
CPSC 457/597 (Winter 2001)
Assignment 1 (7.5 marks)

Process Coordination

DueJanuary29,2001

In thisassignment,youwill experimentwith two processes,aconsumerprocess(consumer)andaproducerprocess
(producer),the executionof whoseinstructionsis interleaved in time underthe control of a Kernel,which you will
alsowrite, in orderto demonstrateandpreventtiming errorsdueto critical sections.1

Youwill write two majormethodsor functions:

� Producer: Producesitems(charactersreadfrom a fixedstructure�������	��
 ), oneat a time,andplacesthosein a
shared

� �
����
�� .
� Consumer: Consumestheproduceditemsfrom thebuffer, simply by printing thoseon thescreen.

� Kernel : Controlstheinterleavedexecutionof theproducerandconsumerprocesses.

The Kernelmethodwill, thus,simulatethe kernelof a multitaskingoperatingsystem.It will have a scheduling
capability(you will only useRoundRobin for this assignment.),and,therefore,it mustmaintaina ProcessControl
Block (PCB)for eachprocess.Whenacontext-switchtakesplace,theKernelsavesthestate(storedin its PCB)of the
switchedout process,loadsthestateof theswitchedin process,andlet thelatterrun.

PART I (3 marks)Write the threemethodsProducer, Consumer, andKernel. Usetheproducerandconsumercodeon
page102of you text (however, thesemustbewritten in anassembly-likecodeasexplainedbelow.)

1. In theproducerandconsumermethods,you write high-level code(C, C++,or Java) thatis assembly-like.
Thismeansthatyouwill havevariablessimulatingregisters��� , �
� , ��� , and ��� . For instance,thehigh-level
statement:

��������� �
would bewrittenas:

��� �!� � �
� �!� � ��� � ��� � �
� �"��� �
� �
Branching,like assemblylanguages,mustbe simulatedusing the #
��$�� statementfor the producerand
consumerprocesses.2 However, Kernelcanusehigh-level branchingconstructssuchas %�&('�)�
 and '*�
$�&+
�, . So,thecode:

'-�/.0'1, ��� ����$3254 � ��6 �+78�
would bewritten (for theproducerandconsumer)as:

��� � '0, �
�
� � ����$
'-�����:9 � ���;#���$
�<��= �
4 � ��6 �+78�
��=?> @�@�@

For anotherexample,considerthefollowing while loop:
1Oneway to experimentwith two or moreprocessesis to usetheUNIX ACBEDGF�HJI function thatcreatesa child process(refer to theC example

given undersupplementarymaterialon the coursewebpage.)Whensucha child processis createdandthe two, parentandchild, processesare
executingconcurrently, you will not have controlover how UNIX schedulesthesetwo processes.In this assignment,you shouldbeableto have
full controlover theway theproducerandconsumerarescheduled.Therefore,youmustnotuse ACBEDGF�HJI .

2Gotosareconsideredto bea badprogrammingpracticefor regularprograms.
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In theproducerandconsumercode,it will bewrittenas:

���?>L�(� � '1, �
�
� � ����$ �
'-�/.M���:9 � �
�N2O#
��$
�<�+�1P �
4 � ��6 �+78�
#
��$������ �
�+�*P > @�@�@

2. Every “risky” instructionin theproduceror consumermustbeprefixedby a label, to allow theswitched
in processto proceedfrom whereit wasinterruptedwhenit wasswitchedout. So,youmustalsomaintain
two programcounters,onefor eachproducer( Q�R�S ) andconsumer( Q�RN� ) process.Eachtime a producer
or consumerexecutesan assembly-like instruction,the correspondingprogramcounteris incremented.
To simulateroundrobin scheduling,theKernelgiveseachprocessa setof instructionsslice, ratherthan
giving themtime slices(It is not aseasyto go with the latteroption.) So, the quantumfor eachprocess
sliceis definedby thevariableor constantT . Youshouldmaintainacounterfor thenumberof instructions
executed( ����R ); when ����R becomesequalto T , acontext-switchshouldoccur. NotethatthecountersQ�R�S ,
Q�RN� , and ����R arenot partof theconsumerandproducercode. Therefore,incrementingthoseshouldbe
donewithout usingregisters.

At this point, your producerwould look like the following (notethataftereachinstruction Q�R�S and ��R�R
areincrementedandthe latter is checkedto determineof theproducerburstof executionhasreachedits
limit andcontext-switchis necessary.):

@�@�@
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��Y.+@�@�@Z2[ @�@�@
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The array �������	��
 b c containsthe charactersthat are fed to the producer(produced). It is local to the
producerandthe consumerhasno accessto it. So, �������	��
 b c cannotbe involved in timing errors,and
accessto it is donewithout usingregisters. To the contrary, variables'1, , ����$ , and

� �
����
�� areshared
betweentheproducerandconsumerandaccessto theseis donethroughregisters.

Theconsumercodeis similar with differentinstructionlabels,say �+� , ��� , ...

Every time, a processis switchedin, you have to make sureit startswhereit wasstopped.A �*%('*$N�*&?.02
statementat thebeginningof theprocesscodeshoulddo thetrick.

OnemorereminderthattheKernelusesnormalhigh-level code(no registers;nogotos.)
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3. Theideais thatevery T th instructionof theproduceror consumer, whenthequantumexpires,controlgoes
to theKernel,whichswitchescontrolto theotherprocess.TheKernelkeepsaPCBfor eachprocesswhich
containstheprogramcounterandtheartificial registers( ��� to ��� ). Whena processexceedsits quantum,
it is switchedout andits stateis savedinto its PCB.Theartificial registersareloadedfrom thePCBof the
switchedin process.

4. The producerandconsumerareexecutedrepeatedly, until the consumeris stoppedby readingin an ap-
propriatecode. Setthe maxsizeof

� �
����
�� b c to 8. Fill in �������	��
 b c with: s�&+
���,+) � $�&('1,�#;$�&+t�$umv ,+��%w'��5$�&
t�$um56��f,+��$ v ,
��%<t�, � $�&3'1,�#?Vx$�&��3����tN'-6!l��
�-�
t�$


� . In theconsumer, afterabatchof
theselineshave beenprinted(say20),a requestfor permissionto continueshouldbedisplayed.Depend-
ing on the enteredcode,the consumermayproceedor not. Every time the consumerconsumesan item
(character),it printsthatitem on thescreen.Makesureeverysentenceis writtenona seperateline.

Write theprogramwith its threesections,anddemonstrateno timing errors.Experimentwith valuesfor T
from 0 to themaximumnumberof produceror consumerinstructions.

PART II (1.5marks)Alter theprogramsothattheproducerandconsumerreflecttheversionsonpage156.Demonstrate
timing errors.

PART III (1.5 marks)Alter theprogramagainso that thecritical sectionth theconsumerandproducerversionsusedin
PART II is protectedusingPeterson’s Algorithm (Algorithm 3 on page161). Peterson’s Algorithm mustbe
carriedout usingartificial registers(it is partof theproducerandconsumercode);furthermore,branchingmust
bedoneusing #
��$
� . Demonstratethattiming errorsno longeroccur.

PART IV (1.5 marks)RepeatPART III using Hyman’s Algorithm (given below) insteadof Peterson’s. What do you
notice?

y ��z t�,W{|�}j+)�#
���3'*$�& z .*�*p�_�_N2}������s�%
�;Q��
�+��
+����
+�
Q��
�
��
+����

�~&+t��

�t!P�t�,
6U�!'-6N��@�s�&+
�����6�
��1&+��%�,U'��5�����;S��
�
��
+��� i . j � 1 � i 2

shared variables
�
)�t�# b 0 ��� 1c in

[
true, false �

$�����, in
[
0 � 1 �

�
entry �

�
)�t�# b i c!� true
while $�����,K�� i do

while �
)�t�# b j c do nothing end-while
$�����, � i

end-while

�
critical section �

� exit �
�
)�t�# b i c!� false
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