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I 	 WJ~'"llr叩~lilk tlltò beq Jll st仇JC !1 ütlS 吶。吼叫1!I lhtò ↑üllü\\ \lI皂 Lodc intυdnJ2-hithinar) 1Il泣JU\.'tW Il 

rm、 iJtòd that lhc opcode ofbeq i~ Ox04 

Loop: 	 add 串 8 ， $9 ， $10 

add $8 , $9 , $10 

add $8 ，串 9 ， $10 

add 串 8 ， $9 ， $10 

add 早日， $9 ，♀ 10 

add $8 ，串 9 ，平 10 

béq $0 ，串 9 ， Loop 

End add 串 9 ，串 0 ，串9 

110~L叫 the\'.lluc 叫 the pr咕ram çounter \1.<':.. PC) bc OxCF01FCOO V/hat i~ lhe Im!!cl addlCSS üf 

lh o.: instruction , j Ox20 

3 	 且且~ Ihc lahle (JabIe 1) shO\句n d:i Jolluw~ is l11c Ylld.in contro! of a 引 ng lo.: -çyclc proc<:~sor 

cannυt"己，'ule thc j ln,;truct lOn Wh，lt 叮c Ihc v~lue." üf RegDst , ALUsrc、 MerntoReg， I<eg­

Write.Mer曲ead. Branchω，dM間，Wr~te !Of 叫回utmgthc 主1[1S\叫c lÍO Il?
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5叫扎ngk已 mèmω、叫dr巳凶叩a 昀 cssors in a shared-memor} mu!tiprocc 、sor commlll1l叫"此 缸ce.lhcproι凹 

thr叫他hsllarcdmemOl) 、 ariablcs ， wlth all proce~SflfS cdpabk ofacccssm皂 ill1} mcmorylül.:al lO ll 、" 

load (~位叫 and ~tore (or sw) mqructi (1 n~ 

Smgle addrcs~ 呼叫e multlpr叫帥"的 comc 111 t\~O 恥 lcsτhe lìr~t lakes the same time to acces<; 

memory no miltter wh !Ch procc~~(1 r r叫"'泣~ il and 110 malter whü.:h m~mury hluck is requested Such 

machmes are cared !lmform 1/1帥的rvaμ f.'S (L /l. 1A) mllHiproces~ors (江、yl/lmelrκ mul! iproce\.\οC"

府MP) Jn Ihe second st) 峙，可omememorya.;:cessesarefast臼 than others Jcpc叫"嚕。11 which pro 

叩 T ωks for WhlCh 、;vuld. S山h machmcsan.: 凶lkdn川m i，fm甘咖1memor 你叫竹‘3刊、 (N1J Iv1 Al n l(ο叫""叫 削 吵少 4k ζCνl吋吶Yγ 叫U 
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pruc的 "ing nodes. Thc~c fI nodes are Înterronnecled with a sharcd bus , and cach 01' ctle nυJes can 

acc白、 any mem('ry locdtion j]] thc mam mcmory through lhc bu可 CommuniCalWI1 dUC10ωorJinn 

li()n of shanng: data amOllg pr(l ce~吋rs dbu rehe荒山 thc hus. Notably, 111 Flgurc 1, cach proCt: S~Ol IS 

~hSO叫 lt:dwilh..locaιat:hemt:mor) 
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Figure 1: A UMA multiprocessor consisting n processing nodes 

仁 onceptuall). each pwcessofcan fetch a m凹的rv hl(,ck from m凹lory and cach~ thc 111凹Ol"vhlocl 

in its !ocal cache 10 reduce th巳[，刮目cy of upcotning m間泊nreje汀C月lce~ 10 thc btock. Cm he l'ohç 

rence protι co/s are the melhüds 10 guarantcc thc consistcm:y of thc wlltent of a 汀白nory hlock replt­

cated bvdiITcrentcaches 

Figure 2 shows 叫 exampleofacac扭曲h，釘lce protocol 扭過y notheerfícient) whj吋 Isrepre治，"，叫 

as a finite statcπachine. Jn the coherence protocoL each cache block ha~ one of the follüwing thrc 

state ::, 

• C~ean: Trus cache block is de也n 

• D.i:r:ty: Trus cache block is dirty duc to thl: store instruclion 

• Inval :i. d: This cache hlock does n叫 have valíd da!a 

l"he three SlJ.tes of thc protocol in }Igure 2 sho\J刊 hc state tr:ll1.'心叩 s based on pr囚e品。ract !Onsa的 

opposed to tra盯sitwlls hased on bu~ operations. ln default, eaeh cache block is i 且 the ~tate of 

Invalid 

背面仍有題目，請繼繪作等)
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(a)Caches個"甘a叭slhonduetosIQnalstrompmces泌 {b)Cache statetranBllIon dueto slg~als 1m",bus 

Figure 2: The 帆 rite.invalidate cache coherence protocol 

1即lsitiuns bet、時cn th l' statcs uf a o:: ache hlock happen on read misses. \\Tito:: mis~~詣。;' write hit~ 

read hits do not change cache staTe. Consider a read miss by a processor Pi (where 1 三 J 三 n). lfthe 

read miss i5 to an Inva斗斗d block in P1S C位扭， the read miss i8 then satisfied by reading Jì-om 

m叫Mηand lh l.: ~tate of th巳 fetched block is set to Clean in F ， 、甘心ile (see ~ïgure 2(a)). lfthe read 

mjS~ 0. 0εs to a Clean block (in F i"s cache). then P! ill\"alidatc~ lhc b[ ü(:]( and felches the requ四tod 

blud.. 1Ì"om menωry directly wîthout caching.. OtheFvisc. if the n:ad miss i~ 10 a Dirty block, Pi 

帆布ites back the D主rty block to memory and in叫[，山les lhe h[od.. in its c~ιhe. Similarly, Pi th叩 

fetches the reql 、 sted block 合ommemorydi間的 y 仙thout cm:hing. lk the mh l.: r h~nd， while Pi has a 

read miss. !'/ inj l.: cts the read miss signal onto bus 叭叭阿三的)). AI! the caches in tbe other processors 

InonilOr the re~d miss signal to see ifthe memory block re ,!ues\eu b;. f' i i 、 in lhei l' caches. lf one has 

a çopy 叩 d i\ i~ intheD主rtys扭扭， then the block is 吼叫們 tten hack to me Inor, and its state is c油anged 

to Invalid. Notabl仇 m 也is protocol the memory h[ock is l'c~d dircctly from memory whether a 

copy ìs in a cache or nC叫 in this protocoJ 

Consîder write hits. A w們te bit to aDirty block callses no pr例。col action (Figurc 2(a)). A write hit 

ωa Clean block causes the cache 10 s 、 nd 叩 Invalid.at主。但 到gnal onto bus to knock out 阻V 

other copies, modify the portion of the cache block, and change the state of the ca 巳 he block to Dir 

ty(s間 Figur曲 2(a) and (b)) 

Reg缸ùinl!、Nritemissc，九 a -wr ite Iniss duc to Pi to an Inva斗id block in Pi's cache causes Pi to send 
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aWrlte miss 剖開 al anJ updatc the hlock in mem肘vd叫ctly ，^拙。u! cachlllg (hgur~ 司的1.M':Jrl 

\\hile.ifthereexi法制山口 othcr (h~ln Pi ha、 ing the hlo l.:k in the Clean statc. Ih叩 b)' ~noopmεlhc 

\.\ri!c ffilSS ~lgn :J. l (he~e cach的 imalidate their cached hlod.s (Flgure 2(bll. Pυ切ibl) 的可仇 rltellll% 

goc:~ 10 a cachc ha、 1月 thc requested hlock m th.: D主rty :，tati;. rr::;o. tha( 凶che\'叮iks baàand :h~n 

invalidatcs lh l: block. A \\r lk miss by I'i 10 a Clean bJock cau::,cs PI'S cache 1O invaJIJallè thc block 

and lI pùat~ thc Ieque~led hloà in m.:mo鬥 dlrCC11) (Figurc 屯的1. Sllllllarh. ifthere exist other l.:uchco 

1m、 mεthebl肘k III thc Clean statc, (hc,.: cachcs lll\ ali晶te th.:Îr ca也ed hlocks (Ilgurc 2(b)). I1 & 

\\r ite miss 10 a Dirty blol.:k, thL' n lhc prot叫01 ,hO V. ll in Ftgure 2(a) wnle可 hacktl可 D~rty block 

rCSC1S th c> ~tatc 01' the cachc bl飢汰的 Invalid、 anù th<.:n updaa:s lhe requested bl叫朮 diI ec1h 111 

mcmory 

"iow consider the following portlOns Ofl\',o diffcrcnt programs runninεat thc ~<.IJ11Ç tlffie 叫“o prü 

cc~sors in a 2-nodc L1MA multipro閏月~or implementing the cache 叩herence prutocol i jJ u~lralcd 

ahow Aswme that bel0n: lh日 codc 1,wn. bothτandyarclh<.: mtcιcc 、 alucof! :i 

Processor 1 2.) =λ -'y: 

Processor2: ,y o- X I 2 

What are th<.: ro~slblc 叩sultmgvaluesofxand}η

月 且也划C'on5ideratìlectlπ<.:nlly .::onsis lÍng 100 blocks 屯swme that lhe fik control block (and the in­

d<.:x hlock. 10 the case ofindexcd a !loca!i岫) i~ alread、 mm酬。rv. .F叫 th.: coutiguom. linkcd. and I 

îndexed l~inglc一"叫1) allocation ~tratcgic可 caJculatc ho\\ man、 disk hlock 10 uperatlons are rc­

恥llcd to add a block to the llI iddle ofthe fíle (i.e.. the ne\.\ hlod.. \\il1 beeυmebloek50ofthellle).ln 

thc cüntlguous alloe叫 IO Il ea~c. nS 'l UIllC that therc 1<; nü rOO Ill to gro\', at thc beginning hut th.:rc is 

roomtogro仇 at the end. Abo aSSU IllL' that lhc block to bc added i~ 忱。 edinmCIllO叭| 

(, 	 旦旦3J Comider the fo !lm、 mgpa忌crderc!lcc ~tr Ill g' 1 ， 2.3 ， 4.2 ， 1 汽 6.2 ， 1 、 2，) 7.6. ì , 2, L 2, 1, 6 I 

Ho\\ l!) an、 pag:c fault~ \\ould occur for the I RU replacemcnt al忌。 ritnm ， a~suming 4 frall1 c~ und all ! 

thefrarlle~ ale initially empt:; 

7 	 11 明到臼 sidtra 巳 m ，叩ning ten l/O-hound u~er I的ba叫(lnc CPU-bound u兒r ta~k. A啊lllC I 

lh J.t thc I/O-hou叫 ta~k~ is~uc an IiU opcra l1 on once 心r e\ery milli~ccond of CPL compuling il1叫| 

lhalcach 1.'0 叩 eration takc~ 10 ml !l i~cco岫的 comp肌'\Iso a~sumc that the conte, t switchi時|

叭叫lCad i~ 0.1 rnilli~econJ äl叫 thalallproces岫盯 long 川ming ta~h What i~ 伽 CPU 11tlli圳的" I 

(背面仍有題目，請續繪作荐
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for a round-robin scheduler when the time quanturn is 10 milliseconds? Note that the CPU utili且tlon 

is defincd 35 the percentage ofCPU time spent on US <:r tasks 

x. 	 Ll旦且1 Dcscribe the immutable-shared-file semantics for sharcd access 1υfiles that are 鈍。red 011 re 

mote fik systcms. What are the advantages and disadvantages o[the semantics? 

斗且笠1 Consider the fo J1owing set ofpro目前eswitb di任b陀nt 仁 PU-burst timc and arrival time 

PRurst Time Arri、 alTime 

Pl 10 

P2 

Pl 

P4 

P5 

What is the waiting time ofthe processes under the preemptive SJF scheduling algorithm? 

」


