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Evotyta 5" diakoméc.
Y Komog O okomog TG evoTNTAS QLTI EIVOL VO TEPOVOLAGEL TIG SLOKOTES

otov vroAoyieTi] VAX ko tov vroroyietiy MIPS kot Tig autieg mov
TIS TPOKAAOUV. LTV evOTNTO 0VTY] 00 dovue TAOg pmopovpue va
UETOTPEYOVUE TO UAYOPLONIKO OLAYPUPNO KATUGTACEDV DCTE VO,
pmopovv va. gieyyBovv ov dwkonés. Téhog Oa dovue ywti givan
OVGKOAOG 0 £LEYYOGC Y10. OLUKOTTEC.
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TENMEPOUGUEVOV KATOGTAGEDV YL, TNV GVIYVEVGT] TMOV OLUKOTADV.
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Apyrtextovikn Yroloyiotov I

= T givan 01 OLOKOTES KOl TOV 0QPEIAOVTOL

O éleyyog elval 10 SVOKOAO TUNUO GYEOAGHOV €VOG EMEEEPYOOT] KO Ol OLOKOTEG
elvat to SOUOKOAO TUN L TOV EAEYYOV.

Ot dwukomég (interrupts) eivor aAlayég otn pon TOL EAEYYOL OV JEV TPOKOAOVLVTOL
amd TO EKTEAOVUEVO TPOYPOUUD, OAAL Oomd KATL dALO, GLVHOW®G CYETIKO PE TNV
€l60d0/éE0do0.

HMopaosyuao:

‘Eva mpdypappa umopel va dmdCEL €VTOA] 6TO OI0KO Vo OpyiCEL VO UETOPEPEL
TANPoeopieg, kot vo Tov {NTNoet va oteidetl éva onpo Sokomng LOAS OAOKANpwBEl N
petopopd. H dtaxony) otapatd to eKTEAOVUEVO TPOYPULLO KOl LETAPEPEL TOV EAEYYO
og éva YEPLoTN OlOKOTMV, O Omoiog ekTeAel KAmowo KATOAANAN evépyela. Otav
TEAEIDOEL, O YEIPIOTNG OLOKOMMY EMOTPEPEL TOV EAEYYO OTO TPOYPOLULO TTOL
dwokonnke. Oa Tpénel va EAVAKIVIGEL TN dlepyasio Tov SlakOTNKE amd TV omd TV
010 akpIP®OG KATACTAOT TOV PPIOKOTOV OTOV EUPOVICTNKE 1| OLKOTY), TOL GMUOLIVEL
OTL OAOL Ol E0MTEPIKOTL KATAXWPNTEG TPETEL VO ETAVELOOVY GTNV KATACTOGT) TOV 1 TOV
TPV omd TN SLOKOTY).

Ot drokomég pumopet va opeilovtal oe £vav omd TOVS TOPAKATO AGYOLS:

e Aitmon ovokevng I/O.

e Kinon vmnpeciag Aertovpykod CLGTHUOTOS OO TO TPOYPOUUO XPNOTN
(Invoking an operating system service from a user program).

e Breakpoint (aitnon S10k0mNg amd TOV TPOYPOUUATIOTT).

e ApBuntikn vrepyeidion 1 voyeidion.

e XedApo ceAdag (OTav dgv LITAPYEL GTN KOPLOL LVAUN).

e Mn evBuypapopévn tpoécfacn otn pvhun (€bv amorteiton e0OLVYPAUGHEVT
npdcsPaon).

e Tlopafioon e mpoctaciog viunge.

e Xp1om un ovoyvoPIGHEVNG EVTOANC.

e Avcliertovpyio LAKOD.

e IItoon woyvog (Power failure).

~ 01 dwakomég emnpedlovy ToV KUKAO POAOYLOD LG pNYavig Kot TNV €midoom
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Kepdhowo 3 / Evotra 5

= AL0KOTES 6TOV VIToAoYLoTY) VAX

"rl’[mg YIVETUL 0 EAEYYOS OLUKOTOV

Mmnopovpe va HETATPEYOLUE TO OAYOPLOIKO O18ypPaLLLLO KOTACTAGEMY MOTE VA KAVEL
ELeyY0 Yoo TNV TEPITTOON TOV EUPOVIGTEL pia dtokomn. Alakomég mov epgovifovrot
petalh 800 evioA®mV eAéyyovtal €ite otV apyn TOL SWYPAULOTOS (TPV 1) EVTOAN
anokwowkonombel) eite 6to TéAOG (APOV EKTEAEGTEL 1) EVTOATN).

210 TopoKATO oynpo epeavifetor o aAyoplOKd SLIYPAUILO KATOGTAGE®Y, OTOV
vrdpyel EAEYYOG Y10 SLUKOTEC.
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Apyrtextovikn Yroloyiotov I
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Yympa 3.5.1 - AkyoprOpiko draypoppa Kataotdoe®v yio £leyyo drakondv. Otov cupfei
uia drokont o PC amoOnkevetat otov IAR (interrupt return-address register) kot 6Tn GuvéyELld
o PC maipvet mn devBvvon g vwopoutivog eEuanpEtnong SoKomig avaioya e To idog g
dwukomnc (page fault 1 overflow) kai ekteheitar 1 vwopovTiva €ELINPETNONG SLOKOTMV.
[Mopatnpodue 6Tl S1AKOTEG UTOPEL VO TPOKVYOLV (T amd GOAAULN GEAIDAG OTAV VITAPYEL
TPooTE OO TNG LVNUNG (08 eVIOAEG pOpT®ONG Kal amodnKevong) eite and vrepyeilion o€
aplBuntkég mpa&elg (apfuntikéc eviodés) (gite amd moAiovg dAhovg Adyovg. Avtd eivan

OTAMG TOPAOELYLOTAL).
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Kepdhowo 3 / Evotra 5

.
iAPAETHPIOTHTA 1

Na eEnynoere mepuqntikd 11 Swdwkacio eEuaANPETNONS P0G OWOKOTNG OTTMG
Qaivetar oto olyoplOpuikd Saypoppa kKotootdoewv tov oyfnpatog 3.5.1; Na
OVYKPIVETE TV aTAVTN O] 60G NE TN Ae{AVTa TOV GYN1OTOS

‘Z-l'[ow glval 11 OVGKOMO TMV OLOKOTMOV

Av ka1 ot dlokomég dev Elvat GLYVEG, O VITOAOYLOTNG TTPEMEL VO GYEOINOTEL e TETOLO
TpoOTo, MoTE Vo glval og BEon vo amofnkevoel OAEG TIG KATOGTAGELS TOV, KOODS Kot
Kdmoleg evoeilelc tov yeyovotog mov mpokdiece T dwukomr. Emiong, mpémer va
arofnkevoel 10 mepeyopevo tov PC, mov eivor 1 d1evBuvon g evioing mov Oa
eKTEAEOTEL AUECOG LETA TNV ELANPETNON TG SLOKOTNG.

Avt] m dvokoAio peyoAraver efoutiog TOv  YEYOVOTOG OTL TOAAEG  OLOKOTEG
epnpaviCovror KoTd Tn OlIPKEW EKTEAEONG WIOG EVIOAMNG KOl HOAMOTO GE TOAAES
EVTOAEG OMOLTEITOL OTTO TO VAIKO VO EMGTPEYEL GTNV KATAGTACT OV Bpliokdtay mptv
EULPAVIOTEL 1) OloKOTH).

Awmonég o€ vwoloyioti] VAX.

Ot evtoréc tov VAX givor petafAntod pnkovg kol pmopel vo, omoTeAOVVTOL amd
TOALOUG TELEGTEOVCS e TOALOVG TPOTOVS d1eVBVVG1000TNONG Yo KB Teheotéo. 'Etot
av ovuPel po S1aKomn v £xovv daPacTel 01 TEPIGGOTEPOL TEAEGTEOL DAL JEV EYEL
oAokAnpwbei 1o drdPacpa TV TeElecTEWV, eivar epeavig 1 duokoAia. ['a mapdderypo
etvo mBavo va ypetaotel vo poptmBel Eavd peydiog aplfuog bytes g evioAnc.

Ot eviodéc ot omoieg elvar dvokoAo vo avakAnBobv Eavd, sivor ekeiveg mov
TPOTOTOLOVV UEPIKES KOTAGTAGELS UNYOVIG TPV YIVEL YVOOTH 1 EULPAVIOT] SLOKOTNC.
Tétoteg eviodég elvar ot evtoAég avtoavénomng Kot avtogldttoons tov VAX. Ta va
amo@evyfel avtd To TPOPANUA o1 TeEdevTaiec punyoveéc VAX xpnoULOTO00V o ovpd
(history queue) mov TEPLEYEL TOVG TPOGIOPIOTEG KOTAYMPNTMV KOl TIG AELTOVPYIES
OV EMTEAOVVTAL, OOTE GTNV TEPIMTOOT OKOTMOV Ol AELTOVPYIES VO UTOPEGOVY VOl
aVaGTPOPOVV.

Agv givar povo ot tpdmotl 061evBuveloddToNg mov Kdvovv évav vmoAoyioty VAX
dvokorlo otnv emovekkivnorn. [a eviohég mov omoutodv TOAD YpoOVO Yo va
EKTEALEGTOVV, 0 EAEYYOG YO OLOKOTEG TPEMEL VO YIVETAL KATA TN OLAPKELN EKTEAEOTG
tovg. T mopdderypa 1 eviod; MOVC3 avtiypaoget mepocdtepa omd 2'¢ bytes kat
aroutel dekdoeg milliseconds yio va tedeudoet (xpOvVOG TOAD PEYAAOS Yia Eva YEYOVOG
mov emelyel). AmO TV GAAN OV UTOPOLGOUE VO OVOPAAOVUIE TNV EKTEAESN TNG
EVIOMG, OmoTe guaviletal dtokomn, Tt AOY® TOL OTL Ol JlOKOTEG eppovifovTot
OLYVA GE OYXEOM LE TO XPOVO TOV OMOLTEITAL Yol TNV OAOKANP®GY TNG EVIOAIG, M
eviol] Ba emavorlapBoavotay cuveyela xwpic vo pmopel va OAoKANpmOEL.
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Apyrtextovikn Yroloyiotov I

= AW0KOTES 6TOV VIToAoYLoT) MIPS

H Poown Aertovpyio mov mpémer va ektelectel oe €vav  LTOAOYIOTH, OTOV
TopovotdleTal o dlokom, €lval vo Kpatnoel tn 01evbvvon g €VTOoANG oTov
amopOunt npoypdppartog g dwukonng (EPC). To Aettovpykd cvotnuo pumopei va
OTOUOTNGEL TNV EKTEAECT TOV TPOYPAUUOTOS KOl VO OVOPEPEL TN OKOT, 1 Vo
EMEUPEL GTO TPOYPULLO XPNCLOTOIDOVTOG o Tpokabopiopévn Agttovpyio. Metd amod
TNV ovVOQOPE TNG O10KOTNG Kot TN AElTovpyio Tov exTeAEiTON AvAAOYO LLE TO €100G TNG
OlKOTNG, TO AELTOVPYIKO CUOTNUO UTOPEl VO TEPUATICEL TO TPOYPOUUO 1 VO
oLVEYICEL TNV EKTEAECT] TOVL. TNV TEPITTMOY TOL GLVEXICEL TNV EKTEAECT] TOL
npoypappatog, Ba ypnowomnomost tov EPC yu va xoaBopicer 10 onueio tov
TPOYPAUUATOC 0O TO 0Toio Ba cuveyicel 1) ekTEAED.

" To Aertovpyikd cvoTua TPEmeL va yvopilel v artia TG Stokomng, eKTOg
amd TV €VIOAN M omoia v mpokdAiece. ['a va Ppebel n atia mov mpokdAieoe ™
dwkonr, o vrmohoylotg MIPS ypnowonolel évav koataympnt kotdotacng (tov
KaToympnTn o1tiog), o omoiog dtatnpel 1o medio mov Kabopilel v artio TG S10KOTNG.

Mmnopodpe Vo TOPOLGIACOVUE TIC AELTOVPYIEC OV OATOLTOVVTOL Yol TIS OLOKOTEG,
TPOGOETOVTOG EMITAEOV KATOYMPNTES KOl ONUATO EAEYYOL GTNV LAOTOINGCT TG d100V
dedopévey, kaBmG Kol KOTAGTUCELS OTN UNXOVY] TEMEPUCUEVOV KOTUGTACEWV.
YuykeKpéva, TPETEL va TpocshEcove 000 KataympnTég oL omoiot elvar:

= EPC: Katayopnmcg tov 32 bit, o omoiog kpatdel T dievhuvon g eVTOANG
OV EMNPEACTNKE OO TN SLOKOTY].

= Katoyopntg artiag: Kataywpnmg tov 32 bit, o onoiog kataywpel tnv ortio
OV TPOKGAAESE T1| O10KOTY).

Eniong, mpénel va mpocBicovpe dVo ofpata EAEYYOL Yoo va YIVEL I €YYPOOT] GTOV
EPC «a1 otov xatoyopnt atioag. Ta onuota ovtd eivor to EPCWrite kou t0
CauseWrite avtiotorya. EmmAéov, mpénet va mpocOécovpe €va oo EAEYYOV TOV
evog bit, 1o IntCause, 10 omoio kaBopiler 10 ArydTEpO ONUOVTIKO Ynoio TOL
Kooy pnTn outiog.

Téhog, mpémer va yvopilovpe tov TpOTO HE TOV OmOio yivetal m &yypoen TNng
dtevBuvvong g drakomg, otov PC. Ag vmoBécsovpe mwg n dievbuvon givor 01000000
00000000 00000000 00000000¢y,. Tn dedouévn otiyun, 1o mepieyduevo tov PC
Tpoépyetol amd TV €000 TOL TOALVTAEKTY (0 TOALTAEKTNG £XEL TPELG €16OO0VG) Kot
eMéyxetar omd 10 onuo tov 2 bit, PCSource (oynua 3.2.33). Mmnopovue va
OVTIKOTOGTIGOVE TOV TOAVTAEKTY] AVTO, HE VOV TOAVTAEKTY TEGGAPWOV E1GO0MV, LIE
™V emmAEoV €16000 cuvdedepuévn pe ) otabepr tiu; 01000000 00000000 00000000
000000004y, To ofuo PCWrite maipver tqv tipuq 11y vo emdéler v Ty
01000000 00000000 00000000 000000004y,, N omoia Ba eyypapei otov PC.
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Kepdhowo 3 / Evotra 5

Emeon yiveron avénom oto mepieyodpevo tov PC katd ) d1dpkeLo TOV TpMOTOL KOKAOV
poLoylov, oe umopet va yiver eyypagn tov mepieyopévov tov PC otov EPC, agov 1o
nepteyopevo tov PC Ba eivar m devBvvon ¢ evrong avénuévn katd 4. ‘Etot
ypnowonoovpe v ALU ya va agapésovpe 10 4 and v tyun tov PC kot yuo v
gyypan tov anoteréspatog otov EPC. Avto dev amoutel emmAéov onpato 1 YPOUUES
eréyyov, apov ypnotponoteitor 1 ALU yio v agaipeon kot n otabepd 4 eivar non
gloooog g ALU. Emopévog ocvvoéovpe v €i6000 NG €YYPOONS OEO00UEVOV TOV
EPC, pe mv £€£odo g ALU. Me avtég Tic mpooHnkes ovtég, pmopodv va
TPAYULATOTOMOOVY 01 OlKOTEG, YPNOUOTOUDVTIOS TN UNXOVI]  TETEPACUEVOV
KOTOOTACEWDV TOV oyNuatog 3.5.2.

11

IntCause=1
CauseWrite

12
ALUSelA=0
ALUSelB=01
IntCause=0 . ALUOp=01
CauseWrite v EPCWrite
13

PCWrite
PCSource=11

Yty kartdotaon 0 yio va Egkvinoet n
EKTEAEOT TNG EMOLEVT] EVIOANG

336



Apyrtextovikn Yroloyiotov I

Yympo 3.5.2 - H pnyovi] Tenepaspivev KoTaoTACEOV TEGCAPMOV KATUGTAGE®Y 1] 0Toia
dwayepileton Tig dwukomés. O kataympntg otiog (kataotdoelg 10 ko 11), maipver
devBovvon g evioAng omv omoio. cLVEPN 1 dwuKomn Kot TNV amootéAlel otov EPC
(xotdotaon 12). n cvvéyela to mepieydpuevo tov PC avtikabictatal amd tn digdvbvven g
evtoMg (katdotoon 13). Kabe pia amd tig kotaotdoelg 10 kot 11, mapiotdvel 1o apyiko
onueio oto omoio ocvvéPn 1 Sakomr. H Asttovpyia avtdv tov Kataotdoemv givarl va Bécet
TNV 16000 TOL KATUYMPNTH OUTIOG KOl VO TPOKOAESEL TV EYYPAPT] OTOV KATUX®PNTH OLTO.
v katdotoon 12, ypnowonowovpe v ALU ywo va vroAoyicovope v tiun PC — 4. H
wpmtn gicodoc g ALU eivar 10 mepieydpevo tov PC kot 1 devtepn gicodog g ALU eivar
o ynoio 4 (1o omoio emiréyetarl omd to ALUSeIB = 01). H ALU exterel agaipeon (ALUOp
= 01) ko yivetar gyypoaen tov anoteréocpuatog otov EPC (EPCWrite). tn cuvéyela yivetal
€YYpaen tov g 6ievbuveng mov cuvéPn 1 dwokonn, otov PC. Avtd yivetar evepyomoidviog
T oNpaTo EAEYYOV otV KaTdoToon 13.

‘-ng YIVETOL 0 EAEYYOS TMV OLUKOTAOV

H pébodog yio v aviyvevon tov S0KOT®V Kot T HETOPOPA TNG HOVAdNG EAEYYOL
oTNV  KATOAANAN  Kotdotacn (0T UnNyovy] TEMEPACUEVOV — KATOOTAGEWMV),
anewoviCetatl oto oynua 3.5.3. Ta dVo €idN dtukoT®OV aviyvedovTol S1UPOPETIKA:

»  Ampooodiopiory eviodn: H aviyvevon yivetor 0Tov Kopio omd TIG EMOUEVES
KataoTacelg 0ev kabopiletor and v katdotaon 1 ywo v Ty tov op. [a
mv olayeipton avtng g dwakomne, Kabopilovpe v T NG EMOUEVTG
Katdotaons yw Ohec Tig TG Tov op. Ot Tég avtég mpémet va glvon
dwpopetikég and lw, sw, 0 (tomov R), jmp kot beq omv katdotaon 10.
Av1o amekoviletor GUUPOMKA GTO GYNUO XPNOLULOTOOVTOS TV Ty other
(6AAN), yio vo kaBopicel Twg to medio op dev Topldlel pe TOVG KOIKOVG
Aertovpyiog (opcodes) mov Ppickovtor oty €060 ¢ Katdotaong 1. H
YOV TETEPUGUEVOV KOTACTAGE®V ameKovileTon oto oyfua 3.5.3.

" ApiQuntikn vrepyeision: Xpnoponoteiton éva onuo eEréyyov (to Overflow)
Yo va avvevoeL Ty vrepyeidion, to omoio Ppioketar otnv €£060 g ALU.
Eniong, to ofua eréyyov ypnopomoleiton yo va Kobopicer pio emmAéov
KOTAGTOOT Yo TNV Katdotaot 7, Onmg eaivetol 6to oynua 3.5.3.

AV GLVOECOVUE TO GYNUOTO TOV CYNUAT®V, UTOPOVUE VO KATOANEOLUE GE Lo
U0V TEMEPAGUEVAOV KOTAGTAGEDV TOV TEPLYPAPEL TANP®G TOV TPOTO LE TOV OTOT0
xeplopaote TG O10KomES 6Tov vtoroytot) MIPS.
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o Instruction decodes
Instruction fatch Register fatch
1
ALUSCh = O
Start ALUSrcB = 11
ALUGp =00
S &,
ks .qﬁ‘{’} = .
iy 0. & 1 ?L
Memory address on 5 Branch \c.:ﬁ 5._ Jurnp =
computation ‘\.\7‘""\' o ! completion complatian
2 z a
S ALUSTCA = 1
ALUSrch =1 ALUSrcA =1 ALUSmcE = 00 ;
ALUSME = 00 ALUSE = 00 ALUOp = 01 PCSF:EII:’U'CEWE o
ALUOp = 00 ALUOp = 10 PCWriteCond -
FCSource = 01
77
2 oo
= ‘I'{z,,
n S
J- Mamary Wamary
¥ ACCASS ACCOSS R-type complation It Cause - 1 IntCause = O
y i CauseWrite e Causeififrite
Reqhst =1 ALUSrchA = O ALUSICA = 0
Regitrite Overflow ALUSEE = 01 ALUSrck = 01
MemtoReqg = 0 ALUDp =01 ALUOR = 01
EPCildrita EFCHTite
PCWrite PCWrite
PCSource = 11 PCSourca = 11
Write-back step
4 Overflow
Reqrite
MemtoReq = 1
ReqgDst = O

Yympo. 3.5.3 - H pnyovi] 7Enepacpuéivev KOTAGTACEMV Y10, TV UVI(VEVGT] TOV OLUKOTOV.

APAYXTHPIOTHTA 2
No eEnynoete meprinatikd Tv €ivor o1 Swokoméc kKo oS TS yewpileTon o
vroioyietiic MIPS.
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Ih.;.l l: -

AVOKEQOUAILOVOVTOS AOLTTOV ... ‘

(i
Ov dwkonég givar yeyovota mov aAAdlovv TN QUOIKIN PO EKTEAECNS TOV EVTOADYV,
enNPEGLOVY TOV KUKAO pOAOYLOV KU1 TNV ETIO0G6T EVOS VTTOAOYIGTH].

{
To alyoplOuko ddypoppo kKotootdcse®v pmopei vo tpomomonBei pe térowo tTpomo,
M6TE VO ELEYYOVTOL 0L SLoKoméG 6TOV vTodoyloth VAX.

{

O £hey)0g TOV JLOKOTAV TAPOVSLALEL UPKETEG OVOKOAIES KUL 1O10ITEPU GE VTOAOYIGT|
VAX mov ypnowponorei evioréc petafintod pikovg pe morhovg TEAEGTEOVS KOL TOALOVG
TPOTOVG S1E6V0VVE1080TNONG Yo KAOE TELEGTEO.

Yndpyovov 000 £idn dSwkom®v otov vmworoylstiy MIPS: ampoodidpistn evioi] ko
apOunTikn vrepyeiion.

i

o ™ dnuovpyia g 01000V dedopévarv Tov vroroyiety MIPS, npénel va Tpootedovv
000 katayopntég (0 EPC kot 0 kataympntig otiog), Ka0®g Kol 170 avTiocTol(o 61puata
eLEYYOV.
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