Chapter 4/ Instruction Level Parallelism {ILP)

288

Z nun wirod Suneolq

€ suonesado yutod Suneorq [ uun juiod uieo[
youeiq-pue-1sa],

sa101§

speo]

uoneddunw Ja3auj|
suonesado )Ty Ja8au

— N = —

jlun youelq;z nun 1adauy

S3101§
speor|

uonesrdnnw 19331uf
suonesado N1y 128a1ug

— e O v

1 wen 1a8aug

Kouajey pauniojaad suoneradg NN [euonduny

-10ss3301d g payndwis e Joj asempiey uonnosxyg J aquL

1481y u1 uoneiado suo Ajuo Suiaey jo s|qeded Jnq ‘I S[QBL Ul UMOYS ISOY} O} Je[IUHS SHun
[euoudUNy Ylim J0ss9201d B U0 23N29x3 WS 31 se 9joA> Aq 9[04 pajussaid st 3] “wexdoid
aarsugui-apndwod e jo dooj 13uut 3y) Wolj usyel uoissaidxa o31e] A19A B SMOYS ¥ 2an31y
Jamsue dnsiwssad B yiim 1Jo[ 218 om pue ‘uspply SUIBWIL I
4711 nodxs pue puyj 0 sanbruyday Jo 90ussqe Y1 Ul (PAsIIAI 3q O IABY SUONISINb om)
o) ‘p UONDAS Ul 235 [{eYS am Sk ‘Ajear uf ;) Nofdxa AJjryssedons 0} op alempley pue
1ap1dwos sy) 1snw Jeym ‘os st siyl J1 ‘uay], ‘fqissod siyi ayew o) sweidord ur S1s1X3 d 11
y3nous JayIoYM SI pusLt 0 SaWwod Jeys uonsanb Js1yy Sy, *SHUN [BUONOUNJ 210U SBY JBY) JOSSI
-001d & w0 JeU) URY) l0oW Je) paIk ued s1ayio pue swelfoxd oynustos ySnoys ‘sureidoid jo
$9sSE[0 AUBW UO U3] JO 10}0€] B SB Uydonul se A[Iesu 2Ad1yde o} A[ayijun si Jossasoid 4TI
ue ‘Aepo) s[qejreae £So[ouyda) 3y YIIM Jey) 93S [[IM aIm—31 JO asn pood axew 03 si a3ua]
-[eYd 9y, “10ss3001d ojdwis SIY} Ul UAD S[qE[iEAR wWsI{a|[eied jo junouse o31e[ € i JIdY ],
‘d’11 JO Wunowe IB{IWIS B I3}JO OS[E }[Ing
Surag mou siossadord sefessiadns [B19A9G JI[ JO JUNOULE S UL payiw| asow st i y3noy:
‘A[[EIOISWILOO PISN PUB 1[ING UG dARY Jey} s10559001d MITFA [BI9ASS JO 1B SI{QUIDSI
J1BMPIBY UOTINIAXD SIY) ‘MOYs ansst siy) ut siaded ays Sy "21empIBY UONHINIIXI JB[IWIS YIIM
10ssa001d fenuanbas e 1940 u3) Jo 1030€) B Jo dnpaads aiqissod wnwixew e 1 oA1S pjnom
yorym ‘aouo e Iy ul, suonerdado ud) sAey PINOd 2rempley siy ‘pansst si uonerado
Kouaye] 1s93uo[ 3y 9[94d Yoea ul J| 97040 Yo pajeniul 3q ued suonelado Inoj Jo [e101 € jeyl
awnsse Aew am os ‘pautjadid aq 03 suonjerado opoAd-spdnnur smo[[e arempiey uonnIXI 411
AreordAy, (1 9[qeL) o1y 19ISISa1 UOWIWOD & 0} PIJO2UUOD JIUN YOUelq B pue spun [euol
-ouny 1noj jo Sunsisuod 10ssa001d JI poyIdwis B Jo s1empiey Uonnoaxa Ay} JOpIsuo)
quasaid st
S1eMPpIEY UOIINOSXD I2AJJBYM O} SS9008 snoauejjnuils ‘93uerre K|qissod pue ‘moj[e [{im [o1)
-Uuo0d 3Y3 18y pue ‘auo 1snf Jo pealsul s1oppe J9Falul [e1aA9s ‘ojdurexa Joj ‘drempiey ey jo
10w 2q Aeul 919y} JBY) ST JNOYNM SUO pue JT[ Ylm JUIYORW B UIIMIIQ SIOUIYJIP Y],
"JUIYoRW JSTY [BULIOU B SE d1EMpIeY UONNdaxa Jo 2dA sures ay) sey 10ss3s01d 43f [eo1dMy v

uonundaxy dr I't

*8unundwodiadng Jo puinor ayjg 3o dusst feads sy snyy, ‘d11 jo enusod
painseaw 9y} uo spodal pue SwSAS J1 (831 pim 20udIadxa uo sHodal “90udlajal feAlyOIe
ue ur ‘Surroyied uy an[ea 18318 9q pinom 219 ‘sanbruysa) a1mry paiseddns uo wodal e 0y
ISEIIUOD Ul ‘181 3[3] am AIIATIOR SIY) JO [[B YA\ "SSOUSI9Juod dnwapede je sidoy rejndod e
uesaq JI 10} senbruyod) mau pue JJ paresodiodur srarmorynuew NJD Jofew [je 1e uSisop
10s53201d0IdTW PAdUBAPE ‘SQ66I A[18d oY) Ag "wAsAs 2y Jo uisap ay) ut paeid 4 9fox
JeZ3USD SY3 UI pue Paiajjo 411 JO JUNOWe 9y} JO SULIS} Ul Y0q ‘210j2q UI3q pey I Idym
puokaq 1ej &1 paysnd yorym ‘AJ[BIOISUILIOD PIOS PUE J[ING 919M SWISISAS [R19A9S "uSisop Joind
-WO0J UI 9210 JUBOLIUSIS 2IOW YONUW B JW03q )i MES SQ86] 9y ‘sieak Qg 1sed ay) Jo sI10ss3
-oo1diun soueurrojrad 1saySiy au3 ur Juasaid ueaq aABY JII JO SIUNOWE J[ews Yy3Inoyy

*asn ueo s10ss9001d 9s9Y3 jey) wisid[ered ayi 9sodxa ey}
sanbruyoe) a1emyjos ajdurexs are Suinpayos soe1; pue Suturjadid sremyjos pue ‘wsioered
[9AS[-HOLONIISUT WOIJ JJOUaq JI3Y) SALISP 1By} s10ss2201d jo sojduiexa a1e siefessiadns pue
SMITA ‘siasn o yuaredsuen Aja81e] are Aoy ‘Surssasoxd [ayjered aarssew pue wsija[jesed
Jossaooidnjnw [euonipen; Ajiun nq ‘siuswasoidurt paads 3NoId i Jey st sanbruyos
259y Jo a1niedy Juerodunt ue sny ], pusw ui 10ssadoid fenuanbas e yim uontim weioid
o[3uis e papuey st waysAs ay) pue ‘suonerado [Ais-DSY [BWIOU 1B pIA[oaul suonesado
oy, "1oqresed ur 9)noaxs o) ‘suonedsijdnnus juiod Suneoyy pue ‘suonippe 195a)ut ‘9101 pue
speo] Axowew se yons ‘suonesado suryoew [enpiaipul Suisned Aq uonnoaxa dn poads jeyl
sanbruyoa uisop 1oj1dwod pue 10ss9001d Jo Aqrurey e st (411) wistjaf[eted j9asj-uononnsuy

uondnpojuy |

‘uoneao{[e Ja1s1a1 ‘Surinpayds ‘uonndSxa aanendads ‘anssi
uonezado aidnmnw ‘Sururjadid ‘s1ossasosd Jejessiadns ‘s10ss2001d MITA ‘wsiafiered [oaa]-uoLNUISU] "SPIOMATY

*sapeaap 331y ised 3y 1340 Wwawrdojeap st pue g1 JO PidY Y Jo 3ansadsiad [EDLIOISIY PUB MIIAILA0 UE Sapiacid
S[o1ME SIY ], "$90UL13Ju0d djwapede je Sido) Iejndod e swi0d3q pey 471§ 1oJ sanbruysay mau pue ‘J| parezodiodur
pey siammoegynuew NJD Jofew e ye udisap Jossaoordodius pasueape ‘apesap Yl Jo pua o Ag "WIASAS s Jo
uSisap oy w1 pakeid 11 2103 [BXUID Y UL PUB PAISFJO JI JO JUNOWE Y} JO SWLI) UI Yjoq ‘dI0joq U29q pey
3 a19ym puokaq Jey 411 peysnd yowym ‘K[[e1osauod plos pue j[ing 19Mm SWANSAS [e19Adg ‘uBisap 1ondwod us
9010J JuedIUSIS AI0W Yonul B 3W0Iq 1 MES SO86I aU) ‘S1rak ¢ 1sed ayi 10§ s1ossaooudiun souewioysad 1soydiy
sy} ui pareadde seq 471 ySnoy y “1aqqesed ui 23nd9x3 o suonesado sulyoew fenpiaipul Juisnes Aq uonndaxa dn
paads 1ey sanbiuyoas udisap 12[1duiod pue Jossad01d jo Afiwey e St (47]1) wsijaf[ered [243[-UoNINLSU] “JRIISqY

(Z661 ‘0T 3290100)

POEHG VD OV OIod ‘1€ "SI “‘PPOY 1IN 2884 [0G] ‘SIL0WIOQUT ParyOD-1IAIMIY
HHAHSH 'V HAASOf ANV NV VNHSIINVNVY ‘g

oANOadsIog pue ‘MIIAIIAQ ‘AI0ISTH
:8u1ssao01d [9[[eIed [AdT-uOnONIISUT

SPUBIYION Y f, Ul PAINOBJNUBIA UOISOY ‘SIdYSIGNG OIWIPEIY 19MN[Y €661 O
(€661) 05-6 ‘L ‘Bunndwodsadng jo feutnof ayJ,



B. R. Rau and J. A. Fisher

"MO[aq
ssnastp om yorgm ‘sweaford Areurpio ur 471 Jo AN[Iqe[ieAg Sys Inoqe S)Nsal onstunssad
K12 2wo0s 0} anp sem sty ‘wed uj “wsijo[jeled 101094 pue Keise Je[n3ol 10§ pue wsstfopered
10s59501d 2[dn[NT J0J USYO IOUI PISN Seam WIS} A SOLGI-PIW oY) Ag *s10ss2201d asay ut
punoj d1I oY) Yiim pauIdduod sem udyo . Burssagoxd [offeled,, ot yo183saI ‘'SOOGT AP U]
“SO661 21 O PIISE] SBY 1Byl SAINIOAIYIIE Je[edsIadns Jo ureyd e paLers 190uotd gJ syp
‘0099 DD 4 Yl sy 's10ssad01d soueuriopsad-y3ry [ryssaocons jo ulf Suof e Jo ueIs Yy
sem a1moalyoIe 14D S1Ing [1261 [[SMIN Pue [[ag] PISAT[ap sauTyorw (O noge Afuo yum
‘u3aq sAey JyStu J1 S [YSSI0ONS A[[BIDISUILOD SE 10U Sem [6/09E SY} SUOSEII [EDIUYIAIUOU
SnoLIeA 10, "sudisap refeosiadns s,Aepoy ut ASofouyoa) Ay e—Asnq syiun [euonouny asayp dasy
0) wieans uononnsur 3y afueisear o idwone st Ul 0099 DD Y ULy snonique row
Iej sem 1 Ing -oplalp/Aldunw jutod Suneop e pue ‘1appe yutod Suneoyj e ‘1oppe Ia8aul
o[3uts ® A[uo Suiaey ‘0099 DAD Y UBY} WSH3[[eIed [9AS[-UOHONIISUL SSI] PAIYJO IOSSI
-201d yorens [eauawIadxa [offered [aasj-uononnsut sNgd] uo Apsed paseq ‘auryoews iy,
“[L961 WAL} 16/09€ U ‘PIISAISP 89-L961 Ul pue ‘paonponul W ‘S0961 o Suunp osy

“Kep su jo 1sindwodradns oYNUSLdS 3Y) Sem 0099 DAD UL TAVID 34 Jo uorod
IE[EDS B JUBPUIOSIP 1I31IP SI PA[qLUSSAI A[Suoxs ) sAem Auew uT *paapu] “refeossadns [[eo
Aepo1 PINOM 94 1BYM PIEMO) Kem oY) SUO[E [|3Mm Sea UOIINOXA JO [2pow §It *3]IAD uaald e
ur anssi 03 uonzerado yoiym panosxe weidoid syl st ‘papIoap rempiey Sy} AUIYORW SIY)
uf ‘suonerado Io1{1es Juspuadapur-gjep Suissaooid S 31om SISO JOU JO JIIYM afo
uaAI3 € ur Sunnoaxa 11Els PINod 3SAY) JO U0 AUy “SPIAIp pue ppe jutod Suneoy} ‘youelq
121301 “(7) Aldnnu “(z) uswalout ‘Yiys ‘ppe J108aur—syun [euonouny ua) pey yoym ‘[o/6l
‘961 uoNLIOYL] 0099 DAD SH SurtaArep paues uonelodiod eie( [01U0D £961 UL 12431
a%enSuej-oungoeu sy 18 wsipdfjered [a.3[-uononnsul aptaocid 0} arempiey I[qejrese sty
Pasn ey} SUIYORW [Tyss30ons A[[e1o1owuod o) paf syl NdD asodind-je1susd e pping 0)
A1BSS905U SEM UEY) SAIES 20U J8j (IM SAUTYORUL J[qRI[S] Pjing 0 [edndeld 2uresaq 1 JeLp Sem
UOHN[OASI SIY} JO 1033J2 duQ "siamdwod pazuIoISISueI) JO doueieadde ay1 mes sQ961 YL

. ‘[eg61 108uing pue sIM]
2w awes 3y 18 9oejd 3xe) 01 suone1ado-0Iotul 210W IO OM] 10) a1qissod aq Aewr )t $3s€D
owos uf,, ‘2101 Ia3UINg pue saNIM €61 Ul ‘Paapul ‘[IS6l] sAIM AQ paquasap Ajiny
-a1e5 Sem pue [9g6] urloq pue 1ajuadie)] OV 1001d Ui Jo uBIsap 9p6l s 3uuny, ur paread
-de aposolonw [RIUOZLIOY Pa[[ed 3q ABPOl P[NOM 1BY) WSI3[[BIed 'SOS6T PUE SOY61 dYi Ul
s1ouSisap suryoruI Jo SurjuIy) 9y} Olul Pa103oe) WisT[d{[esed [9AS}-UonONASUL ‘sAem [[ews uf

wsyajjoang 120 7-uouonusyy fo Lioisiy Kuvg 7l

‘putw ur e[ 21031 Ul UONNJSXS JO PI0OAI Y Yilm UdNLIM
werdoid g usatd ‘qp 2InB1J Ul UONNOSXI JO PIOJAI JO PUN 3y ulene 03 11 ey swAshs Jo
ASo[ouyda) 3y Yiia J19s SuIRou0d Sunndwodiadng fo jpuinof ayJ Jo I0ssl eroads sy

-uonnosxa paejduwiod 134 sey 1 3L W
Aidnjnw 1ayou ySnoy usAd pansst dse suonerado 10w 0M1 ‘T 9[2A> Ul ‘panssi a1e suon
-210d0 In0J ‘T 3[0Ad U] :JUIPIAD DI $199JJ2 Y10q ‘(q] 21n314) UONNIZX3 JO P10 ] INO U]

*3[045 uaAId e ur uonelado duo uey) d10W Jnsst ued Auewr pue WSy ur [us s1e suonerado
snotaaxd uaym ‘saokd> do-ou osoys Suunp suonesado ansst ued siossaooid _u__Em.m [9A9]
-UOONNSUL 1SOIA (*9[0AD YOI PAINIAXS ST JeYMm JO PIOIAI [ENJOR Y} SB II3Y UMOYS 918 Inq
‘wrei3o01d v Jo 1xa1 9y ui Jeadde jou pinom sdo-ou asay ]) ‘uonerado yxau oy Sunssi s10joq
T 919A> ur pansst Ajdnnwr Adudje| 2jok-aa1y) 9y} Jo uonajdwod ay: eme :.:E 10859001d
|enuanbas ay) asnesaq st s1y ], ‘sdo-ou ureuod e[ a1n3rg ur sa[04d 9Y) JO [BISAIS 1By 0N

‘[ 9[qEL Ul PajedIpuUl 1M
-paey 9y UO PAINOIX3 9q 31w 11 sk JuswTesy weaFoxd swes ayy smoys q) 21nJ1g ‘dw € e

*dooj awes 3y 10j UOHNIAXI JO
pI0331 |3[|eted [aasj-uononnsut 3y [, (q) "dooj B 10j uonnosaxa Jo p1osax fenuanbas oyl jo sjdwexa uy (8) 7 2n81y

[

1TY-ou-Axp 0106 snipeix<bsunsAx 3T bsa+bsa=bsuinsal 11 3TOAD

bsA+bsx=bsunsAx 0 31042
peasi,peasiz=bs]  poasa,paasasbhsa dot w wuw»w
PoasX,paasx=bsx pPa9sA,paasi=bsA G£5593%ZP29S1=PaasS] GEGSITNZPIISA=PIAISA [ I'IIAD

SE€55933CPAOSX=PIISX $£55973ZPpaash=paash 9 dATORD
6VBET+IDOOSX=7PaasSX 6pBET+IPa@asA=zpaasi § ITILD
6VBET+IPOISI=ZPIIS] 6VBET+IPIISA=ZP3aasA b  JTDAD
dou
60£TxP39SX=TP2dSX BOEI+PI3SA=Tpaask m wuwww
LOET+P3351=1Pd251 90E1.P23SA=IpPaasa T+o1d=01d z+da=da 1 3TIDAD
Ny LVOTd a7y LYOTd N1I¥ INI N71¢ INI

(e}

ITY-ou-Axp 0105 snipea < bsunsAX JT £g€ ITIDAD
z + da = d3l 9¢ FIDAD

I +9o1d = o1d s€ HTDAD

bsa + bs3 = bswnsal ¢ ITIAD

dou € 3FT1DAD

dou z¢ ITOAD

pPa29sA . Pa3sSA = bsa T1¢ 31DAD

v dou g FTIAD

dou 67 3ITOAD

Poasy . padsl = bsi g¢ ITIAD

bsA + bsx = bsunsAx (g FTOAD

< dou 9z 370K

dou §Z IATORD

poask , paasA = bsk $7 ITDAD

dou €z 310D

dou zz d7T0AD

P3asX  poasX = bsx 17 ITOAD
GESS9 3% IPIISA = PIISA 0T FTIAD
SESS9 33 Zpedsy = paedsy 61 ITIDAD
6VBET + IPIdSA = Zpaasa 8T ITIAD
6¥8ET + IPI3sS3 = Zpeasy LT ITIDAD
dou gt 37040

dou ST 31DAD

90€T » PIOSA = [PI3Isn pI ITOAD
dou €1 310AD

dou ZT 31042

LOET » PO9SY = Ip29s] 1T FTIAD
SGE£559 3% ZPaasA = passh 0 AT0AD
GESS9 I3 IPISSX = pIISX 6 ATIAD
6VBET + TP9dsA = gzpaask g  ATIDAD
6VBET + 1P99SX = gpaasx L ATOAD
dou 9  ATIRKD

dou g dATDRD

80ET « P29sk = [paasA v ITIAD
dou ¢ dTDAD

dou Zz @TIDAD

60ET » PO3SX = Ipadsx T JTIOAD




Chapter 4/ Instruction Level Parallelism (ILP)

290

"$SB[O SIY} Jo aanejuasaidal a1e [GR6I ‘[ 19 pInD ‘I86] [IBYIEY] PuB PUIALY ‘Z86I
MO[31S0D) pue pulAly] siossaooid mopjere(q “suonerado usamioq 1513 ey sasuapuadop
ay sajeorput Apiorjdxe weidord syl Yoym JOJ SUMOIMNYDIR (SaUMIAIYILD 3ouspuada(] e

‘[¥961 uosdwoyy, /861 ‘T8 10 PIUS ‘1661
“[e 19 nosadog ‘G/6L 1B 19 I9][3] ‘46861 [ 0661 WA ‘T66L USIIY Pue jjiopudjeld
7661 "8 12 our3( 7661 198y pue youeld {1661 "[E 19 1yeg 8861 Jandwo)) ojjody
{L96] ‘[e 19 UOSIapuy] sarmoanyate [epuanbas 1of suoneuswaidwi Jossasold 4 jo
aaneuasaidar aie s10ssa001d sefeosiadng -wsipaqjered SuipreSar uoneuwopur o1 dxs Aue
£aAu00 0y pajoadxa jou st werSoxd oy YOIy J0J SAINIONIYDIR (SIUMOYAD (o1uanbag o

“SMO[|O} S P3IJISSB[d 3Q UBD S2IMOIAIYdIE ] ‘Puiw ur siyr Y -wexdoxd ayy ur
suonerado 10 suoOnONNSUI 3y} UMIaq wsifa[jered sjqefieae ay) o) Sururerrad wesSoxd ayi ut
PAPP3QLUS UOIBLIOJUT 0] SPUIIXS JI SIIMOAMNYDIIE JT] JO 3SED I UI ING ‘UOIIINIISUI UR J)NINS
-uod 18y} S)iq 31 Jo uonea1dIsul SY) pue JEWLIO) UOHIONIISUT 3] [IIM PUIIOUOD ST JOBIUOD
siy A[jensp) -a1n10311ydae yey) jo suoneuswajduil 10ss9001d JO 198 Y1 pue 21NO}IYOIR 3Y)
1oj uanim e jey) swesSod Jo SSBIO 9Y) UIIMIIG I0BRIIUOD B ST AIMOIAIYdIe 19Indwiod v

‘weidoxd ay) v1A S1emprey oy 03 J9[dwod 2y Aq pareduUNUNUOd ST wsijered Su
-p1e331 UOIIBULIOJUL YOIYM UT JSUUEBW 3Y) UO PUE dIempiey oy Aq ueyy Joyies 1o[1dwod ay £q
dpeW 2B SUOISIOAP I59Y1 YdIYm O} JudX3 Y uo Suipusdop umop uaxjolq 9q ued SaAneU
-19)[ Y], (paandaxa A[aane[naads aq pjnoys uonesddo ue IIYISYM pUE pajndaxa aq pinoys
uonerodo ue usym 0) Se SpeW SUOISIOIP AIBSSIOIU 1) a1 A[30EX2 MO “suonerado dals
-§3201S JO 20UBNSST 9Y) U3aM)aq [BAISUI 9] uey) 1916313 ST uonerado ue 3)ndaxa 0} awi Ay}
asnedaq 1O A[SnosuENWIS PINss] uaaq JulAry JO NSI B SB ISYIID ‘UOHINIIXS Ul AJsnoaue}
-[nwis a1e suorerado aydnnur ey SI UOINIXS [d][eied [9A[-UOHONIISUI JO }[NSAX PUS Y],

saanRIYAIY 4TI °T

"Kepo) IIm I[1SaIM SI2uTISap jeym 0)
JueAd[a1 sem sdnoid asay) £Aq auop sem eyl SuniIoas A[{eniiip paules| sem ey Junowe
981ef oy pue opew sem Jey) ssasSold oY) JuswINOOP 03 awin 3y dAey Jou pip sdn-uers 1oind
-woo Je sjonpoid ue-oy1-jo-o1ers Juiugisop SIA[ISWAY] PUNoj OYm SISYDIBISII asoyl ‘A[areun)
-IojJup) "SE6I AYI JO SIOUIIPUOD SWSAS pue 2IMIANYIIE JO SINIES) JUBUTWIOP B SWI0Dq SBY
BIJE JRY) OJUI YOIBISAI ‘] UT ISIIAUT JO 25UITINSII [BIOISUIIOD SIY) JO J[NS3I B Sk A[lied
d71I Jo 9313ap swos Apoquia [[Im S[1D Ma3u [[e A[[eniiA G661 AQ 1BY) 19q 9jes
B S| oM se SMITA Sunednsaaur ase swos pue ‘Kijiqededs rejessiadns jo 92183p awios
ppe o1 undaq aaey s1oudisop [[e A[fenuip "sasinbai Jossaooid HSy ' uey diyo o[Suis e
10 20eds UOJI[IS QIOUI WIAY} O) PAIJO JARY MOU SO6G] U Ul sIouSisap NdD ‘S[qe[ieae
Jweoaq 101s1suen) Ay usym oJe sieak g¢ pauaddey pey se isnf sgs6I Y1 Ut J71 ‘1°E’T

‘[19m se sauryoew JIepessiadns 1oj
ordwod 01 pasn usaq sAey ‘ansst siy) ur uodn papodar pue ‘purw ur SMITA Yim pado
-[9A9p sanbiuyoay 1a11duios oy jo Auewr ‘erounsayun,{ "AemIspun s1I0§2 uSISOp MITA 2ANOR
[19A3s a1e 3191 pue sdn-11eys asay 1 padojaaap sarSojouyds) oy 0) $sa0e pasinboe s1a1ny
-ogjnuew 191ndwod Jofeur [BI9AAS ‘$5900NS SSIUISNG SUNISe] B Sem SUOU ‘SUOSEI SNOLIEA JOJ

‘y3noyly ‘sapoo uiraoui3us pue S1JHUIIOS UO ] JO Sunowre aSIe] PIARYIE Jey) SouIyd
-ew [eonoe1d piing 01 9[qIssod sem 1 JeY) 2)eNSUOWSP O} Jjqe 21am satuedwrod asdy) dnoid
e sy "[686] ‘T8 12 ney ‘8861 ‘[B 10 [[om[oD)] wsta[jered jo soorSop Surrea yum spMITA
Inq-—owWoIpL) pue ‘mopnnpy ‘1o[n)—sdn-ureys 1andwod saryy -ssurgoew asodind
-[exsuad ‘o[qedes Jo w0} ay) UI A[[RIOISWIUIOD PAIAJJO A1am SNdD MITA SO86I 2yl uf
‘1861
Iasae|n pue ney ‘1861 JoysLi] Apoanp wsiapered ayy Aj1oads pinoo ropidwos 2y yey; os
ssulyorw MITA 9sodind-[e1ousd asoy) 0) papusixe d1am ‘OpoJ0IdIUI [ejuozLIOY Sunelausd
10j pado]aasp uaaq pey ys1ym jo awos ‘sanbruyds} uonessusd apo) *[g861 19YSLI] MITA
P3qQNPp sem 21MWIINIYDIE JO 9]AIS SIYL *[Z86] Hemeuaarn) pue Iesaels) ‘ney ‘€861 12Ustd] dI
1912313 pIOJJE 0} SB OS ‘[BOTLAA 10U ‘[BJUOZLIOY SBA JDBLISNUI UBI[D 9Y) 35D SIY} UL ‘IOAIMOH]
“19[1dwod 9y 03 IdeyIAUL uedd ‘ofdwis B Juasaxd o3 sem dals [RIOMID AY) ‘DSIY YPIM SY
‘wsijo[esed yonw jey) Yum sautyoew JJ 10} swnpliod[e uoneldudd apod pood jo
swmn ey 1e Joe] oy Aq pue ‘uonedsijdde oj3urs e 10j }jIng $10553001d JO SIMOINIYDIR JNRID
-UASoIpt ay) Aq pasned Sem UIN) UT YOIYm ‘D1emijos wAsAs pooS Jo Yoe| oy Aq pasned sem
siyL ‘suonedijdde jo sSe[D MOIIBU B O} PIIOLIISAI SKEM[E 1SOUWI[E 919M AJY) ‘osn AepAIoAd
‘|exouad aiow 10§ s1o0poid JIdY) J9IeW 0} SIAINJORJNUEBW [BIIAIS Jo ed dyy uo sidwane
andsap ‘1oasmoH “suoneosrjdde oynuaios o sassepd Juetodu 1oj ‘soguer 3oud 1oy ui 18y £q
s10s53001d 153)58) SY1 ‘ISB} A[SWIANXD 319M SIUIYOLW 3s3Y], ‘pey s1ossaoold tefeosstodns
A11ea sy uey s)unoure Jojeald Jej ur wistja|[esed [9A9[-UOPONISUI 0 $S399€ s1asn Fuialg K10
-WISW 9[qEIIIM YIIM JI0)S [0NU0D ATuo-pear 3y padejdal ‘[{861 Yromsa[ieyD)] swaisAs o
Suneol] A]qrIOU ISOW ‘SISINJOBJNUEBUI ISIL) JO SWOS ‘O[qEjIeAR SWEd3q AI0WDUI I[QEIILIM
“ISEJ USYA) "I d[qe[reae wisyd[[ered [2A9[-uOBONISUL JY) WL} SITejuBAPR SNOPUSWIDI)
Suured ‘210)s [013U0D [BJUOZIIOY S OJUT A[)OAUIP SWYILIOF[e JueodW JOYI0 puUe ST 4.5 poIIm
-pIey snd) 9s9y1 ‘osn asodind-jerouad je powire joN ‘s1oindwod Surssasord feuSis poazt
-feroads ur umoid pey yoxrew adre| e sgi6] oy Suling ‘s10ssec01d papododiw A[eIuozLioy
uodn 199139 WU IP Jeymawos B Suraey a1om KSofouyday Arowawr ur soSueyd suwes 3y,
"[£861 "1e 10 Prwis] sonneuonsy Aq pajeyIew pue jjing
sem ‘9[oAd yoea suononisul om} 0} dn ansst pinod yaym ‘[-S7 ays ‘1onpoid sefeosiadns
3Aneacuur auo ‘y3noy) 19xoerq-0oud reindwosradnsiurur 9y U “J0AL] Jo InO [[9) senbiuyon
[9]ered Jeas|-uononnsui pue ‘1doduod HSTY 2yl spiemo) sem sjonpoid rossavordoromur Jo
JuawaAsou [e1auald oy so86l Ul uf [Z861 uIpey ‘1861 uinbag pue uosianed (7861 ‘[B 10
nayseq ‘iddnoy ‘Assauusy] DS pajie> sem 1daouod sty “1981er zoj1dwiod ojdwis ‘uespo e se
pojussaxd sem 30JI91UI 9POSOIOIU [EIILIAA ) ‘PEIISU] "OPOJ0IdIUE A[UO-peal 158 AI19A Ul
st} 121dxoyur uoy) pue 3o3rey 19[idwod e se ofenSue| xo[dwod B Sulyap O} ISUSS Yonu S8
apew 133uo] ou 1 ‘opod0IdIW Jo IFeIUBADE JY) YSIUIWIP 0} SeM SIY} JO 193] [RINIRU SUQ
‘1eaddesip 03 uedaq 2101s [011UOD A[UO-PEII PAJEIIPIP ‘[[EWS € JO SITejUBAPE 9Y) ‘PImolIeU
Kowawr K[uo-peal pue 9jqealum uaamiaq ded paads oy se ‘siossaoord [enuenbas 104
‘Ansnpur 19)ndwod a1nu2 9y
uodn joedwi punojoid e yons pey jey) £50[ouyda) 10)onpuodIWaS Ul sadueyo swes ay) Aq
‘sQ861 oyt ul ‘paragddin srom Loy pue ‘KSojouyod) JTI ISIY Y3 “SPOd0IdW [EJUOZLIOY JO
IMOIZINO [RITIBU B 31oM SMITA SABM AUBLU UJ “SJUOLJ JUSISMIP [BI9A3S UO Padiowd ‘(MITA)
piom uononnsur uof K1sA paffed ‘g1 Jo 9jK1s mou e jo sSuruurdaq oy sQL61 e[ ayp Uy

WSV [2AFT-UONINAISUT ULIPOIN €[



291

B. R. Rau and J. A. Fisher

apuadaput 9q 01 3a01d 1eY) suononLIsul JuaNbasqns Jo uonnoaxs uidaq Aew Jossasoid oy
awruRsW oY) U] ‘19)38aI0y) W Aue 18 Funnoaxs urdaq 0) PAMO|[E 3G UBD puB SUONONIISUL
paiojdwosun Jayio [ jo uspusdopul st uoponnsut Ay ‘sudddey sip udym and i uon
-IpUOd I3YIIAU YOIYM I8 Jujod Syl SUIULIGNAP O} PAIOHUOW 9 ISnuI sduapuadap asay ‘uon
-e1ado Suprem yoes 104 ‘uonnooxa paaidwod aAey Juspuadap s1 3t YOIYm U0 SUOINISUL 3y)
nun pake[op 2q isnw uonsanb ur uononIsul AY) Anu) SI SUOHIPUOD S JO JAPIS J]

‘weiod oy Jo UoNNOAXI [enuanbas B ul ISI[IEI PIANIOXI UG dABY
pinom JeY) suononnsul SuLIazIvul Jo uona[duod dy Joj Sunem ST Ing Pansst Udq sey o
J0 UOBNOAXS Ul Apealje e

I3Y11a SI 18yl JUO ‘st 1ey)
Sty ur uononasur 19y10 Aue Jo spuriado Yl Yiim IJIAUL (SIYIPOU JO SISN UOHINILS
-ul 9y} 1By} SUONEO0] Atowaw Jo siasi3a1) spuesado suONONISUL Y JAYISYM }I3YD I1snw
11 “sanss 105s3001d Je[eosiadns € 1eys uononusur K1049 YA "uodn Juspuadap st Affenioe
1 SUOHONNISUI J9YI0 YOIYM ‘UONDNISUL Yord Joj ‘pueIsIapun o) st Jossaooid rejesssadns
© 10§ ‘UBY) “Y§S®) 1SIYy QYL 1991100 3q O) $3ajuelend SInidajiyore Y 1ey) 19pio A[uo ay)
SI Jel) pue ‘ystuy O U0 snOIAdId Y1 JOJ SIEM UOHONIISUL YOBS Uoym AJ109110D 31NIAX3
i 1 1Ry Kjuo uonduwinsse ays Yim paronnsuod st weidoxd fenuanbes e jey st wapqoad
oy, “werSoud [enuonbas © papuey s1 alempiey Y1 YSnoy uaAd ‘jieded ur suononasul
AUBUI 3IN93X2 O} SB OS [0 A19A3 UOLIONIISUL UE JNSSI O SIALIS (J0ssaooid Je[eosiadns v
*9)NJaX3 0} St
uonerado SIy) AIGYM puB USYM JO UOISIOIP SUIRPIYDS oY1 SYEW Isnu drempiey dys jutod
sIy 1y "uonnoaxs urdaq Aew 3 suonerado 1ayio [[e Jo uspuadoput st uoneado Sy UM

“30MI231YDIR JO SISSBID 321U} 24} J0j JrBMPIRY 3y} pug J31dW0d Y3 UIIMIAQ SanL[IqIsuCdsal JO UOISIAL] T a4n8Lf

8i1eMpieH Jedwo)
(rn)
aInP3NYOsY
eouspuedepu|
mon::wmoz puig p (uozuoH) mwo:._omom n.E_m u
: *l 21M28UYdLY : A
: T T eouspuadepy] T T T
h mooco.u:oq_oa:_ o:_Ehouoou ” (moyereq) _ mwocoucwaoucw. oE.ESon_u
A . ’ : aInjeuydIy : e e o
; - eouspusdag T e BEUir — : L
Couceu:onon eujwieleq u ‘ sesuepusde( eupuisieq u
Sl * : . (reyeossadng) S N
. tenuenbag : _ e :
q 10zjundo 3 pusjuoly u

“parajdiwion 104 10U 9ABY INQ PANSSI UIIQ SAEY 1eY) ISOY) ‘St IBYY “WB1Y Ut e 1By Suon
-esado Suipesard Ajenusnbos im seouspuadap SuILLIARP 0) A1eSS300U A[UO ST 1] "a1empIey
o) AQ POUIULISISP 3q ISNW SUONONISUT UIIMIAQ ISIXD Jey) saouapuadap ay ‘pokordwe aq
o) st wisiajered [aa-uononISUI JI udAd Aue uf (“wstjajered Sunoenxs Jo yse) S1em
-pIBY 9y} SIEN]IOE} O} SE OS SUOHIONISUL oY) BULIAPIO PUE SUONOUNY 3SAY) Surunroyzad sopd
-WOd AY) Ul SN[BA ST I3Y) JBY) ‘SSI[OYLISAU ‘Sni} ST I]) "dIEMpIRY Y} O} UONBULIOJUT ST
21e2TUNWWOD 0} Aem 1O1[dXo OU SI 9IY) 0OUIS SUOISIOAP Bulnpayds xew Jou wstjo(esed
Apnuapt Jaynau paau 191dwod a1 ‘Auanbasuo)) ‘SUOHIMISUL UdaAI] ISIX Jeip saouapuadap
oy Sutpsesal uonewnIoju 3101[dXa OU SUIEIUOD AINYOAYDIE [enuanbas e 1oj wesdoad sy,

$.10552001g ADIDIS12dNG pup S2UNANIYILY [onuInbag ['7

*21M2NYDIR JO SASSB[O 931y Y 10] ‘Arempiey
swn-uni pue 1911dWI0d ) UIIMISq ‘SYSE) 30IY) 3SIY) JO UMOPYEIG Y} SMOYS T N3]

‘pansodap aq Aewt
1[NS31 3 YOIy ol JA)s1Sar B pouBisse 3q ISNW PuUE JUN [BUOLDUNY S11dads Swos uo
‘oum Je[nonted SwWOS JE 009X 0} PIINPaYds 3q Isnw suonelado yuspuadapur asay[, ‘¢

‘pauLLIdOp 9q
1snuw pajajdwon 124 se jou sey 1ey) uonerado Aue Jo Juspuadaput a1e yey) suonesadoayy, ‘g
“pautuLIolep 9q snw suonerado uaamiaq s3ouspuadap Yy, °[

:pountojiad oq Isnwi suonduny

Su1MO[0} o “DIEMPIEY SUWN-UNI 313 puE Jo[idwod JYy) UIaMIQ ‘PIASIYIE 3q 03 ST d'TT I
‘s10ssao01diun 10 Awouoxe) Siyl Jo Ipisino
e ‘g1 Wis Suipeanpnpnur jo 32159p SWOS AUIQUIOD OS[e YdIYM ‘(1661 USYS Pue J[OM
2661 YOS PuE uIPjuel] {0661 IYOSSUUBA pue ounjaue(] saImidanydIe plIaAy urelIa ‘os|Y
('[861] ¥oauyos £q jooq oY) puk [986]] Bi1eSUO(] AQ AdAInS U *I0UEISUL 10) ‘sa[onue pue
$j00q AueuI U1 [SAISUIIXS PIjeal] Ua3q 9ABY PUE 9pedap Ised syl JOA0 AIBYMIS[S UONUINE JO
Jeap 18213 B PaAIadar aaey s10553003d J0J03A) ansst [eidads siy) Jo adoos ayi apisino a1e
$10852201d 10103 *s10s$2501d g1 9nu3 Suraq JON 9pe2aap 1sed JY) JIAO SS3DINS [BIOIOWIWOD
1218 pokofus oaey s10859001d 10199 ‘SSIRUYLIAASN “WwisIfa[[e1ed [A3[-UONONIISUL JO SULIO)
(e nojdxa oy Aujiqe 1oy ur jerouad ssof a1 $10559001d 101994 “wisiapered 01 yoroidde
pazi[A1s 21y Jo asnedaq '105sa001d sefeosiadns e Aq padej ale 1By swiajqoid swes ay) Jo [
SINDUJ “10)09A 10 Ie|eds Iayioym ‘[ajfesed ur suononuisul ajdnjnw 9nd3xa o) Sundwany
"HOTIONAISUL JOJOIA YOBD O] [BUISUT W3] [eIed [9A9[-UONONNSUL JO WIIO) pazijAss e ssassod
Op 1BY} SUCHONNISUI JOAA Y} 12 SuononIsul Xo[durod Y[, “aInoydIe (aandwod 338
uononnsur xa[dwod) DS ‘jenusnbas e 1oy s10853001d s€ JO 1SN0 153q 1€ [7/6] UOSIEM

‘g/61 1[oSSTY ‘7461 Bl pue Zjuly] s10ss3001d J0J03A ‘AWOUOXE] SIYL JO 1XAUOD 3y} U]

*$21MPd3}YdIe dUspuddapul Jo SB[ )
30 sapdurexs a1e [6861 “[E 10 NEY ‘886 ‘T8 19 [[M[0D [86] YHOmSI[IRYD] s10ss3001d
(MI'TA) Piom uononnsut Suoj K194 “JWoUE Suo Jo juapuadoput a1e suonerado yoiym o1 se
uoneuwojur saptaoid weidoid ayy YdIYm 10 SAUAMIONNYIIL 1S2Un1IAY2UD 2oUIpUIdopu] e



Chapter 4/ Instruction Level Parallelism {ILP}

292

uoneuswa(dwi ue Aq paonpold UOHNOIXI JO PIOIII Y} O} SO0 AI9A 3q Aewl 3IMOI}IYdIE
souopuadapur ue 10§ 9pod ‘A[SnOSUBINWIS PAINJIXS 3q PInod 1eyr suonerado Junsiy Ag
'paiy1oads a1e (ApUaLINOUOd
2IND3%3 O} SIIBPIPUBD 159G JY) aIe SuIy) J9jidwod ay ey suonerado asoyy) suonerado
1uapuadapui [je Jo 19sqns e £[uo yim sadouspuadapui ‘uonerado yoes 1oj ‘peasu] ‘ssouspuad
-aputi j[e Ay1oads o) feonoexduur st 31 os ‘Juapuadap st 11 Yorym uo suonerado Jo Jaquinu ay}
uey) 1912213 1] 1 Juapuadapur st N YoIyM Jo suonesado jo requinu ay) ‘uorierado usald
Aue 10§ ‘A19IRUNIIONUN) 994D SWIES SY) UI ANOAXI Ued I suonerado Yorym Funjosyo Jayumny
OU YHM SMOUY }I 20UIS ‘aIBmPIBY 9y} 0} IN[BA JO3IIP JO SI UCHEBULIOJUI SIY], “JAYloue 3uo
Jo wapuadopu; a1e suonesado yowym Suikjoads Aq oremprey 9y 0} 11 SABIIUNWWOD pue
weiSoid ay3 ur wsidpered sy saynuapt Jopidurod 2yl IMdAIYdIe duspusdapul ue 1oj
“)SRIIUOD U "SUOIIONIISUT UaMIaq Sduapuadop oyl SUIULISJap 1S11J OS[E 1SNUI 31 ‘UONBULIOJUT
nordxa Aue yoey 1t 10} swesSoid aouls Inq ‘swes ayy op isnw Jossaoold tefeasiadns ayf,
‘suononIsul Sunnoaxa AUALINOUOD 1930 {[e Jo Juspuadoput S1 31 1Y) 0S PaINdaxa 3q Aeul
UONONISUE Ue UIYM SUIULIZ)OP 0] Pasn sI uoneuriojul aouapuadap papiaoid Apidxa sy
10889001d MO[JEIEP 9Y) JO 3SED Y U "SWI) UNJ Je UOHEBWLIOJU SIY) SuIALIap Jo sAem om)
1uasaxdai s1ossaoo1d moyjeiep pue s10ssad01d sejeosiadng “1ayloue suo jo Juspuadapur s1e
suorjesado oy 1Y) SUIUILIAP Isnw wAsAs ayy ‘[2[jered ur suonerado 91N09x3 O3 I9pIO UL

SUOSSDI04d MITTA PUD S24M10311yody 2ouspuadapuy €7

‘[0661 1311nD pue sojnodopeded] LI 18 pue [S861 “[€ 19 pIND] I131SYIURA JO ANSISATU[}
oy} 1e 3[Inq Souo Jy} ‘adouejsul 10§ ‘)ing sadA10101d YoIBIsSAI JO I9QUINU B UG ‘J3AIMOY
‘aaey 21ay [ ‘[166] JeS9B)) puE IpIydg] asuds paytwi| g ur 3daoxa 9ImoaIyoIe mo[jelep Syl
uo paseq J[inq s1onpoid [BIDISWUIOD OU UG IABY 1Y} ‘QIEME JIE SIOYINE Y] SE I8 SY
‘suonerado aanenoads 4q pasiel SuOHIPUOD JOLII YIIM [EIP O} 9ABY JOU S0P JOss3001d oy pue
AUO [NJISN B SI PIINOIXD UOLIONIISUI AJIAS DUIS UOIINDAX2 aanenoads uey) A3aens 1amaq
B SI SIY} ‘[JSSI00NS usyA "wsija[[esed [jo1u0d juepunge puy o) yied uonnooxs syl umop
Jej Surjoo[ 18 SISYI0 S} UBY} [IYSSIOONS IOW SI 10SS3001d MO[JEIRD Y 'Situn [euonouny
ays az1{nn Ay 01 suoje wsijd|[eted [0nuod Juisn uo pa3unod K[feuonipen) saey siossasold
aopjeIe(] (‘' pue ¢ SUOND9S Ul [121op 1918213 Ut PassnosIp S SIYL) ‘Pazin K[y a1emprey oy
doay 01 uonndaxa 2anendads pue wsiafjesed jonuod asn s10859001d MITA pue Je[eosiadng
‘wistjajesed Jo S[aA9] enbape apraoid jou saop Affeand A yo0[q diseq e unpim uopendwio)
-soueurtopiad yead saadiyor 10s59001d mojjelep 9 ‘Jun [eUONOUNY
A133A3 10 21n03x3 0) Apeas UOIdNIISUL 3UO ISBI] 1B SKem[e ST Aoyl J juondonasul ay AJroads
spuerado jndut oy ‘royjey ‘spuerado indur sy £J1oads 03 uopoNISUI AY) 10j JUBPUNPAL SI I
‘fuadoud siyy Jo asnedag “10ss9301d Jo 9d£3 s1y) JO SwreU Y} 03 ISLI SIAIT JBYM ST ‘UOINAS
-ur ue Jo uonnoaxe pue Sulyday oy s1e33m vrep oyl Jo Anfiqejieae ayy Aqaroym ‘Auradord
SIYL, "ofqejreae st adA) ausinbar oy Jo Jun [EUOROUNY B SB UOOS SB PAINOAX3 UY) SI UOK}
-ONISUL Y], *SUONINIISUI J0SSIIINS JO IST] 3y pue pawnojiad aq 01 uonerado ayy say1oads
YOIyM ‘UOHIONIISUI Y] SAYDJ9J 2IBMPIRY 9} ‘d[qR[IeAR 218 UONdNIISUL Ue Jo spuerado indug
341 JO [[B S UOOS Sy "SUONONIISUI JOSSIOONS S} JO Yoes 10j }nsa1 sp Jo Adod e sajeasd i
‘say91dwod uonodnusur ue awi yoeyg (*UONONIISUL I3YJ0 ey Jo Insa1 oy spuerado indut
SJ1 JO SUO SB SASN 1 JI UOHONIISUI JOYJOUE JO JOSSIIONS B SI UONIMISUI UY) "SUOTIONIISUL

10s5320n$ JO 151} B uoionsisut yoea ui Suipnpou Aq paysiiduwiosoe st siyy ‘Kjeord4y, suon
-ONU)SUI usamyaq saouspuadap ay) Jnoqe uoneuriojui apiaoid o) wieadord ay) uo sNOd I ‘oS
op o ‘[I861 11BYIBY PuEB PulAly ‘Z8E] MO[SISOD PUE PUIAIY] UONINISUL Y} INIIXI 0}
yorym uodn yun [euonduny e pue spuerado indur oy Jo Anjiqejreae ay) o3 K[uo 103[qns swy
31qissod 1531182 31f) J& UONONIISUT UB 3}NIIX O} SI J0s$3201d mofjelep e Jo 9A192{qo ay ],
‘pajeuIWIe Us3q Ssey ‘saoudpuadap 9yl SUIWLIGP 0} Ioplo [eurdLio i ul
weidoid renuanbas ayy Sutuuess Jo ‘yser [enusnbas Apussoyur oY) “1aaamoy Surnpsyos
sy woyrad uayy pue suoneiado 1aylo fJe Jo uspuadapur s uonerado Yows udym ‘own
UNI Je ‘QUIWIAP [[1IS ISNW dTempiey 9y, ‘suonerado uaamiaq saduspuadap o ‘weidoird
31qeInoaxa ays ur ‘BurAyoads £q arempiey ayj 03 I sjedUNUWUIOD pue weidoxd Yy ur wsis|
-Tesed oy saynuapt ounaeidoid sy Jo sopidwos sy saxmoaydIe 3ouspuadap Jo ased oyl uf

$40552204d MOLfDID( pup S24m22114o4y 2ouapuadaq "7°7

"posn [[am sso] pue Apsod arowr Suraq (arempley uounddxa ayl se yons) sued oylo pue
PazIfIn 193q pue 3A1suadxs ss9 Juiaq (SISNG SUONEDIUNWIWOD PUE JIUN UOLONIISUI 9} SB
yons) 10ss9501d oy Jo sired awos ut ynsar Aewr Suruijadidiadng sQ9gl 2y Jo Juissaosoid
Iefeostadns ‘onssi-9[3uts ay) 03 Yoeq 2[o1d |1y 5903 ‘{686l 1ddnof] Sutunadidiadns pawniay
u33q sey yowym ‘A3a1ens sy, "2194d 1ad uoyonnsur suo K[uo Sulsst 1nq 2ALJ Jo 1010€) B
Aq 3.1 joo[d syl dn Juipaads ‘Ajdsop se soun} AL} SIEMPIEY SNSSI UOWONIISUL puB SHun
[euonouny oy Sururjadid Aq passiyoe oq pnod sdueuLIoj1ad sures sy ‘91o4> Jad suononnsul
aaly Suinsst jo sjqeded 10ss2001d © JO pealsul ‘9OUEISUL 10, 90UBULIONAd JO [9AQ] UIEIID €
3A3IYOR 0} J9pI0 Ul 3[34d 1od suoneredo aydnnur anssI Jou pasu 10ss3201d JT] UB B} 910N
‘[i661 “1e 12 nasadod Q6861 [T 0661 INEI ‘7661 UAIY Pue JjIopuajerq
‘7661 "B 19 oueTag ‘766l 198enay pue youepg] siossavoirdordiw jo requinu e ‘Auad
-2l j1sow ‘pue ‘(1661 "1e 19 Iyeg ‘886l oljody] 1andwoosradns jeuosiad QoOOING s.oiiody
‘(1861 'T& 32 S ‘6861 Pruis] 1andwoosradnsiuiua ssa00e pajdnosap [-§7Z SONNBUONSY Y3
Suipnjour apeoap ised ay) Sulnp I[Ing u23q ey S10ss2001d rejessiadns jo roqunu Y
“[1661} uosuyog
£q yooq a1 st Axajduwod sy pue uSisap 10ssado1d Ieessiadns UO IOUIZJAX JUI[[IOXI UY
"1ojjeted ur yse) [enuanbos Apjualayul ue 2Jndaxo 03 Sundwone uaym ased ay) skemfe st se
‘aa1suadxa A¥oA 3q ued }ooudnoq sty Juneurue ‘puey I9Yi0 Y} U "UONNIIXI [dfjesed
Sundwoye st Jeyl SuUIyORW B U Jd2us[Noq douewtojrad ojqeidedorun ue SIINIISUOD SIY],
"saouapuadap [ENUISS3 SY) SUTULIDNIP O} JIPIO SIY Ul Passad0id oq isnw suonesado ay) ‘suon
-v1ado ays jo Suriapio [enuanbas ay1 £q payoads sre ‘saouspuadap [enuasss o Jenorued ui
pue ‘ureidoid oy3 JO SONUBWIAS IY) SOUIS "A[SNOSUE}[NWIS INSSI O) SAYSIM U0 IJBY) SUON
-e1odo o) usam)aq saouspuadap ayy Sururunraiap st os Jurop jo 1oadse onewsjqold Isow Ay
"910Kd AI9A9 suononnsul 27dynue dusst 0} st 10ss3201d Jepessiadns e jo [eoT Joyring Ay,
‘[L961 olnsewio]] suoduny 3say) no K11ed 0} wyLiod[e §0[NSBWOY,
SB UMOWY poylaul pajeonsiydos 9I0W UIAI UB pasn ‘sQ9e] A[Ies ayy ui ifing ‘[6 [PPON
09¢/WwasAS NI QUL "[+961 uoiwloy]] suonouny asays unoyiad 01 ‘puwoqa.L00s 3y paj[ed
‘WISTURYIIW B Pasn 0099 DY) 1L [0NU0D) 9], "UONDINIISUI 9Y) 3)NIX3 O} JIun [euonouny
S[qE[IBAR YOIyM UO PUEB UYM A[I0EX3 SPIOIP OS[B ISOW IempIey Y1 “WySify ur sauo Jayio |[e
3o uspuadapur st uononnsul ue 3ouQ W3y ur suononnsur Juipaderd Ajjenuanbas jre jo



293

B. R. Rau and J. A. Fisher

[nyssa2ons azow

aaempiey Suinpayds
pue sisA[eue 1 Ixew
01 9p0d 3y} saduelieay

arempiey
Sutjnpayds pue sisAjeue aremprey

ay [fe Ajrenuia sooedoy  sisAjeue awos saoejdoy zopdwod jo ajoy

Iopdwod oYy Butnpayos
Aq pountoysad ‘AjeordA],  orempiey Aq pouuolIad  uempIey AQ pauLIojiad uonesado [eury
suonerado

Iopdwos ay; Aq pouniojsad  auempiey AQ pouLIojIsd  AuempIey Aq pauuojiad  juspuadapul Jo siskfeuy

Jondwod suonesado usemiaq

1ndwod ayp 4q pouLiojIag oy} Aq powiloj1od  azemprey Aq pauLiojidd  seouapuadasp jo sishfeuy

10ss3003d
MITA moyweq Jefeostadng 4711 Jo pury [eardAL,
panoaxa aq o} st uonesado
YOBD 13ym puB UIYM
Jo uonwoyidads aojdwod € suoneixdo usom1aq
‘A|jea1dA], “sasuspuadapur sasuapuadap jo wesBord 2y ur pasinbas
Jo sty [ened e “Ajjewiuny uoneay1sads aypjdwo) JUON UOIBULIOJUI [BUOIIPPY
INANYIIY INPANYIIY AUIMIIRYIY
9ouapuadapuy souspuadag fenuanbag

‘saded sy up passnosip umaNyoIe [af[esed [aadf-uondnLisul 3y Jo uosuedwod v 'z IqnL

"7 A1Q¥L Ul PIZIIBWIWINS JIE SIINJOSNYDIR J] 3211 3591) Jo sarmes) SurysiSunsip Loy oYL,
*30uapuadap elep SururuLIAEP JO JSBI A JO PaAAdLfal S1 a1empiey ay) Inq “Iopidwod sy uo
Ka1 181 souryoew pautjedid Kjdoop pue SMITA 24 9I[un ‘SULnpayds umo i Jo [[ S30p
S1empiey 9y ], ‘paiejdwod sey uonerado sIy) 910Joq 20sSI 0} pamo][e aie suoneiado juanb
-9sqns f eyl SI0W OU JeY] J[3SI 2UNSSE O} SI ‘Uay) ‘uonesado ue asea[dl1 O Op O} SeY d1em
-piey ay} ||V ‘uone1ado ws1ind 9y} Jo Juapuadopui-ejep ale WEI)S UOHINISUL SY] Ul SUOH
-e12do g7 1xau 2y} Jo [[e ey sadjueIeng a1noayodte ay] ‘uonersdo yoes oyui g 103Ut ue
S9p0odUR ‘[8861 YIWS pue SNSIY]] uo21L0f paqqnp ‘aImoanyare aouspuadapur pasodosd
Jayjouy ‘SMITA 0110adsal yyim sjjoapen) SWos $19JJo Jossad01d € yons Jo udisap azempiey
3yl ySnoys ‘SMITA Se duIes sy} A[[eniliA dXe SSUIYdRw 353yl marA Jo jurod s, zopidwoo o
wol, "SINOUE| pue $90uspuadap Jo s3pojmou [Ny Yim WY [Npayss 03 ey [[im 1aqd
-wod 3y) ‘suonerado Jo 19pI0 UOIINOIXS 1991100 Y] Suralasaid 0} pajoAsp drempiey Je[EoS
-Jodns ou st 31341 J1 Inq ‘31945 12d uonrerado auo Ajuo ansst Kew suryoews paurjadidiadns v
‘pasodoud 10 3[inq usaq aaey saIndAIYoIe duapuadapur Yim s10ssavoid Jo sadLy 1oypQ

"[1861 '8 19 UOSIANA 'q0661 ‘BOGGI ‘8861 SInquase|s pue assnoIqeT] ‘6861 SIN3Iely pue
uyoy] s1ossaooidororu ut dn moys o) ungaq sey aINOARIYIIE MITA U3 SIBIK MdJ ISE] 941
J9AQ) "a1m3eIal] SY) ut uondirosap paysiiqnd ou ST 219y ‘DTeme I8 IM SE JBJ SE ‘YIIym JOf
SUIYOBW I3[R Y} Pue [6861 “T¢ 19 NBY ‘3861 NBY ‘€661 'Te 12 3oog] § vIpAD sPuwouph) pue

10661 ‘1B 13 [19M[0D ‘8861 “IB 13 [[PM[0D)] SaulydewW JO SILIIS 9L, S mopnniy :s1and
-wodsadnsturw 9y3 a19m s)onpoid jJo uoneraudd 1xau YL ‘$97-SdH.AUl Pue ‘$9[-Sdd Ui
‘dOTI-dV 2y ‘s1onpoid swdsAS utod Suneol syl 219m umouy 159q Y yorym Jo. [6961
1194100 pue 011830y ‘B6Y6I 19WI ‘9/61 ML ‘6/61 SWAASAS w0 Buneof ‘161 YoM
-sajIey)] s10559901d ABLIE PAlOENE P3[[2-0S A3 9I9Mm Ijing $10559001d MITA 151189 Y,
-own ofidwod je 0S S0P M INQ ‘UoNNIAXI dANe[Ndds
1oddns 0) swy unu je swrojrad 10ssaooid sejesstadns e ey suonoury Swes Ayl Jo Aurw
wioprad ysnuwr 1aidwod MITA YL "SuonIpuod 10112 snounds jo uonersusd oy Surssord
-dns jo pue ‘suononsul eIjx? dwos Juryaldy Jo ‘s191s13a1 eNx Swos Juiaey JO SISISUOD
uonouw 3pod aanenoads jo 1oddns ay3 Joj parnbai arempiey sy, *paiousi aq uoyerado oy
1ey) sonnbas weiSoid sy Jo Mo[J JY) USYM S)NSAT 3031100 dInsse 0) uoneindwiod sy jo
31e1s 3y} JO Y3nous puryaq SAeJ[ 0) FFULLIE UED 1§ ‘UOHNIAXD danenoads Jof uonerado ue
3[RPaAYDS 0} SIPIOIP JAIdWOD Y} UYA “2Iempley jeuonippe (| saunbai pue 1ossaoord
MITA 99 011udiedsuel) A[[enlIiA ST UOHNOIX3 JANe[No2dS “uonesado aanenoadsuou e 1oj
pinom 1t se isnf ‘werfoid sy £q payroads se Apoexs uonerado siy) s:ND9X3 A[pul[q 10Ss9
-00id MITA 94} ‘SWill UNI 1y "PAANDIXI 3q 198} UL ‘PINOYS ) JBY] SIUIULIAIIP JBY) Youriq
3y 210§3q uonerado ue Surnpayds ‘st 1ey) ‘uonow 9pod aane[ndads Surunropiad Aq Ajoasw
ApaAnenoads panoaxe oq uonesado ue Jey) sarjIoads suryorw MITA € 10§ Jo[iduwod 3y,
‘aIEMPpIEY
UONINOIXI UIAIT 33 JO 1X2JUO0D Y} U I[GISEJ SI JeYl UONIIXI JO PIOIDI PAIIsIp & JO uoi
-e1apsuel; € st weidord M[TA V "9In09x3 0} 1 uonerado yoea yodlym uo Jun {BUOIIDUNY 2Y3
saij1oads uononIISUI 3y uIyim suonerado ay Jo Jap1o 3y, ‘uononnsul MITA d[3uls e ol
paSeyord aye swm sures ay; Je uigeq o) pasoddns are jey) suonersdo [y "SWN UNI ) Op plnom
‘aIEMPpIRY UOLINDOXS JWEs Y} YiIm Jossad01d mopyerep e jeym awn afidwod je Sunenwa
Aq wedoid e sonpoyds ropidwod oy ‘Ajjerudasuo)) -Sunynpayas pounasy st ssavord sy,
"uonOdNIISUL Yyores ojui 03 pinoys suonersdo Yorym op1oap 03 1a[idwod oy Jo yse oY) St |
‘A[SNO3UEI[NUIIS PINSST 9q 0) PIPUIAUI AIE 1By} suonerado Jo 1as JY) ST UOHINLISUT MITA V
‘2Inj0AYoIe [enuanbas B JO 1X9)U0D 9Y) UT UOHINIISUI U SE 0) PALI3JoI 2q pInom yoiym
‘youeiq Jo ‘peo| AJowaw ‘vouIppe ue st yons ‘uonEndwiod Jo yun e st uonerado uy ‘uon
-219d0 UB puR UOHINIISUT Ue UIMIAq ysinSunstp oy Juenroduut st 31 10ssa001d MITA B YIM
"isnwr Jossadold 1ejeos
-1odns e s 1snf ‘aouapuadopul SulISEP ISNW ) JAYI0 Yoes Jo Juapuadopur Suraq se Kjioads
10u pip werdoid ay) Jeys suonerado om) AUALINOUOD ANdAx2 0) Sundwane uaym ‘drou
-19yun, 108s29501d Je[eosIadns e Jo syse} Juinpayos ay).Jo [[e wlojrad o} saey pnom Inq
uoneuLIojur sduapuadapul Sy3 WO JJ3Uaq [[1IS pnom 10ss3ad0xd ay) ‘os Sutop uf “pealsul
swn uni 3e woy) Sunjew ‘werfoxd oY) ur PappIqUIS SUOISIOIP JurNpPayds Y3 paedaisip o)
9S00YD P[NO2 AUMIANIYDIIE MITA © Jo uoneyuswejduw 10ssaoold Jemonted v “uonnaoxs ul aie
1e() 9SOY} JO SB [[9Mm SB SW} Jures 2y) Je pansst Suraqg are jey) suonerado [fe jo juspuad
-oput 2q 0) Se 0S PanssI 9q pInoys uoneIado Yoed uaym A[IOEXS PUE UO PIINIIXS 3q P[Noys
vonesado yoes yun [euonduny yorym £3oexa sayioads 10ss3001d MITA ® 10 werdoxd oy,
"soInjoaIyoIe duspuadaput Yim sauryoeu Jo sajdurexs yueurwopaid s Juasardar pue adKy
SIY} JO aIk 9)ep 0] I[INq UI3q 2AeY JBY) SI0SS3201d MITA SYL UOIINOIXI JO PICIAI PALISIP
oy} 0} [ean)UAP! AJ[eNUIA ST IPOD JY} PUE [[B 1B SUOISIOIP JUIN) UNI OU SINBW dIempiey ay)
uay) ‘pAaAndaxa ae suonerdado oy (0K YOIYM UT) USYM PUE (JIUN [BUOTOUNJ YIIYym UO)
arsym Aj10ads sweidosd ey saanbai Ajjeuonippe 21njod1IydIe Sy Jj SI0I0NIYdIE 1BY) JO



Chapter 4/ Instruction Level Parallelism (ILP)

294

‘€161 uukld pue udpel], (/861 ‘9861 Ned pue nmH (766l Swal pue raAmq ‘986l “fe 19
BJS00V] $I9y01easal snoLiea Aq panunuod sem dnssi-adnnu woyiad o) papasu d180] ay)
our uonednsaauy Jo aurf siyL ‘[0/61] UuAlg pue uspel] £q sem werdoid [enuanbes e woyy
91940 1ad suononnsur sjdnnw Suinsst Jo Lypqissod ayp 03 USAIS UOKIRISPISUOD 1Si1J YL,
_ *SouIAYds SurRULl 19YI0 Ale uey) uoneAWS[dUll JI3Y) UL JAIS
-uadxa ss9] A[qerapisuod Suraq jo afejueape ay) aary s131s1321 Sunejor ‘dooj e Jo suoneIst
spdunur ssoxoe siosi3o1 Surweuas oy Ajuo srqeordde ySnoyry "[6861 1€ 19 ney ‘8861
NEY ‘1861 YHOMSI[IBYD) ‘6861 SIIAS(] OIDIJA PIOUBAPY] 13151321 95BQ PSJEDIPAIP B JJO JUILU
-aoe[dsip papraoid-uononnsur ue Suisn a1 3:s1921 oY) oyut Surxaput JuawAdR|dsip-aseq ‘st
1ey; ‘saquy Ja181821 Suneios Suipiacid £q paureiqo st owayds Surwreuas 19351331 pajjonuod
AreoneururesSord JualdyIp V [#86] WIWS PUe SSIIM ‘1661 ‘Te 32 nosadod ‘66l uadselq pue
I21Y20 /861 ‘9861 Ned pue nmH] suoineriea juanbasqns Joj [Spour Y3 SB PIAISS SeY pue
Surureuas 19)51391 10§ SWIYIS [BOISSB[D Y] SI ‘[L9G] ¥ 19 UOSIapUY] [6 [PPO 09E/WNSAS
AGI oy ur pajuswaidwr sem yorym ‘[£96] ojnsewo]] wyioS[e Onseuwo], YL “PAULIo)
-1ad s1 Surureuar 19351321 1 9ouspusdop ndino ue Surrs)uNoous O AILSSISUUN SI INSSE
uononsul SuijfelS "QWIAYDS UOHNIIXS I9PIO-JO-1n0 Ue Jo uoneuawajdw 1511y 2y) sem SIyL
‘uonndaxa urgeq pinod sduapuadap mopj & uo Juprem sem Jey) uo SuIMO[{O] SUOHIONIIS
-ur ‘ss9001d 9y} U] "paIaA0dsIp sem oouspuadap Indino ue [nun 99K L1243 UONONISUI UE
Sunsst jo ajqeded sem [$96] uojuioy L] 0099 DD Y Ul pIeoqaiods sy, -219[dwod jou
fus st ‘quapuadop i duo SIY) YoIym uodn ‘UONONISUL UB JI OS OP O) JOU UINE} 3q Isnu
218D “9]9£0 A19A9 UOONLNSUL UE JNSST 0] S)dUWIANE JIUN UOHIONIISUI ) JI ‘JSASMOH "dJempiey
uonnoaxa [s[jeied Jo s1yauaq 3y} s1eSJap A[{E10) I} “3s.In02 JO "pa1ojduwiod sey auo snoiadid
31 JoyE panssI SI UOHONISUI Yore ‘10ssad01d [enuonboes A[[ry e uf “jlun anssi uononIIsul
ay3 uodn spuewrap paseaour saoe[d syiun uonouny pawjadid ‘eidunur jo souasaxd oy,
“31P1 WY} JO 1531 9P Sulaed|
‘pasn a1om 3a1snpo 9(3uis v 1snf J1 uey) souewrojsad asrom ut Insar ued Juruoniued dour ue
‘191800 9y} sso1oe Apuadijaur uonendwod oy uonned o 1spidwod 2y uodn uoping €
sooe[d SIY ], "YIPIMPUERQ JOMO] YlIM SINIDO PUB JIMOJS SI SIFISNO UIIMI3Q UOIIEIUNUWIO))
"[b861 “1e 12 212USL £86] JOUSL 0661 “[€ 12 [19M[0D 886] “[€ 32 [[9M[0D)] S 1a1s13al
pouodnynu sures oy Surieys JASNO [SUIS € UIYIM SHUN [BUONOUNJ AU [[B {BIM ‘S)Tun [euon
-ounj Jo s19)snyo a[dnjnur se parnonns st aremprey J-11 [o[fered Ay3iy ‘suosear asay) 104
*aw} $S30IT Y1 UMOP SMOIS 1122 191s15a1 yous uo sptod peas sidnjnui jo Suipeoy ay ] “suod
2)1IM Jo Jaquinu 3y) pue suod pesr jo xaqunu 3y o 1npoid sy o1 euonsodoad st 9y
19951321 paytodninuu € Jo 93eIsa [eas diyo sy onews[qold sawos3q Iy 19)s1831 a1 Jo uon
-eyuswa(dur oy ‘af1y 19181391 3y) 0) 10 w0y 324 1ad LM U0 pue spear om) Susunroprad
JIUN [BUOLIDUNJ OB YIM “ISASMOH ‘SHUN [RUOTIOUN) Y] [[B USIM]3Q UCHEDIUNWUIOD J0]
qny 2y} 9q a1y 19351301 Y 1Y) pue 19151321-19151801 9q (2103 pue speoj 1daoxa) uonersdo
K13A9 Ty} 9[qEIISAP S1 11 ‘SuInpayds Jo ased 104 ‘Apuannouod Sunelado spun feuonouny
oidn[nw a1e 2191 uoym anssi Jofew e sawod3q say1y 1aysiSar oyl jo uoneziuedio ay],
("l6861 1ddnor] Ajeanoadsar ‘Suiuyadidiadns pue Sutunadid se 0) palIgjol Udaq aaey
‘paurfadid s1 TV J98aur oY) uaym Ajferdadsa ‘Suturpadid pue uonnoaxe padder1ano ‘si0sse
-001d DSTY JO IXAIU0D Y} UI “Jey) SI UOISTHUOD Jo 901n0s [enuaod v) “[1861 29303 /61
uay))] s1appe jurod Suneopj pue s1a1jdynui se Yons sjrun [BUOndUNJ JO 3XIJUO3 Y} U pasn St
Sunnjadid seazoym ‘oInoaxs pue ‘yoyo) puerado ‘opodap ‘ysley uondnusut jo saseyd ay
JO 9UO JUAIDYIP B Ul Yora ‘suononisur aanoe sduinur woly sHnsaI jey wsiaqrered oy 0

s13ja1 uolndaxa paddesao ‘Ajjeuonipesl, ‘16561 18 12 1OYOH] DU VT S.OVAINN Pue {961
zjoyyong ‘6561 Yyooid] 1andwod HOLIALS SJAMI se yons sranduwos ut soge] 21ef 9 Ui se
A11ea se pakojduwia s1om uonndoxe paddeproao pue Suturjadid jo sanbruyoay pajerar ayL
‘wistjafjered oI Yiim uoneindwod uo ddueuwrsojrad opeidsp yowym jo yoq ‘Sururg
-adid jo Ju2)Xa 9y} JO W} 9[OAD Y ISNU O “SISBIIOUI SNQ YOBI UO SPRO] JO Jaquunu IY) st
‘os]y "oy 13151321 9y y3no1yy sasnq ndut s,11un [BUOHOUTY AI9AS YIIM ) EITUNUIWOD ISNUI
snq indino sun {euonduUNy Yoea ‘A[[eapl ‘9douls SHUN [BUONOUN JO JaquInu Y3 jo orenbs
oy 01 [euonzodoxd dn s203 safyy JASISaI 9Y) PUB JIOMISU UOTIDIUUOIIANUL Y] JO IS0I Ay}
‘as10M\ “wsipapjered 9y o3 uorzodoid resui| ur dn s203 Srempiey JuN [BUOHOUNY JO JUNOWE
oY1 ‘18114 "S23eIUBAPESIP JO 39S UMO SH Sey Inq ‘YOBqMEBIP SIY) UIOI] JOJJNS JOU SI0P Sjun
[euonouny arowr Suippe Aq paastyoe wsifafered ‘[9861 YHwS pue [juny] 2oueuirojred
19mO] SuIpaif ‘gI[ Ul 9SBIOU Y] JO SIYIUDQ Y} SPOUB[RqIAUNOD AOUINE] Y Ul ISBIID
-ur a1 ‘wisijajjered Jo sjunoure [fews sAey jeys suonendwod uo Afjeroadss ‘yurod urepsd
& puokog “(nun [euonouny Jwes 9y} uo Sty ur oq ued way Jo saydufnwr Y3noyr uaAd)
suonerado [ENPIAIPUL JO SWI} UONNIAXI Y} 0 SAe[ap sppe Suiuifadid ~soueurropiad paasryoe
Jo jutodmara oy woy 159q oY) Ajuressasau jou st Sururjadid wo iy soddn ayy ‘reasmoy
‘[e6t uukig pue uley S/61 NRIME (6961 ‘S96I UMD ‘ILG USYD) PIUNLIARD 319m
Suturjadid jo u3a1xa 2y3 uo sy Joddn oYy pue ‘sg/6l Pue SQ96I Yl SuLnp parpnis aram
sansst 953y, "sown pjoy pue dnjas ysie[ syi pue smays YO0[O pue BIEp YY) 2Ie suesw siy) Aq
souswiojiad 2y Suisearour ul s10198) Juntuny 2y g, -2s0ow Jo ‘pojdil ‘pajqnop aq ued i jo
junowWe A JIUN fRUOROUTY Yord ulim sayoje] sutjadid Suippe jo 3505 mo[ A[oAlie[al ay3 104
"arempiey uonnoaxa gI Sulp[ing Jo Aem 9AN9]Ja-1502 210w A st Jupurjadid ‘opdiounid ug
_ "Jurodmara arempiey
B WOIJ $Issowjeam pue syi3uans 2ane[aI 1Y) aaey A5yl—Asnqg syun [euonoduny oy dosy
03 suonerado juspuadapur y3nous puy isnw I9pidwos ayp—uiodmaia s to(idwod e woiy
Iejiuns Ajlre) ore yyoq y3noyiy ‘snun jeuonosuny oy uruijadid ‘puodas ‘pue sjun [euonouny
[eered ‘opdimut Suipiaoid ‘3SITy :SUWISIUBYOIUW OM]) AQ PIAIYOE U2q ‘A[[Bo1I0ISTY ‘sey SIYL
‘suonesado odninu ssaocoid Ajsnosuenwis ued eyl arempiey UonNIIXI Jo oudsaid ayp
sardur sty f, "Sunnosxs ‘pajejdwod jou Inq ‘undaq saey jeys suotiesado ‘si jey) ‘s Suo
Aue je 1y31yy ur suonerado spdnnuw Jo 90UIISIXS Y} SIAJOAUT WisI[af[eted [9AI[-UONONNSU]

uonndaxg JI[ 1oddng o1 $2amipay JADMPIDH T'E

"uondas SIY) JO ISAT Y} Ul
POMIIADI AIB SIATIBUISNE 3SIY], "Pasn 3q 0} s1 anbruydsy oyroads yorym ‘puodss ‘pue azem
-piey swn-uni £q 1o 191idwiod a9y Aq pounioyiad 9q 01 a1k Aoyl JoyIayM “ISIIJ ‘ST D10YD Y],
‘pauLIojIad 9q ISnuI SUONdUNY 9saY) [V pawiojiad aq uonoipaid youeiq jey) saxnbar uim
ut yorym ‘A[panepnoads painoaxs aq isnuw suopesado ‘uayo (paurrojrad 9q Isnw uonedoje
19)s1801 pue Suinpayos paurwiraep aq isnw ‘939[dwiod jou 3124 se aie jey suonesado je
Jo “quapuadopur st uonerado ue yorym je swn ur jurod 9y (saouspuadop o) SUIULIAP O}
pazAjeue aq 1snw wrerdoxd 9y |, *UOIYSE} 4T UL UI PAINdXa 3q 03 st wreifoid [enuanbas e Ji
pawojiad 2q ISNW SUOHJUNY UIBLIID ‘PAIIPISUOD ST IMOANYDIR ] YoIyM Jo ssojpieday

uonNdAXY JII 10§ sanbIuydaY, 21BM)IJOS pue JIBMPIEH ‘€



2%

B. R. Rau and J. A. Fisher

$IS1%3 Jor11eq Surnpayds pasoduwi-J[os € Yorym 10§ sydess orpokd ‘A[reord £ s1ow ‘10 SO
ou urejuoo Jey) syderd moyy [ONUOD YuM ISYNR [eap swipuoSe Surnpayos [8qoj8 d1[oAY
‘sunpriod[e Suynpayos jpqop8 powra) a1 (30o[q dIseq dners sj3uts e jo suonesan sydnjnuw
aIe 959y J1 UAA3) $400[q diseq djdnjnws anpayds Apuiof ey swyody ‘swyiiode Jut
-jnpayos [pao] Se umou| I8 $00]q diseq dI[AoE 3[Suts 9|npayos AJuo Ued Jel SWRHUOSY

‘ydesd mopy [o1u0d OIIAD 10 D1[OAdE UE ST I JOUIAYM o
pue ‘syo0[q diseq o|dninuW JO }o0[q dIseq J[Suls B JO SISISUOD 11 JYIRYM e

:sanadord om1 Suimoijoy 2y Aq paqLIdsap 3q ued ydeid moyj jonuod yj,
‘wyog[e oy Aq panpayos aq ued ey yde1d moyy [0NUOO 1 JO SIMJEU Y} ST SUO ISI1Y YL,
“BLIA)LIO PEOIQ OM] UO PIseq PaISSe[d 9q Ued swyiLiod[e suinpayos Sunnpayds '€

uoyopdwo) J1l "T’€

‘(€861 "T& 12 U3|[Y] PaLaAUOd-J] u2aq sey 1ey) [Z66l TE 10 UIT ‘MYeN ‘6861 ‘T8 @
pauya(l ‘€661 1ML pue 1ouysq] ydeid moy jonuod e jo uoiga1 o1jokoe ue 1940 AJIN
-u9 15y} U] SAYdURIq JjeUILID 0F Pasn 131 [686] 'TE 19 NEY ‘8861 ned ‘€661 ‘18 12 3ood]
uLioj jesousd azow su uj "[986! UOSPIARQ Pue RSH ‘8861 njSoroqy] uonerado youeiq ©
Jo s10[s Kejop 9y} OlUL $Y20[q J0SSIOONS WO dn parowr usaq aaey Jeys suonerado ysenbs
A[9ANOa[3s 0) pasn u22q sey J] “Indui ueajoog ‘[BUCNIPPE UE Aq poutuuajap 3q 0 suonesado
[eNpPIATpUI JO UOLINOAXS Ayl SHWLISd Jey) QIMIES) [BINIIANYOIE UE ST UOHNIIXI PIIPAId

*UONIOW 2P0 AN
-5ads aneis isisse ued uonoipaid orwrewAp moy juaredde jou st ‘uonepnoads dtureukp pue
ones y1oq Suiping 10} [nyasn aq ueo uondipaid oners ySnoyiy -elep JULIAJJIP Yim sunt
jusnbasqns 01 arqeodde a1 eep Jo 155 2uo Suisn paloyied sonsnels Youelq yolym o1 JuANXd
aip pauswexs aney [Z661] 12319quapnalg pue 12ystd “[6861 1B 12 nmH] vonarpaid youelq
onreuAp yim uey) 3ouewio}sod I9TAq WIED SISYI0 PUB MMH “I0IABYIq YourIq paadxa
3y} 1091j21 03 ydei3 mopy [o1u0d 2y} 19p103l O} yoeoxdde siyy asn [€661 T8 12 NMH ‘6861
‘(& 10 nay) Surnpayds yoojqladns pue Juinpayos soely, ‘weidoxd ayy oyt ‘owy apidwod
12 ‘uonotpald 9yl paqua 0} pue SONSHEIS srerrdoxdde o) 1o1ed 01 suma Buiqyoxd asn 03
st oaneusae YL "[7661 Wed Pue UK ‘1861 YIWS 9861 AssauusH pue JuijredoW ‘¥86l
ynws pue 227] Sutuuni st weidoid ay) S[IYm ISYIOUE 10 ULIG] SUO JO SANSNEIS UONNOXI
19yred jewy parsaddns udaq daey Anjeonoeld pue uonesnsiydos Jo S[aA3] 8uikiea Jo sawWAYdS
SIWRUAD SDOLIBA "UONNDAXS SAR[Nodds aping o1 pasn 3q uono1paid youelq 1eINddE eyl
uzzodu s1 3t ‘pamojoj st yred Suoim a3y J1 paisem st uonendwod 2anendads [fe 2dulg
‘foeet ‘18 9
ynus ‘7661 18 19 yws] swayds  Sunsooq,, oy Aq papiaod s1 uonow 3pod anemdds
JO WO} P3NWI] Y "21EIS UOHNOAX SANR[MD2dS S ploy 0 s1015131 9[qIsiA A[[eImodRIydIe
[EUOHIPPE ‘Pu0das ‘pue [Z661 ‘18 12 U3YD ‘[YEIA] IPOI 3y} JO UOISIAA aane[noadsuou 3yl
Ul pAInosXa USIQ dAkY pnom ASY) Jey Yous si [013U0D JO MOYY 31 JI Auo pue J1 pauodal
a1e suonerado pajnpayds Ajeane[noads Aq pasned suondooxa Jey) 2INSUD O} WSIUBYOW
e s11) :Surpurwop $S9] yonu st papaou j1oddns arempiey YL ‘11861 ‘6461 32USiq ‘S861

s1j1g] Suinpayos 2oe13 SB Yyons sawayds Juinpayds 18qo|3 01 [ruswrpUn St UoLjow 2pod
yong ‘A[eAnemoads poynooxs are Aoy ‘9oudy ¢mofjoj 03 pasoddrs wzs Ay) 18y youeiq
oy 210§3q paIndaxs Sureq dn pus [[im suonerado asay], ‘s3oojq Surpeoaid ojur suonerado
youeiq jsed dn s500]q Juonbasqns woiy suonerado saow ‘st yeyy ‘own dnidurod je uonow
3pod aanenoads woy1ad 0) ST 9ANBUIAE SYJ, "dIempley ul dAlsuadxd aq ued sup [V

*9uo Suoim Y}
umop paaoord 01 pauaddey uonnoaxa aanemoads oy J1 yred 1091100 S} UMOP JUINSAI
0} UONND3X3 2[qeus 0} Jutod Youelq AnE[NOAdS YOED JB JNE)S UOHNDNS Y3noud oatasaid e

pUE ‘pPaINdaX2 UIIQ dArY “108] Ul
‘pinoys uonerado Sundaoxa oy et Usmou s 1 [nun panodal are suondadoxs ou Jel ANSUI o
‘paInoaxa Uaaq Jou pnoys jey suonerado paINosxa A[anenoads ay) JO SI0943 3Y) OpUN o
‘paAj0sa1 Udsq sey youeiq 9y} 9ouo uoneinduwiod sanemoads A1essedouun ABUIULI) e

o1 skem apiaoxd 1snur [/86] wokedelep pue 1yog 8861 UMNZSAfJ pue yNws
/861 ‘9861 NBd pue NMH] UOnNOaXs 2ANE[NI3ds 10j SIWSYos stweuAq ‘03 |[im youelq
a Aem yoIym umouy sI 1 210jeq syied azour 1o suo Suofe uoynosxa SuNuLUOd ‘St 1Ryl
‘uoTINYaX 9ANE[NIAdS 0] 110531 0) KIBSSI0OU ST I *}00[q JISBq € JO PUd Y} 18 A[UO PAA[0SII
US)JO SI “1XoU PAINIAXA 2q O} ST HI0]q YIIYM SIUIWISNP YoIym ‘UoRIPUOd Youelq 3y} 3dUlg
“pazyjun AJ{ny 2q 01 s suryoew [ajjered e J1 APULINOUOD PIAINIIXA 3q §}00[q dlseq d[dnjnw
woyy suonelado ey Jueprodui st ] "punoj 9q 03 st wista[[ered [2A9]-uoNONNSUL S[NL] SIS
-puadap uoneiadoraur o3 pue sarouae] surjadid o Jo 148y Uy "$YO0[q dIskq JO SZIS [[ews
Aqrerausd o st uoneindwod 41 Sunduwsne usym SI3UNOOUS AUO 1By} I[0VISqO IS Y,
‘[eS861 MEIOIN ‘0861 JoUstd ‘8861 NIS01qH 8861 'Te 19 [[9M[0D)] Pa1sad3ns uaoq aaey
‘uone[rduiod 10 UOHNO9XI JO [3pOUI PIILISP JUAIYIP & 01 Surpuodsariod Yoea ‘sayouelq
Kemnnur Jo sad£1 snourep *puodas Jad seyoueiq aidnjnur (sseoo1d pue) ansst 01 AN[iqe 3y}
spaau suo jey st uononnsur 1ad suonerado sidnnur Sunssy jo suoneosrdut ay jo suQ
-awn 91tduIod 1€ [[B 10j PUB S0UO PAXY ST A[SNOSUBINUIIS PANsST 3q 0} 218 Jey) suonerado jo
105 oy} Jey) 93EIUBADESIP Y} SISJINS Ing ‘Quiyoew re[edsiadns v 10§ ey 0} uosuedwod ul
[BIALD SI 9150] SNSSI UONONIISUL Y} 12y aFejueApe o sey ‘[€861 JoysLi] aumoanyore (AMITA)
piom uononasul Suoj £124 B POQQNP SEM YOTYM ‘SIMONNYDIE Jo SIS SIY], "uondnIsul
Suof ‘oj3uis e ur way) dnoid o) pue jofjeled ur pansst 3q pnoys suonesado YoIym Ipidap
1opduwios 2y aaey o} st 1deouod sy, “[+861 '8 19 I9UsL] ‘€861 13ysid] orex e 0ofoxd 11 2
pue [z861 ‘I8 3@ Pis|gAzid ‘iddnof Assauusy] 10efo1d SJTIN Ansisatury piojuers oy ‘(7861
pIBOId pUR “19S9B[D) ‘NEY 786] BMUSIID) PUE 135D ‘ney ‘1861 19598 pue ney} 1Sy w©
109f01d 21[9£ok10g o ‘[661 SWAISAS wiog Suneord] G0zZI-dV Swasks utod Suneol] oy
se yons syonpoid 10ssa001d-paysene Aq pauasaidal sem ‘SunwuresSoidordiul [EJUOZLIOY JO
1mo ma1d yorym “ensst uononnsur oidnnw Furaoryoe o} yorordde 1waiapp Af1edwods v
‘861 ‘[ 1 ynuws ‘6861 yws] jonpoxd [erorowwod e
se padopaasp Apusnbasans pue [zg61] Yiws £q pasodoid a1ndalrydse ANdOX9/SSIIJE paid
-no2ap Y sem *0130] UoHNOSX3 19p10-jo-1no 3 Arduits o1 sonanb siqisia A[feInIOAIYDIE JO
25N apew YoIym ‘anssi-ajdnjnu uo uonerrea Sunsaiaiut uy {1661] uosuyof £q papiaoxd s
s10559001d 1EROSIadnS Ul paajoAus 2150 [01IU0D Y Jo ANxd[dWOD ) JO JUISSISSE [NJoIBd
v [/861] 34200 pue ejemiady Aq uonnooxd 1ejeoszadns se 01 pat1ajal 151y Kqeqoid sem
‘swres3o1d [enuanbas jo ansst uononnsur sidunuw jo ‘eapt syl "[Z861 Sipom (9861 N



Chapter 4/ Instruction Level Parallelism (ILP)

weioid ay jo az1s oY) aseasoul A[{emde JySiw Suljnpayos [8qolS 2AN0SYS ‘SN “pamIIe
51 Y001q 215Dq Yo03 Sawy fo 4aquinu ayi £ paiySram SYO0[q dISeq [BNPIAIPUL dY) JO SIZIS
9pod 31 Jo wins 9y dztwiuiw Isnw Surnpayds [eqojd ‘spIom IaYlo uj ‘SYO0[q dIseq oY)
i[e Jo w3 uonNIIX3 [©10} 3Y) sztwiuiw 0) idwane snw Surnpayos [eqo[d ‘syd0[q diseq
[ENPIAIPUL DY) JOJ SIZIS DPOO DY} JO WINS JY) SZIUIUIW O) SAYSIm uonorduwios apod [rqod
SBAIAYA\ "9SBI [QO[3 9y} Ul JuIsqe SI $ANI03(qo Jo Juawudie siy [ ‘paudije a1e Suijnpayds
150] pue uonoedwon [80] Jo $3A192[q0 2Y) $YD0]q JISEQ [ENPIAIPUL JO IsED 21 U ‘AIOWW
weidoidosotw ayy ut 1 03 11 Moj[e 03 sk os wesFordolorw A Jo dzis oYy Suronpal Jo 9Al
-53[q0 oY) uo pasnooj sem uonoedwod apoo ‘Kjjeuonipely Surpnpayds [eqos ui ssa1foid o)
9[o®Isqo ue sem Surunuresdoidolotur woly payiIayur Jaspuru oy Aem juenodun £19A suo uj
"panoxdwit 3q ued 9[NPaYds [8qojd 2y 210j2q Auopun 3q 0} padu WSiw SUOISIIAP IS JO
Auepy -sy00]q 3urioqyStou sy ur saprunitoddo pue Jo spasu Sy JUNOOE OIUL 3YE) O Pafie)
Jey) opew udaq Apeaife saey suoisioap Arenigie Luew 0o) ‘uondedwod [esop Suuinp “yey
st yoroidde ue yons jo Surwoouoys ay], “{8/61 ‘e 19 010Y0L ‘1861 '[B 13 o10qal] yoolq
dunroqySiou e ut jos fidwa ue 0] ¥90]q auo woiy suonerado srow 0y Sundwane usy) pue
3d0[q d1seq Yyoed jo Sutnpayos [eoo] Surwiopiad 151ty Jo paonoeid s1apod puey jeys sanbiuy
-4o3) 204 pe 3y) Ae[nws pue dewicine o) paydwane Fulnpayos [eqo[s 1o} saidarens Ajdey
-Suinpayos [8qo[3 Aq PAASIYOE ST YoIym ‘SYO0[q DISBQ SAISSIIONS
Jo uonnoaxs ayy Burdderisao a1inbar syuswarcIdwr Iay1INg *opod [enuanbos [euiLIo oy
Jor0 dnpaads su jo suna ur Junujoddesip 1ayies Jjosi anpayos jewndo syl axew o1 ands
-u0d SIIDUNE| UONNIIXS Pue sadudpuadap erep ‘ojnpayds [ewrdo-seau & sjerausd ues Su
-[NP3Yds [820] SEAIAYM 0S—3FRISAR 3Y) UO SUOndIISUl ()7—¢ Inoge AjjesrdK1—uoys ajnb aze
$00[Q JISBQ 18y} PAYSI[RIS3 JABY SAIPNIS JO JaqUINU Y Sunpayos anooy [pqoin) "7 1'2€

(1861 18ystq]
wiytzo3(e sy Jo Anjewmndo-1eau 2y astwordwod jou ssop pue wyiod[e Suinpayos isif

1S1-[9A9[-159Y 1y Y1 yum s[quiedwiod Ainb ST [opour aUIYdRUI ST ], *SIS[NPSYDS UOLONIISUT
SNOLISS UI [2pOW JUIYORW PISn AJUOLLLIOD 3Y) Mol SI SIY) ‘Jayjoue Jo urioj auo uj *[1/61
uospiae(] d1qe) uonealssal e se piay udisap ourjadid srempiey oyl ur umouy sem yorym
pue ‘[1861 "fe 12 o10j0L] wt pasodoxd pspow  srejdwaroroiu,, afesn a1nosai [e12usd Afjny
a1y ut uneulwnd (/6] ‘[e 12 NeK /61 Za[ezuor) pue eAIYONSL ‘6] BAIYONS pue Ay
-JoowRWRY ‘Q/61 WIBIA ‘pL61 3131 ‘S/61 WM ‘961 Teuel pue eidndse(q] satouae| L1en
-1q1e pue 93esn 301n0sa1 xo[dwiod yim adod 0y paziferauad Ajfenpead arom Suinpayos [roo]
Joj swyizo3fe ‘Aouate] nun pey pue (fopouws a5esn ao1nosas sfdus ayy) 3[ohd sjSurs v 10j
92100531 J[3uls & pasn uonerado yors YoIym Ul [pOw [eNIUT UB WOl '[9POW SUIYIBW Y}
JO wsyeas Jo 9a130p oY Ul Sem paimiew ulnpayods [E50] YDIYM UT UOISUSWIP JIYI0 Y|,

"S21DUDJB| UOHINDAXA Jiunuou yim Juijeap ui LNdLJIp ou sey wyitod[e s1y) ‘d10WIayiIn,g
"aw) 3y jo jsow [ewndo-resu pue (wyiiod[e ssed-ouo e) Ajjeuoneindwod aarsuadxout
Aonnepar st [6/6] JUsty ‘pip] "[e 10 wepy] awayods Auond 1s1y-[oasf-1saySiy oy Suisn Sur
-INPaYos ISt 1Bl Sem SNSUAsU0d Ay, ‘(161 BAIYONS], pue AYLIoOULIBWITY ‘66| Z9RZUON) puE
Aqioowewey ‘g/6] NA[IBIA ‘LL6T ZO[EZUOD ‘6/6] 1YSL] ‘9/6] Teriel pue eidnIse] sonsu
-nay s1enbape 3utuiyep uo sem snooj renrut 3y ‘[9/6] uewyjo)] M9|dwod-gN 3G 0) umowy
$1 8u1[NPayos a0uIg *[8/61 POOM {9L6] ‘L6 ZO[EZUOD PUE BAIYONSL L 6] “[& 19 OIONCL ‘6961
z3[ezu0n pue Ayuoowewey ‘6861 [8 12 AONSPUET ‘[/6] Ayuoowewey pue HA{Y ‘1861
"6LO1 1RSI (GL61 WMRA ‘1861 “[B 19 UOSpIARQ ‘961 ElemIa3Y] SQ961 el oY) IseI| 1B

95UIS apew Uaq ArY ysey sty) Sunewoine je sydwany Apunwwods SurwwerSozdororur ayy
Aq pamouiroq a1am K109y} Surnpayos Wolj SWyILIoI[e PUE SUOLIOU JO JAqUInU & pue ‘[Z/61
"[e 19 AyLoourewrey ‘g/61 191YOY ‘y86! BILEN Pue eleyesey 1961 NH ‘LL6] Z2[BZUOD E/6]
[9SSN{ puv ZSpUBUIIY ‘7/6] WBYBID puB UBWYIO)) ‘9/6] UBWIOD ‘p/6l Iqed p/6] ‘[e e
wrepy] poolsIopun uoos sem s1ossaoold uo syser Surjnpayds jo qol ayy o3 Aysejiwis ay
Fuondvdwiod apoa [pooj se 0) pairsjal A[eoidAl sem 31 ySnoyly ‘ydeis moy [0NU0d 9yl
ur $20]q oISkq Juadepe uaIm1dq ISTX9 0} PIWNSSE ST JILLIEq SUI[NPIYDS © 199]J9 Ul $}00[q
o1seq 9[Suis e urynm suonesado o o d[qissod se SMpaydos e 110ys se Sunessudd ym
PauI3du0d ST Julnpayds Jeoo] “SuruwesSordoIdiw Jo 1XSIU0D Y] Ul AJSAISUNX PAIpNIS
1811] sem ‘ssadold uonerausd apoo ay) Jo ued e se ‘Surnpayos Suynpayos jp2o7 ['1°TE

‘Sumyes priom-fear e ur sjqeidasoeun st 31 ‘A[[enuaA? ‘[nun s3o8
IS[NPaYds 3 JaMO[s Y ‘wyitiodfe ssed-ouo e woly SaFISAIP U0 IdyURY 3y, -oonoeid w
wepoduir Kjosusuru st unriogie Surnpayos ay3 Jo 10adse SIY L "uonnjos [euly 3y} pIemo) 3
98pnu 03 anpayos jedsf Sunsixa ue 0) suoneqinuad AILJUAUISLS JO UOISSIIONS B fEW 1B}
sunpod[e [BuaWaIdUl 1O SWYiodfe YoIeas ANSNBYX3UOU INg dANBIGN SE YOns SANN[Iq
-1ssod jo wnanoads e ST U99IMIaq U] "I[NPIYS Y JOJ YOJeas JO 2{AI1S punoq-pue-youelq ‘oAl
-sneyxa ue uuiojiad jey) SUIYILIOT[E 918 SWANX3 JOYI0 24 IV “[[e J0] pue 2ouo uonerado yoes
a[npayos 1ey) swrrod[e ssed-ouo SIe SWDIIXI U0 1Y "[NPAYDSs oY) SUNeISUIT Ul PIAJOAUT
ssao0ud oy jJo aumeu Y Aq pazuio3aged aq os[e ued wylode Suinpayos ay ‘Ajfeury
‘[opow uIYoRW PAWINSSE 3Y) JO WSl Jo a31Fap ay) 01 [euontod
-oxd s1 wyrodie Suynpayos B Jo anjeA Y Jeyd 2A91j2q 9py “suraned oSesn xojdwod yum
suonesado ma] B ISEI] 18 ABY U)JO pue ‘3[0Ad Juo uey) IS SAOUR] JARY JBY) SUOl)
-e1ado maj e 35B3] JB 9ARY AJ[EI2UaT ‘SIOINO0SAI GFIUL] JABY SSUIYORWI [Bal ‘KBS 0} SSI[PIIN

‘suojerado a3 Jo [fe J0 swos 10} suisped aesn sosnosar x9[durod d1owr SnsIAA
(uonnooxs suonerado oys Jo 910Ad 1511y 2y) Suninp A[jeord4y “o[oko 913uis e 10j 301n0SI
auo snf sosn uonerado yoea ¢-o'1) uonerado Araas 1oy suroped afesn aoinosas ojdwis o

pue ‘uonnooxa Aoude] 3[oA> ajdnjnur snsioa Aousje| Nun o
$90IN0SO1 PIPUNOQUAN SNSIIA MUY e

rouiyorW 9y} Jo santadoid pawnsse Fuimojjoy oyl AQ paqLIOsap SI uIny U yoiym ‘pauwriojrad
Suraq st Surfnpayos yoym 1oj suryoew jo adA1 o) SI UOLINLID SUIAJISSE[O PUOIIS YT
‘sonsunay Sureadde Apanmur Sunejnonie usal jo 1o Anjewndo-eau Sur
-AQIy2e Ur A3[no1Jip 1918218 souatradxe swiyiriode [e1susf a1ouwr ay ‘paroadxs aq WS sy
‘wiyriod(e jesouag ssaf ‘Jojdwis 2y Jo SONISLINGY pue UCNINGUI 2Y) uo pjinq o} sidwaye 99
[1BYS 9m Se ‘pue auo snoiadad sy} uey [esousF s1ow st swipLIo[e Surnpayds Jo ssepd yoeyg
*[19m se sa3pa yoeq SS0IdB I[NPayds Ay aziwndo Apoaarp oy jdwane swyiosie Juinpayos
1eqo]8 21]9£D "uonEINdWOD 2I0W IIA0 PazZNIoWe ST IaLieq Surnpayds ay) jo Ajeuad ayg,
*de[19A0 pue yym ylom o} uonendwiod Jo Yuom Suonesd)l jdnjnur Sey mou I3[npayos
o1[9A0% 33 1By} ST UOIJBULIOJSURI) STY) JO J1jauaq oy, ‘sydeid o1oh> A1eniqie oy pazijessuad
3q ued ‘a3pa yoeq a[3uis v Yum sydeid o194 Joj azijensia 01 JaIsed YSnoy) yolym uonew
-10Jsuen) e ‘doo ay3 Sutjjorun Aq sydeid o119A> uo souewiojrad 1913q PAIL UBD SISNPAYOS
S1[OADY 11 O JUBAS[LIT 210J2IY) 216 pue Ia[npayds ayy 0} Arumioddo ou yussard sa3pa yoeq
‘s1o1req SUINpayds asay jo 9ousnbasuod e sy ydesd moy j101u0d 3y ur 33pa Jyoeq Yoes Je



297

B. R. Rau and J. A. Fisher

3y Yonw ur pa[NPayYds St SIYL, ‘¥201q4adAy v pauwid) st ‘Sixs sidninw sey ing doy ayr e
paIaiua 9q A[uo ueo I 1By ul Yoojqiadns e o) Jepwls ST YOIYm ‘9pod Suninsar oy, “ydeid
MO} 9Y) O} [BUISU] SIYOUBI] [[B SNBUIWID O) SB 08 [J66] INSUBIYOS pue Yied ‘€861 '[e
19 UB[[V] panaAu0d-4] st ydesd moy [onuod ay], -onbiuyoa suy Aq pajpuey aq ued Anus
a13urs e Suraey ‘ydesd moy jonuod o1okde ‘Kreniqie uy ‘[g661 ‘[e 19 ury ‘ayjyejy] 10afod
IOVJIAL oy ut pansind usaq sey Suipnpayos dijakoe [eqo|3 0} yoroidde yualayip Joel v
'swiajqoid 9say) 03 suoNNjos
Suwaourdus onewSeid SuIpuly PUNOIE SA[OAI UDIRISAI JO BAJE SIY UT SIFUS[BLD YT, “HIOS SI
JO I3[NPaYds JUIIDNYS puk Isnqol & Jo Ful1aouidud 9yl Ul SANMOLLIP SNOIAWNU I8 I}
“19A9mOY "Sur[npayos 2081} Jo suoneziferausd yioq are 9say L [Z661] 19Ut Aq pue [Z661
njSo10qg pue UCOW ‘6861 Me[OJIN pue N[S012q] njSO1qH AqQ Paulap U3aq ABY SIDINOSAI
anuy Sununsse ‘swyod|e AJeutwinaid ‘YoIeasal sANde Jo eare ue st sydeid moyj [0NU0d
orpohoe ‘Aresnqae Jo Sunnpayds 1eqold ay1 Joj swipuiosie feonoeid jo juswdojaasp Ay,
‘[o661 uewsEIOd pue nejodIN] (S20In0SAI popunog
-UN I [[IS IRG) SIOUIE| UONNIIXA JIUNUOU 0] PIPUIXI USY) Sem SUINPayds uole[odIad
‘wigitio8[e Sulnpayds © sz pamala 9q A[JEONISI{BSI JOUURD 11 ‘S30IN0SII PapUNOqUN SIUINSSE
Surnpayos uonejooiad souts ‘1oasmoH “Surnpayos uone|oosad 3uisn sydeid moyy jonvod
a1pfor ‘Areniqie oy Suinpayos [eqoid puaixs 01 pardwane [qs8el “Bsgel] Me[ooiN “yed Bul
-woour 2j3uts B 9ABY ¥00[q dISEq J00I 3Y Inq [[E YOIy UL $YO0]q Jiseq JO $3911 Suinpayds
1oy sunpiodje usaup-ayoxd pasodosd [9g6]] uospiarq pue nsy pue [gge1] uury sydesd
MO]} [01U0D [EI9UST d10W Yiim (B3P 0) SUNPaYds J0e1) 3ZI[eI5UaS 01 st Jayio Yy, “Buln
-payos ¥oo[qiadns 10§ auop ST se 9pod Y1 9ed1jdal o) S UOHNOS 3UQ "PA[NPAYDS 2q pjnoys
$300[q 9531 0B YoIyMm Jo Med Se 1eajoun si 1 ‘UOWITIOD Ul $YJ0[q Jiseq IAey jey) wreidoid
2 ySnoxy syred jusnbayy Ajjenba omy are 12t J1 ‘eduesul 10 “weidoid 3y Jo 1531 3y}
J0 199{85u puB 9981} JUSLIND Y} UO SNOOJ [€10) SII 10} PIZIONLIO UG sey N ‘premioj dajs
1ofew ® syussaxdal syo0[q d1seq Jo savuanbos 1esur| Jo Surnpayos [eqo[3 sy ysnoyiy
‘[g661 ‘Te 12 nmH]
ansst [eroads siyy ut papraoxd aze 1osfoid JDVAINIL 9W woly siySisul pue s{Nsal 3y} Jo uols
-SNOSIP 2AISUSYRIdWOD Y "SSOUSATIOBLD SALIE[A1 JIOU) PAINSESW JARY PUE SIIFVJenS Y0NS
20B1) JULISYIP PAIpNIs oAey [8861] My pue Suey) aInterNy| Jo[1dwod ayr ul ¥20iq 21509
papuaix? ue se umowy os[e “yoojqsadns B saIMNSUOD sty], -a0en ay) jo doy oy 03 3daoxd
saysuelq SUIIOOUI OU Jng 908} 3y JO INO SAYDUBIQ YIim SHIO[q J1Seq Jo 3ouanbas e Jo sisis
-u05 9oe1) Sunnsal sy ‘yred Surweour Yoes 10§ AUOP SI s1y 0uQ Adod 1eys o1 yed moy
[onuos Sunwoour oy Sunoarpal pue Jutod A1ud a1 mo[aq 30en Y3 Jo Adoo e Suneasd ‘st
181 ‘uoneorjdnp (17} JO SUBdW AQ 9JEJ) B JO JOLI3IUI 3y} OIUI MOy [ONUOD mepno Ao “9lq
-1ssod sy oxew o, “sodow 1sed dn I9ASU pUR ‘UMOP 19A9U ‘sayouriq da0qe dn suonerado
Suraows Ajuo 01 saajaswaY) nuny Aoy ‘st op of, ‘Surdasyyooq pue Suinpayds [enioe ay
woly uonestjda apod pue UoNDIRS 2okl 2y} Aeredss Aoy ‘s19;1duwIod [BUOIIUIAUOD JIJOW
owr Surnpayos [eqo|3 usaup-sjyoid Sunesodioout jo Ysel sy AeN|oRy 0) ydwane ue uf
‘(8861 BuryD) pue nMH ‘[661 ‘T& 12 MIUEIN ‘SueyD] Sutmpayos ¥0jquadns UL Koyy yey Suy
-[npayos 901 Jo juenea e padoaasp saey 109foxd TDVJINT 4 uo san3ea|[oo sty pue nmy
‘[e661] 1opdwod mopnn 9y Jo uondiosap
aarsusya1dwos e opiroid 19410 pue A3umoT 191dwod MOJRINIA Y1 Uf UOEDO[[E 118181
pue Surjnpayos paresdaiur ayy ssnosip (76611 S1oquanny pue 19319quapnal,] ‘sIIdUBPURPII
yons ploae o) wyiiode ue 9quosap (06611 PIEm pue ssoin “uonierado Yy Jo sa1dod om)

Surelal ‘SUONENHS YOoNns 0 SNOLA1QO ‘Sul{npayos 9ok} JO UOISIOA [BUISLIO Sy, 'SIIUBISWNIID
arendoadde a3 1opun Juepunpar 4dod 20eN-3JO Y IeW UBD Youelq ) 9A0qe jutod € 0}
Kem oy [je pue uiofa1 oyl 9A0qe paAow ST ey} UoneIddo ue ‘umop JIMO| 3oen Y3 sulofox
‘2011) 2y) U0 yodueiq e woly Suneuews ‘yred aoer-jjo ue usypy ‘Suidooyyooq £q pasned
suonesado Jo sa1dod Juepunpal Jo uoHTUWIWIR Yl Sem 19[1dWod MOYNINIA dY1 Ul POjUSW
-adwi Surnpayos 39eI) 0) SHUIWIDUBYUI Y} JO SUQ ‘MOYNINJA Ik 3[Inq sem ey 19[1dwod
Aypenb-uononpoid oy Jo siseq oy pawiioy 199{01d [ oy Ut pauniojad Yoreasar syl
"109)J3 PaJIsap ay) aaey 03 Jeadde sONSLINAY ISIYY JBY) IEIIPUL SISBI 153 JO 198
panwj e 1240 sjuawiadxyg “[H861 ‘[ 19 NS ‘g8l Suid pue ng {gg6l NS pue uewysUD]
wajqoid Sy ssaIppe 0) Sa0e) Jo SUINPAYDS ISI] Y3 JOJ SONSLINAY UIBLIA) PIPUIWILOIAL ARY
songea|[oo s1y pue nS ‘[[86] Jysig] Y3ua[ oinpaydss Ienorued B 9ASIYdE 01 PAPISU SI UIY)
uonedi[dal ‘9oudy ‘pue UOHOW IPOJ SIOW ISNED SIWNIIWOS P[NOD UINPIYDS ISI] ISIY-[IAI]
-159ySry jo ssourpoaid oy veyy Lnpiqissod ay) paziudooar JoysL ‘SI[npayds [eqo|3 Ianaq 10§
pred aq 01 9oud oy se ajqedoooe Afferouad st syl ySnoyjy -uonesiydal spod ut symsal
saf1our sso1oe spiemdn pue SOUOURIQ SSOIOR SPIEMUMOP 3P0J Jo uonow 4], ‘[9861] stiid 4Aq
paIuAWINOOp A[IAISUIXS UG ey Jo1idwod Sopjing sy jo s1oadse Jaio pue uoneuawa|du
Surnpayos a0en sty ], ‘{9861 ‘[e 12 39ust] ‘¢8I Ioysti] 3109load 119 oy Jo 1red se tapiduiod
Sopying ays u1 Surnpayos 90e1) Jjuswrs[dwil 0} Uo JUIM J[BX 1B SIINIOMOD SIY puB I3Yst]
'saseyd 1opiduwiod jounsip ur uey) 1oyier Apuiof apews [{e aIe (MmO[3q
Z'T'€ UOII09S 998) 1[NSAI SH PIOY 0} 2JeIO]|E 01 1AISITAI YdIym pUE ) I[NPIYds Ol 3Idym
‘134ioue 0} 50[q JUO WOIJ UoNEIado UB 9A0W 0} JAYIAYM 0} SB SUOISIOIP Y3 ‘Sul[npayos
eqo[8 01 sayoroidde snotaaxd axijun Jey si Surnpayos 20en jo Aadosd Aoy 9y, panpayds
u22q sey weidoxd a1ua ay) un pajeadar st aanpadoid siy], ‘PSINPaYIS pue PalodIs sI
3081) 1XaU 9Y) ‘JoyRIoy L ‘Surdaayyooq pauwiid) St ANANOR SIY L, JISYSL] Aq paijioads uopow
9ped ¥00[qI3ul Jo sojnI ay) Aq paqriosaid se pawrojiad 2q ISnw suOnOU 9pOd IoeI-JJO
Suryorey ‘uOnIIIP premumop 1o premdn ay) JIYII3 Ui 3081} 3Y) Fuoje uonOW IpOd 20]q
-13)ur St 9[npayos Sunnsar 2y ut yo1[dw “19pIo [euiSLIO I13Y) Ul UTBWAI O} PAUTeIISUOD die
Koy 1eys 1dooxa ‘sayourlq 03 UIAIS UONEIAPISUOD [eIdadS OU ST 1Y) ‘St Jey) (}o0[q 3Fuls B
9I1oMm 1 JI SB PINPaYOS UY} SI 90k} PAIIIAS YL, "YO0]q PIIS Y} WO} ‘[[9M SE ‘Spiem
-)oBQq PAPUSIX? ST 30811 Y} ‘ISIMAIT "90e} 3Y1 Jo Med Apeaife J0U S1 §O0[q JOSSI0INS Y] SB
Suof se pue }50jq 10S$200ns Y} ojur 98ps 1wanbaiy 1sow ayi os{e st 23pa Jey} se Juof se
20813 3y} JO 320]q Ise] 2y} Jo 1no 98ps Aduanbaiy JsaySiy oy Suofe piemio) papuAIXa ST 30EN
9y L "90eI1 3y} JO PIIS Y} SB PIINPIYDS ua2q 124 10U Sey 1Y) )}00[q Jiseq Aouonbaiy 1saydiy
o3 Sunosjas Aq pauLjap SI paINpPaYds 2q 0} k) 1XAU Y[, “UONNIAX2 Jo LHuanbaiy 1oy Jo
I9PIO0 Ul PI[NPaYOS Pue PI)I2[as 1 SI0BLY, "BIep indur JO 195 JWIOS J0J UIYe) 9q A[qeAI9oU0D
Pinod ey werdoxd syy ySnoay) yed e “syjeyy ‘ydeid moyy [011U0D ay3 Ul PIPPIGUII $¥00]q
J1seq Jo 9ouanbas o1johde ue st yoIym 9oer] e Jo 1daouod Iyl st arnpadsold siy) 01 [e1UI)
1861 ‘6L61 19UstI} Suinpayos 20041 se umowy wyiiodfe Jurnpayos [eqo3 2yl ut Ioyst Aq
paxnyded azam sydaouod asay [ wierSoxd ay) Aq paInoaxa Apusnbaij are jey) $001q Jiseq Jo
s20uanbas asoy) Jo YSuaf oy Suronpal uo sem JIom S ISYSL] JO SNOOJ Y} ‘d10WLIdYLINg
‘1861 ‘61611 12ustd Aq
paou sem ‘[6/61] poop Aq pesodoad yoroidde uononpar [eorysseiory usALIp-A[[eI1IIRIUAS
oy £q 1ou sanbiuyoal ooy pe Aj1es ay) Aq Joyou parmded sem yorym ‘Surjnpayos [eqoi3d
pue uonoedwos J2qo[S UIIM)IG FDUIIPIP SIYL "YO0[q diseq Aouanbaxy-ySiy e jo yidua|
a1 9onpar ApySys 03 J9pI0 U JO0[q JISeq paNsIA Apuanbaijur ue SuiuaySuo Apesid 4q



Chapter 4 / Instruction Level Parallelism (ILP)

Jo suo Suore asoyy AJuo ‘A1JBal UL ‘SEAISYM ‘UONEBIST IBS Pajndoxs e dooj a1 Jo Apoq
a3 w1 suonerado oy} [[e J1 se pamndinod aq Isnw JTNSSY SY) Jeyl st uupayos ofnpour
pareoipaxd Jo aSejueapesip v [6861 ‘[e 10 MouYa(] wyiios[e Julnpayds ojnpow sy 03
a|qeudte Uy} S JEY) Y00[q diseq 2[3urs & ynm doof e spJalk ‘[6861 ‘TE 19 ney ‘8861 nEY]
uoundaxs pateorpaid jo Ljiqededs a1empiey oY) SOWINSSE YOIYM ‘UONBULIOJSURY SIY], SUOH
-e1ado (popiens) pajeorpard £q Surgouelq [fe a0e[dal 03 [£86] € 19 UI[[Y] UOISI2AUOD-J]
Suruioy1ad £q yim feap d1e poq dooj sy ul mopy [0NU0D SIAdE ATeNIqIe Ylim sdoo
‘paAsIyoe
SI 9NPAYSS O[MPOW B [IUR PJUIWAIOUT ST I Sy ‘[nJsssoonsun Jf NN 2 0) [enba Ij oy
ynm dooj sy 9npayds o) st idwene [eniul 9y, "saniIond paseq-yor[s Slureup uo paseq
sonsumay £q paping s1 unpLioS[e sAneIN S, "suoneIado S[Npaydsal pue 3[npayosun pinod
181 pasn sem wiyioS[e Sulnpayds SANeISN UR ‘peslsu] ‘[eonoerdunl pawiadp SeM YoIeas
oAlSnEYXS Ue SuruLop1ad pue ‘SISIXS OUO UAYM UIAS ‘9]npayos ofnpowr feumdo-resu & Jurputy
U1 p3909ns 01 9|qE 3q [jim “Surnpayos 1s1] se yons ‘wyiiode uynpayos ssed-suo € ey
Ajey1un 3t oxyew suianed a8esn 92IMOSAI PUR SIOUILINO3T X9dUIO)) “SUONBISPISUOD UoNE]
-usurardun onewSerd £q pas1oy sasturorduiod Jo NS 5Y) 219m Jey surahed o8esn 201n0sal
xopdwos £3aa ay1 yum Suidod o pred sem uonuane ‘Apoq dooj 3y ut mojj [01NUCD o1pokoe
K1eniqIe pue saoua1IN0as Yitm sdoog afpuey o3 wiyiioSfe Surnpayos onpows 2y uroueyud
0} uonippe uy ‘(€661 21M0L pue uauya( 6861 "[B 10 Bauyaq] sIeylo pue ney Aq duop
yIom 941 JO ‘g8—+861 POLIad 911 1040 ‘SWOIPAY) 18 UONIBNUHUOD 191IP 3Y] SBAM U0 IS11 3L,
‘SUON3JIP SNOLIEA UI JI PPUSIXD PUE YIom SIY3 Y001 KNANDE JO s3as Juapuadopur 22y,
y10Mm SIY) Ul paul[Ino
A[peoiq Auo a1om sonsumay asay, ‘ssed01d feumndo-esu Ajjeousd e aping oj sousunay
azinn 1snwi wyiiodye [eonoerd Aue pue [/86] WeT ‘9861 NSH] 19{dw0d-gN 99 0) UMOUY S
$35U211n001 AIenique yiim sdoo] Joj S[npayds paurejsuod-aoinosal ‘ewndo ue Sunesousd
10 yse sy, “(a1oAo [Surs & 01 PAldINSAI Jou st uonerado ayy Jo Aoue] Yl Y3noyl UIAd)
314> 2[3uIs © 10§ 901n0SA1 J[BUIS € JO ISR AU 0) PINOBNSqE 3q UEd uonesado yoea Jo aFesn
2o1nosa1 o ¢ Z1A ‘afesn aounosal jo uraped sjdwis g sey uonersdo yoes Yorym ul SUIYORW B
uo paqnpayds Suraq }oojq diseq o[Suis e sI Apog asoym sdoo] O 01 PAIdLNSAL Sem Wi
-03e sy, ‘ajnpayods [ewsndo AjjeonoidwiAse ue Suipo1h £qa1ay) ‘[IIAl Y} FASIYOR O) UMOYS
sem ‘unpuoffe Surnpayss ofnpot ay) ‘Suinpayos 11| uo peseq wiyiiod(e Suturjadid axem
aj0s onsiuruuaep ‘sjduns v dus] Areniqie Jo s91ousie| uoneiado 10} pue SIOUILINOAI
Asemqre yim 9sol) se {jom se sdoof 9[qezL103994 0} yioq 3[qeotjdde st punoq 1omo] Sy,
“(IHAIP9Y) $20U1N231 £q PIsned SjurenIsuod 30uspuadap ejep d1[04d 3 01 NP punOq J3MOf
a1 pue (JJNSY) SIUTeIISuod 23esn 90INOSII ) 0) NP PUNOQ JIMO] AP JO WINWIXBW Y} S
“(IIIN) JoAt21U) wouDHIUY WU SU “T] UO punog oo sy L, (‘pakojdwo st Surjjorun dooj
Ol USYM ‘SUOTIONIISUl MITA Ul painseaw ‘doof pauyjadid ssemyjos ays Jo Y3ud] oYy osfe
S1 1) “(I1) Jpad23un uoupuiur ) ‘St 1By ‘pauiels 9q ued dooj Y3 JO SUOMBIA! SAISSIOINS
"Yolym I JBX Y} UO SPUNOQ IIMO] PIALISP PUB—JUIDAISUOD OJNPOW JY)—INPaYds paul]|
-adid asemyos [e8o] Aue £q 1o 5q 0) Sy Jey) UONIPUOD & pajuasald osfe SIOYIO pue ney
“sasnq Jnsa1 oy} Jjo 1y spuerado sy Yonid pinod Aoy
11 os parojdwoo suonesado 10sse09pard J19Y) 1BY) JULISUL SWES Y 1B LBIS O} PA[NpayYds
a2q suonerado oy Jo Kuolew e yeyy pasinbas souewioyrad yead ulasiyoe ‘PPIApueq 31y
Jo151851 pajuny 0} anp ‘a19ym S10§s300xd Aeire Ul UONEMIS dY) O} ISBIUOD Ul SI pUE Uoh
-esado yoes Suinpayos ur wopaayy sapiaoid SiyJ, ‘3jNsal el SISN Je JUN [BUOLIOUNY ) pue

)nsa1 8 Suonposd jun [euonduny B Jo Indino sy usamlaq 9Fe101s 19151891 0) $S00E 23N
-1013u09 Jo ANpiqe[ieae ay) ‘Kpueirodut ysow ‘Suruijadid o1emyos 0) S[qeuawe 31 eW Jey)
2IMANYDIB MITA B JO SAINGLINE Syl PoUNULP: Niom sty ‘soutjadid srempiey jo udisap
a1 U0 SISY10MOD 1Y pue uospiae Aq padofaasp Alooy oy Juizijersusd pue uodn Bur
-meIp [Z861 PIEdI] PUB ‘JOSIEID) ‘ney {[§6] 19SSB[D) PUE NEY] SIYIO0 puk neyj Aq parels sem
sdoof y00[q d158q 9[3uls 10§ sseoo1d Sururjadid aremijos oy Jo uONEINULIOY [eIoUST YL
‘0099 DAD 3y 10§ Io[idwod uenliod ay) ut An
-[1qeded & se osje pue 0099 DD OYp IO} SOLIRIGH PapOd-PUky UIRLIAD Ul Yioq Juasasd sem Jul
-utadid a1eamijos Jo wioy pajrwi| e Jey) aou [/861] Yirwg pue ssiop {861 nesznol ] yooiq
s1seq 9Surs e Jo Sunsisuoo doof e sutjedid aremyos p[nood 1By 191dwod € ‘10ss3001d Aelre
$O1-Sdal 9yt 10} ‘padojaasp swsAS Jurod Suneop ‘sso[ayUaAdN ‘s10ssao0ud Aeire A[rea
U1 Jo 21mdaHYaIe 3y) Aq passdurey d1om sanpayds pauijadid sremyos Jo uoneIausd Ay
Sunewone je sidwaye ayy pus sa[npayds sys Jo Litjenb ay1 yog {861 UsYoD ‘[861 YoM
-saprey))] senbruyoay Suipoo-puey 50y pe Jo palsisuod Suruijadid sxemyos ui yiom Apreq
‘1861 yuomssprey)] urewop SuururesSoxd sy ut Suruzpadid 2iomifos paqanp Sem 31 “1x33u0d
a1empiey oy ut Juluipadid pawal st uonendwod Jo 9jA1s Siyl dUIG “pard|durod pey sauo
Jouid 210j9q (suone1a)r doop) suonenjeAd UOHOUN) SAISSIOINS JO UOHENIUL AY) ULEISNS O} Sem
2an23[qo 3y sased yioq uf ‘[6961 1[2A100) pue 0121330y ‘9/61 EI ‘6L61 SWASAS ulod
Suneoj] stosseooad Aewe [exoydizad A[1es syi uo [g/6] 2uolS pue AB30Y qLLET “BLLEI
‘161 ‘€161 99903 ‘8161 wayoD] swiyiioSie Suissoooid jeudis jo sdooj Isowsauul oy Sunw
-weiSoid s{enpiAIpul £q pade} asoy) 03 Jejiwis 3)inb a1om 219y pa1apisuod sansst YL, *[HL61
UOSPIAL(] PUE SEWOU, ‘9/6] UOSPIARC PUE [9)8d ‘9/6] [31ed ‘SL6T "[8 32 UOSPIARQ ‘pL61 “IL6]
UOSDIAB(]] PA1EN[BAS 3 P[ROS SUOTIOUNY YDIYM J& 3jel 1) szrunrxew o} sautjadid 1oj s19[j0nuod
srempiey Jo ugisap oy 10j surpioS[e pue Jo K109y 3y3 pado[aAdp pey ‘SISHI0MOD pUE UOS
-piae( £[qeiou isows ‘syun jeuonoury pauijadid jo uSisap oY) YIIM PaUIIDUOD SISYOIBISTY
‘uSisap arempiey ut
$1001 S) PRy ‘YIom Surnpayds MITA ISOUI Jo SnI1 S SB ‘YOIm ‘UONORIIP JUSIJIP B Ul
1J0 pasowt Suinpayds doo] ‘ownuesw 9yl U "SIYJIeIsal snotiea Aq pansind Apusnbasqns
sem yoeoxdde sip “39s [[eys om sy -a[npayss Supeadar oy st Apoq dsoym dooj e ppRIk
0} paf[o1a1 3q ued waned Juneador oy -anpoyds 3y ur pa1oAap st wioped Suneadar e
[IUN SUOTIBISN SAISS30ONS Surnpayss pue Surfjorun anunRuod o3 st yarym ‘wajqold suy o
uonnjos & asodold 01 U0 JuIM SIAYI0 pue Iays] "doo| pajjosun Iy Jo I3Pa yOeq Y} SSOIR
paureisns st de[Ioa0 ou jey} st yoeoidde siyi Jo yoeqmelp v (1861 “[e 19 JoYSLJ] Idysty
Aq pa15283ns sem yoeoadde sryy, *Apoq doo pafjo1un oy 190 ‘Furnpayds [2qo[3 Jo uLo}
I31j0 2wos 1o ‘Suinpayds soe1) uuojred udy) 01 pue sawn Jo Jaqunu dwos doof Ay Jo
Apog 2y jjolun o} st sdooj 0} seapt Sulnpayds [eqojd snoiasxd 2y Jo UOISUXD [eInieu
Jsout 3], "3pod Jo 2931d swes ay) Jo suonesay sfdyjnur oy are $o0[q diseq ddunuwr ay
‘soramoy ‘sdoo] I "$Y00]q d1seq sydujnu Jo uonnoaxa oy Surddesao Aq pauteiqo st sdoo
ur wsypa[esed [aasj-uononnsur ‘sydesd moyy o1[oAde ym Sy -Suynpayog 918D €TTE

‘9p0o S} JO SUOISIOA , 7 P[IIA 9AToE ore sajeorpaid w yoym u
2paYyds 3y Jo suoniod ‘ydeid moyy [onuod A djessuadal o) pauriojsad SI UOISIIAUOI-]
3519421 ‘SUIINPOYOS ISy SUIl} SWIES Y} JE SIOIN0SAI SWES Ay} SN 0} PANpayds aq Aewr
(ydei3 moy peursuio ay) ySnosy yied o[3uls Aue uo paISUNOIUI 3q YI0q JOUUED Jey) Suoh
-e1ado **2'1) sareorpaad JurofSIp yiim suonesado om) 1y 1do0XS %00[q13dNs € SB JoUURW dures



B. R. Rau and J. A. Fisher

oy ‘ooen teaur] Suimoid e sppaif Suljjotun [ejuswaIsul oy sdoof yoo[q oiseq dfurs 10
‘[1661 ne[OdIN pue uaxyIy] s931nosal MUY Jurunsse wipLIof[e onusi[eas alow e plAik o)
papuaixa Apuonbasqns sem 1one] 2u], ‘[0661 UBWISEIOJ PuU® NBJOJIN ‘BRG] NBJOJIN pue
udyiy] sdooj ¥o0|q 21seq aidnnui Joy ‘Suturjadid 159519d jo opn ay) Japun ‘uayl pue [qgg6l
nejodiN pue uax1y| sdooj ¥o0jq a1seq aj3uis 10y Ajjeniul ‘sadinosal popunoqun Jujwinsse
‘SIONI0MOD STy pue nejodiN Aq pansind sem [J86] °1e 19 19ysig] sieadas usaned oy [nun
doot e Surpnpayos pue Surjjorun Aj[ejueuwaIoul Jo s1ayi0 pue Jayst Aq pasodoxd eapi ayJ,
‘[z661 "1 12 13uEM]
Surpnpayss spnpows pasueyua Jo ‘Suinpayos ojnpowr pAedipaid ‘uondNPal [EdIYdIBIANY
uey) asiom Apueoyyrudis swiojiad QJJYND 1Byl punoj aaey ‘Is[idwod [DVINL P urgm
+IdAND pAAuswa[dir 38y OYMm ‘SISO PUE JAUEM I JUND Aq PALIAYUI aXe YL () Jo sTut
-woouoys 9yJ, “pasessusdas st ydeid moyy jonuod e ‘Juinpayos o[npouwl pasuByud YIim se
‘Ajjeur -uianed Suneadar oY) 9ALISP 01 ‘PILIAUOD-]] Sem UOTIBIAN YoBd JI SB ‘aInpadsold
MI-YdAN & Suisn uayl pue dooj sy Jo Apoq 9yl uo Surpnpayds [eqoid Sururrojrad 1s1ny

" Jo s1s1SU0d LIJAND "[A1661 ‘BI661 Suepy pue ng /861 ‘e 19 ng] mo[j [onuod Surureluod

sdooj Suturjadid aremyos 10§ wyiLIog[e LI UND 341 01 Ud AN PAPuIxX3 ng ‘Ajjuanbasqng
‘uonepeidap Ioyuny
saonponul s1yJ, *sapko do-ou yum no aynpayds a3 Suipped nopim Jjasi uo yoeq dooj ued
“PRIdILIISHOD SB “9INPaYds 9y} Jey) d9jueIend ou i 213Y) ‘SIIOUIE] JUNUOU JOJ ‘OSTY “Ajewn
-doqns WepusNE Y PUR D[NPOYDS Y UL ,SI[0Y,, paonponur ssad01d uonsjop SiYy ], 9jnpayds
pautjadid azemyjos ayj saImnsuod siy) ‘suonerado {[e jo sdoueysut spdunw Sunspep Joyy
paynuapt st ‘dooj [euiduio oy ur uonesado Yoed Jo SOUEISUI UO ISEI] JB UIEIUOD YOIyMm
‘SUOTIONIISUL JO 39S SNONFNUOD ISo[EWS 3Y) IXaN "pIAas[dwod sey uoreIall 1SIy Yyl [HuUn
SUONIRIGH JAISSIDONS I[NPIYDS Pue [[01uUn 0} ST WYILIOS|e JYJYN Y} JO 20uassa ay], suzaned
o8esn a01nosa1 xajdwos pue sa10uUe] HUnuou Aqg patuoljuod usym Aijewndoqns juesyudis
01 91qudaosns st pue Surmpayds onpowr o3 uonewrxoidde soy pe ue st wpLIoSe YN
5. ‘%}00[q dIseq aFuls & Yitm sdoo o1 panwy uaym ‘[9861 ‘[E 12 NS ‘pgEI [e 13 ng]
songea[]09 sIy pue NS Jo YJom Y3 Uaaq sey AJNANOE Jo weans Juspuadopul Jayioue 138
‘I 2Y) uey} atowr
AJa1e1 81 ] paaatyoe ay) ‘Surnpayos ojnpows pajestpaid Yiim se Inq ‘Uononpal [BdIYdIeIaly
10] Se [[ews Se aIe 1ey) S[IA Ul s)nsa1 Suinpayos ofnpow padueyuy ‘yoeoidde s ueT ul
se yonuw pajerauadas st yder§ mopj jonuod ayi ‘Surjnpayss ojnpow 13y ‘Apoq dooj ay;
ut syde1d moyy o1okoe ‘pasmdnnsun A[qissod ‘Areniqie o1 sjqesrdde st 1 ‘srounayunyg
'sadesn 001nosa1 2y Jo uowun ay) Sunyey 03 Judfearnba si syl -onn 3q yloq jouued Ayl
‘ST 18] “9AISNJOX3 AJferinu e sajedipald 119y) JI SWINl SWES 9Y7 Je IDIN0SII JWES I} Uo
PI[NPAYds 9q O} PaMO[[® 218 UONEIDH oures 3 wolj suonesddo om) 1ey) 3daoxs ‘ajqe[ieae a1om
uonNIOXa poresipaid J1 se 9[npayos o[npow Yyl ALIp Aoy “wiyioSie Surjnpayss onpow
pasueyua oy ur sayoroidde yioq Jo 1529 9l SUIGIUIOD 0} UO 0F SISYIO PUE ISHIBA, "SIJRI INSSE
19431y yim s10ss9001d 10J SasBAIOUL 10919 SIUL [Z661 ‘T8 10 1911ep\] s]I JoSie] ing SN
Iojfews ui s)jnsaz yoeosdde s we] ‘o3esoae oY) uo ‘JBY) PIAIISqO ey pue sanbiuyda) yloq
paruowoldul 3ARY SISYIO PUB JILTBAY “JUSIX 1912313 B 0] [Tl SY) WO JJBIAIP P[NOYS SIAIIYDR
A[renioe ays jeyl 1 oy ‘suroned afesn 201nosar xopdwod yim suonerado-opnasd Suneard
TeuonIpuod ayj jo §af yoes sanpayds 1s1] A[oreredas wie] 90UIS JOAIMOY [IIN Io[[ews 31
pIa1£ pinoys yoroidde 1aurrof oy ‘safesn oy} jJo wns ay; sayer Suinpayds ojnpour pIed
-1pa1d 3[1ym JONIISUOD [RUOINPUOD B UI SITESN 90IN0SI 9Y) JO UOIUN JY) SINE} WE] DU

‘stped oY) usamiaq SuiSrow pue Suiyouelq syerrdordde ayy yum syped
MO} [0NU0d 7 ol papuedxd aq Jsnw AN d1e suonesado-opnasd STI-NIHIAL ¥
yo1ym ut A[npayds sy Jo uorod yoeq papuedxs aq isnur suonerado-opnasd FSTI-NTH.LAL
paonpax Ajjesryoesary ay) ‘Surmpayds ojnpoul 1AJY ‘PI[NPaYIs O[NpowW 3q 0} [01U0I JO
mop) parmdnns Yum sdooy siuad siyg, 11onnsucd gSTI-NIHILHT padnpal ayi Jo 1eys
sjuasasdos sodesn 201n0sa1 ay) Jo uotun ay) pue Ajjeredas pa[npayds 1si| St S TA-NAHIAL
ay Jo 89 yoeqg "$102[qo Or0IE SB PAjeal) pur pajnpayos 1si[ are JSTI-NIHLAI St yons
SIONIISUOD PAIMDNIS ‘SDS ) 1M SB ISN[ uonnoaxa pajesipaid se yons woddns srempirey
[eoads Aue noynm sydei§ moy Jonuod paimdnns ulureyuod satpoq dooj yim adoo o3
wy)iiod[e s,ure] s3jqeus uondNpal [ed1yoresaly jo uoneosijdde ayy ‘puey Joyio syl uQ
“[I 3[qeASIYOR WINWIUIW Jy) e
12415301 pa[npay3s aq Jouued Jeyl SHDS Ul NSl ued wyliodfe swe ‘uonelost ur DS
yoes jo a[npayds ay) Suixy pue Suruiwidap Ag "paulelqo st 9[npayds ojnpow ed| e [nHun
pasealdur AJANeIAN S [T 23 ‘[T 2u3 03 [enba anfea [eniul ue yupy -Suijnpayos ompows Surisn
panpayds aq ued pue d1pKoe st uonendwos ai jo ydeid aouspuadep oY) ‘paunioyiad ussq sey
uonINpal [eoIydIeIdly sty 191y ‘[6/61] poom £q pasodoid uononpas [eaiydierary jo anbiu
-yo31 oYy Surkojduso ‘uraned aSesn 201n0sas xo[dwiod € Ylim uonesado-opnasd a(3uls e se
paiean st DS ue ‘Iayeasay] '[8861 /861 we ] saouspuadsp uonesan-iaul oy utioudr
K[a1e1edas JOHS Yora SI[NPaYds ISI] ING INONAS DS Y} SIZI{NN ‘00) ‘wifiiode s ure|
*yojelds wolj
Surnues uey) ssa1 Inq ‘pasinbar aq pinom Surnpayssal jo Junowe urelssd e susoned xopd
-wod ynp susaned adesn ao1nosar ajdwis yim sydom sty Suijnpoyds Aue Juiwiopred
mnoyiim [ J331e[ B J0OJ I[NPaYSs o[npowr [e39] B Ol 31 110AU0D A[[BIALI) PUE UOLRISN SUO
10} 3[npayds onpour [ € 93E1 01 pasn 3q ued Jeyl Inbiuydo) UOISUIXS ][ UB PaqLIdsap
OS[e NSH "3[Npayds 3y} ojul pajsasul 3q 0) DS Aue jo ued Jou aie jey) sopou Jululewal
ap ojqeus 0y pounsojrad st Surnpayosas syl 11 jo 9dnjnw e Aq pakeidsip st yeyr awn
© e pue JIUN B SB PI[Npaydsal 9q A[uo Aew HDS uAId e ur Sapou oY) ‘yoieas [erioeulq
-wod e Juisn [1 sfqissod 1so[jews 3y} e pafnpayss Aputol usaq aaey sHHS Y {[e ul sapou
ayi 2ouQ ‘A1nua punsip e se ydesd ssuspuadap 511041 2y} ut sopou Jo (DDS) $sejd pardau
-u0d A[8uomns yoes saziugodral Jey) sdUALINOAI [esouald yim sdoof yoo[q oiseq a[3uls 1o}
wyiodge urnpayos onpow e pasodoid [986]] nSH “jiom swo1ph) 3 jo Apuspuadapuy
‘suonerado aanenosadsuou woly suondadxa Jur
-YOOJI3A0 INOYIM ‘P3INJSXa U22q 2ABY 10U PInoys Jel suonerado wosy suondaoxs uia1asqo
ploae 03 ajqissod 1 soyew poddns azempirey ay ], -suo Joud B Ojul UOHIBISN JUO WO} SUoI}
-e1ado Sutaow £q 199)J ut ‘A[9Ane[noads SUOTIEINI LIE)S O} ST UONNJOS SY ], "SUOTIRIDN JAISSID
-ons usam)aq dejIoA0 Y JO Yonwr SABUIWI[I SIYL, “PIIIEIS 3q PINOYS JUO 1X3U 3Y) J3YIoym
UONBII} SUO UL J)e] [1IUN Umouy jou si 11 Jey s1 asod sdoo] yons ey wajqord ay g, “[p66l
“[€ 13 tefewinai] ] SIxa [euonipuod yim sdooj pue sdoo] JTIHM 2[PUey 01 papualxa Jayuny
u93q sey unpriod[e Juinpayss onpour s2WoIpPA) ‘(7661 18 19 usy) ‘MN[ye] uoindsxs
aanenaads pue uonnodxa patestpaid yoq poddns 0) aremprey jo 90usIxa ay) Jurnssy
-doo] ay1 Jo a1monns ayy uo spuadap ey Kyjewndogns jo 93139p ©
o1 a;ngnuod Yrog ‘Apoq dooj ayp ySnosyy syped qje ssoide ureyds aouspuadap ased-1siom
Yy AQ pouUNILIIIP ST [TNIY AU “SIMIYIT] 'PaIsem i UONONJISul ue ul suonesado sy jo
UONOBIJ JWOS ‘UONNIIXS SULINp ‘)Nsal B Sy 'Painooxd Ajjenioe aie sijed mopj [01U02 Y}



Chapter 4/ Instruction Level Parallelism (ILP)

JU3)X3 SWIOS Qf, “9[NP3YDS pooS © 19n1su0d 03 ANYIqe 9yl pue wsid[[eted urensuod ued jey
soouapuadap ndino pue saouspusdoprue saONPoLUT I e ST ISIY uonesof[e 11sidar Sutuiof
-19d ynm wojqoad Jofew oy ‘sauryorw [o][ered [9A3[-UOTONIISUT JO WIOAMSIA SY) WOI]
*[€861 55010 pue ASSSUUSH 9861 FONYINJA pue sU0qqID] $X00[q JISEq [ENPIAIPUL PAIIPIS
-uoo jry) doys Buinpoyos ssedisod  £q pamo[io) (0661 ‘P861 ASSaUUdH pue moyd 786l
unrey)] Suriooo ydeid Suisn aoueisut 10 “ISIY UOHEIO[[E JAISISa1 ULy 0) ‘210j2191)
Arewoisnd sem 1] ‘Surnpoyos pood Aq pauted aq 01 S[1If Sea 2191 ‘uoneso[[e 13151301 J0od ©
£q 150] 5q O} YONUI SEA JI3Y) SEAIIYM OS ‘SIAISITo1 Mo pue wsijd[[ered [Ad[-UONONINSUL
s pey siossacoxd 1ey) sem 3511 uonedof[e 19351321 Suruniopaad Jo Juaw oy ‘A|[EOLIOISIH
‘3s113 Surn
-paypos Suruwroprad Aq paulelqo 3[NPaYds 19139q Y} JO SIJOUI] 3Y) PIIDXS 1ey Kew 9pod nds
2 Jo Kijeusd awn oy ‘suonerado J9YI0 S JO 1By} UBY) 1518213 Igy §I AOUde] pEO] ISOYM
SOUIYIBW U] “PUIL Ul 3poo [1ds ) INOYIIA I[InG Ser I[NPAYIS Ay JUIS ‘Sulydewl Jefedsiadns
10 MITA ® Joyne 10 ‘aqissod auo 359q 9Y) WIOLJ Jej 9q ABW Jf ST I JI USAF "10ALI0D 3]
103uo] ou Kew pajonISUOd I1snf FNPayYds 2 J0ss3001d PIjNPayds A[[EONEIS € JO ISeD A Ul
“yutod s1y) 1y "PalIasul aq 1snw 5pod |[1ds ‘punoj aq 10UUEI UOHEBIO[jE J[qEIA & J] -ainssaid
19151351 1918218 PI91£ 01 PuS} SI[NPIYIS I3IOYS JeY) ST ‘UOLEO[[E J3ISIZAI AY) JO SNOIATIQO
Y5113 Sunpayos Surwioyiad Jo YOBGMEIP SY, "2[NPIYDS IONAQ B Sunoniisuod Jo 2Andaiqo
a1 apasiadas Jsnuw uonedojfe Ja)siGal [nyssaoons e Suraatyor ‘A1es[) ‘ojqeidadoeun isnf s1
a[qe|IeAR a1 uey) S101S1331 Jow sa1nbar 1Byl SPOd ‘9[qEIISIP 9q ABW I[MPIYIs 1a113q B
searoym Jeup Si 1s1yy uonedofe 13s18a1 Suruniopsad Jo Joagy ul yuswnre juenodu jsouws Sy,
‘K1oyorysues A(epduwios st ouo Jaypiou pue sadejueape si
sey Sunapio-aseyd yoeqg "[066] udlIep 8861 NSH pue UBWIPOOD ([66] NMH pue ‘K1aAe]
‘Suey) ‘786l suiydoy pue 1opueisny] Suinpayds soye 1 Surwioysad 10§ se [[om se [1661
uref ‘gg6l SSOID) pue ASSauusl 9861 JYOIUYOINJA pue suoqqrn] Surnpayos 210§eq Uonedo][e
11901 Sururoprad 10§ Y10q S2IBI0APE 1k 2B, “31eqap yonwr Jo o1do) B uddq SBY Uonedo|[e
19181331 pue 11 usam1aq Sursopro-aseyd a1y Jo ansst oy ‘uerrodun sy SulNpayds UONONIISUL
a1oym “s10ss3001d onsst-odnjnuu 10 paurfadid Jo 1x21U00 Y Ul ‘JoAdmoH “[0L61 uewi pue
108 ‘S/61 1YI9S ‘9L6] 1413S pue ounig QL6 ‘BLLGI '[E 12 OYV ‘961 uosuyof pue oyv]
ajqissod se sxasrgor ma) se Sulsn pue suonONIISUT JO JaquUIny wnwutw oY) Funerouad uo si
101e19u23 5p02 oY1 Jo siseydwa oy} ‘A[SUIPIOOOY "SUOTIINNSUI Jo Iaqunu 3y} Aq Kjuo ‘uon
-ONIISUI 3 JO I9PIO 31 AQ PId3YJe A[a1eq ST SUIN) UONNOSX3 s weidoid ayJ, -ansst ue jou si
Surpnpayps uononnsur s10ss9001d [ENULNDIS ‘[BUONIUSAUOD U] “UOYDIO)Y 4315183y “T'T'E

'SISIX9 ApeaIe 1By} aImeIdy| jJo
Apoq 981e[ a1 JO sremeun sdwrowos ‘K[dreuntiofun ‘fI661 ‘12 19 UBWIYIOWS ([66] Utef
{0661 YSIUIEY PUB JIQUIN[OD) 661 “[8 10 UIISUIAG 661 YIPOY PUE UIAISUISg] Bale sty ul
ungaq sey Ananoe Jo [eap pood e pue pajersardde 1012q st ‘1o[idwod ayi Jo Wed 2100 € se
‘Burpnpayps Jo souenrodunt oy ‘Krrendod ur Suimoss siossacoid sefeossadns ynm ‘moN
‘[[86] YNWS pue SSI9A ‘8/61 SIS 7861 NAZorewrky) s1ossaooid paurpadid AjySiy asows
10] “JU3)X9 JOSSI[ © 0] ‘pue s1085201d MITA J0J pardnooo 3 uonisod [exjuad 3y 0 1sen
-u09 i ‘ss3001d uone[idwos ay) 0 [eseydiiad Joyie1 se pamara seam SulnpaYOs Unsal e sy
“9ATIORINIEUN oYl Surnpayds aAlssa1SSe JO asn ) SpeI SAINIOINYOIE ISOY) Ul S19Is1301 JO
19QUINU PIYWI| AU ‘VIOWLISYIIN *20USIYJIP Siq © oxeu 0] 19[npayos sy} 10} KHunpoddo jo
yoe] Surpuodsa1100 9y pue sauIyORW Ss0Yy) Ul wstfa[[eled Jo jor[ 3 Jo sousnbasuod 111p

e sem sI4L '[986] Assouuay pue SuipteJo (/861 NSH ‘€861 SSOI1D pue Assauusy 7861
Assauusy pue ssoin) ‘76l sunjdoy pue 1opue[sny] s1ossa001d MITA 10} Jey) uey) ooy pe
alow pue snoniquIe ss3] Usaq A[[eIsuad sey ‘DSID 10 DS 12YyMm ‘s10ssa001d yons 10§
Suinpaydg sautjadid mojjeys pur s1o[s Aejap Youelq ‘9ourISUL 10§ ‘JO WIOf 29Ul Ut 7] JO
SIUNOWE [[BWS 0) 3nP S1 Sy ], ‘sonbiuyoa) Jurnpayds wolj 11jouaq SaWNIWOS ued s10853001d
IB[RDS [RUOIUSAUOD A[SUNUSIS 'SL0SS2004d ADIpIsiadng puv JSIY 40f Suynpayss ¢ ['7’€

‘[z661 ueuysinjewey] sinduwod jo auif
JSTY-Vd S.dH 10} s1opidwos ayy ur pajuswajdun uasq sey Juiuijadid arem)jos A[uadal
annQ) ‘sistxa Sururadid axemyos jo uoneyusweldun noyy Suiquiossp uoneolqnd Aue jey)
3A31]3q 10U Op 9m ‘A[@IBUnIOJU() -SYnUaIdS I[Ny ‘Auedwos randuioolsdnsiuiu oyioue £4q
paiexaew auif 3onpoid ay) 10§ Joqidwods oy ut payuswajduit osfe sem Sutujadid aremyog
"[z661 miSoroqyg pue uoo
‘6861 ne[ooIN pue njforqg] Surnpayoss uonejoosad JO UOISIA PAUTRNISUOD-3IINOSAT € SI
s1ayjo pue n[3oroqy Aq pasn wiyiode Surnpayds SIjASE Ay [, *S|NPayds W3n Aj3uisealout
annboe yde1§ moy jonuod oY) ur s3940 ays [{e ‘pareadal st ssasoid sifi sy ‘pajeadar st
Surnpayds o1[9498 AU} PUB PIAOL S 9DUSJ YY) JuOP St SIY) 90uQ “wd[qoid tojduns e—ydeid
s1okoe “[e3ousd e Suinpayds Jo 1eys o) wiajqoid sy saonpar sty ], “ydeid o1pAoe ue spaIA
yoiym ‘ydesd 01104 oy 01 ‘2ouaf e pawia) 39s o e sorjdde wiynioSe sy ‘s[enuassa ayi 03
padding ‘[eonorid ay; pue jBapt oy usamioq asuuoldwoed pood e jussaadas Wi {66l
niorqy pue weENeN ‘7661 NjSo10q7 puE UCOIN (6861 luoradsen {686l furleNeN pue
njSotoqg] 10afo1d yo1easar MTTA NEI 2Us Aq padojaaap wyitio3[e Surmpayds 914> 3y,
‘sutaned
aFesn 951n0sal xo[dwoo pur ‘$910USIR] HUNUOU ‘SIIINOSAI MUY JO 1XANUD Y} Ul Ajjerd
-adss ‘pareotdwoo annb s1 ‘0311 yo1eas ay) Surpuedxa Joy1Ing Jo pealsu; Yorq deim ueds auo
yo1ym 0) ‘arers pansia A[snoraaid e 1e paaliie seq ouo Jeyy Surziu§odar tuoneuswsiduwr
113y} I $31] sawayds Jurpoaun yiim wajqord puodas v "azis apoo 1a81e] pue sown uonefid
-wod 153u0] 01 AIqLyuos yiog “uroned Suneadar ayy jo ySus| oy pue uraned Suneadar
SU} 191US 0} JWI} JY) ISLAIOUT UBD INQ [BAIdUL UONIBIIIUL SFRISAR S} 200PAI. JoUURd ‘IJEl
uonajdwod oy WIm 2dUB[Rq UI ST 1Y} S)BI PAINSEdU B 1B URy) 19yies ‘Siqissod se uoos
SB SUONEIZN 2AISS200NSs SurnIel§ "SUOHEIN Sunemiut Jo ssaso1d 2y Jo ssauIpadIs ay) JaA0
[O1IUOD JO YOB[ B SI JABY SIWAYDS w:___o:._z yons ey desipuey 2uQ ‘[]om SE SYoRqMEIP
JWIOS 2I8 213 ‘ISASMOY] "SUO JUSLING S} 10§ S[NPayos oY) SuIALISp Ul suonela) snotadid
Jo Kxowsty youelq oy jo 25eyueape axe) 0) 9jqe st yoseoidde Surfjorun dy3 ‘spunoq Iamoj
3S31) JO SUO [OB3 10] SN[BA JANBAISSUOS ‘Juelsuod ‘afduis e asn 03 pey sayoeoidde snoia
-a1d 2y SBAISY AL "UOLIBISN YO8 Ul Pamo][0 Yied Moy 1o1u0d dytoads oy uodn Judspuadap
aIe [AS?Y PUB [INOSY Yoq ‘[ersuad uf -sdoof yo0[q diseq ojdnnw Sururjadid aremyos
01 sayoeoidde psuonuawr Ajsnoradid ayy e jo Suroolioys e sassaippe yoeoidde sy,
. ‘parerousd usaq
Apes1ye sey 1001-3s0yMm (Je[ 3y} 2q IYJ1wr 1t Yorym Jo) 3213 (SN1uLjul) DYIOUE 03 [BINUSPL St
“J001 94} 3q P[NOM 1 YOIYM JO ‘9313 (JUIyUL) 2y) J1 paumeds Jou SI Jes] mau Y "pI[npayos
SI YOURI] [BUOTIPUOD B USYM SIABI[ IOU1INg om) sumeds yorym Jo Jea| yoea ‘sa[npayos jo
221 Suimord e sppai Surpjolun sy ‘sdoo] yoojq o1seq ajdnjnw 104 ‘uroped Zuneadas e
SuIp[aIA 19AU ‘Salel JURISRIP 18 paasoid S DS SnoLIeA 9y} 20uls suonedi|duiod e
o101 onoeid uy "paazasqo st wioned Suneadar & 90U PoYRUIULIS) ST YOlYMm JO UOISURAXD



301

B. R. Rau and J. A. Fisher

B SI Sty], “191sn{d yoea uo oF |[im uoneindwod ayr Jo ued YoIym Ip1ap 0) A1essaoau st
M ‘SaUIYORW 0BI] MOYUINIA Y3 SB YONS ‘SIAISNID [EONUPE ‘Ddiinw Yim saulydew uQ
‘[z661 ney ‘€661 21moL pue uouysq] sdooj 1ouul 10j uoneuasaidar yuourudisse
-o13us opweudp ayy Aq pajedijIoe) o1e sasA[eur pue suoreulIojsuel) 3say) Jo 1ISOW (€661
aimoy, pue pauya(q]) sdooy pautjadid aremyos |je Jo souewioysad 9y uo 103545 Jofew e ey
IIAO9Y 241 90nPal 1ey) SUOIBULIOJSUBI} JOYIO PUB ‘UOHMINISQNS-}oBq 0uaInddy {661
‘[e 10 Koumor]] jom se sdoo| psjjosun Surnpayas soen oy weuodwt st siyy, ‘[z661 ney
‘€661 AAMOL pue LauYd( ‘0661 ‘T 30 UBYE[ED] IINO2Y 241 PUE [[NSY 3y yoq uodn
109)J9 ueoy1udis € aaey ued doo[ & Jo suoneIal 9[dnjnw SSOIdE JUBPUNPII AL JeY} SAI0IS
pue speoy pa)dLIosqns Jo UoNeuIWI3 Sy, "[166] 19NSUBIYOS PUE YIBd {6861 "I¢ 12 HauyaQg
‘€661 I[MOL PuB HIUYS( ‘€861 '[B 1@ US[Y] mop [onuod yim sdoo] Inpayas o[npout
01 papasu a1e suonerado Sumes-seoipaxd Jo Juswased siendoidde sy pue UOISISAUCD
-1 ‘Suimpayas ojnpour o3 ayroads are suoneziumdo pue sasA[eue pajuatio-dooj utena)
‘[€661 “1e 10 Aoumo ‘g6l
uury ‘g661 2[moL pue wsuya] wesSosd sy jo suoniod Aousnbay y3iy oy ul Juepodwr
K134 st saanpadoid 1asn pue soisunut Jo SuIul-ut ‘sny], "UOHOW P03 0 J9L1IEq € SE [[BD
ainpasoud ® yean sispnpayos ‘Apuasiny -apod Lifenb-y3iy jo uonessuad sy 03 [eronio e
suonewiojsuen pue ‘suoneziwndo ‘sasf[eue Iay410 Jo Jequnu € ‘uonepdwod JI Jo 1eay
3yl Je 218 uonedojfe 195131 pue Surnpayds yInoyiyy ‘sardey sapdwo) JIf 43410 €' TE

‘pa1ednsaaul oq 0} 19K Se JABY SHIdW
SANB[AI PUR ‘SSOUIANOYJS ‘uoneiudwa[duil pafrelap 1131 Inq ‘[ze6l “[e 19 neY] pauipino usaq
aaey suondo swiog *poolsiapun [[am Jou st ‘doof pauyjadid sremijos sy 10j punoj 3q ued
UoIBIO|[E OU YoIysm Ul ‘Uoilemiis € woly Sulaa0oai 10} A3aens ayy, “[7661] s1vylo pue
puus-suciduey Aq padojeasp usaq aaey doo[ panpayds O[npow B JOj PIpIsu s191sidal
JO Jaquiny JY) uo spunoq JamoT “[ze6l 1B 10 NEY (6861 ‘I8 10 HAUYI( €661 AMOL pue
usuyaq] doof sy JO uonNIIX3 3} 1940 uonerado renonted e Aq pouysp sSWNSJ (Je[edS) JO
3ouanbas SINUS Sy} ‘St JBY) ‘SIWIIYI[ JOIOIA I YNM SHIOM J01edo[[e 1911301 oy Jeyl A1nud
ayL 'S BIpAD 9y Jo Anjiqedes 1ais13a1 Suneror ayy Aq papiaoid Surtureuas 13981391 orureukp
Sy} swinsse 0) SI Uonedo[[e 191s1§a1 JOJ UONR[OS IAYI0 Y], "uoisuedxd SjqelieA o[npow
1oye paydde aq Aew [z661] s1oyio pue ney Aq pue [7661] s19UI0 pue usIpusy Aq pasod
-osd sonsunay 9y ‘Surrojoo ydesd se yons sanbiuyaa) oy uonippe uyf ‘uoisupdxa 21qoiiva
ompowt se umou| St SiY [ “[8861 /861 weT] [ouray paiestjdal sy jo ydusy sy uey 193uof st
SWINAJI OU JBy) 2INSUD 0 S} JO JOqUINU JUIDIYNS & doo] pa[npayos O[npoul € Jo [JuIay A
[[0Iun 01 ST UONN|OS JUQ "PALINIIO SEY SN ISE] S) 910J3q USNLIMISAO 3ulaq SNjeA € Ul J[nsal
PInoMm S1y) ‘AJ[EULION *[BAIOIUT UOHENIU SU3 Ukl 193UO] YONW UD1JO 218 SSWINDJI] YY) Jey) St
sdooj] pa[nNpayos onpow Yim Palsjunodus uonemis snbiun v -Sui[npayos onpow Suimof{oj
pauntojrad 9q Isnw 11 “s[npayds 3y uo Sulurensuod Ajqeidacorun I I0UBAPE UI UOLIEIO[[E
10151301 SU10p 90UIS *UONEIO][B 19)S1F21 SNOSUEINWIS J0] PIOUBADE U33q 134 sey yoroidde ou
“A1jeuad sourwiojiad siyy sproae yowym ‘Surnpayds ojnpout Jo ased Y uj ‘a3ps Yorq Yy}
sso1oe saurpadid jo Surfidurs sy 03 anp adueuuoyrad Jo ssof awos Yim 1ng ‘paystjduwodde
2q ued uoneso[je Jasiar pue Juinpayds ade) snoduelnuIs ‘[[86] “[e 19 13Ys] HOIq
J1seq JO 98I} JBAUI| B SE PSJESI) UQY) PUB SIWN JO JIqUINU Swos pafjoiun st doof e J1
-[1661) Zua1goy] pue urye|[e) Aq pa1sadans useq sey uonedo[[e JAsi3al [eqofd o) yoeoidde [ed
-IYOIRISIY Paseq-XejuAs y "9A103fqo aures ai yim sawayods paseq-Aioud 50y pe 1ayio ueyl

yoeoidde onewaisAs a1our 1ej B Si STYL "9pod Sururewar ay) 10§ suoisioop Juipuodsariod
Y} UO SJUTBIISUOD ULIO} Passaoold udaq IARY 1BY) S0BI] 10J SPBUI SUOISIOAP UOHBIO|[E pue
Suinpayds sy, *yoes uo pouniojrad are uonesoffe pue Surnpayds pasesdarut pue Kouanbayj jo
Iop1o Suisealoap ur paxyold are sadel] ‘uonesofe 1151321 pue Surnpayos [eqo(3 pareida)
-ut ‘uaAlp-ayoid ‘jeoryosesoty Sutwioyiad jo 1By sem mopniny Aq pus ojux I 10ofoid
19 oy Aq padojoaap 1dasuod yuenodwit uy “[g661 1B 10 AoumoT] ‘7661 Sraquanny pue
Ia810quapnaly ‘G8ET SHIH] S90BI 2INUS SSOIOE S [[am Se [FR6] neazno] sY00[q JIseq [enpiA
-1put JO [9A9] 9y} Je JoIdwod $9[-Sd ] aYys ur pasn sem yoeoidde siyJ, payids st s1mny ays
ur Aeme 1s9YlIny St asn asoym wnyep oy Surpjoy 19)s18a1 sy, "poyjids 2q 1snw 19151331 ©
‘pa[npayds Surag uonerado ) Jo INSAI Y3 9A1903] O] J[qR[IRAR ST 13151331 OU USY M "Uon
-eoo[[e Juanbasqns 10§ ureSe 90UO S[qE{TEAR SpeU St 193SIZa1 JeIp ‘S121s13a1 90IN0S Y JO SUO
JO SJUU0D S} JO Isn Isef AY) sMNsuod uonelado sy J1 ‘os[y “)NS3I Ay pioy 0} pIed
-oj[e St 39)s1301 S[qE[IeAR UE ‘pa[npayos st uonesado ue sulf) Yoes jey) St 2apl 9Y) JO 0UISSI
Sy "s¥00]q dIseq JO IdeI} Jeaul] B 10 YOoo[q dIseq dj3uls e ‘Aj[eoytoads ‘apoo orjdkoe jo
1X31U02 JY) Ul A[uO Poo)SIdpun AJUSLIND ST UOTIEd0[fe 11sIFa1 pue Surnpayds snosuelawIlS
"uonesoje Jas18a1 pue anpayds [ewndo-1esu v puy 03 Sundwane 1oj A31ens 1oyioue 1 uon
-BOOJj® 19181831 pue Sulnpayds SNodUEINUNS ‘[eaP! SIY) Sutasiyoe jo uonewixoidde ue st ‘uon
-eo0[[® 1911821 J31Je UAY} pUE 10J2q 20UO ‘201M) Ful[npayos -a[qissod st uoneooj[e 15131
yorym 10§ ampaydss [ewmndo awos st 212y1 “10ss3001d uaAIS ® U0 9p0d Jo 20aid Aue 104
*3[NPAYDS [ENIUIAD Y} UO 199)J3 2Y) 0} SNyl pue O 241 Jo YSuaf yied [esnid 2yl uo
1091J3 SI1 O3 SAIISUSS ST Jey) wyILIoS[e uoneso[je 19151321 B ‘puosss oyl pue ‘) 0} papia
-o1d yiun| B mojaq a1nssaxd 19151301 oy dooy 0y syduwranye Jey) I9[Npayods e ‘Quo—suwyiiode
om) Suidofoasp Aq warqoxd smy passaippe aaey [886]] nSH pue uewrpoon -aseyd juonb
-asqns 9y uo joedwit JI3Y) JO UOHBIIPISUOD OU YIIM SUOISIOIP sit sayeur aseyd 1511y 3yl 1ey)
S1 JeJ 0§ passnosip saidarens fje Jo Sunuodioys e 3511 308 2UO0 YoIym Jo sandadsall]
‘mo[[0J [[m dais Surnpayos ssedisod e jey) pue poutw
-1919p U99q Apeai[e sey JOpIO UOTIONISUL Y} ISBIf JB ‘10 S[Npayds oY) Jeyl SauwInsse Siy[,
‘[z661 ‘e 12 uaipuol]] sownayi| 3y Jo ueds o jo uoneiuasardas feroduis) 19a11p B 218 Yoiym
‘sydesd pearaut ur Juasaid UoHEULIOJUL JOYDLI AU JO SN AYEUI SIAY)O pue UaIpusy ‘wiipered
Surro[0o ydeis oy Surkojdwa jo peasu] *[1661 nmH pue ‘KioaeT ‘Suey)] siossaoo01d ansst
-ordnjnut 10] AS33B13S ST} JO SSOUSATIISYJS Y} PIJRISUCWAP SeY STOUI[] JO AISIdALUN ) 18
103{o1d IDHVANI UL ‘3o[npayds ssedaxd sy Aq papraoad apnpayos uononinsut pairjaid oy
JO 21BmE Sem 1IN uf YoM ‘uoneso[je 121s13a1 oy Aq pasned saouspuadap 9y) [[e s1ouoy
Iomnpayos ay) ssedisod oy Suningg “[0g61 UaiEA ] UonEdO[E J01s1501 21 193J pappe sem dajs
Surpnpoypos ssedjsod ‘puodas e pue JeI[D SWERIIG SNPIYIS Y] JO UOTIEIIO Y I9YE Ip0Od
11ids Sunuosut jo Anjewndoqns oyl ‘0009 /WwASAS DSTY NI Teressiadns oy Jof 1911dwod
oy awosaq 0} Jopidwos sy Suiajoas uy “[gg6l surmjdoH pue iopuesny] 19pidwod g 1d
oy ur pasn sem ‘Surjnpayos ssedard se umouy ‘uonesoje 1sidar o) 1oud Juinpayog
-apod [iids Sunjnsai oy
Jo saujeuad a3 ySromino Aew uoneosojje 12351521 £q PAUIBIISUOOUN I[NPIYIS € JO SIaUaq
3yl ‘s3IoUSJR] JUN [BUOTIOUNJ OU] UBY) JILIOYS IO SE 1IOUS SB SI JUWIN $SI00B JYord Isoym
‘souryoewr paurjadid uQ “ysey Surnpayos sy 01 J01ed0][B 19151321 9 JO ANADISUSSUE 9y} 0) NP
poonponur 9q YSIw soIe AIESSIISUUN PUEB PISIAPE-[[ JO JSQUINU SAISSIOXD UR “ISII] SUOP ST
UONEBOO[[E USYM ‘Jeyl ST UIOUOD [BS1 3UJ, "UONEOIO[[E dY} O} Snp SOIE [BUOLIPDPE UIBIUOD
1481w uonedo[fe puE I[NPAYIS Jo uoneuIquod fewndo A[[eona1oayl Y I[qeIIAUL ST SHY



Chapter 4/ Instruction Level Paralielism (ILP)

302

:wistjaj{ered wnwwixew oY) puyy Aoy} SASUIS ISIY) U “wnwUIw Sy Surpury are skem 19410 ut
Inq ‘ojqejieAr wsijd]jeied wnuwixew oY) Suipulj oSUSS SWOS UL IIB ‘UDY) ‘SAPMIS HTY
‘4711 99UBYUD 0} SUONBWIOJSURS JO[IdWOD U0 SUOP MH1oM Ou A|[BMIIA U] SeY UYL
‘Kepo) 2ARY 9m $19Z110103A pateonsiydos ayy 0y dooj 1sajduuts oy szuFoodx 01 Aifige Yy
woij 03 0} S183K (7 OO UOHIBZLIONNIA “Was WYS1u 11 se payola)ie] se jou st J[dwexa siy L
‘Kjreaur] s1ajuiod oy aseyd oy Suiaey snoyiim ‘[ayjesed ur ‘osimired suostiedwod ayy suop pue
Ae1IB UB UI SJUSWS[D 3S3Y) PAIOIS JARY PINOd I ‘Afiymyuiom 1 padpnl pey sonduwod sy ji
“Ie[No11o 9q J0UUEd 4 1d-pesy WOIj PAUTEYD SJUSWSLS JO ISIf YY) UONRAIISGO S[dIWIs WOl

{ 1xou-J1d-s1yr = 11d-s1y}
‘elep-41d-siyl = 1B}-0S-XBW U3yl
lgj-os-xew < ejep-riyd-siyy 41
} 41d-styl 8j1ym
‘19qunu-3au-1SoW = J@}-0S-Xew
‘ild-peay = J431d-s1y}

1Z1Bp JO 1S1] PAYUI] B JO JUSWI[D WNWIXEW 2Y) Spul 3pod Juimofjo] YL
"1991J0 S1Y) moys ued ojdwexa apduns v ‘g1 2a0idwil O} UOHOSIIS 2INONNS BIRP JO 2ININJ
2183531 3} S UMOWYUN 19)eaIT Y *9pod Ul 3]qe[IeAt wsi[a]jeted oyl uo 10340 98ny B Ay UBd
10y os pue ‘afueyoxs doo| ‘Suruonipuod dooj ‘uoponpar W3Iay 3311 SB YONS SUOLEULIO]
-suel1], -awonxa st Suipdwoo pajeonsiydos Sutzousdr Jo 10930 ot 9onowId JULLIND UL UIAY
d711 2[qe[ieAe ui jual
-aa01dwi a31e] € 99 PJN0O YoIYgM JO 109)J9 dY) ‘suonetiojsuen 9sa Juumded jo Aem ou ey
satpms Jwir -a[qey dnyjooj e y3nosys dwnf 1va11pur ue s30p arempiey yorym ut dnyjooy 3(3uts
B M $159) NITHIA] JO 195 paisau e aoejdar uayo ued s1spidwod usepopy “uoneinduiod
aip jo sired [eonud 18 sdnyoo] 2[qe) Jo asn PAd3fas K|nyaied ayr Aq Apueoyrudis dn pads
U010 318 SUOHOUN [BIUSPUIISURY) pUE dnswyLy “1daouoo syl o1 9onpal jey) ‘Ajjednewoine
SIOUIO ‘puey AQ SUOP SLIOS ‘SUONBULIOJSUBI] JO SIOULISUT AU dI8 213y ], “SluswLIadxa 353
yum Suoim st reym axmded saop Ajjeas 31 asuss e ut A[919[dwod juswngie siyy sSIwsIp
jouued auo ‘spuncid Aiijeonoeid uo usAd puy "SIIPNIS NI Ul PAPIROSIP 3q 01 st Al[edn
-ovid yorym ur asuas Axoa sy ur {eonoeiduun AJuo s1 1 ‘walsAs B o 9]qeIuasaidal s1oquinu
wiod Suneoy 1o s1a3aut jo d3ues (a81e] 1nq ‘Auy) s ueds jey spuerado ym suoneind
-woo 350w 1o [eondeidun A[snoiaqo st s1yl a[iyp "dars o[3urs e saxer 1ey) auo yum uoneind
-woo—3Juoj A19a sdeysod—ira3uoyf v aoejdal [jim om 35D yoBS U] 'sdnxj00[ 9[qE) PIM 9pOd
a1 ur suoneIndwiod 9oe|dal UBD 9M ‘d[qejiBAR SI SI1BMPIRY Suyul eyl Sur|[edal 1aq 1snw
sarpms ywi] as1oaadwit moy Isnl $ajENSUOWSP 1By JUIWINGIe SNONJE) 1BYMIWIOS € ST 31y,
‘PaIIPISUCD Sem
SUOIJBULIOJSURI) DPOD JO 1S MOU B 210joq ‘oe s1eak maj & sem 11 ueyl Joydiy Apuesyiu
-81s 9q 01 wsia[{rred 9]qE[IRAR WNWIXBW SY) MOYS 1Y) SINSAI M3u Jo Jo ‘swerSord suwres
asoy yim paystjdwosoe usaq Apeasfe sey 1eym ueys omoj si ey sweidod ur wsyajered
a[qejteae uo , yiwi 1oddn,, ue Supels s19YDIEISII JO SII[BLUOUR IY) ‘SIBIA JUIDAI UT ‘pey
SABY 9M SN, "SAIPTIS MU Ul PO A[2JBl OIB SUONBUWIOJSURI) WE-OY)-JO-NEIS JUdLIND
uaAd ‘a1miny oy ur do[oAdp ABW SIDYIIBISAI JBY) INJBU UMOUYUN-IIK B JO SUOHBULIOJSUR)

ueow Apsow 9am ySnoyy ‘dI Souryua 01 few ydnw 1op1dwod e eyl suoneuLIojsURY
19pIsu0d Jou op K3y ‘jeod pajess 1oy Surysiidurodoe ssiws 01 Wy sISnEd Jeyl Sunwoouoys
[BA1ILID B 9ARY A9y} ING ‘SUSS SUWIOS UI SIINSEIW WSI[I[[e1ed WAWIXBW PIdpul a1 IsY L,

(‘yioq 1o ‘pasmnbai 98e101s 10 uonEINdWos oy Sutonpar Apeass ‘suni 9pod Ay sE passadoxd st
UIBOI1S PaINooXa i) “pealsu] *patayied skem{e 10U ST 3081} UONNISXs ue *aonoerd uy) ‘dnpaads
3[qE[IeAR oY) S1 Om] 953y} JO Juanonb 3y, -own uonnooxa diqissod Isanioys ayy saa18 yde1d
souapuadap e1ep oy ySnoy) yied [eoN1Id oY JO SA[IAD UT [IBUS] YL, "SIIOUSJE] USAIT Sut im
SIEMPIEY UO SWI) UONNIAXD [BLISS 2y} SIAIS 99BN 9Y} JO UONNIIXS [BLISS oY) JO SI[OAD Ul
yiSuay sy, -oSei0s a1empiey Jo 9031d Joyo Jo 13sidal e Jo s3esn pear-roye-Aum a4 4q
pasnies sasuspuadapnue asiey Supeurws ‘suonerado ay uo ydeid souspadsaid eep e ping
pue ‘urexgoid a3 JO 5021 UONNOIXA Uk SYBL :9qLIOSIP 0} ySnousd d|duls dIe SAPMS W]

woaSoad v up uasayul JII fo munoww 3)qissod 15310248
ays aunspaw puv K1pouavid 13]1duiod pup 24pmpapy Jo SUOPDIIPISUOI [ID ADMD MOIY)

01 SI s31pmys ywif yons jo [eod ayJ, ‘suresd
-o1d ur sjqe[reAe wsy[eled WAWIXEW dy3 1nsesw o0} pardwane ey siauawLIadxs Aue|y

sSunuooLIoYS 15y ] puv SApmIS WUTT [H

d'1I dlqelesy “p

‘6611
Zuo[qoy| pue ueye[[e) AQ PIIPTIS sem pue 7661 NEY ‘€661 2IMOL pue uauyd(] soniduod
¢ vIpAD) 2y ur paruswoidus sem ‘sdoo] 1SOULIBUUL JO 1X3IU0D Ay ul ‘uoniendiquesip K10
-wd [g661 T8 19 AoumorT] 1911dwod mognInpy Sy Ul paruswidur sem pue [$86] NBIOJIN
‘cg6l SUA] 10afoxd [19 oY) ur parpmis Sem S30BI ULYNM uonenSIquIEsIp ATOWIW "Wy
unpim se {[am se sdooy Jo apisino Jueptodwt st uonenSiquiesip Arowaw ‘s10882001d g yNm
‘os[y -paimbai st ‘sisk[eue moyj ejep Suiajoaut ‘siskjeue aouspuadap ueys siskjeue asaid
2I0W VY "UONEOO[ SWES JY} O} JOU dIe IO 218 SIDUIIJPAL 0M] Y1 JI 1oq IJausq Ued Jey)
s10ss9001d J[ JO Ma1A Jo Jutod oYy woiy Surwoduoys e si sy, “drewixordde uasq sey ‘But
-youeiq [euonipuod Jurureiuod sdoof Jo 1xauod oy ut Kj[eroadsd ‘sisk[eue ai) Jo a1njeu Y3
‘Apuanbasuoy) "paziI0109A 3q Jouued sdoo] Yons UL UOHEIO] duIes ay 0} 240 A3y yey)
POUIULIZ)SP ST 1 JI PIALISP SI J1JUIQ ON "UOIIRIO] SWES 3Y) 0] JOu 21e SUONIBISH JUSIDMJIP Ut
$35ua13jaI om} Jeyi ano1d 0y Sunduepe st 1a[1dwod ayp s1andwiod 101994 10 "[066] uewdey)
pue euirz] s1eak Kuam) 1sed ot 1040 Sunndurod 101094 Jo eaIe oY) uy o1do) padojaaap [[om
£19A © 9W002q SeY Sy ‘SisA[eur 9ouapuadep Se umouy “jou e A[PNuYap 10 uoneoo| K10
~WIOUI JUIES A} 0) SI8 A[SHULIOP S0USIYRI AIOUISUI OM} JAYIIYm SUIPIOIP ‘St 18y} ‘SI0UIYaI
Kiowoaw jo uonendiquiestp sy st uone[idwod i |18 0} ouelI0dw! [ENUID JO ONSSI UY
‘[£661 "Te 10 Aoumo] sopidwiod mopuiny Yy ot pajesodiodur sem pue [9g6]1]
s Aq padoyaaap sem Sutuonmued siyy Surunioprad 10§ wyitioSie uy A||nyaseds suop 10u St
s1aysnd ssoxoe uoneindwoo ays jo Suruonired oy J1 dueLI0}Id 9perdap ued Aouaje| asoym
‘uoneindwiod sy3 ojul SUONEISdO JA0W IIISNIIANUL SVNPONUL OS[E SIY) ‘SIAISHID Y} 1IAO
uonendwiod oy Surpeards Jo 10a8y Ul sondie wisio|[esed PISEIIOUL SEAIBYM DYSE) [BIALIUOU



303

B. R. Rau and J. A. Fisher

109134 9y Ul punoj sayoueiq yim sdoof 7700p O JO 198  ISPISU0D [Z661] SIO pue IaTepm
‘Butuipadid aremyos Jo soueuLIO}ISd PIUTENE Y UNSBIW O} SUOP UIQ IABY SIAPIUS JoM]
‘A1oanoadsal ‘Nd] pue SJIN Wolj SI0ssd
-001do151W 1UALING YiM 00E/H1 HOVUL MOUNIRA Y) Jo soueuriojad ays aredwod [¢661]
uayg pus aNaNYdS pue [£66] $19410 pue Kumo ‘Sui npayds Yoo[qsadns sasn Jelp 1opdwod
onSI[EaI B JO 109}J3 Y} S19pISu0d [g661] s1oyio pue nmy Aq soded oy, ‘swaisds 411 Jo
2oueuLiojsad oy Jo Suypuelsiapun Ino o1 ppe ey siaded soxp a1e 1oL dNSSE SIY) UJ
‘[opow [eap! Y} 10} £'8p O} L7 JO dSuel B pue ‘[spow [ea1 oy Joj dnpaads sawn 9
01 dnpaads ou wouy SuiSues sdnpeads punoj SH "SHUN [BUOHOUNY J[A>-3[3uIs puB dIem
-pIey| SSO[IUI Yila ‘Quiyoew Jedpl,, ue pue (3[eX 1e usisap Iapun 3uo 0) Surpuodsa1100)
suiyoew , HNSIESL,, © Yioq 1oy swerSoid oynuaros [reuws 7] uo paureiqo sdnpaads 3y paln
-seaw sij[g "punoj ay wsiafjered oy Suniordxs Lnoyjip SPI aaey pnoys suonejuswa[dun
onsifeal nq ‘waisAs Krowow oy A[qEIOU Isow ‘s)oadse [BI9A3S UT DISI{BIIUN SEM [Spotll
SIH "auIyoew [eonaiiodAy e 10f apood Jrerauad o) 1apidwoo Sopjing sy pasn [9861] SHIA
-wstpa[jesed S[qE|IRPAR UO SPUNOQ 1IMO] 2] 0} Jasopd> Sungiowros juasardas
sjuowniadxa ay) SNy, -wsyd]jered pourene dy) 19mO] JOU PNOYS SINN[EAI WISAS 3y Jeys
Aem © yoNs Ul SWSISAS ONISI[E3] JO AOUISSI SY) 19RIISqR P[nom panSIe Ay SIAYIIBISAI AP
1Y) SUISISAS JO ‘SUISAS ONSI[Eal A[9ANE[AI USQ dABY ASY) ‘PIA[OAUT UIDQ IAEY SWIANSAS
PAIBJNULIS USYA “SWAsAS [ofjeseduou pajejnus 1o [eal surede dnpasds 1oy painseal aAey
pue swasks JJ pare[nwis Jo B3l 3jing 9y 9[doad Swos ‘SIIPMS W] Y3 01 ISLAU0d U]

wSN2]in PIUIDLY 24nSD3JY IDY] Sudwadxyg 7y

‘ajqepiese sem dnpaods jo a5uel IpIm B ‘UONINOIXO dANRINSdS puB SIWIYSS uon
-o1paid youelq poos Yiim JEY} PUROJ PUE SHUN [BUOHOUN JO S19qUINU JO AISLIEA d318] B YIM
s[opour paIapIsuoo [J661 ‘[2 12 1ong] Wed pue Iopng “Ie[IWIS 21am SI[NSAT I3 ‘S,[[EM
Pim paside [opows 1oy uayp wsijdj[ered o) SISLIIBQ MOY [O1IU0D SUNEUI[D JO SPOYIAW
JUSIAJJIP JO S1091J3 9y} dunseaul 03 JuswiLradxs ue pip [7661] UOSTIp pue weT (“yonul jey
uoAo Suturene jo Anpiqissodwt Jeau oYy pue ‘g Moqe Jo Surflad a3erdAr UB $I9S Y SINSAI
auwres oy uf -onstwissad IO YonuI ST JIASWIY [[ep 18y Sunou yuom ST 1) “SYIBWYdUSq
pIepuels 19410 pue 9)Ins DS Y Woly udxe) a1e yorym ‘suredold spdwes sy uo g9 01 L
woyy Surdues sdnpoads plaIA pinod apesap Surwos sy Sunnp yoeoidde JySrw Iondwod
paresnstydos e 1eyy sSumas 1eyl puly om ‘puasaid SOLIBUIIS SNOLILA SY) Suruiurexs uf “uon
-zaxd1oyut Jo 11q € a1nb 03 193(qns 21e Jnq “a1mny Jeau 9y ut [eondeld 53 ySiw A[jeal reYMm
19Y9€1q 01 K11 0] UO MO[{E SOLIEUAIS SNOLIBA 3, ‘SIamsue S[duIls ou Inq EIEP 3[qen(eA Jo
Ifeom e Surpai£ ‘sorreuass Kuewt 18213 € 3apun dnpaads J-TJ sjqe[ieae paysiignd pue japour
3leIOqR[? UB J[Ing S 'SI0E) Joylo pue ‘uonenSiquiesip AJOWIW ‘UonnoxXs Janendads
10J paIuNOdOE pue djep 0) Apms N ySnosoyl 50w 3 PIp [1661) 11EM Jare] sIeak om]
“punoyj sea 1a1jJes punoj wsi|jesed ¢-7 Jo 10108 3y Ajuo pue ‘urede paseadde yoousmoq
uuAlg oy ‘ABuisudinsup) "so0]q udamiaq suonour 3pod Jo Apqissod sy parda|dau ureSe
[6861 1A pue tddnof] asay} jo snoLIojou 1sow 3y} ‘A[SUNISIAU] “SIPMS IMWI] JO SIS €
pauess urede pue s10ssa001do1oTw Tefessiadns 1e Yoo 0) uedaq S1OYdIe SORE] 18] Y1 U]

*S)NS3I Jwes oY) A[[emiA punoj pue ‘IS0 pue uewasty 4q
suop Jusunzadxa oy 1eadai 0y 3oidwod Sopyng (e 9y 10} padofaasp Suieq sasmeredde

oyl jJo awos pasn [H6I ‘I861] IOUSLE Pue NBIOOIN 861 UL 'SO86I Yl pue udyl uaam}
-3q paystiqnd sa1prys Juir| I JYI0 OU Jo mouy dA\ “Spudwinadxy Kupsodwaiuo) "¢’y

(-aes sayourIq Y 25UO duop A[@rEWN|N ST uonMNdWOd 1931300 Y 1BY)
aIns ayew J0)esousd apod ayr Suiary pue $YD0]q ULOMISG suoneIddo row jeyl suoHow
2p0d Su10p Aq 1500 21EMpIRY SU) INOYILM WIsi[a[[eed JWES Sy JO 1LJAUIQ Y} JO Ydnw 133 01
A11 am ‘onsst sty) ut s1oded ay) Jo Js0w ur paqrIdsIp SE ‘ABPOJ, 0S Op 0} 2IBMPIEY JO 5198
o ‘Uayl ‘axmbal pinom aWaYds JRYL -weiSoid [eo1d4s e Jo Jurod 1s10m Y 1B SaydURIq
paajosaiun 9] yim adoo 0y pasedaid aq 0) pey suo ‘dnpaads JJ] u9-jo-1010ej & 198 o118
punoy Koy 1) ‘pa1saS8ns pey Aoy swayos arempIey ay) Juswsjdw 0) 2q pInoM 1t Jeonoerdurr
moy paziseydwa 10e11sqR pue Su0j J19Y) Ul pue Aprus wuIl e Sutop a1om ASU3 Jey) 198) JY
J0 WSS 1S0] S13YOILISAI Y “YIom Jo 3031d ATeUOISIA pue [n)YSIsul IsIMIGYI0 Ue UT Ing
o718 108 Bep uo Ajuo Surpuadap ‘wisijojeled jo sjunoure a3ie| A[lIENIqIe JASIYIE P[ROD
painsesur Aot sweiSoid oy JO U0 “ISLLIEG B S19m SIYOURIQ USYm PINod A3y} Uey) a1ow
spriuSew Jo 15pIo ue uey) 10w punoy Aoy ‘paspu] :wsta[[ered jo junowre 1o31e] Ie) ®
punoj sy, uoroaIp SuoIm oyl Ul Judm Jey) 9uo Sy papiedalstp pue ‘sdurn( feuonipuos e
atemprey ajeandnp pasn suo Ji usddey pinom Jeym painsesws Aayy :A[eAneinoads suol
-e1ado Sutop Jo wojqoid Sy 03 UONIN[OS JAISUIUI-oTEMPIRY € premi1o) Ind [7/61] 191504 pue
ueWASKY ‘9A0qE pauonuAW 2uo sy 01 1aded uoruedwod € uf “saLIEpUNOQ YOO[q diseq Je
411 Sutpuyy dois 0) 9AeY A[11BSSI03U JOU PINOM JUO ‘BIBMPIRY S)ULUL Puk 23] Jo sisayiod
-Ky oy Iopun jey) mes sjudwisadya asayy Sutop swies) yoIeasal ay) Jo auo KjJunsalajug

‘pip Koy pres £y jeym A[1091100
pIp Aoy A[ure11ao ‘sjuswaroidulg SuIsSI JO ISUSS SY) UL SNOUOMD A[UO 219Mm ISUETHSET
X3 9y, "Yy21easas 4-1} Jo ssasdo1d oy uo 103j50 Burusdwep snopudwIaN B peY siuawr1adxa
SNOSUOIIY ‘aSuas B ul ‘pue onusuwissad 9oy} ‘SIUN0dIE [[B Ag y2ouaj110q uuk]f 3Y) pagqnp
sem siy], -sweigoxd [ear ur djqejreAe df 0 Inp juswRAordut JO (I9IY) O3 0m1 JO 10308)
® IN0Qe) Junowe [[ews e Ajuo Sem 9I3Y) Jeyl punoj (IaYmos[s ‘Alreopoaue ‘pue) [zz61]
uewasTY pue 19150, Aq pue [(/61] uuk[d pue uspely Aq suop siuduiradxy 9po2 Jo $3001q
oIsEq UBAMIAQ SUONEISdo JO UOnOW Y3 ‘d 11 d1qefieAe A jo Jsow 3piaoid o) umouy mou st
1e1 onbruyos) e passiu sxojuswLIadxe oY) pue ‘e 3U) JO 2)EIS JUSLIND JYI O} PI{I] Sem
wsipa(fered puij pinod suo YoIym AQq sanbiuyda) a1 JO MITA SISIUSWLIACKD Y, 1IAOQE JO
3101M 9M 199)J2 S} POIENISUOWP SAIPMS Num| 47 I1SIY K194 oy ], “spuauLiadxsy &vg [Ty

*PRINSEIUI JUNOWE JY) ISD7] Iv S ‘SUONEIapIsuod Afeonoeid jo 2oussqe Sy Ul ‘S[qejrese
wsta[fesed WNWIXEW Y} Jey) Smoys Apms mwi| e Jeyy Kes 0] NLINIIE 310U SI 11 sdeyrad

‘3UOp U33q 10U ARY 7] 15009 1ey) sanbiuyds) uonelsuad 2pod IABIPIWIAN] o
‘3UOP U22q 10U JABY J7]] 9oUBYUD O) SuoljeuLiojsuen) 1(1dwo)) o

N0 Yo ud3q d4ey sassavoid uenodwi A[enusaiod muEm ‘s1s1%9 wisij9[jeded Jo nowe
UreLIad © 1583] 18 38y} Jooud DUSISIXa UR 1O ‘wnutiuiw € Judsardal Loy ‘sasuas 1ayio uf

-punomun A[2391dwoo aq ueo suiofay e

‘a[qeqreae 13351891 Auewr Ajajuyut o1g 1YL ¢

‘3]qe[ieAE SpUN [euonouny Auew A[SlULUl I8 Y], e

‘[eonoexd s1 yeym puokaq [om ‘A|1oajiad suop 9q ued uonenJIqUIESIT e



Chapter 4/ Instruction Level Parailelism {ILP}

'67~17 "dd ‘(‘AON ‘0831 ueS) S2umda1Y2100401 N puv Sutunuvs8oidosd1py uo doysyioy jonuuy ISig *-204d ul
*apososdiw 0) swesdoad uonediidde 3 98re) Suiidwos 10§ uonIA|AS LY, 'BY6T ‘MM ‘TWH pue ‘dd ‘Sueyd
‘601-86 ‘dd ‘(sunf ‘uoisog) wononssuo) sapd
-w0) uo “dulks NVIdOIS WOV * 204d u] ‘Butiojoo ydes8 et Suifids pue uonesojfe 35183y 786l 'O ‘unreyd
‘ssey ‘o8puquie)
‘ssa1d LIW 's42dpg 4410 puv 9p6] Jo 110day FOy s, 8utnl W'V "9861 '5p2 *M'Y ‘uesod pus ‘‘J'd Jauadie)d
. - .Qﬁ
‘(aung “"X°N ‘sute|d aMUM) ‘uonpuawaiduy puv uSisaq aSonSuvy SutuwviSord uo fuo) o6, Zsmmwam M<Uv‘
“-204d uj ‘sojqeiea parduasqns 10y uonesofje 123s1das Suiaozdw] ‘066l "N ‘Apeuus)y| pue ‘°§ ‘we) ‘' ‘ueye|ed
'€0z-261 "dd ‘(aung ‘oyuoioy) wonpmawaidy puv uisaq a8vm8uvy Sunuuvidoiq uo fuo)
16. NVIdDIS * 2044 u} '8u110j0d ydeid [esiyoselaty eia uonedsofie 115139y "1661 4 ‘Zud[qo)y pue *'q ‘ueye|e)
‘9879z “dd ‘(owcuo]) ampasmyoy amdwioy) uo dwks iy ponuuy yuaayS1g 204 Ul ‘om) Uey Jareud st
wstjo{jered weans vonINISH S3UIS "1661 N MOURGAS PuUe | ‘SI[EIS W ‘dusfy X “ned L “YK W Jopng
NI0X MON ‘HIH-MRIDOWN Y1241 103[04q ‘waiskg 4amndwo) o Suruuvyyd "7961 P2 "M ‘zZloyyong
0IS-20S (AIN[) € ‘€T “WOVI "SulyoeW 10151831-0U0 B8 10 UONRIALIE 90D "9/61 ¥ ‘WIS puB ‘T ‘ourug
‘65-8y 'dd
fuoy 1amdwory surof wiaisvyg ‘voig ul Iandwod HOLFWLS 3y jo uBisop Suusourdus ayy .mwmm" .“v.zoo_m
“I1-9¢1 “dd ‘z6, NODIWOD 2044 u] Jossavordordnn  yvdsiadng syl "ze6l 'S Jadanny pue D ‘youelg
‘€11-€01 "dd ‘Cxoy'N ‘enbironbnqiy) asmwanyoivousipy uo duks mouwssup ponuuy yipz ¢ 044 Ul
-Suipnpayos uononnsul eqod oj 1sisse uy :uonedidnp 9po)) 1661 “H ‘NAZomely pue *'(] ‘uayo) ‘' ‘uisulag
'6¢Z-1p7 "dd ‘(sunf) wouvuawajdwy puv uSisaq aSonSupy Sunuwvidoiq uo fuo) 6,
NVIdOIS ‘204 U] "sauiyoeus aejessiadns 1o} Suinpayos uononnsul [eqoj "[661 "W ‘Yapoy pue °q ‘uiasuiog
NI0K MIN ‘[[IH-MBIDOW Sajdwwxg pup sSutpvay :saimponiis 1omduwio) 1161 'V [[9MIN pue ‘D ‘(1°d
081-€p1 1T/ ‘L ‘Sunndwodisdng 2y ‘uone
~uswidjdwy pue MMOMYSTY trandwodadnsiuiw ¢ RIPAD YL '€661 1L UOSISPUY Pus T ‘UK “"H'D ‘Ned
g maN “Kip uyof “Buinpayos pup Fuj bag o1 uononpoiyuf “pi61 "N ‘1ed
'$6-06 'dd ‘16, NOJdWOD ‘2044 u] 30s5900id ST 2doueuuiopad-ydiy
#0u ¥ X I0000ING YL ‘1661 ‘A ‘TN pue “d ‘neoSepy N ‘ouIry g ‘dalyed 'S ‘endeserd ‘¥ ‘yeg
"1g-2Z "dd ‘(aung ‘uoisog) wondrniisuo) 4apduio)
uo ‘duks NVIdDIS WOV * 2044 u] “1211dwiod g 14 343 JO MIIAIIN0 UY 7861 N ‘SunjdoH pue ‘I ‘Jopuejsny
"20€-162 "dd (KeW) ampanyary sammdwo) uo dus jonuuy yySig * soud
u] ‘sainpadoad pasijerousd suroddas jey) supyoew moyelep Jossaoord dnnur v 1861 ‘A ‘[Teigy pue puialy
‘6v~T1 :('qad) T ‘51 “amdwoy apadiaui-y YL “7861 ) ‘MOIAISOD pue pulaly
"ssey ‘projswipy) ‘-ouj ‘aaindwo) ojjody ‘g8-7 L00-ZOHZI00
"OU UOHEDHQRG "2UMD311Y2ay MaN D apIsu] liamndwodiadng [puosiad ool sau3s 2yI ‘g86l1 ‘19ndwo)) ofjody
‘p7-8 :(uer) 1 ‘11 “n2q puv s3y T gl “Suyipuey uononnsut
pue Aydosojiyd uryoeN 116 [PPON 09E/UAISAS SYL ‘1961 "W Y ‘OInsewq, pue * [ ‘oereds M uosIpuy
‘681-LL1 ‘dd :("uer) saSonSuvy SunuuviSosq fo saydidurd uo dwls WOV [onuuy yIudl ¢ 0id uj
.ou:uu:&o_v ©ep 0] 0uIpuAdap [OIUOD JO UOISIIAUOCY) "E8E] T ‘ULIBM PUB *°D) ‘P[1JIaLI0g ) APouuUsy * Y [ ‘Ud|]y
062-ptz "dd ‘uopuoy ‘ssa1d LIW/ueunld
“("Spa ‘enped ‘( PUB ‘SSOID) 'L INUIARD ‘(J ‘Ne[0DIN V) Sulssa004y 13)jpung 4of siapduio)) puv saSonuvry up
saoupapy uj “wyiuode Sumuijadid 21em)JOs PIUIRIISUOD-3DIN0SI JNSHEAL V¥ “[66] 'V ‘NB[OJIN PUB VY ‘UaIy
'gz-1zz "dd *yiog maN ‘Sepop 108unds ‘Sunuwmwiloiq uo duks
uvadoung gg6] ‘2044 u] "anbiuyoa uoneziayesed dooj mou v :Buturjadid 1501434 "G886I "V ‘NEJOOIN PUE 'Y ‘UMY
‘LiE-80€ 'dd ‘(dunf ‘eyuepy) wonmuawaiduy pup udisaq a8vnSuvy
SunuwvaSord uo fuo) 88, NVIdOIS * 2044 u] ‘uonezijayiesed dooy jewndQ ‘eggel “v ‘NeOdIN PuE ‘Y ‘uay
‘87-17 "dd ‘sadvnduvy SunuwviSosq fo sapdoung uo dwks WOV yrnoy 004d uj
‘suoniesado 19)s13211 [N Yim sautyorw 10§ uonelauad apo)d "qLLel ‘@'l ‘UBWIIN Pue 'S ‘Uosuyof A’V ‘oyy
"091-9%1 :("uep) 1 ‘¥T ‘WOVr
*suorssa1dxaqns uoWIwIod Yiim suolssaidxa 10j uoneIauad apo)) ‘e L6l ' f ‘UBW[() PUB 'S ‘UOSUYOf A’V ‘OyY
10S-88% (AIN[) € €2 ‘WOVr s9o1 uoissaidxa 10j uonessuad apod (ewndQ ‘9461 'S ‘UOSUYO[ pue “A'Y ‘Oyy
AN ‘SIYTIaH umon{iox ‘19U yoIeasay uosiem [ sewoy), Wel ‘(Sy8SSH)
PEYTIDY “1das ‘a3 ‘s10ssac01d 19s uondnsUL paonpas aouewsoprad YSiH 861 °f ‘900D pue L ‘elemaly
"€26-296 :("100) 01 ‘Sz-D ‘'sdwoy ‘supi] FF7] ‘Keasns y :uoneziundo wreiSoxdosoty 9/6] ‘L ‘efemiady

Jed

*a[eArung *S901AS(] QIS PROUBAPY ‘GOTI0I "OU "qNd UMDY Si35[) GOO6THY 6861 "SI CINN PIOUBAPY
'069-589 :('33Q@) U ‘LI "WOVD

swass Suisssooad (oyrered 10 sa[npayds 181] Jo uosLredwod v pE1 “Y'T ‘WO PUB W KpueyD 11 ‘wepy
'878-618 :(1das) 6 ‘-0 ‘'sdwio) suvil I *s10ss2001d jun uonduny 3jdnjnw ut

sousuniojad Buroueyus o) yoroidde SBuinsst uononnsul uy ‘9861 ‘O'H ‘Buaqy, pue ‘[ ‘dnnspely “a Y ‘®ISodY

SIIUIYY

-Sunnpayss se Ajanoe uoneIauad 5pod siy 0 13Ja1 ANUASISUD [[BYS IM T
*s108s2001d 1e[EosIadns sB ‘001 ‘WA 0] 19§33 PUB UOHDUNSIP 2 doip [reys am ‘siossadoid
ITefeostadns wouy waRIp Afpanemuenb Auo are s1ossoard peaye-30o[ JulS "SI0SS2001g) 4DDISL2dNS PouLIz) 3q O)
awed ‘9040 Jod suonerado sjdninus Suinssy ApIYM ‘UONRIIXI 13PI0-JO-INO pouniojrad jey souiyoew ‘Ajusnb
-3sqng 's108$2001d prayp-¥0o] SE O} PALIRJAI UM SOYGT Y} Ul H[ING oM 18y} 2d4s s1y Jo souryoBw IsIy YL °f

SIION

“BIWIAPEOE UI PALINDO0 Sey Jeyl 1o[iduiod g7] ue jo uoneuswddun
y3nosoys 150w 9y} ‘LOVAINI uo suodas [g661] s1oyio pue nmH £q 1aded oy, "ssed o0} awod
10U pIp 18y ‘onssi [eroads syl ul 31 uo 1oded € pnIOUL 0) pANUEM M ySnoyy “1eindwod
-odnsyui [-§7 SONNBUONSY Sem sOg61 dyi jo Jonpoxd Jefeosiadns yuenodunt Ajuo ayJ,
(jorming Jeou oy3 ut diyd a(Su1s ® U0 1y A|ISes PINOd A3yl 1eY) PUIW UL JB3q O} dIyMmULIoM
st 1 ‘szoyndwooladusiuiu Ayjng pue o3ref asoy) Jo suoitduiosap oy Sutpear opiyA) ‘19ytd
-woo ¢ BIPAD) 9yl uo [g661] 1Ml pue uauyaq Aq Joylo o pue ‘uoneuswd[dur Srempley
pue amvayoIe ¢ BIpAD) 2y Uo [g66I] uosIspuy pue ‘Udx ‘Yood 4q suo :s1aded om1 Aq
POIUAWNOOP St 13013 § BIPKD 34, "0009/SY WAI Jejedsiadns ayy 01 ¥ Jo uosiredwod e
PuE 0OE/¥1 OV UL U Jo sioyine 3 Aq pauriojiad uonen|esds ue uo suodar [g661] usays
pue apanyds Aq Ioded sy, “I9[Idwiod 3y} JO UOISSROSIP yudop-u1 ue pue a1empIey ddBIL
ay Jo matA1A0 ue saptaold [ge61] s1oyio pue AsumoT £q 1oded sy, '¢ v1pk) S2WOIPAD
uo pue Aquuiey aoe1), s,mopninA uo sxaded yim 3t $1091 ansst [eroads sy pue ‘Buiss?
-501d MIJA JO WO Y} UL PALINDOO J-J] UL SIOURAPE U} JO J[NG Y3 SO86L U SuunQg

-1oded uo pood punos eyl seapi
J0 swajqoid [es1 oY) pue AW a0} 3y} sasodxa Jeyy sondeid 0) UONONPAI SIY) ST I ADULS
“adoos snouas Jo suoneuswaldwr ut pansal Jeys $193{01d uo st siseydurs 1no ‘Apuanbasuo)
-Sunndwos g1 Jo 2onseid sy pue £10913 SY} Y10q JUSWNOOP 0} S1IU3UL Y], “Buissasoid
[oifeted [9A9[-UONIINLISUL JO BATE 9L} U SOZG] 2Y) SuLinp soe(d Yool 1Y) YIom JuBdoyIuSis 1sows
a1 aamdeo o1 pardwone aaey om Suyndwiodsadng fo (puinof 3YJ Jo 0SSt [eroads siys ug

anss] [ewadS SIY], 0} UOINPONU] UY °§

“1yS1y ut suone1ado ULA3S 0) OM) M ‘3joAd Jod panss) suonesado Inojy 0) SUo Jo 33e1aAe ue
punoy £ays ‘sopod (oids ¢'3-9) Jefess,, pue (OVINIT ¢+3°9) oatsuajui-dooj Jo xiw € uQ
‘3194 12d suone1ado uaaas 0} dn Sunsst Jo d|qedes duryoewW € J0J Sururjadid aremyjos pue
Surpnpayos yoojqiedns paurquiod [€661] SIOYI0 pue 237 "Sulyoeur INssI-g feonayodAy e
uo dnpaads owin-g © pue SuUIyoeRW Inssi- [eonaylodAy e uo dnpaods awn-g & puy Aoy
“uI|nNpayos O[NPOW INOYIIM SUIYORUI INSSI-I[SUIS B 01 ANEB[SY 'SI9S YIBWYOUSQq DHJS Pu®



305

B. R. Rau and J. A. Fisher

“0Z1-p11 'dd ‘(10Q) Sutuuni3osd

-0uoipy uo doysyioy jonuuy yigr ‘2044 Uy "sayouelq pakerdp Suiziwndo ‘786l 1T ASSAUUSH pue *"Y’L ‘SSOID
P611-1611 :(°99Q) T ‘T€-D ‘'sdwo) ‘sunil FI]

“uonoredwios aposoonw [eqo|§ 1oj Surnpayds aexn Jo uonenead Aseutwijaid v €861 ‘@ ‘NS pue ‘Y ‘VRWIYSLD
‘Zsb-Tvp dd “(Ainp ‘aouerq ‘ofey "1§) Surmdwiodsadng uo fuo) ‘iwidiu] g961

“204q u] "syo01q diseq 8e] ut uoreso|[e Ja)siSa1 pue Surnpatos apoD 'gREI "D-M ‘NSH PuB ‘Y '[ ‘UEWPOOD

POZ-EL1 :(1d3S) € ‘6 ‘shoaung samdwo) WOy “Buinpayds Jossaooxd onsIuULIARQ L6 TN ‘Z3[EZU0D
‘16-€6 ('uEf) 1

‘v a3 pup 's3y °f WEI ‘SY20q diseq puokaq npayos uonannsul ‘0661 ‘A ‘USIUIEY pue W ‘diquinjon
o1-11 "dd “(A|nf “si[ed ‘Ov o[ed) uononusuoy) 4apduo) uo dwls 98, NVIIOIS WOV

“2044 u] *aimoanyaze pautjadid e 1o0j Suynpayos UOTPNIISUL JUIYIT 9861 'S'S NOMYINW pue ‘g ‘Suoqqin
‘K'N ‘SIYSIoH UMODIIOX “INUD)) YDIeasay Uuosiem L

Al E_u‘_«omuz WEI ‘SI6¥1 DY "1d1 "yoaL 'sainpayose MITA 10 sanbiuysa uonenidwo) ‘6861 A ‘luciadsen
‘ZL1-9%1 "dd ‘vopuor ‘Sepop-193unidg ‘('spe ‘weyein “I'S pue ‘youadan "yY)
1661 AR ‘uotmiauasy apor) uo doysyiop ‘TouIN] “04d Sanbruyo3a] ‘s10Q] ‘S1daIuo)—uolpiuIn 3po) uj

“SuiNPaYds UOHONLSUI PUE UONEDO(E JasiFal Jo SuLapIo aseyd "z66l O “S1aquanny pue "W'S ‘19819quapnasg
19-8¢ ‘dd “(Kepy ‘ejRnSAY 1SROD) PIOD) 24Ma1 YAy 42induwio]y uo “dwkg jpuonTWIII] [onuuy Y[ 204d U]

-wispayfesed ures3-auy Suniofdxs soj wipered mopuim nids a1qepuedxa 34 ], ‘7661 'S'D ‘YOS pue W ‘Uipfuelg
SIPI-TIPT :(93Q) T ‘1T-D *'sdwo) ‘sunif

F941 "uonnoaxa pue Suryoredsip [a[rered 3oueyU3 01 3pOO JO UONEBI0DIA] "Gl “IN'H ‘UBIISHY PUE 37D NS0

“21Q) ‘UOLIABSg * DU ‘SWIISAS 1ul0d Sunleol ¥00qpUDY 1055200id GOTI-dV SdA "6L61 “SWASAS 1wiod Buneoly
‘Lp—L€ “dd ‘(un[ “{panuOW) wornasuo) apdwo) ue dwks pg, NVIdDIS WOV ‘2044 U] "Suiydew quinp

v pue 13|1dwod wews v :8ussadoid p|jeregd P86l "V ‘NEIOIN puB ‘Of ‘Sraquonny “Wr ‘ST V[ JAYSI
“201-56 "dd * Juo) samndwo) WN 6] ‘04 U] "prem

-10) Suryo0] pue prEMYoEq SUn00T (UONSRAWIOd IPOSCIANI 1861 ‘('H IIALIUS PUE *'(] ‘AOYSPUET V[ JAYSH
'66-68 ‘dd ‘("wQ ‘uoisoq)
swaskg Sur Ip pup sa8m3uvy Sui Saug 10f uoddng umpanyosy uo fuo) Tousany yifid * 0iq uf ‘uresd

-axd € Jo suru snoraard woiy suonoasip dwnf jeuonipuod SundIPald “7661 'S ‘19813quUapnal] pus ‘v [ UAYSLE

“SIUOIRIOQE PIrEXoRd-Us|maH *1dal "yoa], “Bulnpayds 30en JO uolsuIXS Ue ‘Z-Surnpayos BLL “Z66I VT UK
‘0SI-0¢1 "dd ‘(aunp ‘woUd0IS) 2mpanydsy sanduio) uo “duks

“tpwsau jomuuy Y3l ‘3044 VY “TIS-FTA A4 pue S2IMIARYdIE prom uononnsut Juoy K194 ‘€861 VT IUSLE
‘06v-8LY (AInf) L

‘0g-D ¢ 'sdwiory “supi 777 “uonoeduod apodo1du 1eqoy 1o anbiuydal v :Butnpayds aoelf, 1861 VT IS
‘¢t~49 “dd ‘(0N *'010D ‘sunidg operojo)y) SuiuupiSordordty uo doysyioy jomuuy yigy

*204q uf 'poyIaw SUIPUIG UOHONIISUT JANS3)J3 e pue aremprey uonoruisutosonu dunf fem-\ 7 ‘0861 "V J2USid
0K MIN AWM NJOK MON ‘SISAY) ‘(J Yd ‘S92INOSA Yum Buynpayss 10ss2201d

10 uonesijdde uy :$§20[q dIseq Puokaq PUE UIGIM IPOd0INW [RiuozLIoY jo uoneziwndo YL ‘6.6l "V T 4Ystd
“ISt-spL (‘Buy) 8 ‘gg-D *'sdwo) “suvip FIF[ FInpIIS

tewndo Jossacoxdnynw Joj awn pue s10853001d JO JoquINU Y] UO Spunog g/6] g ‘[5Sng PUE €' “ZpuBLIa]
1 ‘uSredwey)

-eueqin ““|[ JO AlUN ‘S1SoY) 'S'W swaisks [ndip paurjadid Jof saves Suido|d [BUUXBIN 61 “N'H ‘MRomeg

“ssejy ‘9BpLquie)) ‘ssaid LIW “SmRaLy MITA 40f 43ppdwo) v :3oping "9861 "d'f 'SUIZ
'§9-6S "dd *Juop 4amdwio) utof uidisvy

“204g u] ] :WASKS DYV T-IVAIN( JO udisaq 6561 I'M ‘MUYOS pue gy ol I ‘YD “d'f ‘W
“€91-pS1 ‘dd “(ounf ‘299210 ‘A21D) Sunnduiodiadng uo fuo) “1ouias

-up pag ‘3044 u] -anbiuyos; uonezia|eiEd PoUIRIISUCD-30IN0SAI D018 W 6861 'V ‘NBIOJIN pue ) ‘njdo1oqg
"677-€1T "dd ‘uopuo ‘ssa1d LIW/ueunid ‘(‘'spa ‘enped ‘q pue
‘NEOSIN Y INUISRD ‘) Sunnduio) 1a)pung 10f siapdwioy) pup saFomupT Ul "AMOANYE MITTA B U0 SSYuRIq

siqedtpasdun yum sdooj Suizijojrered Joy snbiuyos) uoneNiduiod mau v 6861 'L ‘IVEIEYEN puE ¥y ‘njdoxqy
‘17-¢ dd ‘pue|joH-YHON ‘('SP? ‘IyosauuBA ‘W pue
.:Qﬂﬂm ‘HW ﬂ._ﬂﬁwOU zv A.A.:\Q vsid .ME;MNUQ\& 12110404 UO \EQ.U MﬂCt@K £0I oM k\u&\ QEV Mznhu.h

2044 13]]DiD4 U] "21eMYOS PAINIeU-[enuanbas 10§ AIMIANYIIE MITA B 40) SEap! uSisap awog 886l “N ‘n[3o1oqq

182~z 'dd ‘(-3 'O ‘PURIO]) 2maYADOLIN U0 ‘duikS “ToWI fomuny YiST * 204 u] “sidnLFI asioad

ISeJ PUE UONDAXD dANE[NIAdS Yiim 10ss3001d Jefeasiadns 1opro-Jo-Ino uy "7661 "O'H ‘3uioy, pue “'H 19hmQ

‘11-8 dd ‘(IeW) 98, NODIWOD ‘204g uf "s1ndwod aoueutioprad yiy jo Aoains v ‘9861 [ ‘esseduoq
'€9-0p :(1dV) T ‘T ‘04w F3T1

~ossaooudosonu JSy Jejedsiadns ] |88 BIOICIOW 1 Jo uonrziusdIQ "Z661 N ‘URLY PUB ‘“) ‘jjIopudpid
71-9 "dd ‘("1dag ‘o8edwy)) SurunuviSosdosyy uo doysyiom

jonuuy Y19 ‘2044 u] ‘sweiSordoIdnu UIdMIAQ SIOIJU0I FunoAIP 10§ [IpoWw proM [ONU0D Y 'GL61 T'd WMPA
121-911 "dd ‘('q2d) Z6, NOOIWOD

20u4q U] "1085900ad DSY-Vd Jejessiadns peads Yy v 7661 ‘W RASIO pue °f JOMAK M I[EM °H ‘oueT3Qq
‘8¢-9¢ 'dd ‘(3dy ‘vorsog) swaisks Sunpiad puv safonSuvy Sunuupiosd 1o0f 11oddng jpandanydly uo fuo)

‘Jowianu pay, ¢ -204d uy °s vIpkD 3y ui woddns doop paddeptaaQ ‘6861 ‘d'f ‘Wedd pue “I-Ad ‘nSH O ‘Meuysq

(ZT-181 ¢ ‘L ‘Sunndwoosadng f oyl g vIpAD 2y 10 Suipdwo] €661 V'Y ‘SImal pue “Of ‘Meuya(
“$81-181 'dd ‘('qaq ‘odspouelr] UeS) 06, NOOIWOD ‘204d

uf "szoindwos paurjadid 10§ jonu0d AN “§/61 "HT ‘I9IRd pue L'V ‘sewloy] g1 ‘reys 'S’y ‘uospiaeq
LLP-09F iL 0€-D ‘'sdwo) supyl FFF] SSUIYORW [EIUOZiIOY 10§ uonded

-Wod 9pod0IoTUN [e30] Ul sjuswIadxs swog 1861 "Md ‘VRIIEN PUE ‘' d ‘2ALIYS ' ‘AONSpuRT ‘'S ‘uospiaeq

09-8S "dd ‘sa0u2195 swarsA§ uo fuo) HoMUY Yy * Iasq u] “siossaooud paurjedid Joj Sutnpayds “p/61 S H ‘uospiaed
“12-61 "dd ‘(‘uep ‘0o ‘0adaxe() S1amduio)) pup ‘sYi0MI3N ‘SwIHSAS U0

Juo) I wuLdf 6] *204d U] ‘sioresausd uonouny pautjadid jo jonuod pue udisap ayy, ‘(61 "S'g ‘uospiseq
"166-986 ('120) 01 ‘6T-D *'sdwio) ‘suny|

7731 ‘swesSordosonu surf-1ySrens us wsia[eied [ewIXew JO UCEIYNUIPI YL, "9L6] [ ‘TEHEL PUB ©°S ‘eydn3seq
‘9[- "dd ‘(‘aoN) 24m031
-yuvaustpy pup SunmuviSosdordpy uo doysyigy pnuuy pigz * 00ig Ul ‘siossasordninw Kowaw pangLsip Jo

uonenojdxa wsyomed uiesd suy loj [epow v :o8imy-oyi-ur MITA 0661 "W ‘1ydsauuep pus |y ‘onnjoueq

‘985~18S ‘ fuon Sunndwo) wiof Surds SdIy ' 0id u] ‘swaashs suradid es-wnwIxeW 6961 ‘M1 ‘UINCD
“P0s-68% 'dd ' fuo)

Suundwoy nuop g SV 0044 vy ‘swass sutjadid paads-y3y jo ucneuawa(duil NNOND C961 ‘M T ‘UMOD
‘616-016 ‘dd ‘(AON) 06, Sutndwossadng ‘2044 u] “sandwiodiadns MITA € JO uoneuwawaduw

pUE 2IMIAUYDIY ‘0661 “H'[ ‘SHUICL PUE ‘N d ‘uewpoy “'g'd ‘yromded 'S ‘14sof “T'M ‘IIEH “d Y ‘IPMI0D
6L6-196 (*8ny) 8 ‘1€-0 'sdwoy suvy FAF[ 1P)idwod Surnpayds oen B

10§ ANPAYSIE MITA V 8861 “M'd ‘UBWPOY pue “'g'd ‘Yuomded ‘([ ‘[PUNOQ,0 “d'd WIN “d"H “lPMI0D
‘68-78 "dd ‘('AoN *'JyeD) ‘rewopisy) doysyioy Sunu

EEwE&ESE jonuuy [ *oadd u] -10ssacoud Aewe suijadid e SuruwuresSosd 1oy ASojopoyiow v "RLG1 A ‘U0
‘€IT-00T ‘€

‘1 ‘voupuuofuy ooy “swaisks 10ss2301d omi 10j Surnpayos jewndQ el 1Y ‘WeYesD pue O'F ‘Uewyo)

“j10§ maN Koy uyof uoayy Suynpayss doys-qor puv 1amduio) “9i61 P2 "Y’[ ‘UBWIOD
9g6-10S :('190) T ‘swassds pup sadvnSuvy SutuuviSosd

‘sunyf oy uonesofje wis18ar o) yoroudde Furiojod paseq-Aintonid YL ‘0661 “Tf ‘Asssuusy pue ©Jd ‘moyd
‘2€7-7zz “dd ‘(sunf ‘[eanuo) uononssuo) 4apduio) uo

‘duik§ NVIIDIS WOV * 204d u] *Sun10]00 paseq-Aioud 4q uonesofre 1915133y “$861 ‘[ ASSOuudH pue f ‘moyd
1Ep-sLg "dd ‘ofedy) ‘sa1e100ssY Yo1easay UG

("po ouolS "S'H) aumanyday 4andwoy op uoyonpossuy Ul -3urssacoud autjadid pue depranQ ‘G610 DL URUD

p1-69 :(uef) 1 ‘Ol ‘udisaq 4amdwo) “fousoyle 1andwod pue ‘Suwunpdid ‘wsyapeied (161 DL ‘UYD
(Z-81 16 ‘¥l “4amduwio) “Ayiwie) $9I-Sd:d

/E0TI-dV 9Yp Jo uSisep [eanoenyose oy, :Suissasord Aeire oynuaios 01 yoeordde uy 1861 F'V ‘YUOMSIIEYD
"61z-997 "dd ‘(depy
‘Ou0IQL) a4mpNyy damdwo)) uo dus towsdtuy jonuuy yigl * o0ud uf ‘s1ossdasd anssi-uononnsul-ajdninu Joj

JI0MOUTEL) [EIMIINYDRE UY IOV ‘1661 MM ‘TMH PUE “['N ‘ISUEM XM 'U34D V'S ‘MIUeN “dd ‘Buey)
“Hi1 ‘uSredwrey)y-eueqrn) ‘[if Jo ‘awn ‘Sunnd
-woQ) soueuIo}Iad-ySIy pue S[qei[ay Joj 13D ‘gI-16-DHYD ou ‘1day "YoaL *s108s3001d pauijadidiadns pue

Iefeasiadns 10j Sunpayds opoo ssedaid jo souenodwit YL 1661 ‘MM ‘TMH Pue “IW'Q K1oaeT “dd ‘3uey)
LE-6VE (ARIN) § ‘7T ‘2ouaniadxg puv

2010014 —310myfog “suresSoxd D 10j uorsuedxa duiful onEwoNE popInd-d[yold ‘7661 MM ‘TWH PUE “dd ‘Bueyd



Chapter 4/ Instruction Level Parallelism (ILP)

306

“IL-ss -dd
‘(-29q] *-a10 ‘puUEjUOd) am2INY2DoLN uo ~dwkS “IouIu] [onuLy YIS ‘0.4 U] 's10853%01d MITA pue

Jejeosiadns 10} anbiuyda) Suinpayds [8qojd PauIeIISUOI-32IN0SII IUALYS UY "Z661 “M ‘Njdoraqyg " -'S ‘Ucol
'€0b-96¢€ 'dd ‘(oung ‘0AN0L) aumanyoly ssmdwo)

uo dwiks yowidpuf yudUN] ‘2044 U] ‘SaYdurRIq JO 1500 o) Judnpay ‘9861 ‘[ ‘Asseuusy pue ‘g ‘Suiprop
“(King g ‘uoBuiysepr) Sunndwoosadng uo fuo) ‘ipuiaru] ‘-so4g ul

*s10ss3001d paurjadid Jo siuawaninbal 1935139y 7661 "S'H ‘UOSPIABR(] PUE “'0)'S ‘WEYRIQY ‘' ‘Yiuwg-suoiSuely

"B ‘ANRARE] B WASIMINOS JO ‘Afu) ‘Sisa ‘( ud suresdosdarou Sunoeduioo jo SpORN 861 ‘Md ‘WIEN
‘p5-c¥ dd
{(*20Q) 24n12211y240001 U0 “dwikg “1oWIdIU oMUY YIS ¢ I04g U] “¥o0[qIadAY ayr Suisn uonnaaxs paresipaid

Joj uoddns 1a71dwod AN “7661 V'Y ‘uuewIuLg pue I Y NUBH “A'M ‘UUD DA ‘UIT V'S “MNYEW
‘LyZ-8¢T "dd ‘("3100 ‘uoisog) swaiss Sunwiadp puv
s28on8uvy SunuwiSoid 1of Loddng jpanpasyday uo fuo) 1wl yifig *304q uJ "siossadoid Je[easiadas pue

MITA 10§ 3ulnpayds [PUNUSS “Z661 'S N JASUB(YIS PUB “"Y'€ ‘MY “MM ‘NMH “A'M ‘UUYD V'S ‘DR
“I-IS Y1 ‘L ‘Sunndwoosiadng r ayy 3enidwods Sunnpayos 90811 MOPNIA YL, €661 O

‘Sunquanny pue 'S ‘([PUU0Q,0 “d'Y ‘XIN ‘UM ‘WIRISUAYDI] (L ‘SIzIeY WS “rediaquapnalyg O “Mumor]
‘IEp-18€ 'dd 4108 maN ‘ployquIsy puensoN uep ‘('pe ‘qiqeH 'S)

spoyiapy Suraauiuzy aivmuwity puv SunuwuvaSoidosdpy ul uonseduiod Ipodosdul [MIUOZLOH ‘§861 1T ‘Ul
"€17-70T "dd ‘Y “joa ‘(uef
‘UBMBH) S20UI1IS WAISAS U0 JuoD) “IDUIBIU] HDMDY [onuuy Y197 ‘'20i4 U] ‘SaUjoRW MITA 10 sanbiuysdn

uonejidwo) :Buimpayds yoo[qradns pue Juiurjadid semyos ‘€661 H-'L ‘1BSN pue ‘dd ‘relewnii] W ‘3]
"TT-9 (uep) |

Y1 “4aindwioy "udisap 1933nq 198171 youesq pue sa1Faens uonodipald Yyourlg pgel [V ‘YIS PuR ‘)T 9]
"$67-197 :("1daS) ¢ ‘71 ‘shanung 4ammdwo)

WOV "senbiuyoa) uonsedwod apososdw (307 (0861 ‘Md ‘NIIIBA PUB ‘g "JaALIyS ¢S ‘uospraeq ‘' ‘sonspue]
16~9p 'dd ‘(Kepy ‘eifenisny ‘1S0D) PIOD) 24MmI1yd1Y 4dmdwio) uo

dwikg “1owaasuy ymaaauly ‘o4 uf "wisiajfered uo mopj [0NUOD JO SHUIT 7661 ‘d Y ‘UOS[IM pue ‘'S'I ‘we
(ze-81€ 'dd ‘(sung ‘eweny) wonviuswajduy pup uSisaq aSonSuvy SumauviSoiq uo fuo) gg,

NVIdDIS WOV *2aid U] "Ssuryoews MITA 10j anbiuyoa Sutinpayos aanasys uy :Suiutiedid aremyos g6l "W “ure]

‘ySingsuid ‘Auf) uoje aSowre) ‘sisay ‘@ yd Jopdwos Suziwndo Keue dijoishs v g6l 1SN ‘we]
‘€Ey-L2h "dd ‘(oosioues ues) 06, NOIIWOD ‘904d U] 'SDISY

soueuniojsad ySy 1oy yoeosdde uisap renpow v I T-FIVIED "40661 'V'D ‘Sinquaae[g pue ‘°f ‘assnoiqe]
‘Sy—pp "dd “(odstouelq ues) g6, DISSI

°004g U] "AMOMYDIE M]TA B Y 1ossavordosotu ZHIW 0S V "B0661 V'O ‘Sinquaaeis pue ‘°f ‘assnouqe]
‘09¢-69¢ ‘dd ‘sadmaq puv simon)y uo fuo) “wuadruj ‘3044 ul

"SI0 ISTA Soueuuioped y31y 10) wialshs uBisap v HAIT-HLYHYD 8861 V"D ‘Bunquoaes pue *f *assnoiqe]
‘11p-vop dd ‘(eung ‘ofxoL) a4mpanyosy 4andwo) uo

“duik§ “towaiug jonuuy yig] < -so4q v ‘sindwodiadns ur Sururjadid reundQ 9861 "I ‘PrUS pUR Y'S ‘YUY

0g-61 :('8nv) ‘6 ‘aopy FFFJ 10553001d0IoNI 11G-49 098! 1] St Sutonpanu] ‘6861 N ‘sHNBIRIA pue T ‘uyoy
$ETI-SET1 ((23Q) T ‘$T-D ‘'sdwo) “supyl FIAL “SWAsAs

Jossacoidninu uo syse) Surnpayss 10§ poylew yied [eanwd I Jo uonen[ead Areutunad v Su61 "HM I2IYOH
‘€6L-98L :(8ny) 8 ‘7z-O ‘'sdwo) ‘suvy 73] “suonenbs

20USLINDAI JO SSBJD [eIua3 © JO UOHN|OS JUAIDYJS S Joj wyiiod(e [ajjesed ¥ ¢/6] 'S H ‘2u0lS pue "W d 9830y

SHOK MON “[IIH-MBIQOW “S4dinduwio) pautjadig fo aanppanyoiy Y[ ‘1861 ‘W'd 9830y
'69-€9 ‘dd ‘(rep) aumanyosy

4aindwioy) uo dukg ppruuy yip “ 2044 uy “s1ossadoid pautjadid jo SuruwresSosdoronw Yy, ‘qLL6l “INd “9880)
‘L1z d ‘('8ny) Suissacosg

12110204 U0 fuo) ‘IDwiAtu] £46] ‘2044 U] ‘s10ssaooid paurjadid 10§ wawdojeasp wyiLoBly “eL/61 W' ‘9830

SPI-8€1 (IBW) T ‘81 ‘12@ puv 's3y f Wg] ‘Swaiqosd 2ouaLndal Jo uonn|os affered pL61 W' ‘9380%
‘9(-1L "dd ‘("3 ‘a|[iAsuUIRD) ‘Bl JO "AlU()) aUnINYDLY 43mmdwc)

uo dukg jpnuuy isaq ‘044 u] ‘swesdoid 20uaLINd1 0F suonnjos pautjadid Ajer fewixep ‘€461 “Wd ‘2830y
"p6L-€8L (AIng) L

‘02-D * sdwoy ‘supyf 777 swesdosdodnw Jo serSarens uoneziwndQ ‘1461 ‘AD “Aynoourewrey pue Y Wy
'g11-£01 "dd *(1dag) SunuwuviSosdosoiy uo

doysyoy jonuuy yy ‘2044 u] -uonesado wresFordosonw jo sisA[eue aiy Joj uonewasaidal v pi6l 1Y AN

961-LLT (-93Q) b ‘L Saung Supnduwio) *s10553501d PesyE-{0OT G610 TWY 9NN
‘6Z01-€TOF :(AON) 11 ‘€€-D *'sdwo) ‘suvi FII|
“Suissaoaud [ayjered jwadyge Jo) sunpioS[e Susnpayds Jossasoudninw [BdNdRId “$86] 'S ‘BILIEN pue ‘'H ‘eleyesey
‘787-uz "dd ‘(xdy ‘uoisog)
stuaiss Sunvizdg puv saSonSuvy Sunuwpi8oigq 10f uoddng pamdanydiy uo Juod ‘1w pay] *20id U]
‘sauyoew poujadidiadns pue rejeosiadns Joy wsijajjesed [aa)] uondNISUL J|qe{IEAY ‘6861 ‘A ‘IlEM PUB “d'N “iddnog
‘8EII-SH91 :("02Q) T ‘8€-D *'Sdwo) suvil ] ~aduewnioprad
U0 193}J2 S)t pue WsK3[[esed SUIYOEW PUR [IA[-UONONNSUI JO UOHNQLISIP WIOjIUNUOY YL, ‘6861 d'N ‘iddnof
I°N ‘SHIID pooma|Sug ‘[[eH-9o1udld uSIsaq 10553004d01o1py 4DppIssadng 1661 "W ‘uosuyof
‘87Z-617 "dd *(unf) wonvsuawzduy puv uisaq a§vnSupy Sunuwpifoid uo fuo) 6,
NVIIOIS WOV 044 1] -Suturjadid aremyos wuoyiad 03 snbiuyos mou v :Suinpayos sepnan) "i661 'S “uref
D ‘wiel) wueg 'dio) [P ‘J00-01LLZ OU QN JUMUDH S,425() ¥O09608 "A6861 T[N
JieD ‘eleg]) wiues
d10D 19 ‘100-6Z€0YT "OU qnd ] W 2 o2y S, 4ounupi8oud s05sa00:doIN ng-$9 098! 86861 1AW
‘10s53001d (0O9/WASAS DSIY WAI 341 uo ansst jerdads "(‘uer) | ‘bg ‘g puv sy [ WEl ‘0661 “WEI
‘AN ‘noapug “-diop
EI ‘80-0LES "OU (1) ‘0-6£9€-HTVY "OU "qNJ "SIUSMAIIDIDY) [DUONIUNY 10S$2004d KDLty QEQE WET L6l “WHI
'I6 19POIN 09€/WISAS 3yl uo ousst [ewads “(“ueq) [ ‘11 ‘1aq pup 53y  Wql 'L961 "Wdl
8YT-67 T/l ‘L ‘Sunndwodiadng 1 ayy ‘uoneyidwod rejessiadns pue MITA 10
anbiuyae sAnoaye uy :ydo[qiadns Ay L, "g661 TIN'A K1vae] pue O ‘WOH "D ‘qeeH L ‘ereyofiy "o
Sjuey ‘oY ‘NeenQ vy ‘vuewduug N JSUEM “dd ‘SuryD “AM ‘UUD V'S MIYEW ‘MM ‘TMH
“€EZ-pz "dd ‘(Aepy) aumpanyasy 1amdwo) uo duwkg 1pusauf [onuuy Yig[ ‘204 U] "SIYIURIQ JO 1503
ay) Suonpal 10} sAWYSs aempisy pue demyos Juedwo) 6861 ‘d'd ‘Susyd pur WL WO MM ‘MMH
PISI-96¥1 :(3A) T '9€-D
*sdwoy ‘suvql FFF] "SPUIYIBW UONNIAXD 13PI0-JO-1N0 10} stedai yurod¥ooyD) £861 "N'A ‘Ned PUe “M'M ‘TMH
'90€-167 'dd ‘(sung ‘okyoL) Aoy saindwo) uo duks “jpwsdiuf jonuuy yig] ‘-204d uf ‘Ai[euonouny
fewnuw Sulaey 2INJ03NYDIR MOY) BIEP IO soueuniopad Y3y e ‘WSdH 9861 N'A ‘Ned Pue “MM ‘AmH
‘€6-6p "dd ‘(Keyl ‘N|NOUOH) 24mo2iyosy 42indwo) uo “dwks “IpuIAU] Jonuuy yigl ‘-204d Ul -10)819u98
3p02 Japidwod B M saInpanyaseoIdiw Jossaoosdosoiw jajjered Suntojdxyg 8861 'd'd ‘SueyDd pue MM ‘TMH
‘SPR-118 19 ‘6 ‘Youpasay suouviadp ‘swaiqoid ui| A[quissse pue Suroudnbas jajjesed 1961 J'L ‘TH
‘UOSIPBI ‘OSIM JO ‘AlU) ‘ZTZL "OU
“1day "yoaL ‘1§ ‘duo)) "saInIdANYOIE I0IS/Peo] Joj Suinpayds 3pod pue uonedsole 1ASITHY 861 "D-M ‘NSH
'66£-98¢€ 'dd ‘asmpamyosy samdwo) uo dukg
‘yowiatuy jonuuy yuaauny] ¢ o04d uf ‘Buissaoord refeds wanmnouod AYSIH 9861 "S'H ‘uosplae( pue *'L'Ad ‘MSH
‘HI ‘uSredwreyD-eueqn) [ JO Alun ‘SISaY) ‘q-yd “Surss3001d Ie[eds UILINOUOD AySiH 9861 ‘L'Ad ‘NSH
p-1 dd
‘(1da8) Z£. NODIWOD *904d ul “ufisap 10ss3001d OOI-AVLS BIRQ [01U0D "TL61 ‘d'd “AIBL Pue 'O ‘ZWIH
‘2z-11 "dd (10 31D ‘oY ojed) Sunuwpi§o1doidtpy uo doysyioy (pnuuy yig] ‘ 204d Ul "INONYIIE 10853
-o01dosoru v :SATAL “Z861 T “[ID PUE “f “Nased L ‘Ss010 D ‘Uamoy ‘'S ‘DisiAghzid N ‘1ddrnof [ “Assauusy
11~z "dd (zepy “JHED ‘ONV Ofed)
swaiskg Suppaadg puv saSonSuvy Su) o1q 10f uoddng pamdaiyoay uo dwds ‘2044 uy -ouewriojzad
PasBAIDUL JOj S}JOIPRI) UBMYOS/3IBMPIBH 7861 'f ‘IIID pue "L 'ssoiD ‘g ‘nayseg ‘°N ‘iddnof ‘1 ‘Assauusy
|pp-2zy (AINg) € ‘s ‘swaisds pup saSonduvy Sunu
-wpiSoug supyl WOV “swurensuod pautjadid jo uoneziwndo spod ssed-1s0d €861 ‘L ‘SSOID pue [ ‘Assouudy
[BANUO “Atuf) IDOW ‘dnoin saimonng
wesFo1d pue 2INPANYDIY 19IndWo)) PAOUCAPY ‘CE QW "Yo3L SIVIV ‘walqoid pjo ue o) yoeoidde mou v
:sydesd [easanut 911940 Suisn uoned0| Ik 11S139Y “Z661 D ‘AN pur Y F ‘urwi(Y T Y'D ‘orD (] 'udIpudH
'988-088 :(‘3nV) § ‘[¢-D ¢ 'Sdwoy) ‘Sund] FFF] 'SUORIULY dNIWYILIE JO Sunnypadid 7261 W ‘Uulg pue DL ‘ullieq
TS¥E
:(Cuep)[ ‘8T ‘WO 1anduwiod moyeep adfio10ud 3o1sayouey YL ‘S861 ‘T ‘UOSIEA m:m COD ‘wepey ff ‘pany
"€z-097 'dd
‘uopuoTg ‘ssaid LiA/urunLg ‘(*SPd ‘Bnpeq ‘(] PUB ‘SSOID ‘], ‘IAUIRRD ‘(] ‘NEjOdIN *v) Sunrdwo) ja10ivg 10f
suapidwoy) puv sa8vnduvy ul saoupapy uJ “9pod uonesuadwod Jo uotssaiddns YL 0661 ‘W ‘PIem pue “L ‘sso1n)

1!




307

B. R. Rau and J. A. Fisher

‘96-88 'dd ‘(-0ag 0100 ‘sBunids opeiojo)) Sunuwpidosdooyy uo doysyiop jonuuy

g * 2044 ] ‘Suiurjadid 21emyos [2qo|3 10j poydw Y—YdAND 1861 f ‘BrX pue ‘[ ‘Suem *'§ ‘Buig g ‘n§
‘801-$01 ‘dd ‘(1O ‘Y0 MIN) SurunuviSordosdpy uo doysyion

Jonuuy yigp * 2044 1 “Suruiadid a1emyjos 10§ YU JO UOISUANXD UY—YUN 9861 T 'BIX PUR 'S ‘Buig ‘g 'ng
‘§8-RL “dd *(13() ‘suedpiy MIN) SupuauniSosdoony uo doysyion jpnuuy yigj *old

uj “uonoedwod apoovsdiw rqo}d o) Burnpayas aded Jo uawdoidwl uy YRl T ‘UIf pue 'S ‘Buiqg ‘g ‘n§
(‘uBf ‘NeMBH) S22u2IS WASKS UO JuoD ‘IDULIIU[ NDMDE [ONUNY YipT ‘D0id

uj ‘yoeoxdde Sunuyjadid asemyos Yy [e3audl ay) pue aouspuadap parureds-dooy qi66l ‘Juep pue ‘'g ‘ng
91z-7iz "dd ‘(AON “'W'N ‘enbianbnqy) 2:n102:140400131N uo “duhs

“Jousatu] ~§5~< yipz v04q u] ‘unpiiodie Sunuijadid a1emyos [Bqo|3 mau v ddUND BI66! T ‘Buep pue ‘'g ‘ng
‘081-S1 "dd ‘CaoN “JijeD ‘yewopsy) Sunununi8oidoidyy uo

doysysgy jonuuy yig[ * 2044 u] “uondeduiod 3podoIomu [eqo[8 ut susLIadx2 JWOS Gg6l 'S ‘Suig pue ‘'g ‘ng
‘9g-£z “dd “(ung ‘ygingsmid) aznpamyoay 4amdwo) uo “dukg jonuuy yipl ‘20id Uf "SI0SS3

-301d paurjadid sjqeidnuisiur ‘@oueuriojrad-ySiy Joj o180] ansst uononnsuy 861 'S ‘wafedefep pue g0 ‘Iyog
"Z01-€6 'dd *(AoN *'W'N ‘*anbionbnqv)
24m19211Y24D0I1 Y 10 doySYLOY TDWIIIU] [ONUUY YipT **2044 U] “SUNNPaYDS UOLISNISUL JO] UONEINOJEd JNsLnay

pUE UONDMIISUOd OV UALJT ‘1661 ' ‘NNdIBUNYH pue 'S’ ‘pulARlY *'S ‘AYunwieuysiry W ‘UBWIdYIOWS
“pSe-pbe dd ‘(unf) aunpanyosy iamdwio) uo ~dwks IDuLdIL] YUIIUIAIS ‘*I01d U] "IOSSI

-001d sefessiadas & ur Sunpayos onels puokaq Sunsoog 0661 "V W ‘ZUMOIOH PuB ST ‘we] QW ‘quws
‘65Z-8vz dd ‘(00
‘uoisog) swa1sks Sunviadg puv saSvnSupy SunuwviSosg 10f 140ddng pan1IanyoLy U0 fuo) ‘tousaf yifid

‘2044 u] "8unsooq ydnoiy: Jourussojrad Jejesssadns JUSIDIIT “7661 TW ‘We] Pue "W ‘ZIMOI0H AW ‘ynws
b0Z-661 dd ‘(100 “JNED ‘oY ojed) swaisks Supmadg puv sa8onSupy Supununi8oig 1of
110ddng 1oan1a11yoay U0 funD INIIN] puodss *doid ) “10ssadosd |RNUID [-S7Z OYL (861 d°[ ‘UOPRET pue

Y ‘aIowpIdg T°q 9Imod WD ‘rismazsoy Q'S a8u)y Qg ‘udemIdpues gD Jsuuaq Jf Ynws
"€£§-796 (AW) € ‘Lg-D *'sdwo)

'supq] 93] "s30ss9001d paurpadid ur sidnuisuy s10a:d Sunuswoidwsy 'g861 "WV ‘UMZSId PuE "Jf ‘Ynws

‘cg-1g :(uef) | ‘7z “4amdwo) *I-SZ SONNRUONSY dY) PuE Sulnpayds uononnsu sweukqg 6861 "I ‘Ynws
611-Tt1 "dd ‘(ady) aampanyosy

12mdwo7) uo ~dwls IpuIsM] joNUUY YIUIN 204 U] "SAIMIIMYIIR 3INDIXA/SSIIE Pajdnoad "Zg6l "q'f “YNwS
8p1-6€1 dd ‘(Kep) asmdanyoty

121ndwior) uo ~dwiks “wiauy jonuuy yiyS1g * 2044 v “se1darens uonopaid youelq Jo Apris v "[861 “T'[ ‘Ynws
03a1qg

ueg *JieD JO AU *€70-SD-8L 1do1 "yoay “1endwied - XvAD AU J0) Buuapio uondnNsuy "8/61 1Y ‘SIS
"8TL-SIL (PO)

¥ ‘L1 ‘Wovr ‘sucissasdxa onawyiie Joj 3pod [ewndo jo uoneisuad oyl "0L6T Q[ ‘UBWIN PUE Y ‘MRS

‘847-977 € ‘b ‘Sunndwo) ‘r Wyl “swaiqoxd uonesofje 13151821 a9[dwo) ‘SLET Y ‘WUIRS
1LT-6%T TN ‘L ‘Bunndwoosadng “r ayg “39ndwod MITA

00E/b1 IDVUL MOPIINA 94} JO UONEN[BA [EIUWLIAXS [9AS]-UOHORNSU] "€661 “d'f *UaUS PUE V' ‘ananydg

"SSE]N ‘[[PMION ‘OWOPEIY I9MNDY "24m0aiyddy 4aindwodsadng (861 "€'d “O3UYdS
"z :(eunp) ¢ 11

‘ous1py 7741 "suonesidde oapia 10 sossesodninu diyo-9(Buls v :aaemere ‘661 N YESIED PUE ] IPIIYS
‘61-21 ‘dd (e CpED ‘oY OfRd) SwISAS Sunniadg) pun sa8onSury SunuuniZolq

dof Loddng [umdanydsy uo “dukg *204d uf "s10ss3301d pourfadid Jof saurjapind Sutpo) ‘7861 [ ‘NAzorewly

"U-€9 (1T WOV "washs aandwod 1AVYD UL 861 WA PSSy
SE1-811 7 '8

“or swaisAS gy suonenofes Aerse 10j waysAs Surssavosd Arerjixne uy 6961 'V'A ‘IPpA10D) pue ‘1 ‘01ad3ny
11p1-S0pT (22@) T ‘[12-D *'sdwo)

“sunyg g7 “sdunf feuompuod Aq wstayfered jenuaied jo uoniqIqUI SYL “UGI "D IS0 pue W F ‘uewasty
“pe-71 :(uep) [ ‘77 4amdwoy sjjo-spen pue suoisioap ‘satydosoriyd

ufisaq :1amdwosiedns jewswuedsp ¢ vIpAD) 2YL ‘6861 V'Y ‘OIMOL puB M ‘UL “TMQ ‘URX “ddg ‘ney
‘66¢-€87 "dd “(61-L1
aung ‘oos1ouely ues) wonpyuswaidi] pup uSisaq 28on3uvy Supuunidold uo Juoy 76, NVIdDIS ‘204d Ul

-sdooj no::.u,u_ﬁ_ 21BMYOS 10§ UONEIO[{E 1315139y ‘7661 "SI ‘IRNSUB|YOS pue “d ‘Tefewnull W 997 ¥'g ‘ney

6¢i-1gl -dd
(1dy) aamdanyoay 12imduwio?) uo dwikg ‘1puszug jonuuy yiuiN * 2044 uj “uoddns [eimoayse pue sanbiuyoat

Jopidwioy) :$9IN329)IYOIE [EIUOZLIOY 10f UOHBIIUSS IP0D WIS 7861 1Y ‘PIBOI Pue “'Q’D 19598|D 'y 'd ‘ney
'66-96 dd ‘(1R 118D ‘ONY O[ed) swasdy
Sunpuadp pup saSonSuvry SunununiSouy 10f ruoddng [pumidanyary uo duis *204g U1 "SANIIANYIIE [EIUOZIIOY J0)

2p02 JO UOEIUIT JuBIOYJR 3Y) 10) Hoddns [RINMOANYIY 78I TIN'H ‘I[eMeuID pur ("D 19sAe[D 'Y 'd ‘ney
861-¢81 "dd
("100) SunuumuSosdosopy uo doysyioy jonuuy yiuzanod ‘2044 ux ‘Sunndwods dynuas soueuLiopad y3iy 10f

21MP3J1YoIe [BUOZLIOY J]qE[NPaYds A[1sed ue pue sanbiuyos Surnpayds swos ‘(861 ‘A"D 1SIeD pue y'g ‘ney
'0§Z-9¢7 "dd ‘Sepap-1a3undg ‘('spa
‘enpeq ' pu® ‘nejodIN 'V IOWIAID ‘(] ‘selisueq 1)) Sunndwoy) jappivg 1of siapdwio) puv safpnduvy uo

doysyioy “sowidsuf yunog uf “wsifa[jeded [9A3] uoONONISUI 10§ sisA [eue aouspuadap pue mo Breq 766! Y 'd ‘g
€1I-901

‘dd ‘(IR ‘o0sIoURL{ UES) £8, NODIJWOD ‘ 004d U] "IMIAIYDIE moyeeq pAdand § BIPAD 8861 d'd ‘N
Ovi~L€1 :('92d) T ‘12-D ‘'sdwo) suvi] FFF] “WAsAs

1ossavoxdpnu & wi sardarens Suipnpeyos rewndQ 6l W ze[ezuoD pue 'Y Apuey) ‘A’D “Aynoousewey
"Z08-16L :€T-D *sdwo)

sunyf g7371 -SuunuriSoudosotus {euoziioy 1oy 28en3uel (9491 Y31y W “pL6T T ‘BAIYINS, pue “A"D ‘“Ayuoowrewey
§1-1 'dd *ifuop Suundwior jurof 1y SJIAV ‘204g vl sweidosd 1ndwod ur

sweans a[qessasoud jayered Suiziudooas 10§ sanbiuyaal Jo LoaIns v ‘6961 [ A ‘Z2|BZUOD pue A"D ‘Aquoouwrewey

'Sp-6€ (AIN[)  pavyovgd-uamay s1didwod DSNI-vd ut Swurpadid asemyos ‘7661 'S ‘ueuysinjewiRy
‘Ly~6€ ‘dd ‘(1o “JIBD ‘ONY O[ed) swaiskg Sunvsadg puv

saSonSur Supuwni8oid 4of joddng ppamdanyaty uo duks ‘204q uy “smdwodiuiul 108 YL “Z8E! 'O ‘uipey
01 :(3unf) € ‘11 ‘0414 FHJ] 9IMOAN

-IyoIB MOPERIAL YL "166] “d ‘uewes] pue g ‘romysiy 'O ‘uosqin ‘1 ‘uspporidg W ‘ZInYaS ‘A ‘nosadog
‘97 (aung) € ‘11 ‘001N F331

-s1andwodnjnw 1oj Jossasosdordur AIT ‘SAOW-001 V :diemi 1661 “'d “Ao|IA pue °f ‘uonng D ‘uosiald
0Sp-cpy "dd ‘(AN ‘sijodesuul) asmpanysay sandwo) uo dukg

jonuuy 19 ¢ 2044 uf 39Ndwod JSA 195 UONINIISUT P3dNPaI Y 1] DSTY "1861 "H"D ‘uinbag pue -y ‘uosioned
$91-661 "dd ‘(‘ue) ampamyosy iandwoy uo “dwks jonuuy pig

22044 uj “skefap jo uoruasut Aq surjadid ® Jo indy3noryr sy Sutaciduwi] 9761 ‘S'H ‘voSpiaB(y pue "H'f ‘|98
‘11 ‘udredurey)

-eueqI() **[I] JO "AlU[) ‘SIS ‘(" Yd "SIaYnq pue sKejep Yiim sautjadid jo indySnosy atp Sutacsdwi 961 "H'T ‘19ved
*S2110}RI0qR ]

pIeYord WIIMOH ‘3S-16-TdH “1d9Y "YoL "uonnosxa pajesipaid uQ ‘1661 SN IMNSUBYSS puT “H'DY “Hed
'16-78 dd ‘(AR ‘o[nesS) 2unanyoay samndwo) uo dwls ‘tousdup

{IU231U343§ *"204d U] “AMONIYOIE A0)S U0} 1O UY :U00SUOW 0661 "T'Q “IAIND pue W 'O ‘sojnodopedeq
¢l :(3unp) € ‘1%

‘0401 g1 ~soueuriopad pue AMOAIYLY Q009/WNSAS DSTA WA 1661 "MW ‘uadselg pue ¥y 8[430
‘6069 "dd ‘("AON ‘"e[d ‘OpURNIQ) 24m1211y2uv0LI1pY pup Sunuwpifoidosotpy uo doysyioy [onuuy pigg

“204g u] "saamdyase paurjadid 10) uonoedwo) :Surnpayds dusiey ‘0661 ‘¥ ‘UBWSEIOd PUR 'V ‘NBIOOIN
'9L6-896 :(AON) 11 ‘€€-D ‘'sdwo) “supdl FFF[ SUM

-5a)1yo1e piom uondnusur Suoj A13a 10§ ajqeiear wstjafjesed ay) SuLnsesyy $86I “V'I JAUSL] puE ‘Y ‘NEJOAN
"Z81-1L1 "dd ‘('19Q) doysyigy Sus Soadosony jonuuy Yuasunad “204d Ul

-suresSord weans uononnsu; 3jduts ur wisia|jesed ainsesuws o) 3orI0 UR Suisn) ‘1861 V' “JAUSI] PUR ‘°Y ‘NR[OdIN
‘819-¥19 ‘dd ‘(‘Sny) Swissaroig

12110484 O fuoD) “tousdsuf “v04g v ‘suresdord Krewpio ut uoneyojdxs wsta|jered wiosiun qE8E] TV ‘NEJOIN
‘AN ‘eoryi] ‘2010 1§ dwio)

10 "1do(] ‘879-S8 WL "1day "yoay -enbiuyoa) uonepdwod (ojjered v :Suinpayos uone{0o1ad "BSEEI Y ‘NBIODIN
' ‘Uu0)) ‘USABH MIN ‘'AlUf) d[EX

‘sisay) ‘([ yq "s1ofidwiod Surnpayos 3oed) 10§ SSaUALI0D pue Juiseife-nue Alowsu ‘wsipjRIr] “pg6l 'V ‘NB0IN
'89~£§ "dd *(‘AON ‘"e|q ‘OPUBIQ) 2y upaIdIpy pup Supuuni3o1dooiy uo doysyioy jonuuy pigg ‘ 04d ul

“1op1dwod Suizyjajjered paseq-uonoeduwios e ur mopuim peayexoo] e Suisn 0661 "M ‘NSo1oqd pue 1, ‘1uereeN




Chapter 4/ Instruction Level Parallelism {ILP}

‘SSe]N

‘Suipeay ‘KI[SIMUOSIPPY "S42mndiwuo)) 101934 pup 12]|pang 1of siapdwodsadng 0661 g ‘uewdeyD pue Y ‘ewiz
‘pel-pzl "dd ‘(Kepy ‘eiensny ‘150D PIOD) 24moanydly dwo) uo ‘dulky 1owWul YiuaAnIuN

0044 uj ‘uonotpad youesq sandepe [9A3(-0m) JO suonEUAWAIWI SANBWIANNY ‘7661 ‘N'A ‘Ned pue XL ‘Ui
‘901-86 "dd ‘(‘j1eD ‘OV ofed) SunuwpiSoidosoyy uo doysyigy |pnuuy Y1uaaas

204q uf ‘swesoidolonu [euoziioy Jo uoneziwndo 38e101s UQ “pLS1 "W ‘BAIYONSL PUE "'V ‘9MOYIS 'S ‘ney
'9-1 ‘dd ‘(‘uuag ‘Koysioy) Surumuvi8oidosoyy uo doysyion

Jonuuy yiz] ¢ 2044 U] ‘HIPTLISU0D [0NU0d Jeinpow y3nory sweaSosdosoruw jo uopeziundo [BQOID 661 'O ‘POOM
‘6616 "dd ‘('AON *'J1eD ‘ewo[isy) Sumaupiordosoy uo

doysyio4 jonuuy yiJ [ *204q U] ‘SPIOm UOHONIISUI-0IONW ojut suonriado-alonu jo Suppoed oyt uQ ‘8.6 "D 'POOM

“pI- dd ‘(ady “ed
‘e1e]) viueS) swaiss Sunviadp puv saSonSuvy Sunuwvi8oiq iof uoddng jpanpayosy uo fuo) “ipusdtuf

YLNOJ D04 U] “SIMIANYOIE MITA ) O) UOISU)XS WIE3)S UONINNSUI I[QRLIBA W “[66] ‘d T ‘USYS pue ‘v ‘dJ[om
REZ-0EZ "dd ‘(3dy) Z rng ‘Katrog pomdosopyd aSprqun) syp oag ui aanduiod medip

21WONNIYD UB YT SHNDIID [0Au0D 3Y) Jo udisap oy pur Fuiwnuriordoasty "gS6l A [VIOTULNG PUT AT SIRIIM
‘g1-91 "dd ‘(A[nr ‘pueiSug ‘Jaisayouep) fuo) joundnouy

dwoyy Aus) 42153youvpy * 2044 uj “suryoew Junenojes shewoine ue ugisap 01 Aem 1539 AL IS61 AT ‘SMIM
'601-501 "dd ‘('R0 “Jued ‘v
oeg) swatsks Sunpiadg puv saSonSury Sunuwwidosq iof roddng [oamdaitydy vo fuo)) “IpuLIIu] puodas

“204q u] -s1amdwoasadns pausjadid 10 sanbiuyo3) uone|idwoo 1ejeds Jo Apnis ¥ 861 “H'[ ‘YIWS PUe ‘'S ‘SSIoM
‘SUI-011 "dd ‘aumpanyosy samduio) uo dwks ‘1owsauy

jonuuy yiry ‘2044 uy szndwosradns pourpadid 10 2i30] ansst uononNsUf ‘pgEI “T'f ‘YHWS pue ‘'S ‘SSIM
“Ji{eD ‘projumig ‘Atufy

pIojuEIS “sisay ‘(J"Yd "Sweans uoponsur adenSue] paInoaxs Apoalp ur ASUALINDUOD Jo U "Z861 DY ‘Sipam
'822-12¢ "dd “ fuop samdwioy nior jind

SdIAV 2044 uy ~aampanyore 1andwod 1adns 3jqixay pue Jenpow Y3y v—ISV 1L YL "T6T A ‘UOSIEM
. ‘6L1-0Lt dd
“(-29(] *'91Q ‘PUBIUOJ) 24M10311Y24D0LONY U0 dwkS “IDUIIIU] [ONUUY YIST * “204g U] "SIYOURIQ [EUOIIIPUOD Yim

sdooj 1oy Sulnpayds ojnpous padsueyuy 7661 ") ‘ueluBweIqnS pue ‘“F'O ‘QEEH M ‘Sneyydog '['N UOMEM
'26-68 ‘('uer) [ ‘v

“aaq pup ‘s3y T Wgl 10ssa001d 0pQ9/WASAS DS WA Yt 10§ Julnpayos uononnsul ‘0661 'S'H ‘UdlIem
‘881-941 "dd (3dy ‘“jueD ‘wiv}) wues) swasks Sunpiadg puv safonSuvy SunuuwmiSosd iof

1ioddng jpumdanyuy uo fiuo) 1wt yrnog ¢ ol ug swsip|rIvd |949]-UonINASUL Jo ST (1661 M ‘TITM
‘0S-ip "dd ‘(Cunf) sa0ua0G WNSAS U0 JU0D NDMDY [IMUNY YIU22)IUIN

2044 uf "apod asodind-jerauad woly AOUa1INOUOD 10BIXA O) WYILIoF[e arempIry UL UY "986] "NV N
'666-266 ('190) 01 ‘ST-D

<sdwory sunyy g771 ‘swreadosdosonu [eyuozioy jo uoneziundo premoy, 9461 [T ‘Z9|rZUOD pue |y ‘eAtyons]
06-68 "dd ‘(D ‘ony ofed) Junuwpilosdosoyy uo doysyioy jonuuy Yiunag

“2204g uf ‘surerSoadoronu [eoziioy jo uoneziwmndo 0) yoeordde Uy pigl W ‘Z3JEZUOD puR | ‘BAIyons],
'LS-8p Ad “(jeaniuopy) uondnusucy) dapdwo) uo duds

8. NVIdDIS WOV * 90id U] 191ndwiod S5nua1s 91-Sd.f ays 10y 1a11dwod NVHINOA V '¥861 "4 ‘neaznoL,
'€e-6T (uep) 1 ‘11

“a3q puv ‘say “f wg( ‘shun onswyie sdnnw Suitordxs Joj wiiuodie WIOYJS UY L961 TW'Y ‘onsewo],
"801-76 "dd ‘(AON “A'N ‘slied
eiedeN) Sunuwpi8osdosopy uo doysyigy jomuuy yigr * 2044 uj "sieunioj uononnsur pue Kuednooo aoInosal Sut

-19pisuoo uoneziwydo urexfordosonu oy yoeoidde uy £ /6] I ‘niewig], pue Yy ‘osexel, ‘g ‘ednwe], ‘W ‘0I10¥0L
05-1p "dd ‘(aoN ‘“JNjeD ‘Jewoqsy) Sutuwupi3oidosdy uo doysyign jonuuy yij| ‘°20id ul

‘swresSoadouorur jo uoneziwndo 1eqoj3 Jo anbiuyoa) v "gLe| ‘[ ‘eInewex pue g ‘BInwgl, L ‘ejnzeL W ‘aioyor
POS-16y (A1nf) L

0€-D ‘sdwoy “suvsp Fg7r “swerdordorsuu jo uonezrundQ 1861 L ‘TANZHEL pue g ‘einwe], W ‘0J0yOL
19.-Z8L (('8ny) 8 ‘7Z-D

<sdwoy “sunyy FFF[ S1BW SULIIPIO YIM AOULINOU0D Jo uoNBUASAIAIY /61 [N ‘uuk|g pue SO ‘uapel],
'$68-688 :('1°0) 01 ‘61-D

“sdwoy) ‘suvay FFF] ‘suononnsu [ayesed jo uonnoaxa [ofjesed pue uonoANIQ OLGI N VUKL Pu 'S'D ‘udpe(],
‘UT-002 dd ‘(‘AON) 06, Sunndwosiadng ‘-20iq ui

‘saxmoayore pauradid uo suxs Yim sdooj Jo uvonezija|eied ‘0661 'S I IMSUe[YOS pue ] ‘997 ‘d ‘lefewrnii],

I ‘MI1AUSD ‘URBLISIIO ‘NOOS (099 DI jonuo) ay[—iamdwo) o Jo udisaq ‘OL6] "H'f ‘uolIoy]
‘0p-¢€ "dd

¢ Juo) azmdwo) yutof [vd SAIAV 9044 U] 0099 EVed JonuoD 3y ut uonesado affeled H961 “I'f ‘UOIOYYL
'699-859 ‘dd ‘(‘jI[ ‘uowa|y) K10ay] swasks pup snnour) uo fuo)

uoua)ly fomauy yz| *04g v ‘seutjadid sjqem3yuooninu jo 3ulNPIYdS L6l 'S'H ‘UOSPIAR( U L'V ‘sewoy],
‘Ip-6¢ dd ‘(AN ‘'elq

‘opueplQ) ‘g8, Sunndwosuadng ‘304 Ul "UOZLIOH 10§ IMOANYDIE 10559001d W "8861 '€ ‘UMWS pue Y W PSIYL



