RandomTransactions.Reset (m);
RandomTellers.Reset(R);
RandomAmounts.Reset (A);
RandomTimesBetweenVisits.Reset V);

Teller := RandomTellers.Random(R);
TellerGroup  (Teller). NewAcct(ID,  Stat); -- Get new cust id
ScreenManager.Put ("Account” & Integer'image  (ID) & " alive.");

FORIIN 1.. NumTransactions LOOP

WaitTime := RandomTimesBetweenVisits.Random(V);
ScreenManager.Put  ("Account" & Integer'image(ID)
&" will return after” & Integer'image(  WaitTime)
&" sec");
DELAY Duration ( WaitTime) ;

Teller := RandomTellers.Random(R);
Transaction := RandomTransactions.Random(T);
Amount :=  RandomAmounts.Random(A);

CASE Transaction IS -- Pick random transaction
WHEN Deposit =>

ScreenManager.Put  ("Account” & Integer'image(ID)
&" depositing" & Integer'image(Amount)
&" with Teller " & Teller);
TellerGroup (Teller) .Deposit (ID, Amount, Stat);
WHEN Withdraw =>
ScreenManager.Put  ("Account” & Integer'image(ID)
&" withdrawing" & Integer'iImage(Amount)
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&" with Teller " & Teller);
TellerGroup (Teller) .Withdraw (ID, Amount, Stat);
WHEN Balance =>
ScreenManager.Put  ("Account” & Integer'image(ID)
&" checking balance"
&" with Teller " & Teller);
TellerGroup (Teller) .Balance (ID, Stat);
END CASE
END LOOP ;
ScreenManager.Put  ("Account” & Integer'image(ID) & " closed.");

END Customer ;

END Customers ;

Program15.16 showsthe body of Database . This is very straightforward;the protected object
Manager performsoperationson the array Accounts . Eachaccountis representedy a record that
containsaflag (whichis setwhenthe accounis openedandshowsthe currentbalanceThefour operations
of the databasenanageareall protectedOnly oneat atime canbe executedevenif therearesimultaneous
callsfrom multiple tasks.

Program 15.16
Body of the Database Package

WITH Reporter; USE Reporter;
WITH Types; USE Types;
PACKAGE BODY Database IS

--| Body of database package. The protected procedures ensure that

--|  only one call at a time is exexuted.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

TYPE AccountRecord IS RECORD

Valid: Boolean := False;
Balance: Money :=0;
END RECORD,;

TYPE AccountType IS ARRAY ( CustID) OF  AccountRecord,;

Next: CustID ;
Accounts: AccountType ;

PROTECTED BODY Manager IS

PROCEDURE EnterCustID (ID: OUT CustID;  Stat: OUT Status) IS
BEGIN

Next := Next + 1;

ID := Next;

Accounts(ID).Valid := True;

Stat = OK;
END EnterCustiD ;

PROCEDURE Deposit (ID: CustID; Amount: IN Money;
NewBalance: OUT Money; Stat: OUT Status) IS
BEGIN
IF NOT Accounts(ID).Valid THEN
Stat := BadCustID;
ELSE
Accounts(ID).Balance := Accounts(ID).Balance + Amount;
NewBalance := Accounts(ID).Balance;
Stat = OK;
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END IF;
END Deposit ;
PROCEDURE Withdraw (ID: CustlD;  Amount IN Money;
NewBalance: OUT Money; Stat: OUT Status) IS
BEGIN
IF NOT Accounts(ID).Valid THEN
Stat := BadCustID;
ELSIF Accounts(ID).Balance - Amount <= 0 THEN
Stat := InsufficientFunds;
ELSE

Accounts(ID).Balance := Accounts(ID).Balance + Amount;
NewBalance := Accounts(ID).Balance;

Stat = OK;
END IF;
END Withdraw ;
PROCEDURE Balance (ID: CustID; Amount: OUT Money;
Stat: OUT Status) IS
BEGIN
IF NOT Accounts(ID).Valid THEN
Stat := BadCustID;
ELSE
Amount := Accounts(ID).Balance;
Stat = OK;
END IF;
END Balance ;

END Manager ;

END Database ;

Finally, Programl5.17 showsthebodyof Tellers . TheTeller taskbody containstwo auxiliary
proceduresSimulateWait  selectsarandomlengthof time andthen waits that long. This simulatesthe
varying length of time takenby a transactionin an actual bank. ReportResult just assemblesa
messageand sendsit to Reporter ; the messagecontentsdependon the statuscode returned by the
transaction.

Program 15.17
Body of the Tellers Package

WITH Reporter; USE Reporter;

WITH Types; USE Types;

WITH Database; USE Database;

WITH Ada.Numerics.Discrete_Random;
PACKAGE BODY Tellers IS

--| Body of teller package. A teller object just waits a random

-|  length of time (to simulate the time of a transaction), then

-|  waits for a customer to ask for a transaction.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

PACKAGE RandomTransactionTimes IS
NEW  Ada.Numerics.Discrete_Random ( TransactionTimeRange);
T: RandomTransactionTimes.Generator ;

TASK BODY Teller IS

NewBalance : Money;
Del . Integer,;
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Stat . Status;

PROCEDURE SimulateWait IS
WaitTime:  TransactionTimeRange
:= RandomTransactionTimes.Random(T);

BEGIN
ScreenManager.Put
(" Teller" & TellerID & ": Transaction will take"
& Integer'image  (WaitTime) & " sec");

DELAY Duration( WaitTime);
END  SimulateWait ;

PROCEDURE ReportResult (  Stat: Status; TelllD:  TellerRange;
ID: CustlD;  NewBalance: Money) IS
BEGIN
CASE Stat IS
WHEN OK =>
ScreenManager.Put (" Teller" & TellerID
& " Acct" & Integermage  (ID)
& " - Balance is" & Integermage  ( NewBalance));
WHEN BadCustID =>
ScreenManager.Put (" Teller" & TellerID
& " Acct" & Integermage  (ID)

& " - Invalid Account Number");
WHEN InsufficientFunds =>

ScreenManager.Put (" Teller" & TellerID
& " Acct" & Integermage  (ID)
&"- InsufficientFunds™);
END CASE
END ReportResult ;
BEGIN -- Teller
RandomTransactionTimes.Reset (T); -- seed random sequence
ScreenManager.Put (" Teller " & TellerlD & " - at your service");
LOOP

SELECT -- Wait for any transaction request

ACCEPT NewAcct (Id : OUT  Custld;  Stat: OUT Status) DO
SimulateWait;
Database.Manager.EnterCustID (Id, Stat);
NewBalance :=0;

ReportResult ( Stat, TellerID, ID, NewBalance);
END NewAcct ;
OR
ACCEPT Deposit (Id: Custld; Val: IN Money; Stat: OUT Status) DO
SimulateWait;
Database.Manager.Deposit (Id, Val, NewBalance, Stat);
ReportResult ( Stat, TellerID, ID, NewBalance);
END Deposit ;
OR
ACCEPT Withdraw (Id: Custld; Val: IN Money; Stat: OUT Status) DO
SimulateWait;
Database.Manager.Withdraw (Id, Val, NewBalance, Stat);
ReportResult ( Stat, TellerID, ID, NewBalance);
END Withdraw ;
OR
ACCEPT Balance (Id: Custld;  Stat: OUT Status) DO
SimulateWait;
Database.Manager.Balance (Id, NewBalance, Stat);
ReportResult ( Stat, TellerID, ID, NewBalance);
END Balance ;
OR
TERMINATE; -- if no more customers
END SELECT;
END LOOP ;
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END Teller ;

END Tellers

The SELECTStatement

The teller task body also introducesa very interestingnew Ada statementtype, the SELECT statement.
Figure 15.2 givesa flowchart-like depictionof the statement

LOOP
SELECT -- Wait for any transaction request
ACCEPT NewAcct (Id: OUT  Custld;  Stat: OUT Status) DO

EN.D' ' NewAcct ;
OR
ACCEPT Deposit (Id: Custld; Val: IN Money; Stat: OUT Status) DO

EN.D. beposit ;
OR
ACCEPT Withdraw (ld: Custld; Val: IN Money; Stat: OUT Status) DO

END Withdraw
OR
ACCEPT Balance (Id: Custld;  Stat: OUT Status) DO

END Balance ;
OR
TERMINATE; -- if no more customers
END SELECT;
END LOOP

Figure 15.2
A Loop with a SELECTStatement

LOOP

( SELECT )—» TERMINATE

ACCEPT ACCEPT ACCEPT ACCEPT
NewAcct Deposit Withdraw Balance
END SELECT
END LOOP
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Thediagramshowsthattheteller processesnetransactio at eachiteration of the loop. The Ada run-
time systemprovidesachentrywith a FIFO queuegentry callsareplacedin the queuesn the order of their
arrival. Now considerseveratasesassumingheteller hasjust arrivedat the SELECTstatement:

1. Thebankis quiet;no customersre calling entries.In this casetheteller waits at the SELECT until a
customeentrycall arrives,acceptghat call, andexecuteghe statementwithin that DO-ENDblock.
TheDO-ENDblock s calledarendezvousasin a real bank, the customemwaits while the transaction
is processedAfter executingherendezvougodethetellerloopsaroundto the SELECT againandthe
customegoesaboutits otherbusiness.

2. Severatustomerdavecalledthe sameentryof the sameteller. In this case the teller acceptghe first
call. Theteller canaccepbonly thefirst call becauséhe queueis FIFO. The entry call is dequeuedthe
tellerloopsaroundto the SELECT, andthe customemproceedwith othermatters.

3. Callsarewating attheheadsof morethanoneentryqueueln this casethetellerchoose®ne of these
callersandproceedsasin case2. The mechanisnfor choosinga calleris not specifiedby the Ada
standarcand,thereforedependon the specificAda run-timesystem.To give justtwo possibilities,the
choicecanrotateamongthe queueheads—ongueueperiteration—orit canberandom.

Thefifth SELECTalternative TERMINATE is providedto allow the teller to terminatewhenthereis
no moreactivity on any of its entryqueuesTerminationconditionsarerathercomplicatedo explainfor the
full generalityof Adatasks;this is a subjectbeyondthe scopeof this book. Herewe simply say that the
teller will selectthe TERMINATEalternative leaveits apparentlyinfinite loop, and quit when thereis
nothingleft for it to do.

This examplehasshownthe useof tasksto simulatereal-life situations.The next, andlast, section
introducesa more humorousexample,which hasservedfor morethan 20 yearsas a vehiclefor studying
problemsof resourceallocationanddeadlock.

Application: The Dining Philosophers

Imaginea group of five brilliant philosophersvho leadvery shelteredives: Eachhasnothing to do but
think deepthoughts,stoppingoccasionallyto ed a meal. Their platesare automaticallyrefilled from an
infinite supply of deliciousChinesefood. However,like most philosophers thesethinkers mustinterrupt
their simple lives to solve an especiallydifficult problem: They sit arounda circular table andonly five
chopsticks—madef titanium andthereforeunbreakable—arerovided,one chopstickbetweereachpair of
plates.Figure15.3 depictghe philosophersandtheir dining table.
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Figure 15.3
The Ada 95 Philosophical Society

\ = chopstick @ @ = plate

Diijkatra

Ichbiah

Taft

It hasbecomeraditional to namethe philosopherdor major contributorsto thefield. Our philosophers
are(counterclockwisdérom the top of the cartoon)

e EdsgemDijkstra, the Dutch computerscienceprofessomwho first describedthe Dining Philosopherdn
1971

» Jearlchbiah,the Frenchsoftwareengineewho led the original Ada designteambeginningin the late
1970s

» TuckerTaft, the Americansoftwareengineewho ledthe Ada9X designteamandwhosework resulted
in the Ada 95 standard

e ChristineAndersonthe American aerospac&ngineemwho managedhe Ada 95 designprojectfor the
U.S.government

» Alan Burns,the British professomwho haswritten very wisely andwell aboutconcurrencyin Ada

How shouldthe philosopherdehave?o eat,a philosophemustpick up the chopsticksto his or her
immediatdeft andright. The problemis causedby the circularity of the table: Eachleft chopstickis also
anothemphilosopher’sright chopstick. Supposeeachphilosopherfirst grabshis or her left-hand chopstick
andrefusego put it downwhile waiting for the right-handchopstick.In this case,nobodywill getto eat
andall the philosopherswill dieof hunger.This stateof affairs—eachphilosopherwaiting indefinitely for
his or herright-handneighborto act—is called deadlock,or, sometimesgdeadlyembrace We will discuss
somedeadlock-avoidingphilosophemlgorithmsabit later.

Modeling the Philosophers

Let us modelthe philosophicalsocietywith an Ada program.As with the bank simulation,a small
excerpfrom the prograns executiorlooks like this:
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T=
T=
T=

Chris Anderson  Thinking 5 seconds.
Edsger Dijkstra Second chopstick 2
Edsger Dijkstra Eating meal 1 for 5 seconds.

T= 3 Jean Ichbiah  Eating meal 1 for 3 seconds.
T= 6 Jean Ichbiah Yum-yum (burp)
T= 6 Chris Anderson Second chopstick 3
T= 6 Jean Ichbiah  Thinking 6 seconds.
T= 6 Chris Anderson Eating meal 1 for 3 seconds.
T= 9 Tucker Taft  First chopstick 4
T= 9 Tucker Taft  Second chopstick 5
T= 9 Tucker Taft  Eating meal 2 for 10 seconds.
T= 9 Chris Anderson Yum-yum (burp)
9
9
9

Figure 15.4 showsthe variousunits of the programandthe dependencieamongthem.

Figure 15.4
Package Dependencies for Dining Philosophers
Main
Society —> Room l«—| Chopsticks

Philosophers

Random

Program15.18 is the specificationfor Society , a types packagesimilar to the one in the bank
example.As you cansee,it just providesa subtypeto index the philosophersanda set of philosopher
namesn string form.

Program 15.18
The Society Package

PACKAGE Society IS

--| Dining Philosophers - Ada 95 edition
--| Society gives unique ID's to people, and registers their names
--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: January 1996

SUBTYPE Unique_DNA_Codes IS Positive RANGE 1 .55

Name Register : ARRAY( Unique_DNA_Codes) OF String(1..18 )=
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& Edsger Dijkstra ",
"Alan Burns
"Chris Anderson ",
"Tucker Taft

"Jean Ichbiah  ");

END Society

Next, we examine Program 15.19, the main program. As you can see, it consists only of a
New_Line to flush the outputbufferandanentrycall,

Room.Maitre_D.Start_Serving;
which presseshe “start button” of the maitred’, or managerof the dining room. Wewill seethe detailsof
Roomshortly.

Program 15.19
The Diners Main Program

WITH Ada.Text_IO;
WITH Room;
PROCEDURE Diners IS

--| Dining Philosophers - Ada 95 edition

--| This is the main program, responsible only for telling the

--|  Maitre_D to get busy.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

BEGIN -- Diners

Ada.Text_I0.New_Line; -- artifice to flush output buffer
Room.Maitre_D.Start_Serving;

END Diners ;

Programil5.20showsthe specificatiorof the philosophergpackageEachphilosopheris a task object
with a discriminantto assignits nameanda “start button” to causeit to beginits lifetime of eatingand
thinking. The“startbutton” parameter€hopstickl  andChopstick2  areusedto assignchopsticksto
the philosopherseachphilosopherwill alwayspick up Chopstickl first, then Chopstick2 . In this
way, thetaskthat presseshe “start button” candeterminesachphilospher’seatingalgorithm.

Philosophersexist only to eatandthink, not to communicatewith the outsideworld. However,to
allow usto observetheir behavior,eachphilosopherreportshis or her currentstateto the maitred’, who
will broadcasa ruming accounbf the happeningsn the dining room. To makethis possible this package
alsoprovidesanenumerationype States

TYPE States IS (Breathing, Thinking, Eating, Done_Eating,
Got_One_Stick, Got_Other_Stick, Dying);

Program 15.20
Philosopher Specification

WITH Society;

PACKAGE Phil IS

--| Dining Philosophers - Ada 95 edition

--| Philosopher is an Ada 95 task type with discriminant
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--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

TASK TYPE Philosopher ( My ID :  Society.Unique_DNA_Codes) IS

ENTRY  Start_Eating ( Chopstickl : IN Positive;
Chopstick2 : IN Positive);

END Philosopher

TYPE States IS (Breathing, Thinking, Eating, Done_Eating,
Got_One_Stick, Got_Other_Stick, Dying);

END Phil ;

Thedining room specificaton is givenin Program15.21.This is wherethe set of chopsticks,an array
of type Chop.Stick , is defined.Maitre_D is a task, with a “start button,” as mentionedabove,anda
seconcentry, Report_State , thatis calledby the variousphilosophers.

Program 15.21
Room Specification

WITH Chop;

WITH Phil;

WITH Society;
PACKAGE Room IS

--| Dining Philosophers - Ada 95 edition

--| Room.Maitre_D IS responsible for assigning seats at the

-- | table, "left" and "right" chopsticks, and for reporting

-- | interesting events to the outside world.

--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

Table_ Size : CONSTANT :=5;
SUBTYPE Table_Type IS Positive RANGE 1.. Table_Size;

Sticks : ARRAY ( Table_Type) OF  Chop.Stick;

TASK Maitre_ D IS
ENTRY  Start_Serving;
ENTRY Report_State ( Which_Phil :IN  Society.Unique_DNA_Codes;
State  :IN Phil.States;
How_Long :IN Natural := 0;
Which_ Meal : IN Natural := 0);
END Maitre D ;

END Room

We havenot yet showna speciftation for chopsticks;we will comebackto this afterlooking at the
philosopherandroom packagebodies.

Implementing the Philosophers and the Dining Room

The body of the philosopherpackageis shownin Program15.22. As in the bank customercase,eah
philosophertask draws random numbersto simulate its eating and thinking times. The start-button
parameters Chopstick1 and Chopstick2 are saved in the variables First_Grab and
Second_Grab , respectivelyThebasicphilosophemlgorithmis
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FOR Meal IN  Life_Time LOOP

Room.Sticks ( First_Grab) . Pick _Up;
Room.Sticks ( Second_Grab) . Pick _Up;

Meal_Time := Meal_Length.Random(M);
DELAY Duration ( Meal_Time) ;

Room.Sticks ( First_ Grab) . Put _Down;
Room.Sticks ( Second_Grab) . Put _Down;

Think_ Time := Think_Length.Random(T);
DELAY Duration ( Think_Time) ;

END LOOR
The codein Program15.22 is slightly more elaborateto allow the philosopherto reportits current
stateto themaitred'.

Program 15.22
Philosopher Body

WITH Society;

WITH Room;

WITH Ada.Numerics.Discrete_Random;
PACKAGE BODY Phil IS

--| Dining Philosophers - Ada 95 edition

--| Philosopher is an Ada 95 task type with discriminant.
--| Chopsticks are assigned by a higher authority, which

-- | can vary the assignments to show different algorithms.

--| Philosopher always grabs First_Grab, then Second_Grab.
--| Philosopher is oblivious to outside world, but needs to

-- | communicate its life-cycle events to the Maitre_D.

--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: January 1996

SUBTYPE Think_Times IS Positive RANGE 1 .8;
PACKAGE Think_Length IS
new Ada.Numerics.Discrete_Random ( Result_Subtype => Think_Times);
SUBTYPE Meal_Times IS Positive RANGE 1 ..10;
PACKAGE Meal_Length IS
new Ada.Numerics.Discrete_Random ( Result_Subtype => Meal_Times);
TASK BODY Philosopher IS -- My IDis discriminant
SUBTYPE Life_Time IS Positive RANGE 1 .5;
Who_Aml Society.Unique_DNA_Codes := My_ID; --  discrim

First  Grab : Positive;
Second_ Grab : Positive;

Meal_Time : Meal_Times;

Think_ Time :  Think_Times;

T : Think_Length.Generator;

M : Meal_Length.Generator;
BEGIN

Think_ Length.Reset (T);
Meal_ Length.Reset  (M);
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-- get assigned the first and second chopsticks here

ACCEPT  Start_Eating ( Chopstickl : IN Positive;
Chopstick2 : IN Positive) do
First_ Grab := Chopstickl;
Second_ Grab := Chopstick2;
END Start_Eating

Room.Maitre_D.Report_State ( Who_Am_|, Breathing);
FOR Meal IN Life_Time LOOP

Room.Sticks ( First_Grab) . Pick _Up;
Room.Maitre_D.Report_State

( Who_Am_I, Got_One_Stick, First_Grab);
Room.Sticks ( Second_Grab) . Pick _Up;
Room.Maitre_D.Report_State

( Who_Am_I, Got_Other_Stick, Second_Grab);

Meal_Time := Meal_Length.Random(M);

Room.Maitre_D.Report_State ( Who_Am_|, Eating, Meal_Time, Meal);
DELAY Duration ( Meal_Time) ;
Room.Maitre_D.Report_State ( Who_Am_|, Done_Eating);

Room.Sticks ( First_Grab) . Put _Down;
Room.Sticks ( Second_Grab) . Put _Down;

Think_ Time := Think_Length.Random(T);

Room.Maitre_D.Report_State ( Who_Am_|, Thinking, Think_Time);
DELAY Duration ( Think_Time) ;
END LOOP ;
Room.Maitre_D.Report_State ( Who_Am_|, Dying);

END Philosopher ;

END Phil ;

Programl5.23 showsthe bodyof the dining room packageAs with the banktellers, the philosophers
aredeclaredasALIASED variablesgachwith its own discriminantvalue. Themaitred’ task hasthe job of
assigningseatsandchopstickgo philosophersSeatsareassignedy the statement

Phils =
( Dijkstra'Access,
Anderson'Access,
Taft'Access,
Ichbiah'Access,
Burns'Access);

Chopsticksareassignedby pressinghe “startbuttons”asfollows:

Phils (1) . Start _Eating (1, 2);
Phils (3) . Start _Eating (3, 4);
Phils (2) . Start _Eating (2, 3);
Phils (5) . Start _Eating (1, 5);
Phils (4) . Start _Eating (4, 5);
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The peculiarorder of starting the tasks is just to ensurethat the action starts early; note that
philosopherdl and3 canbegin eatingimmediately.Philosophersl, 2, 3, and4 aretold to grabtheir left
chopstickdirst, but philosopher5 (Burns ) is told to grabits right chopstickfirst. This ensureghat the
situationin which all the philosophershold only their left chopstickscannotoccur. The circularity is
brokenandthereis no deadlock.

Program 15.23
Room Body

WITH Ada.Text_IO;

WITH Chop;

WITH Phil;

WITH Society;

WITH Calendar;

PRAGMA Elaborate (Phil);
PACKAGE BODY Room IS

--| Dining Philosophers, Ada 95 edition
--| A line-oriented version of the Room package
--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: January 1996

- philosophers sign into dining room, giving Maitre_D their DNA code

Dijkstra :ALIASED  Phil.Philosopher ( My_ID =>1);

Burns  : ALIASED Phil.Philosopher ( My_ID => 2);
Anderson : ALIASED Phil.Philosopher ( My_ID => 3);
Ichbiah  : ALIASED Phil.Philosopher ( My_ID => 4);
Taft - ALIASED Phil.Philosopher ( My_ID => 5);

TYPE Philosopher_Ptr IS ACCESS ALL Phil.Philosopher;
Phils : ARRAY ( Table_Type) OF  Philosopher_Ptr;

TASK BODY Maitre_D IS

T : Natural;
Start_ Time : Calendar.Time;
Blanks : CONSTANT String :=" ",

BEGIN

ACCEPT Start_Serving
Ada.Text_IO.New_Line;
Ada.Text_|O.Put_Line
(" Ada 95 Philosophical Society is Open for Business!") ;

Start_ Time := Calendar.Clock;
- now Maitre_D assigns phils to seats at the table

Phils =
( Dijkstra'Access,
Anderson'Access,
Taft'Access,
Ichbiah'Access,
Burns'Access);

-- and assigns them their chopsticks.
Phils (1) . Start _Eating (1, 2);

Phils (3) . Start _Eating (3, 4);
Phils (2) . Start _Eating (2, 3);
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Phils (5) . Start _Eating (1, 5);
Phils (4) . Start _Eating (4, 5);

LOOP
SELECT
ACCEPT Report_State ( Which_Phil :IN  Society.Uniqgue_DNA_Codes;
State  :IN Phil.States;
How_Long :IN Natural := 0;
Which_ Meal : IN Natural := 0) do

T := Natural (Calendar."-" ( Calendar.Clock, Start_Time));

CASE State IS

WHEN Phil.Breathing =>
Ada.Text_|O.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
& "Breathing");
WHEN Phil. Thinking =>
Ada.Text_IO.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
& "Thinking"
& Integer'Image ( How_Long) & " seconds.");
WHEN Phil.Eating =>
Ada.Text_IO.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
& "Eating meal"
& Integer'Image ( Which_Meal)
&" for"
& Integer'image ( How_Long) & " seconds.");
WHEN Phil.Done_Eating =>
Ada.Text_IO.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
&" Yum-yum (burp)");
WHEN Phil.Got_One_Stick =>
Ada.Text_|O.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_ Register ( Which_Phil)
& "First chopstick"
& Integer'image ( How_Long));
WHEN Phil.Got_Other_Stick =>
Ada.Text_|O.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
& "Second chopstick”
& Integer'image ( How_Long));
WHEN Phil.Dying =>
Ada.Text_|O.Put_Line ("T =" & Integer'image (T) &" "
& Blanks(1..Which_Phil)
& Society.Name_  Register ( Which_Phil)
& "Croak™);

END CASE; -- State
END Report_State
OR

TERMINATE ;
END SELECT;
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END LOOP
END Maitre D ;

END Room

Havingassignedeatsandchopsticks,bringing the philosophergo life, the maitred’ entersits main
loop,whichis just to wait for a philosopherto reporta state,usea CASE statemento determinewhich
statewasreportedanddisplayanappropriatanessagen the screen.

The Chopsticks Package

We haveleft the chopstickpackagdor last becausét introducessomenew materialaboutprotectedtypes.
Programl5.24 showsthe specificatiorfor the chopstickspackageA chopstickis a protectedobjectwith a
datastructureof its own, declaredn its PRIVATE section.The Booleanflag In_Use reflectsthe fact that
achopstickcannotbe pickedup while it is in useby anothemphilosopher Also, the Pick_Up operationis
specifiedasanentry, ratherthana protectedorocedureasin earlierexamples.

Program 15.24
Chopstick Specification

PACKAGE Chop IS

--| Dining Philosophers - Ada 95 edition
--| Each chopstick is an Ada 95 protected object
--| Author: Michael B. Feldman, The George Washington University

--| Last Modified: January 1996

PROTECTED TYPE Stick IS
ENTRY  Pick_Up;
PROCEDURE Put_Down;

PRIVATE

In_Use: Boolean := False;

END Stick

END Chop;

Program 15.25 gives the body of the chopsticks package.The chopsick’s protected procedure
Put_Down setstheflagIn_Use to False . TheentryPick_Up behavedike a protectedprocedure put
with one importantdifference:The entry body—whichsetsin_Use to True —is executedonly whenit
makessensdo doso,namelywhenthe chopstickis notin use.Theclause

WHEN NOTIn_Use

is calledabarrier condition,andserveso ensurghata chopstickcanbe heldby at mostonephilosopher.

Program 15.25
Chopstick Body

PACKAGE BODY Chop IS

--| Chopstick Body
--| Author: Michael B. Feldman, The George Washington University
--| Last Modified: January 1996

PROTECTED BODY Stick IS
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ENTRY  Pick_Up WHEN NOT In_Use IS
BEGIN

In_ Use := True;
END Pick_Up ;

PROCEDURE Put_Down IS
BEGIN

In_ Use := False;
END  Put_Down;

END Stick

A More Interesting Philosophers Display

As afinal exampe, considerFigure 15.5. Hereeachphilosopheris given its own window, in which its
activity is displayed Sucha screerdisplaywould give an animateddepictionof the philosophersas shown
in Figure15.3.Becausall input/outputactivity in the philosophicalsocietyis carriedout by the maitred’,
this window-orienteddisplay canbe achievedby modifying only the body of Room so that the maitre d'

task usesoperationsfrom the windows packageof Programs2.19 and 2.20. We leavethis interesting
modificationasanexercise.

Figure 15.5
The Dining Room with Windows

+ +
| Edsger Dijkstra
| |

| |

|T =21 First chopstick 1 |

|T =26 Second chopstick 2 |

[T =26 Meal 2, 7 seconds. |

+ +
+ + + +
[Jean Ichbiah | |Alan Burns |
| | |
| | | I
[T =29 Thinking 2 seconds. | |T =16 Meal 1, 5 seconds. |
[T = 31 First chopstick | [T=21 Yum-yum (burp) |
[T=29 Yum-yum (burp) | |T =21 Thinking 2 seconds. |
+ + + +
[Tucker Taft | |Chris Anderson |
| | |
| | | |
[T =29 Meal 4, 5 seconds. | |T=26 Yum-yum (burp) |

[T =29 First chopstick 4 | |T =26 Thinking 1 seconds. |
|T =29 Second chopstick 5 | |T =18 Meal 2, 8 seconds. |

As we pointedout at the beginningof this chaptera single chaptein abook of this kind cannotreally
do justiceto a topic asrich andinterestingas concurrentprogramming.Our intention herehas beento
introduceyou to the subjectthroughsomebrief examplesandtwo longersimulations We hopethis chapter

hasstimulatedyour interestin pursuingconcurrencyandAda’s concurrencyfacilities in particular,through
furtherreadingandprojects.
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Exercises

1. Investigatewhetheryour Ada implementationsupportstime-slicing and, if it does, whethertime-
slicing canbe turnedon andoff at will. Experimentwith doing so, using Program15.2 as a test
program.

2. Experimentith usingdifferentstartingordersin Program15.4.1s thereany differencein the behavior?

3. Inthebankexample,eachteller hasfour entriesand,therefore four distinct queuesThis is not very
realistic;in arealbank,atellerhasonly onequeueandprocessewhichevertransactions at the headof
thatqueueModify thetellerspackageandotherunitsasnecessaryso thateachtellertask hasa single
entrywith anadditionalparameteto indicatethe natureof the transactionUse an enumeratiortype to
representhe transactiortypes.

4. In thedining philosopherexample modify the bodyof the RoompackaggPrograml5.23)so that the
maitred’ task usesoperationdrom the Windows padkage(Programs2.19 and2.20) to displayeach
philosopher’'sactivity in awindow as shownin Figure 15.5. Hint: The maitred’ shouldopenall the
windowsbeforebringing the philosophergo life.
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