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1. � (3.5a of the text) That VAX/VMS operatingsystemhasmany distinct wait
stateswhich is betterthanhaving just one(asin Figure3.5of thetext) or two
(asin Figure3.15of thetext). Thereasonis that if all blocked processesare
placedin oneblockedqueue,whenaneventoccurs,theoperatingsystemmust
scantheentireblockedqueueto searchfor theprocesseswaitingonthatevent.
SinceVAX/VMS operatingsystemmay have so many blocked processes,it
would bemoreefficient to have severalwait states,onefor eachevent.Then,
whenthe event occurs,suchasI/O completion,a resourcecanbe freedand
theappropriateprocesscanbemovedto theready state.

� (3.5b of the text) I/O activitesaremuchslower thancomputation.Therefore,
whenmemoryholdsmultiple processes,the processorcanmove to another
processwhile oneprocessis waiting. Whenall of the processesin memory
arewaiting for I/O, theoperatingsystemhasto swapsomeblockedprocesses
out to thedisk ontoswapped-outstate.So thedifferencebetweena resident
processanda swapped-outone is whetheror not it is in the main memory.
Thosewait statesonly haveoneversionbecausethey mayonly bein onestate
for theabovesituation.Pagefaultwait stateis waitingfor thepagenot in main
memory, which doesnot useany memory, so it neednot be swappedout.
Otherpagewait statesandcommoneventwait statesmayusesomememory,
but sincethey involve the useof it, it would not be applicablein swapped-
outstate.Resourcewait is waiting for miscellaneoussystemresources,which
meansit couldwait a longtimefor theresourceto befreed,thereforeit would
not be reasonableto keepit in memory. So it may only have swapped-out
versionandaccesstheresourcewhentheresourcefreesup.
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2. (5.5 of the text) Counterexample: Assumethat the threadP(1) executesaheadof
P(0) andreachesline 11. ThenthreadP(0) startsandreachesline 8. At thisinstant,
for P(0), turn=0 andid=0 (sinceP(1) hasnotyetexecutedline 12),whichcauses
it to skip thewhile loop andgo to thecritical section. Later, whenP(1) executes
line 12, it makes turn equal to id, thus skipping the while loop and entering
the critical section. Thus, both P(0) andP(1) have enteredthe critical section
simultaneously, makingthesolutionto themutual exclusion problemincorrect.

| 1| var blocked: array [0..1] of boolean;
| 2| turn: 0..1;
| 3|
| 4| procedure P (id: integer);
| 5| begin
| 5| repeat
| 7| blocked[id] := true;
| 8| while turn <> id do /* breakpoint 1 - P(0) here */
| 9| begin
|10| while blocked[1-id] do;
|11| /* breakpoint 2 - P(1) here */
|12| turn := id;
|13| end;
|14| < critical section >
|15| blocked[id] := false;
|16| < remainder >
|17| until false
|18| end;

3. Skipped(will notbegraded)

4. Sincethe cnotify operationonly movesa threadfrom the blocked state to the
ready state andlets theschedulerdeterminewhich threadwill run next, therefore,
it causestheeffect thatthenotifiedprocessmight not bethenext to usethecritical
section.TheJavamachineis auserprocessandall of thesupportof multi-threading
is doneat theuserlevel. TheJava interpreterwill handletheschedulingdecisions,
henceit will givemonitorthepreferenceto thethreadthatis awakened.Thus,Java
machineis morecertainthatthenotifiedprocesswill bethenext to usethecritical
section.

5. Solution: Peopleselecttheir food at the sametime. Whenever they want to buy
any frozen food (i.e., ice-cream)on impulse,they go to a checkout counterand
reserveonebeforethey actuallycarrythefrozenfood item. Themaximumnumber
of registersthat canbereserved for frozenfood is 5 (onelessthanthenumberof
cashiers).This is becausewheneversomeonewantsto payfor any non-frozenfood,
thecasewhereall cashierssit idle waitingfor their frozenfoodcustomeris avoided.
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Program grocery_store;
var reserved: semaphore(:=5);

register: semaphore(:=6);
ready: (* binary*) semaphore(:=0);

procedure customer;
begin

/* arrive at store*/
frozen := false
/* select food. if want to buy frozen food on

impulse (i.e., ice-cream), then set frozen as true */
if frozen then

begin
P(reserved);
P(register);
/* continue to select food*/
V(ready);
/* purchase food at check-out counter */
V(reserved);

end
else

begin
/* continue to select food */
P(register);
V(ready);
/* purchase food at check-out counter */

end
/* leave the store */

end
procedure cashier;
begin
repeat

P(ready);
/* accept pay */
V(register);

forever
end

begin(* main program *)
parbegin

customer;... /* equal to the number of customers */
cashier; cashier; cashier; cashier; cashier; cashier;

parend
end
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Alternatively, onecankeeptheice-cream(whichmaybeboughton impulse)at the
checkout counteritself (if it is possible;asdonein Wal-mart),sothatthecustomer
doesnot have to wait after he hasdecidedto buy it (sincehe is alreadyat the
checkout counter).Thus,thecheckout counterscanbereservedfor thecustomers
whowantto buy frozenfoodassoonasthey enterthegrocerystore,thusremoving
thelastconstraintandfurthersimplifying things.

6. Attempt 1:

� Cause of the error: The programdoesnot satisfy the constraintthat a CO2

moleculemustbeproducedany time thereareatleasttwo Oxygenatomsand
oneCarbonatompresent.If therearea lot of Carbonatomspresent,someof
themmayjust graboneOxygenatomandform CO pairs.

� Solution to solve the problem: Apply a semaphorecMutualExclu only to
Carbonatomsfor mutualexclusion,wherecMutualExclu is initially equalto
1.

oReady() cReady()
{ {
O -> V(); cMutualExclu -> P();
C -> P(); O -> P();
} O -> P();

cMutualExclu -> V();
makeCO2();
C -> V();
C -> V();
}

Attempt 2:

� Cause of the error: For Mesasemantics,theproblemis that thewakingpro-
cessesmaynotupdatethevaluesof thesharedvariablesin time. For example,
assumethat thereare two Oxygenatomsalreadyin the system,andthent-
wo Carbonatomsarrive at the sametime. The first Carbonatom will call
makeCO2() becauseit seesthetwo Oxygenatoms,while thesecondatomwill
thenwake up andsit in the Ready queueafter thefirst Carbonatom. There-
fore, the secondCarbonatomwill still seethat therearetwo Oxygenatoms
in theblockedstatebecausetheoReady functionshave not decrementedthe
valueof thevariableOs andthevalueof Os is still 2.

� Solution to solve the problem: Usea signal to decrementthevaluesof Os and
Cs. e.g.,let Os � Os � 2 in cReady().
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