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

DueJanuary29,2001

In thisassignmentyouwill experimentwith two processesaconsumeprocesgconsumerandaproduceiprocess
(producer) the executionof whoseinstructionsis interleaved in time underthe control of a Kernel,which you will
alsowrite, in orderto demonstratandpreventtiming errorsdueto critical sectionst

Youwill write two majormethodsor functions:

e Producer: Producestems(charactergseadfrom afixed structuresource), oneatatime,andplacesthosein a
sharetbuffer.

e Consumer: Consumeshe producedtemsfrom the buffer, simply by printing thoseon the screen.
e Kernel : Controlstheinterleavedexecutionof the producerandconsumeprocesses.

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 eachprocessWhena contect-switchtakesplace the Kernelsavesthe state(storedin its PCB) of the
switchedout processloadsthe stateof the switchedin processandlet thelatterrun.

PART | (3 marks)Write the threemethodsProducerConsumerandKernel. Usethe producerandconsumeicodeon
pagel02of youtext (however, thesemustbewrittenin anassembly-lile codeasexplainedbelow.)

1. In the producerandconsumemethodsyou write high-level code(C, C++, or Java) thatis assembly-lile.
Thismeanghatyouwill havevariablesimulatingregistersR1, R2, R3, andR4. For instancethehigh-level
statement:

X =y + z;
would bewritten as:
Rl =y; R2 = z; R3 = R1 + R2; y = R3;

Branching,like assemblylanguagesmustbe simulatedusing the goto statemenfor the producerand
consumerprocesse$. However, Kernel can usehigh-level branchingconstructssuchaswhile and if
then. So,thecode:

if (in == out) <body>;
would bewritten (for the producerandconsumerhps:
R1 = in;
R2 = out
if R1 != R2 goto cb;
<body>;
ch:

For anotherexample,considetthe following while loop:

10neway to experimentwith two or moreprocessess to usethe UNIX fork() functionthatcreatesa child procesgreferto the C example
given undersupplementarynaterialon the courseweb page.) Whensucha child processs createdandthe two, parentandchild, processesare
executingconcurrentlyyou will not have controlover how UNIX scheduleshesetwo processesin this assignmentyou shouldbe ableto have
full controlovertheway theproducerandconsumearescheduledThereforeyou mustnotusefork().

2Gotosareconsideredo be a badprogrammingpracticefor regularprograms.



while (in == out) <body>;
In the producerandconsumecode.,it will bewritten as:
c2: R1 = in;
R2 = out;
if (R1 !'= R2) goto cl10;
<body>;
goto c2;
c10:

. Every“risky” instructionin the produceror consumemustbe prefixed by a label, to allow the switched
in procesgo proceedrom whereit wasinterruptedwhenit wasswitchedout. So,you mustalsomaintain
two programcountersonefor eachproducer(PCp) andconsumet(PCc) process.Eachtime a producer
or consumerexecutesan assembly-lile instruction,the correspondingprogramcounteris incremented.
To simulateroundrobin schedulingthe Kernelgiveseachprocessa setof instructionsslice, ratherthan
giving themtime slices(It is not aseasyto go with the latter option.) So, the quantumfor eachprocess
sliceis definedby thevariableor constant. You shouldmaintaina counterfor thenumberof instructions
executedRRC); whenRRC become®qualto Q, a context-switchshouldoccur Notethatthe countersCp,
PCc, andRRC arenot partof the consumeiandproducercode. Therefore,incrementinghoseshouldbe
donewithout usingregisters.

At this point, your producerwould look lik e the following (notethat after eachinstructionPCp andRCC
areincrementedandthe latteris checled to determineof the producerburst of executionhasreachedts
limit andcontect-switchis necessary.

int in, out;

int producer(...)

{...

pl: R1 = in; PCp++; RRC++; if (RRC == Q) return PCp;
P2: Ril++; PCp++; RRC++; if (RRC == Q) return PCp;
p3: R2 = in; PCp++; RRC++; if (RRC == Q) return PCp;
p4: R3 = out; PCp++; RRC++; if (RRC == Q) return PCp;

p5: R1 = R1 % R2; PCp++; RRC++; if (RRC == Q) return PCp;
p6: if (R1 == R3) PCp = 1; RRC++; if (RRC == Q) return PCp;
[goto p1;]
p7: Rl =in; PCp++; RRC++; if (RRC == Q) return PCp;
p8: buffer[R1] = sourcel[il; j = (j+1) % MAX_SRC_SIZE;
PCp++; RRC++; if (RRC == Q) return PCp;

p9: Rl++; PCp++; RRC++; if (RRC == Q) return PCp;

pl0: R2 = n; PCp++; RRC++; if (RRC == Q) return PCp;

pli: R1 = R2 % R2; PCp = 1; RRC++; if (RRC == Q) return PCp;

pl2: in = R1; PCp++; RRC++; if (RRC == Q) return PCp;
[goto p1;]

return ...

The array source[] containsthe characterghat are fed to the producer(produced). It is local to the
producerandthe consumerthasno accesdo it. So, source[] cannotbe involvedin timing errors,and
accesdo it is donewithout usingregisters. To the contrary variablesin, out, andbuffer are shared
betweerthe producerandconsumerandaccesdo theses donethroughregisters.

The consumerodeis similar with differentinstructionlabels,sayci, c2, ...

Every time, a processs switchedin, you have to make sureit startswhereit wasstopped.A switch()
statemenat the beginning of the processcodeshoulddo thetrick.

Onemorereminderthatthe Kernelusesnormalhigh-level code(no registers;no gotos.)



3. Theideais thatevery Qth instructionof the producerr consumerwhenthe quantumexpires,controlgoes
to theKernel,which switchescontrolto theotherprocessTheKernelkeepsa PCBfor eachprocessvhich
containsthe programcounterandthe artificial registers(R1 to R4). Whena processxceedsts quantum,
it is switchedout andits stateis savedinto its PCB. The artificial registersareloadedfrom the PCB of the
switchedin process.

4. The producerand consumerare executedrepeatedlyuntil the consumeiis stoppedby readingin anap-
propriatecode. Setthe max size of buffer[] to 8. Fill in source[] with: The only thing that I
know is that I do not know anything, thus said Socrates. In theconsumerafterabatchof
thesdines have beenprinted(say20), a requesfor permissiorto continueshouldbe displayed.Depend-
ing on the enteredcode,the consumemmay proceedor not. Every time the consumerconsumesnitem
(character)it printsthatitem onthe screenMake sureevery sentenceés written on a seperatéine.

Write the programwith its threesectionsanddemonstrat@o timing errors.Experimentwith valuesfor Q
from 0 to the maximumnumberof produceror consumeinstructions.

PART Il (1.5marks)Alter theprogramsothatthe producerandconsumereflectthe versionson pagel56. Demonstrate
timing errors.

PART |1l (1.5marks)Alter the programagainsothatthe critical sectionth the consumeand producerversionsusedin
PART Il is protectedusing Petersors Algorithm (Algorithm 3 on page161). Petersors Algorithm mustbe
carriedout usingartificial registers(it is partof the producerandconsumercode);furthermore pranchingmust
be doneusinggoto. Demonstratéhattiming errorsnolongeroccur

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

Hyman’s Algorithm (1966) for Two Processes
Processes have a 0 and 1 ids. The code shown is for process i (j=1—1i)

shared variables
flag[O .. 11 in {true, false}
turn in {0,1}

<entry>

flagl[i]l « true

while turn # i do
while flag[j] do nothing end-while
turn « |

end-while

<critical section>

<exit>
flagli] « false



