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e (3.5a of the text) That VAX/VMS operatingsystemhasmary distinct wait

stateswhichis betterthanhaving justone(asin Figure3.5 of thetext) or two
(asin Figure3.150f thetext). Thereasons thatif all blocked processeare
placedin oneblockedqueuewhenaneventoccurstheoperatingsystemmust
scantheentireblockedqueueto searcHor the processewaitingonthatevent.
SinceVAX/VMS operatingsystemmay have so mary blocked processest
would be moreefficientto have severalwait statespnefor eachevent. Then,
whenthe eventoccurs,suchas|/O completion,a resourcecanbe freedand
theappropriatgorocessanbe movedto theready state.

(3.5b of the text) I/O actvitesaremuchslower thancomputation.Therefore,
when memoryholds multiple processesthe processoican move to another
processwhile oneprocesss waiting. Whenall of the processesn memory
arewaiting for 1/0, the operatingsystenhasto swap someblocked processes
out to the disk onto swapped-oustate. So the differencebetweena resident
processand a swapped-oubneis whetheror not it is in the main memory
Thosewait statesonly have oneversionbecause¢hey mayonly bein onestate
for theabove situation.Pagefult wait stateis waiting for thepagenotin main
memory which doesnot useary memory so it neednot be swappedout.
Otherpagewait statesandcommoneventwait statesmay usesomememory
but sincethey involve the useof it, it would not be applicablein swapped-
outstate.Resourceavait is waiting for miscellaneousystenresourcesyhich
meanst couldwait alongtime for theresourcdo befreed,thereforet would
not be reasonabldo keepit in memory Soit may only have swapped-out
versionandaccessheresourcevhentheresourcdreesup.



2. (5.5 of the text) Counterexample: Assumethatthe threadP( 1) executesaheadof
P(0) andreachesine 11. ThenthreadP( 0) startsandreachesine 8. At thisinstant,
for P(0), t urn=0 andi d=0 (sinceP( 1) hasnotyetexecutedine 12),whichcauses
it to skip thewhi | e loop andgoto thecritical section. Later, whenP(1) executes
line 12, it makesturn equalto i d, thus skipping the whi | e loop and entering
the critical section. Thus,both P(0) andP(1) have enteredthe critical section
simultaneouslymakingthe solutionto the mutual exclusion problemincorrect.

1| var blocked: array [0..1] of bool ean;

|

| 2] turn: 0..1;

| 3]

| 4| procedure P (id: integer);

| 5| begin

| 5] r epeat

| 7 bl ocked[id] := true;

| 8| while turn <>id do /* breakpoint 1 - P(0) here */
| 9 begin

| 10| whil e bl ocked[ 1-id] do;

| 11] [* breakpoint 2 - P(1) here */
| 12] turn :=id;

| 13| end;

| 14| <critical section >

| 15] bl ocked[id] := fal se;

| 16] < remai nder >

| 17] until false

| 18| end;

3. Skipped(will notbegraded)

4. Sincethe cnoti fy operationonly moves a threadfrom the blocked state to the
ready state andletsthe scheduledeterminewhich threadwill run next, therefore,
it causeshe effect thatthe notified processnight not be the next to usethecritical
section.TheJavzamachinds auserprocessandall of thesupportof multi-threading
is doneatthe userlevel. The Javainterpretemwill handlethe schedulingdecisions,
henceit will give monitorthe preferenceo thethreadthatis avakened.Thus,Jasa
machineis morecertainthatthe notified processwill bethe next to usethecritical
section.

5. Solution: Peopleselecttheir food at the sametime. Wheneer they wantto buy
ary frozenfood (i.e., ice-cream)on impulse, they go to a checlout counterand
resene onebeforethey actuallycarrythe frozenfood item. The maximumnumber
of registersthatcanbe resened for frozenfood is 5 (onelessthanthe numberof
cashiers)Thisis becausevheneer someonavantsto payfor any non-frozerfood,
thecasewhereall cashiersitidle waitingfor theirfrozenfood customeis avoided.
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Program grocery_store

var reserved: semaphore(:=5);

regi ster: semaphore(:=6);

ready: (* binary*) semaphore(:=0);
procedure custoner;
begi n

[* arrive at store*/
frozen .= fal se
/* select food. if want to buy frozen food on
inpul se (i.e., ice-crean), then set frozen as true */
if frozen then
begi n
P(reserved);
P(register);
/* continue to select food*/
V(ready);
/* purchase food at check-out counter */
V(reserved);
end
el se
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

begi n(* main program *)

par begin
custoner;... /* equal to the number of custoners */
cashi er; cashier; cashier; cashier; cashier; cashier;
par end
end



Alternatively, onecankeeptheice-creamwhich maybeboughtonimpulse)atthe
checlout counteritself (if it is possible;asdonein Wal-mart),sothatthe customer
doesnot have to wait after he hasdecidedto buy it (sincehe is alreadyat the
checlout counter). Thus,the checlout counterscanbe resenedfor the customers
whowantto buy frozenfood assoonasthey enterthegrocerystore, thusremoving
thelastconstrainandfurthersimplifying things.

6. Attempt 1:

e Cause of the error: The programdoesnot satisfy the constraintthat a CO,
moleculemustbe producedary time thereareatleastwo Oxygenatomsand
oneCarbonatompresentlf therearealot of Carbonatomspresentsomeof
themmayjustgraboneOxygenatomandform CO pairs.

e Solution to solve the problem: Apply a semaphoreMit ual Excl u only to
Carbonatomsfor mutualexclusion,wherecMuit ual Excl u isinitially equalto
1.

oReady() cReady()
{ {
0->V); cMutual Exclu -> P();
C->P(); 0->P();
} 0->P();
cMut ual Exclu -> V();
makeC2() ;
C->V();
C->V();
}

Attempt 2:

e Cause of the error: For Mesasemanticsthe problemis thatthe waking pro-
cessesnaynotupdatethevaluesof thesharedrariablesn time. For example,
assumehat thereare two Oxygenatomsalreadyin the system,andthent-
wo Carbonatomsarrive at the sametime. The first Carbonatomwill call
makeC2() becausdé seeghetwo Oxygenatomswhile thesecondatomwill
thenwake up andsit in the Ready queueafterthe first Carbonatom. There-
fore, the secondCarbonatomwill still seethattherearetwo Oxygenatoms
in the blocked statebecausehe oReady functionshave not decrementedhe
valueof thevariableOs andthevalueof Osis still 2.

e Solution to solve the problem: Useasignal to decrementhevaluesof Osand
Cs. e.g.letOs= Os—2in cReady() .



