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Evotnrta 5" : H uéboooc Tomasulo

Y Komog O okomdg TNG EVOTNTUG AVTNG EIVOL VO TOPOVGLAGEL TNV TEYVIKY] TOV
Tomasulo, mov amotehel pio GAAY TPOGEYYION TOVL OVVOUIKOV
TPOYPUPPATIGHOV, KOOGS emiong ko va ovykpiver ™ pédodo
Tomasulo pe avt T0V TivoKa ATOTELEGUATOV.

IIpocdokdpeve Otav o &yste pehetiost Ty evétnTa, 00 sicte o€ 0éon:
Amoteléopata,

!

“’ T ‘"’¢ va eoapnolete Ty teyvikn Tov Tomasulo,

!

w»?
i vo_ovoQEPETE TupuosiynoTo TS TEYVIKNG Tomasulo,
-

ead z v ovykpivere tnv teyvikn Tomasulo pg v T€YVIKN TOL TIVOKA
OTTOTELEGUATOV.

=5

@@g@,@wﬁlﬂ teyvikny Tomasulo, otaOnoc kKpdTnong, peTovopacio KATAYOPNTAOV,
nedio eTikéTa
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Y

= H tgyvikii TOMASULO

H rteyvuen Tomasulo omotehelt pio  @GAAN  mPocEyylion TOL  SUVOKOD
npoypappoticpov. Emvondnke ond tov Robert Tomasulo and 6émov kou mnpe 10
Ovoud TNG. AVTN 1) TEXVIKY, OGS KOL 1) TEXVIKT TOL TIVOKO OTOTEAECUATMV, EMTPETEL
TNV EKTEAECT] EVTOAMV TOPOVGIN KIVOUV®V.

= T0 TpOTN PopPQL, YPNOLOTOMONKE Y10 TV HOVASO. KIVTAS VIOSLAGTOAG TOV
IBM 360/91 pe otoéxo v vynAn amddoon ¢ O vmoroyiomg IBM 360/91
oAokANpwOnke mepimov tpio ypovia perd tov CDC 6600. H teyvikny Tomasulo
oLvoLALEl KAmolo PACIKA YOPUKTNPIOTIKA TOV TEXVIKMOV TOV TIVOKO OTOTEAECUATMOV
KOl TNG LETOVOLOGTOG KOTO®PNTOV.

N
APAXTHPIOTHTA 1

Ounaote TL €ival N petovopacio Kotay@pnt); No avoQEPETE TL EMTVYYOAVETOL IE
™ PNONS GVTNGS TG TEYVIKNGS, KAOMS KL TOV TPOTO PE TOV 0TTOL0 VAOTOLEITAL VT
n texvikn. T neprocotepec Aemtopépersg kahd 0o frov va avatpétere oty 2"
egvotnrta: «Eidn egaptiocwv, £apTioels 0£00uEVOV KOl OVORATOVY.

N
ﬁAHANTHEH APAYXTHPIOTHTAX 1

H péBodoc g petovopoociog katayopnty egoreiper ovvopkd Tig egaptioeig
ovopudtov pe okomd va amo@evyBoiv ot WAR kar WAW kivovvol. Avté
EMTUYYAVETUL OVTIKOOIOTOVTOG TO OVOROTO TOV KATOYOPNTOV PE GAla, amd éva
REYUADTEPO GVVOLO EIKOVIKMOV KATUYOPNTOV.

H petovopoacio katayompnti propel va viorom0ei pe 0vo tpomovg :

o XToTIKG, 070 £VOV PETAYAMTTIOTY.

e AUVOpIKA pE yp1on ToL VAKOV.

S Tevikd VTAPYOVY Ol COANVOUEVEG AEITOVPYIKEG HOVASES Kot Ot TOAATALG
Aertovpyikég povaodes. H dwapopd tovg ivar 6Tt 11 cOANVOUEVN AELTOVPYIKT HOVEAdQL
Eexwvael 1o moAy pia Asrtovpyio oe kdBe kOKAO poAoywod. Emeld) dev vrdapyovv
Baoucég drapopés Ba vmoBécovpe OtL Exovpe TOAATAES AEITOVPYIKEG LOVADES KOTA
Vv TEPLypar Tov aryopibuov tov Tomasulo.

OZTOV alyopOpo Tomasulo 1 perovopocio TOV  KATOYOPNTOV
npaypotomoreital pe v fondewa Tov otadpaov kpartnons. O otadpoi kpdtnong
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OVOKOAOUV KOl KOTOYOPOOV TPOSOPIVA £vov TEAESTEOD MWOG EVTOM]S, MOMG
BéPpara yiver dwwBéorpog. Me avtd TOV TPOTO 08 YperaleTar va emavain@Osi 1
OvAYVMOo1 €VOS GUYKEKPLUEVOL TEAEGTEOL Omé £vav KOTOOPNTY, KOTA TN
OudpkeLa EKTELEO S TOV TPOYPANRATOG.

701 eviorég mov Ppickovtol 6e ovapovy Tpocdlopilovy Tov oTadud KpdTnoNg
and tov omoio Ba mapovv TG €16600V¢ Tove. EmmAéov, otav vrdpyovv S1000)IKES
EYYPUPEG GE Evay KATOY®PNTY], TOTE TO TEPLEYOUEVO TOV KATOYMPNTY] EVIUEPDOVETAL
GUUO®VO LE TNV TEAELTOLO EYYPAPT).

‘Etot Aowmdv, kotd 11 61ev04Tnomn TV EVIOAMV 01 KOTOY®PNTEG, 0L 0Toiol TEPEXOVV
TOVG TEAEGTEOVG IOV EIVAL GE AVOLLLOVY|, LETOVOUALOVTOL GTOL OVOLATO TOL PpickovTot
670 oTaOUo Kpdtnong. Avti 1 ddKacio KaAEitoL geTovouacia KataywpnTov.
Enopévmg, agod pmopodv va vrapEovv mepiocotepol otafpol kKpdtong amd ot
TPAYUOTIKOL KATOYOPNTEG, N TEYVIKY aVT EYEL TNV duvatdtnta eEAAEWYNG KIVOUV®OV
TOVG 0TO10VG OgV Umopel va, Amo@HYEL O LETAYAMTTIOTNG,.

Amd povada eviordv

Ano  Ovpa
g AoV FP|
[Ipocwpvoi HVIIHN - SVIOAGY Apyeio
KOTOYOPNTES katoywpntov FP
@opTmONG
€
5
4
k| G. KO Loy
2 Aptmple anoffKevohg
] TeEAECTEWY 3
e
1
Aptnpio eviord IIpog pvfun
3 Zradpol 2
12 Kpatnon 1
¥
Kown apmnpio dsdopuévov

Yyqpe 2.5.1 — H Baoikn) doun pog povadag kvntg vrodtactorng tov DLX emeepyaotn
Baciopévn otov adydpiBuo tov Tomasulo.

172



Apyrtextovikn Yroroyiotmv 11

4

WOnmg eatvetar kot 6o oynpa 2.5.1, pue m xpron g texvikng Tomasulo:

e Ot evtoAég KvnTiG LITOSLAGTOANG OTa dtevBetohvtal, GTéAvovtal omd Tn povada
EVIOADV GTNV OVPA EVIOADV KIVIITIG VITOSIOGTOANG.

e Ot otaBuol Kpdtnong mepEyovv TIC O1ELOETNUEVEG EVIOAEG TTOV TEPUEVOLY VL
exteAectovv o pla Aettovpywkn) povada. Emiong mepiéyovv tovg tpéyovreg
TELECTEOVG TMV TOPATAVED EVIOADV 1] TNV TPOEAEVOT) TV TEAEGTEMV, KOODS Kot
TANPOPOPIES Yio EAEYYO KO OTOPLYN KWOUV®V KOTA TNV évapln eKTEAEONC TG
EVTOANG.

e Ot Tpoocwpvol KaToymPNTEG POPTMOONG KOl 0modNKELONG KPATOOLV OEOOUEVA M
dtevBbvoelg mov avtiotoryo mpoépyovior N kotevdhvoviar ot pviun kot Bo
YPNOELGOVY GE EVTOAEG TTOV PPIiocKOVTIOL GE AVOLLLOVY).

e To apyeio KataywpNTOV KIWWNTNAG VITOJCTOANG GUVOLETOL UE TIC AEITOLPYIKES
povadeg péow evog Cehyovg apmnpldv Ve HE TOVG TPOSMPIVOVG KOTOYMPNTES
amofnkevong LESH oG aptnpiog.

e To 0mOTEAEGUOTO TOV AEITOLPYIKOV HOVAS®V KWNTAG VLTOOOGTOANG 1 TOL
TPOCOPLVOD  KATAXWOPNTY QOPTOONG, TOMoBETOVVIOL OTNV  KOwn oaptnpio
O0edopEVDV, M 0TToloL GUVIEETOL IE TO aPYEI0 KOTOXWOPNTOV KIVIITHG VITOOUCTOANG
kaBhg emiong Kot pe TOLG OTOOUOLG KPATNONG KOl TOLG TPOSMPLVOVG
KOTOyOPNTEG 0o KEVOTG.

Kda0e evtoAn katd tnv extéleon g akolovbel tpia fripata

1. AwevOétnon — Edv mpoxertar yio Aettovpyion Kivntig VTOOIOGTOANG 1 EVIOAN
dtevBeteitar, pe v mpoimdBeon Ot vdpyel ehevBePOg 6TAOUOS KpATHONG KOl OL
TEAECTEOL OTEAVOVTOL GTOV GTAOUO KPATNoMS, av avTol fpiokovial 68 KaToymPNTES.
Edv mpoxetor yuo Aettovpyio @Optoong N amobrkevong 1 €vtoAn dievbeteita,
€QOCOV VTAPYEL JOBECIUOG TPOSMPIVOG KATOY®MPNTAG. AV dev VIApyel EAevBEPOC
oTafUOC KpATNoNG 1 TPOCOPVOG KOTOYMPNTNG, TOTE VIAPYEL KOTOOKEVOGTIKOG
kivovvog kot 1 evtoAn kabvotepel uéypt va anehevbepwbel Kamolog omd Tovg dvo. e
aLTd TO PNUO TPOYUATOTMOLEITAL KOl 1) HETOVOUOCIO T®V KOTOUY®OPNTAOV TOL
avapEPONKe TPONYOLUEVMG.

2. Extéheon - Edv évag M meprocOTepol telectéot dev gival  dabéoipol, yivetan
ENeyy0g TG KOWNG aptnpiag dedoUEVmV UEXPL VA DITOAOYIGTOVV Ol TeAeoTEol. Otav
évag teleotéog yiver owbéolnog, 1oTe TOMOBetEiton oTOV  aviicToyo oTAOUO
Kkpdtnonc. Otav kot ot 000 TeAectéot elvar dtbéaipor, ektedeital | Aettovpyio. Avtod
10 Prjna eEAEyyet Kat yuo Kivdovoug RAW.

3. Eyypag amoteréopatog - Otov 10 anotéiecua sivon dabéoipo ypheetor otnyv
Kown aptnpio. 0edoUEVOV Kol OO €KEL GTOVG KOTOYMPNTES KOl GE OTOLOLGONTOTE
oTafHovg KPATNONG TOV TO TEPLUEVOLV.

N
JAPAXTHPIOTHTA 2

Ouuacte TNV TEYVIKY TOV TivoKa amoTerecpdTmv; o TeprocoTeEPES AETTOREPELES
KaAé 0o frav va avarpibets oty 4" evotnTa: «Avvopikés mpoypappotiopnos — H
Teyvikn 1oV wivaka aroterespatov SCOREBOARDING».
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andpxm)v TPELS ONUOVTIKES O10Popég petaly Tov Pnpdtov g TEVIKIG
Tov Tomasulo kol GVTOV TNG TEYVIKIG TOV TIVOKE OTOTELECHATOV.
Yvykekppéva yio v texvikl] Tomasulo :

o Agv vmdpyetl éheyyog yio WAW kot WAR kwvddvove. Avtol e€areipovtal otav,
KOTA TNV OLIPKELD TNG O1ELOETNONC, LETOVOUALOVTOL O1 KATOYMPNTEG TEAECTEWV.

e H xown aptpia dedopévov ¥pNGIUOTOLEITOL Y10l VO LETOODGEL OTOTEAEGLOTAL
Topa Yo voL EELTNPETNOEL TOLG KATAYWPNTEC.

e H ¢@doptwon ko n amobdnkevon and kol tpog ) pvnun Bewpodvtal cav Pacikég
AELTOVPYIKEG LOVADEG,

701 mpocopvol  katoyopntég @Optwong Koi amodfkevong, ot otabuoi
Kpatnong kobdc Kol TO OPYEI0 KATOY®PNTAOV YPNOIUOTO0VV OOUES OEOOUEVAOV
XPNOES Yoo TOV €AeYYO Kol TNV amo@vyn] Kwodvav. OAeg ot mapomdve HoVAdES,
EKTOG OO TOV TPOCOPIVO KATOX®PNTY] POPTMONG TEPLEYOLY Eva TEDIO ETIKETA Yol
KkéBe wotaympnon. AVLTEC Ol eTkéTeg elval  YOpAKTNPOTIKG ovopato  evOg
EKTETOUEVOL  GLVOAOL  EIKOVIKMOV  KOTOAYOPNTOV TOV  YPNCUYLOTOOVVIOL  GTNV
petovopacio.

To medio eTkéTa mEPLYPAPEL TO10G GTAOUOG KPATNONG TEPLEYEL TNV EVTOAN 1 omoia Oa
dmaoel éva amoTéAEG LA, TTOL Tpoopiletat yio Tyoiog TEAECTEOG.

2tov aryopBpo tov Tomasulo ot €TIKETES aVOPEPOVTAL GTOV TPOCSMOPIVO KATAXWPNTN
N otmv povdda mov Ba mapdyst kdmowo omotédecpo. Ta ovopota Kotoy®pPNTOV
dwypagpovtat 0tav pio eviohn dievbeteiton og Evay otabud kpdtnong.

OKdﬂa otaOpoc kpatnong £xel ta eEfg media ¢

Op : HXewwovpyia mov extedeiton mlve 6Tovg Tnyaiovg 1eAectéong

ST ko S2.
Qj,Qk : Orotabpoi kpdnong mov Ha ddGoVY TOV avTicTOrKO TNYi0

teheotéo. To unodév deiyvetl 0L 0 myaiog teAectéog ivor 1om
dwbéopog oto medio Vj 1 610 Vi , 1) 011 dev yperaleton.

Vj,Vk : H tun tov tnyciov tekectéov. Ipoctdte 61t yio kabe

tehectéo Povo éva amd o V 1 Q media 1oydet.
Busy : Agiyvetl 0T1 0 CLYKEKPIUEVOC GTAOUOC KpATNONG KO M
AELTOVPYIKY] LOVAOX TTOV TOV GLVOJIEVEL EIVOL ATOGYOANLLEVOL.

OTO OpPYED KOTUYMPNTOV KOl 0l TPOSMWPLVOL KOTAYOPNTES amodkevong
&yovv éva medio, Qj :
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Qj : O apBudg 10V o6TAOUOD KPATNONG OV TEPIEXEL TN AELTOVPYiRL TNG OTOi0G TO
amotéleoa TPEMEL va arodnkevtel 67 avtd Tov KoToympnt 1 ot pvnun. Edv o Qi
dgv €xel Tiun, TOTE Kapio TpEYOLGA EVEPYT] EVTOAN 0V LTOAOYILEL TO AMOTEAEG O TOV
poopiletarl yoo QVTOV TOV KATOX®PNT 1N TOV TPocwpwvd kotaympnt). o évav
KaToyopntn ovtd onuoivel 0Tt 1 TN olveton amAd amd To TEPLEXOUEVO TOV
KOTOYOPNTH.

o INo. 6h0vg TOVS TPOSOPIVOUS KATAYMPNTES POPTMONS Kol amodkevong
omorteiton €vo gvepyd Qf medio mov va deiyver mOTE £vog TPOSOPLVOS

Katayopntis eivor dwwdéoipoc. Otav to Qj dev givan evepyd ToTE dev £xer Ty).

Ov wpocopvol kotayopntés amobnkevong £yovv emiong évo medio V omov
Kpateitor n Tip 1ov TpokeELTaL Vo amodnkevTEi.

Hopdosrtyna

"Eotm 011 £rovpe TV TOPOKATO 0KOAOVOIO EVTOLOY :
LD F6,34(R2)
LD F2, 45(R3)
MULTD FO0, F2, F4
SUBD F8, Fo, F2
DIVD F10, F0, F6
ADDD Fe, F8, F2

Amavinon:

"Exovpue e€etdoel 1o Gynpol TOV TVOKO OTOTEAEGUATOV Y10l £VO. OTLYHLOTLTO QLTNG TNG
akolovBiog evtoAdv, Otav HOVO 1 TPAOTN EVIOA @QOPTOONG £xel YPAWEL TO
ATOTEAEGUA TNC.

Kotdotaon evroig

Evtol Awev0étnon Extéleon Eyypaon
OTOTEALEGUATOG

LD F6,34(R2) v v

LD F2, 45(R3) v

SUBD  F8, F6, F2

DIVD FI0, FO, F6

v
v
MULTD F0, F2, F4 v
v
v
v

ADDD F6, F§, F2

O mivaxog KaTAoTaonS EVIOADY diveTan Yoo KOAOTEPT Katavonomn Tov adyopifuov,
TapOTL OeV €tvar LEPOG TOL LAIKOV. OAeg ot evtorég €xovv devbetnBel, aAld puovo n
TPATY EVIOAN POPTOONG £XEL OAOKANP®OEL KOt £xEL YPAWEL TO OMOTELESUOL TNG OTNV
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Kown optnpio dedopévov. H kotdotaon kdbe Asrtovpyiog mov €xet dtevbetndel
Kpateitot o€ Eva 6TadpHd KpATNOo™NG.

X1a0poi kpatnong
Name Busy Op Vij Vk Qj Qk
Addl Yes SUB Mem|[34+Regs[R2 Load2
1]
Add2 Yes ADD Add1 Load2
Add3 No
Multl Yes MULT Regs[F4] Load2
Mult2 Yes DIV Mem| Multl
34+Regs[R2]]
Ot apBpoi mov emovvantovtal otig eviodég Add, Mult kol Load avtimpoocwnehovv
TIG E€TIKETEC Y10 TOVG TMOPATAve otafpods kpdtmons. ‘Etotl, yuo mopddetypo otnv
eviolM] Addl, 1o éva, eivarl 1 €TIKETOL Y100 TO OMOTEAEGUO OO TNV TPAOTN HOVADQ
npdobeone. Ta nedio Vi ko Vi deiyvouv v tiun evog tehestéov. Ot mpocwpivol
KoToympntég QOPT®MONG kot amodnkevong dev gaivovtal oto oynua. O povadikdg
EVEPYOC TPOCMPIVOG KATOYMPNTNG POpToNS eivar 0 No2 kot evepyet yio AoyoploGpo
Mg 0e0TEPNG EVTOANG GtV oKoAovBia. EVIOADV, QOpPTOVOVTOG OTO TN UVAUN T
devBuvon R3+45. "Evog tedectéog mpocdlopiletar gite amd Eva medio Q 1 amd Eva
nedio V Kabe ypovikn| otryun.
Kotdotaon katayopnti
Field FO F2 F4 F6 F8 F10 F12 F30
Qi Multl Load2 Add2 Addl Mult2

Mo k4Be mpoowpvd xataywpnt) @OpT®ONG N amodnkevong vrdpyel Eva evepyo
nedio Qi mov delyvel moOTe €vag TPoowpvog Kataywpntig eival dtbéoiog. Xtnv
nepintoon mov 1o Qj dev givar evepyod TOTE dev Exet T,

oﬂapampoi)us 000 ONUOVTIKEG OPOPEG UETAED TOV TIVAK®V NG TEYVIKNG
Tomasulo kot TG TEYVIKNG TOL TIVOKO OTOTEAECUATOV, YO TO GCULYKEKPUUEVO
TapAdEy L. XVYKEKPIUEVA Yo TNV TeYVIKN Tomasulo:

e H tyn evdg telecstéov amobnkedeton otov otabud xkpdtnong oe €vo amd to V
nedila poMg avtd yiver dSwbéoyo. H tun og dwaPdletor amd to apyeio Kataywpntdv
00TE amd £vav oTabpd KpAatnomng, aeov 1 EVIOAN £xel dievbetnOet.

e H evtoA; ADDD, n omoia otov Tivoke OTOTEAEGUATOV TOPOLGINCE EUTAOKY|

AMOyom evog WAR kiwvddvov katd 1o otddlo WB, €xel oevbetnBel ko pmopel va
oAoxkAnpwbei Tprv e1cayOei ) evroar DIVD.
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= [Hoapaodoctypota g tEXVIKNS ToLV Tomasulo

Hopaosryuo.

Yno0éote mOS Yo TIG AEITOVPYIKES HOVAOES KIVITHS VTOOLUOTOANG £YOVUE TIG
enopeveg kKaBuvotepnoelg peTpnuéves o€ KUKAOLg poroyrov. H mpocOeon
KoOBvoTepel 2 KOKAOVG POAOYLOV, 0 TOLAOTAAGLOGNOS 10 KOKAOVS POAOYLOD KOt T
owaipeon 40. I'o éva GTIYIOTVTTO TOV TOPAKATO KOOIKA VO OEIEETE TAOG YivovTon
ol wivokeg Kotaotdoe®v O0tav n gvroa] MULTD eivor éroyun va ypawyer to
amoTélecna TG,

LD F6,34(R2)
LD F2, 45(R3)
MULTD  Fo0, F2, F4
SUBD F8, F6, F2
DIVD F10, F0, F6
ADDD  F6, F8, F2

Amavinon:

Tpfpo ketdeTacng evroing

Kotdotaon evroig
Evtoi AwgvBétnon Extéleon Eyypaon
OTOTELEGUOTOG
LD F6,34(R2) v v v
LD F2,45(R3) v v v
MULTD FO0, F2, F4 \ v
SUBD F8, F6, F2 v v v
DIVD F10, FO, F6 v
ADDD F6, F8, F2 \ v \

Avtifeta pe to avtiotoryo mapddstypo tov wivaka amotelecudtwv, n evioid; ADDD
éxel ohokAnpwOel, agod o1 tedectéol g evtoang DIVD éxovv avrtiypaget,
Eemepvavtog 1ol Tov WAR «ivouvvo. [Hopatnpnote 6t akdpo kot av Kobvotepodoe
n eoptwon tov F6, n mpdcbeon otov F6 Ba pumopovoe va ektedeotel ywpic vo
evepyomomBet WAW «ivovvog. Ot evtodéc MULTD kar DIVD dev égouvv ypyet to
amOTEAEGUE TOVG. AVTN N TEPIMTOON SWPEPEL OO TNV OVTIGTOYN TOL TIVOKQ
amoteleopdtov, pa kot 1 e&dhenyn tov WAR kivddvev emétpeye otnv €VTOAN
ADDD va teleuwoet akpiPag petd v evtodn SUBD pe v omoia giye e€dptnon.
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Tuqpo otaBpov kpdtnong
X1a0poi kpatnong
Name Busy Op Vij Vk Qj Qk
Addl No
Add2 No
Add3 No
Multl Yes MULT Mem[45+Regs[R3  Regs[F4]
1]
Mult2 Yes DIV Mem[ Multl
34+Regs[R2]]
Tuqpo KoTaoTaoNS KATOX®PNTH
Koataotaon katayopnt
Field FO F2 F4 F6 F8 F10 F12 F30
Qi Multl Mult2
+*
.

| 2, i
L """ [lapdosryna

2NV TOPUKATO 0KOAOVOiO EVIOADV TOVL OPYIKOV TUPOOEIYNATOS E£YOVNE
owevfemosel kot v gvroi] DIVD ko tqv gvroi; ADDD, mapdéio mov vrapyer
évag WAR kivovvog Adym g mapovosios tov kotayopnt) F6. MMopoxkatm
Qaivetor TMg eEaleipeToL 0 KivoUvog.

LD
LD

MULTD

SUBD
DIVD
ADDD

Amavinon:

F6,34(R2)
F2, 45(R3)
F0, F2, F4
F8, F6, F2
F10, FO, F6
F6, F8, F2

Tupo katdotaons evrorig

Kotdotaon evroing

AwgvBétnonm Extéleon Eyypaon
EvroAn OTOTELEGROTOS
LD F6,34(R2) v v v
LD F2, 45(R3) v v
MULTD FO, F2, F4 \
SUBD  F8, F6, F2 v
DIVD  F10, FO, F6 v

v

ADDD  F6, F8, F2
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Tuqpo otaBpov kpdtnong
X1a0poi kpatnong
Name Busy Op Vij Vk Qj Qk
Addl1 Yes SUB Mem|[34+Regs[R2]] Load2
Add2 Yes ADD Add1 Load2
Add3 No
Multl Yes MULT Regs[F4] Load2
Mult2 Yes DIV Mem[ Multl
34+Regs[R
2]]

Av 1 gvtoAn] mov dtvel v Tyun yia tnv evtoAr] DIVD €xet odoxinpwbet, 10te 0 Vi Oa

amobnkevoel to amotéAecpa, emrpémoviag oty evtoA DIVD va exteleotel
ave&aptnto ond v eviodr] ADDD. Avtn givatl Kou 1 mepintmon mov QaiveTal 6To
aPYIKO TOPASELY L.

Ao v GAAN, av 1 evtodn LD dev elye olokAnpwbei, n Qk 0o £detyve oto Loadl kot
n eviodn DIVD Ba ntav ave&aptnm and v eviodr] ADDD. 'Etot, n eviohy ADDD
umopel va d1evBetnBel kot va Egkivinoet v ektédeon TG OmolesomoTe YPNOELS TOV
amoteAéopatog ™G eviomMic MULTD 0o €deyvav oto otabud Kpdtnong
emrpémoviag otnv evtoA] ADDD va olokAnpdcel v eKTEAECYT] TNG KOl va
amofNKEVGEL TV TIUN TNG GTOVS KATOY®PNTES YwPiG va emnpedlet Tnv evtoAn DIVD.

Tupo KaTaoTaoNS KOTOXOPNTH

Field

Kotdotaon katoyopnt
FO F2 F4 F6 F8 F10 F12

F30

Qi

Multl Load2 Add2 Add1 Mult2
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B
¥
Lﬁfﬁ Hopaosryno.

To mapoakdto oynpa divel To Prrota Tov Tpénetl va Tepdoel KO EVIOAN.

Kotdotaon Wait until Action or bookkeeping
EVIOM|G
AevBétnon Station or buffer if (Register['S1'].Q;=0)

empty {RS[r].Qj«Register[S1].Qj}

else { RS[r].Vj«S1; RS[r].Qj«-0};
if (Register['S2'].Q;=0)
{RS[r].Qk«Register[S2].Qi};

else { RS[r].Vk«-S2 ; RS[r].Qk«0};
RS[r].Busy « yes;

Register ['D'].Qj=r ;

Extéleon (RS[r].Qj=0) and None- operands are in Vj and Vi
(RS[r].Qk=0)

Eyypaon Execution vx (if (Register[x].Q; =1)

OTOTEAEGLOTOG completed at r and { Fx<result; Register[x].Qj<«0} );
CDB availiable VX (if (RS[X].QJ' — r)

{ RS[x].Vj<«result; RS[x].Qj«-0} );
vx (if (RS[x].Qk =)

{ RS[x].Vk<«result; RS[x].Qk«0} );
vx (if (Store[x].Qj =1)

RS[r].Busy«No

{ Store[x].V<«result; Store[x].Qj«0} );

IMa v devBetovpevn evrodn, D givar o mpoopiopde, S1 kot S2 ot mnyaior apBuoi
KATOYOPNTOV Kot T 0 6TOOUOG KPATNONG 1 0 TPOGMPIVOS KOTOXMPNTNG LLE TOV OO0
o D ovoyetiletan. RS givon 1 doun dedopévov tov otabuod kpdtnong. H tiun mov
emotpépeTon omd Evav otafud kpdtnong N amd TN povado eOpT®oNS ovopdaletat
result. Register givar 1 Sopn) dedopévav yio Tov KaToympntn, Eva Store givatl 1 doun
dedopévev Yo Tov Tpocwpvd Kataywpntn amodnkevons. To Ri onpaiver to dvopa
Tov KoToympnt Ri kot 6yt ta mepieydueva tov. Otav dievbeteiton pior evioAn, o
Katox®wpntng mpoopopoh €xel 1o Qi medio tov puvbcupévo otov aplBud Tov
TPOGMPIVOD KATOYMPNTH 1 TOL 6TafoD KpATnong otov omoio dtevbeteitan 1 eVIOAN.
Av ot teheotéol givor 01B€c1ol 0TOVG KaTO®PNTEG, avTol amobnkebovial oto V
nedio. Atapopetikd, Ta Q media pvOuilovrol Yo vo dAdGovY 10 6TabUd KPATNoNg
mov Bo ddoel Tig TéG mov eival avaykaieg g mryoiot teleotéor. H evroAn
TOPOUEVEL 0TO OTOOIO KPATNONG HEXPL Ko 01 000 TEAECTEOL TG VoL eivan dtaBEatpon,
YeYOovOS oL vVITodNA®vVeTAL amd To UNodév ota Q media. Ta Q media maipvouv v TUn
UNoEv €lte OTOV 1 CLYKEKPIUEVT EVIOAN devbeteitan, gite dtav pio EVIOAN amd v
omoia e&aptdTor OAOKANPAOVETOL Kot YpApet To amotéAespd tg. Otav pio eviodn €xet
TEALEIDOEL TNV EKTEAEGT TNG KO 1 KON aptnpia dedopévov sivar dtabéotun, pmopet
va yphwyet to amotérecpd e OAot 01 TPOSPIVOL KATO®PNTEG, OL KOTOYMPNTES KOt
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otafpol KpdTnong mov GLUUETEXOVY GTN JLOOIKAGI0L OAOKANPMOOTNG, EVILEPDVOLV TIG
TIWEG Tovg amd TV Kowvn optnpio dedouévev Kol papkdapovy to medion Q yia vo
dNAdcovy 0Tt ot TES Exovv Anebel. 'Etol, n kowvn aptnpia dedopévov umopet va
UETOOMOEL TO AMOTEAEGO GE TOAAOVG TPOOPIGHOVG GE EVaL LOVO KUKAO POAOYLOD KO
oV Ol EV OVOLLLOVT] EVTOAEG €OV TOVG TEAEGTEOVS TOVG UTOPOVV OAES VAL apyicovV TNV
ektéleon otov enduevo KOKAO poioywov. IMa amAdtnta, vrobétovpe OTL OAEG Ol
evépyeleg apykonoinong yivovtal oe va KOKAO. 4

Hopaosryuo.

o vo kotoldfoope T ovvopkn g e€drewyng WAR kan WAW kivoovev
PEC® TNG OUVOUIKIG METOVORUGINS KOTAYMPNTAV, TPEREL Vo, dovue Eva. Bpoyo.
Oeop1)oTe TNV TOPOKATO® 0KOAOVOIO EVIOADV YO TOV TOALUTAUGLOGUO TOV
otovyeiov gvog wivako pe pua fadpoti rosétnta Tov F2.

Loop: LD F0, 0(R1)
MULTD F4, F0, F2
SD O(R1), F4

SUB R1, R1, #8
BNEZ Rl,loop ;dwkAiadmon eav R1=0

Amavinon:

Av mpoPAéyovpe 0Tt 01 SKAAOMDGCELS akoAlovBovvtal, 1 YPNCHLOTOiNeN oTadUdV
kpatong Bo emtpéyel o€ MOALOMAEG EKTEAECELS TOL PPOYOL VO TPOY®PNCOVV
apéomc. Avtd yivetor yopic vo ovomtoEovpe 10 Ppoyo, ML Kol OVOTTOGGETOL
duvopkd amd 1o vAko. O akyopdpog Tomasulo vrootnpiler v emkaAvTTOUEVN
EKTELECT] TOAAATA®V EMAVAANYE®V TOV Bpdyov pe ™ xpnon evog pkpov aptfpov
KOTOYOPNTOV.

Ag vmoBécovpe 0Tl €rovpe OlevBetnoel OAEG TIG €VIOAEG O OVO EMITLYNUEVEG
EMOVOAMYELS TOL  Ppoyov, oAAG wople omd TG KWNTAG  VTOSGTOANG
poptocelc/amodnkedoelc | Aettovpyieg dev €xel odokinpwbeil. H katdotaon tov
EVTOA®V, 01 6TaOUOT KPATNONG, N KATAGTACT TOV KATUXOPNTOV KOl TOV TPOSOPIVAOV
KOTOYOPNTOV QOPTOCNS KOt 0mofKELONG PAIVOVTOL GTOVG TOPAKATO TIVOKEC.

Kotdotaon Evroig

Evtoin Ao AlgvBétnon Extéleon Eyypaon
gmavainyn OTOTEALEGUATOG

LD FO, O(R1) 1 \ v

MULTD F4, FO, F2 1 v

SD O(R1), F4 1 v

LD FO, O(R1) 2 \ v

MULTD F4, FO, F2 2 v

SD O(R1), F4 2 v
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X1a0poi Kpdtnong
Name Busy Op Vj Vk Qj Qk
Add1 No
Add2 No
Add3 No
Multl Yes MULT (F2) Loadl
Mult2 Yes MULT (F2) Load2
Koataotaon Katayopnmi
Field FO F2 F4 F6 F§ F10 F12 F30
Qi Load2 Mult2
Busy yes no Yes No no No
Ipoocwpvoi kataywpnTéc Ipoocwpvoi kataywpnTtéc
AmoOnkevong Doptoong
Field Storel  Store2  Store3 Field Loadl Load2 Load3
Qi Multl  Mult2 Address (R1) (R1)-8
Busy Yes Yes No Busy Yes Yes No
Address (R1) (R1)-8

A@ob T0 cOGTNUO PTAGEL G’ AVTN TNV KATACTAOT 000 EMAVOANYELS TOv Bpdyov Oa
uropovcav va kKpatnbovv oe éva CPI moAd kovid oto 1, dedopévov OTL o1
moAhamAacilacol B pmwopovoay vo oAokANpwOolV 6e TéooEPLg KOKAOVG POAOY10V.
H evtol poptwong and v tedevtaio enavainym tov Bpdyov pumopodce HKOAL Vo
oAoKANpwOel Tpv amd TV amobnkevon G TPAOTNG EMOVAANYNG, TOPOAO TOL 1
Kavovikn oglplokn eE€MEn elvar dwpopetik. H @dptwon kot m amobnkevon
umopobv va yivouv pe OCQAAE GE OLOPOPETIKN OEPA, OEOOUEVOL OTL EYOLV
npodcPaon oe deopeTiké devBivoels. Avtd eréyyeton e€etdlovtag Tig devbuvoelg
GTOV TPOCHPIVO Katay®pnt amobnkevong otav olevbeteiton pio @optwon. Av 1
devbvvon EOpTwoNG cvumintel pe T OlELOLVGN TOL TPOSO®PIVOD KATOXWPNTN
amobKeELONG, TPEMEL VO, CTOLOTICOVLE KO VO TEPUEVOLUE WG OTOV O TPOSMPIVOG
KOTOY@PNTIG amodnkevong va mapetl Tiur. Mmopobpe 10te va Exovpe TpocPacn o€
VT 1 Vo TAPOVUE TIUA amd T uviun.
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Y

== [TAeoVEKTNNOTO KOl HELOVEKTHOTA TS TEYVIKNG
Tomasulo- XYykpion T@v 000 TEYVIKOV.

H teyvuc Tomasulo €yet dVo Pacikd TAgovekTpoTo:

e To Aoywd wvkiopota oviyvevong Kwodvev mov eivar Kotavepnuévo. Avtd
VAOTOLEITOL E TOVG KATOVEUNUEVOLS GTAOUOVS KPATNONG KO TNV YP1OT TS KOG
aptpiog dedoUEV@V. AV TOALOTAEG EVTOAES TEPUEVOVY €vol OmOTEAEGHO Kot KAOE
EVIOAM] €xEL MON TOV GAAO TEAEGTEOD, TOTE Ol EVTOAEG UTOPOVV VO OMOOEGUEVTOVV
TOVTOYPOVE. Omd Tr HETAOOCN OTNV KOown optnpio dedopévayv. Xtov mivoka
OTOTEAEGUATMOV Ol €V OVOLOVT] EVTOAEG TTPETEL VO, SPACOVV TO. ATOTEAECUATA TOVG
Ao TOLS KATOXWPNTEG, OTAV 01 apTNPlEg KOTAY®PNTOV givor eAe0BepEC.

e Tnv e&dhenym tov kabvotepnoewv Adym tov WAR kot WAW kwvodvev. Ot
kivouvor efaleipoviar pe TN ypNom TG UETOVOUUGIOG TMV KATOX®PNTAOV TOV
YPNOOTOOVV TOVG oTafUoDg KpdTnong kot pe T dwdikacio amodnkevong tov
TEAECTEMV GTOVS GTAOUOVS KPATNONG LOALS avTol Yivouv drabéaiot.

H 1eyvicr| Tomasulo mopovctdlel opiopévo HELOVEKTIROTO:

o Amoutel plo peydAn moodTNTO LAKOD. ZUYKEKPUUEVA, VTAPYOVV  TOALEG
ovoyeTilOpeveg amobnkevoelg mov Tpénetl va TpEEovy 6e PeYdAn tayvtnTo, Kabmg Kot
nepimhokn Aoyikn eA&yyov.

e [lepropiler 10 k€pdog ¢ amddoong Adym TG povig aptnpiog dedopévov. Evo
UTOPOLV va TPooTeBOLV Kot dAAeS KOWVEG aptnpieg dedopévmv, kdbe pio amd avtég
TPEMEL VO OAANAETIOPAoEL pe OAO TO VAIKO TNG COAVOONG, CUUTEPIAAUPAVOUEVOV
Kol TV 6ToOUdV Kpdtnong.

S H teyvicr; Tomasulo emidéyeton otV TEPITTMOON TOL 0 GYESAGTAC Elvan
OVOYKOGUEVOS VO COANVAOCEL Uiot OPYLTEKTOVIKY Yo TNV omoio givor 60VoKoAO va
TPOYPOUUOTICEL KOOKO 1] ELPAVILEL EAAEYT KATOY®PNTOV.
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OZﬁprwn TOV TEYVIKOV TOV TiVoKe, aoTeEAecpdT®V Ko Tov Tomasulo:

[Tivaxag Amoteleopdtmv

Tomasulo

1.H ovtipetdmon 1tov  Kvduvev
oedopévov - WAR  yiveton xotd 1
otevbétnon, evo tov Kivdoovoy WAW
yivetar  mpwv MV €YYpOOT, TOV
OTOTEAEGUATOV.

1.0t WAR xor WAW «ivovvor eEaleipovran
pe ™ Ponbeto ¢ peTovopasiog KaToywpnTOV
HEc® TV oTafUOV KpATNOoNC.

2.H aviyvevon tov xwvodveov kot o
EAEYYOG NG EKTEAEONG TOV EVIOADV
yivovtal 6Tov mivaka.

2.H aviyvevon xkwdivov kot o €Aeyyog g
EKTELEONC TOV EVIOAMV &lval Katoveunuéva.
Ot otaBpol kpdmmong oe kabe Aertovpykn
Hovada eAEYYOVV TTOTE POl EVIOAN UTOPEL Vo
Eekvnoel TNV €KTEAECT NG GE OALTH TN
LOVAOda.

3.To amoteréopata ypaeOVTOL GTOVG
KOToy@PNTEG OOV TTEPLUEVOLV UEXPL Ol
AELTOVPYIKEG LOVADEG VO TOL XPELLGTOVV.

3.Ta omoteAéopoto petadidoovtal amevbeiog
OTIG AELTOVPYIKEG LOVAOEG A TOVG GTaOUOVG
Kpatnong pe t Pondea g Kowvng aptnpiog
dedopévav, oM elval dwbéoipa, yopic va
ypewdleton M emkowovid  UE  TOLG
KOTOYOPNTEG.
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AVOKEQAALILOVOVTOS AOLTOV...

Doms

r'l ﬂ

ﬁ *H teyviknp Tomasulo omotehei pia @Al 7mpooéyyion Tov dvvopikod
TPOYPUPLATICHOV. AVTI] 1] TEYVIKY, 0TS KL 1] TEYVIKI] TOV TIVUKO OTOTELECHATOV,
EMTPETEL TV EKTELEGT] EVIOADV TO.POVGLN KIVOUVOV.

s

r‘l -

‘—**@H péB0O0G TNG NETOVORUGIOS KUTUYOPNTOV €Eodeipel Svvopkd TIg
eEapTNoeg ovOpdTOV NE 6Komd va amo@evyfovv ot WAR kot WAW kivovvor. Avtod
EMTVYYOVETUL OVTIKOOIGTOVTOS TA OVOROTO TOV KATOYOPNTAOV pe dAha, amd éva
REYUAVTEPO GVVOLO ETKOVIKDV KUTUYOPNTAOV.

s

L

FEREO 6Ta0pol KPpATNONG AVOKAAOUV KOl KATAYOPOUV TPOCMPLVE VAV TEAEGTEO
pog evtoAns, pohg PéPara yiver dwwbiorpog, e€alreipovrag éTor TV avaykn va
owfdoovpe TOV TEAEGTED OTO VOV KATOYOPNTY.

=

-
ﬁ@Kdﬂe gvtoM] Kotd TNV ektéheon TG okoiovOel Tpio Prpata, mov
avtikaOietovy ta ID, EX kon WB 616010 61t facwki) DLX coMjvoen: Atevfétnon,
Extéleon kot Eyypagn amoteléopatog.

FeSEre pio povada kKivnTig vrodastorMig Tov DLX emstepyactiy Paciopévyy otov
aryoprOpo tov Tomasulo, dwokpivovpe Tovg 6TUOROVG KPATNONG, TOVS TPOGOPLVOVS
KOTOYOPNTES POPTMOONS KOl ATOONKEVGNG, TOVS KATUYOPNTES KIVIITHS VTOOL0.GTOANG
KOl TV Kowi] aptipic dedopévav.
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