Exercise 13: Exceptions and Final Debugging (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/07a/ex13_excep.html
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Yepd Aoknoeov 13:
Ylomoinon EEmpéccmv ko TeMkég AlopOaocers

IIpobeopia £wc Agvtépa 11 Tovviov 2007, wpa 23:59 (Bdoudda 12)
13.1 Elmpéceig Mviung:

Extég and 11g eEapéoeic mapdvoung evtoing (illegal opcode) --mov €xet kot o eme€epyoaotng tov PifAiiov
(Topaypopog 5.6, oerideg 358-364 EAL. €kd.) kot mov Bo VAOTOUGOVUE KOl EUEIC-- KOl EKTOG OO TIC
eEapéoelg aplOunTikng vrepyeilonc --mov dev Bo LAOTOGOVLE EUEIG-- GE AVTN TN GEPA 0oKNoEMY Oal
viomowmoete kol E&apéoeig [Ipoonehdcewv Mviung:

o TTopapiacn EvOuypapmong (Alignment Violation): Ztn pviun tov MIPS, 6Aeg ov Aééeig (32
bits) wpémel va Egovv d1evbuvon mov va gival akEpoto TOAAATAAGI0 Tov 4, OnA. Ta 2 LS bits va
etvan undév (mepropiopdc evbuypappiong). To dikd pog vroohvoro tov MIPS mpoomeiavvet
navta AéEelg (32 bits) OTOTE TPOGTELAVVEL TN UVILY, KL 0VTO TO KOVEL GE 3 TEPMTMOGELS:

1. avéyvoon evroAng (i_fetch),

ii. avéyvoon dedopévav (4og khkiog g Iw), )

iii. gyypamn 0edoUEVDV (40G KOKAOG TNG SW).
Kotd ™ dudpkelo oautdv TV Tp1dV KOTooTAoeny (KUKA®V), Bo Tpémel va KAVETE TO KUKAMUA
eAéyyov va mopakoAovdel T dievbuven ma mov dideton ot pviun: €6v Ta 2 LS bits avtig g
dtevbuvong dev eivon 00, tote B0 mpémer va mpokaAeitor efaipeon, dnAadn o €leyyog va
petafaivel, cov endpeEVN KaTAoTAON, OTNV €101KN Katdotaon eéaipéoewv "exception_st" mov Oa
movpe mapakdto. [apamnpnote 6t1, dtav yivel ovti 1 LETAPACN, 1 "KOKIA" TPOCTELAGT) UVIUNG
04 &xer MON vivel, aAld Bewpodpe OTL M pvnun €xel apket Sk NG TPOOTACIO MOOTE 1 v
apvnOel v eKTEAEGEL TV TOPAVOUN TPOCTEANGT | VO oyvonoetl ta 2 un pundevikd LS bits g
devbuvonc.

o Yopdaipa Xeridog Mviung (Page Fault): X' évav mpaypotikd vrmoroyiot) MIPS pe gucovikn
pvnAun  (virtual memory), omwg Oo pdBovpe opyodTEPR, OPIGUEVES OIEVOVVOEIG UVAUNG
avTioTolyovv og "oeAldec" (pages) mov Ppiokovtor otnv KOploL pvipn, eved daleg oyl Kabe
TPOCTELACT] GE OMOVGO GEAMO UVIAUNG TTPpoKaAel pudv eéaipeon Yvoot) cav "oaipo ceAidag"”
(page fault). Ztov dikd pog eneéepyoctn Tov acknoewv 10-12, n pviun &gt poévo 1024 Aééeig,
oTIG YOUNAEG d1evBhveels, dpa Y16 pog opdipa celidog Ba etvar:

1. k@Oe mpoomélaon og devbuvon pvnung peyolvtepn 1M ion tov 4096 (1024 Aé&eig = 4096
bytes), Kot
il. k@Be mpooméiaon ot doevbuvon pviung undév (0): o emefepyactng pag Ba Oswpei
oQAALN GEAIDOG KADE TETOLO TPOOTEANGT TPOKELEVOL VO UMV TEPVAV OTOPOTIPNTES Ol
napdvopeg mpoomerdoels uviung péow NULL pointers (Gpa, dievbuvon exkivnong tov
PC dev pmopei va givor n 0).
To cedAipata ceMdog Pmropodv Vo ELPAVIGTOVV OTIS 1018¢ KOTOOTACEL (KUKAOLG) OTMG Kot Ot
nopafraocelc evfuypaupong mov eldaE TOPATAV®, KOl UAAOTO PTOPEL VO EUPAVIGTOVV Kol
Tovtoyxpova pe exeivec. 'Etot, n aviyvevon koi 1 avtidpaon Ba etvar ko yid ovtovg Toug 600
tomovg eEapéocwv. [opapnote kot TdAL 6TL 1 "Kakid" Tpoomélaon pviung o €yl 1o yivel
otav Ba petafodpe oy katdotaon "exception st", aAAd Bempovue GTL M LVAUN €xEl aPKETN
SN TG TpooTacio MoTe va apvndel va extedécel TV Tpoomédacn O6tay 1 devduvon avapépetat
o€ amovoo AEEN.
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Aocknon 13.2: IIpooOnxkn ESapécsmv (Exceptions)

[IpocBéote oto datapath a1 otov éheyyo d6oa ypeidlovtor yid vo vAomoiel o emefepynotng oG
Eémpéoerg Mapavoung Evromg kot EEapéseic Mvijung. H 18éa givar 1 0o pe 6,11 meptypdpet to
Brio otv mapdypapo 5.6 (cerideg 358-364 EAN. €xd.), aArd eueic Ba Eyovpe SoQOPETIKES ontieg
egapéoewv, kol pio povo mpodchern katdotacn eréyyov, v "exception_st", Y4 vo TG
viomomoovpe. Onwg kor oto PipAio, maviwg, Oa mpoobBicete dVo véovg (OKHOTLPOIHTNTOVG)
katayopntés: "epe" (Exception PC), tov 32 bits, y1d va kpatd ) dtevbvvon g "kakids" evioAng (cuv
4), xon "cause" (ortia), emiong Tov 32 bits, y1d va Kpatd £vav KOSKO TOV DITOJEIKVVEL TNV OLTIOL TNG
e&aipeong. Ileprypdyte tov "epc" cav Regld (6mwg kot tov pc), evd tov "cause" pmopeite va tov
TEPLYPAYTE GaV reg --Ommg Kot Tov currState. Ot aitieg eEapéoemv Kot o1 avtioToryeg dpacel; Oa sivar:

e ITapavopn Evroin (Illegal Instruction): Zmn didpkela Tov 200 kOKAOL KGBe €vTOANG, dnAadN
Katd v Kotdotaon decode rr, €bv o €leyyog SomotdoEl OTL 0 GLUVOVAGUOG op-funct dev
avTioTolyel o€ Kapio omd TG evioAég mov o emefepyaotng pog E€pel va extelel (avTég TV
acknoemv 11 kat 12.1), poptdverl tov apBpd undév (0) otov Kotaympnth cause, Kot petafaivet,
o0V ETOLEVN KOTAGTOOT), OTNV KATAGTOCT exception_st.

o EEapéosic Mvijung (Memory Exceptions): Onwg ginape mopondve, ot Sdpkelo Tov KOKA®Y
(xotootdoemv) Tpooméhaong uvnung, i_fetch, mem_rd, kot mem_wr, 10 KOkAopo gAéyyov Oo
wapakorovBel T S1evBuvon ma mov ddeTan GTI UV, Kol EGV 0VTH OEV EIVOL CMGTH POPTAOVEL
OTOV KATOX®OPNTH cause Tov aplfud mov SideTol mopoKate (010 deKkadIKo), Kol pHetaPaivel, cov
EMOUEVT] KATAOTOOT], OTNV KOTACTOOT exception_st.

5. TMopapioon evBuypdppiong kotd ™ didpkewa i_fetch.
6. Zodhuo ceridog katd tn dudpketo i_fetch.
7. TopaPioon evbuypdppions kon cpdipa cerldag katd ) ddpketa i_fetch.
9. Tlopapiaon evBuypdupong Katd ™ didpketo. mem_rd.
10. ZpdApa ceridag kotd ™ ddpkele mem_rd.
11. MapaPioon gvBouypdppiong kot cedipo oeAidog katd tn didpkelo mem _rd.
13. TapaPioon gvBuypdppiong katd tn S1GpKe mem Wr.
14. ZpdApo ceridag KoTd T d1dpKeEl mem_ Wr.
15. MapaPioon gvBovypappiong Kot opaipe ceAidog Katd ) diipkelo, mem_ wr.

e exception_st: v katdotaon ovti TPEMEL TPAOTOV VO, OmoOnkevcovpe T dlevbuven g
"kak1dg" evtolMc (ovv 4) GToV KOTOY@PNTH €pc, Kol OELTEPOV VO POPTMGOVLE GTOV PC TN
devBvvon O6mov Eekvd o interrupt handler. H dievvvon g "koakidg" evtoAng (ouv 4) givar 10
(MoN avénuévo katd 4) mepeydpevo tov pe. H devbuvon o6mov Eekvd o interrupt handler, oto
pev kovovikd MIPS givar 1 32'h80000080, otn dg dikn| pog mepintwon o TV KAvovue va givor n
32'd2048, TpokeéVoy anTh Vo TEPTEL LEGO GTNV DAOTONUEVT Ui (oTn Héon g).

Aoknon 13.3: IIipeg Debugging

EMéyEre eCovuyiotikd Ttov emeepynotn mov oyedidoate, kol dopbmote tar AABn péxpt 6tov aVTHC
exktelel  emTuy®g  TO HeYOAO  TPOYPOAUUATE  TTOV 0o Bpeite oMV TEPLOYN
"~hy225/verilog/test/test13/". Ynoloyiote pe tn fonbeia tov SignalScan mwoom gival n eAdyiot
dvvatn mePiodog Tov PoAoYIoV Gog, Kol 0AAAETE To top-level mote va Tpéxel o emelepyaotng cag Ue
avTo T0 YPNYOPOTEPO dVVETO Porol. [Toca MHz katapépate va "mdoete";

[Mopadmdote, oxeddv ONMG Kol GTIS TPONYOVUEVES OOKNGES, TOV KMo cag, "datapathl3.v" wou
"control13.v", To véo test bench kot pviun, "test13.v" ko1 "memoryl3.hex", kot éva yopaKTPIOTIKO
otypotono, "signals13.jpg", and 1o Signalscan pe éva amd o TAEOV TOADTAOK tests, TAKETUPICUEVOL
o€ éva apyeio, mOv OUMG aVTN TN QEOopPA va givar TOTOL zip Kot Oyl tar OmwG TP (TPOKEEVOL Vo
ATOPEVYETAL KAADTEPO O KIVOLVOG KATAGTPOPNG TOV TPAOTOL apyeiov nyng av Eeydoet Kaveic 1o Opiopa
TPOOPIoHOV), "askl3.zip", péow:

zip askl3.zip datapathl3.v controll3.v testl3.v memoryl3.hex signalsl3.jpg
~hy225/bin/submit 13
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poarpeTikn Aocknon 13.4: Andnq Opoyerpio (Ilpo-Avayvoon eropevng Evroing)

Oocotl and cag evdapépeote Waitepa yud to hardware kou éyxete ypovo, arid&te to datapath kot v
FSM ka1 10 kOKA®po AEYYOV TPOKEWWEVOL VO EIGAYETE OTOV EMEEEPYOOTN OO UGV OTAN HOPON
opoyepiag (pipelining) 600 (LOVO) emmédv: Katd T dtdpkelo ekTéLEOT G KAOE vToAng Ba yivetan kot 1
avayvoon ¢ endpuevng eviolc. Avti 1 anin popen pipelining ovoudletar cvvnbwg "fetch-execute
overlap".

2mv moAowd (non-pipelined) popen tov emefepynotn, kdbe evtoAn] "mapadidel" otV emOUEVI] NG
--€KTOG amd TOL TEPIEYOUEVO TMV KATUY®PNTMOV YEVIKOD okomov $0-$31 ko ta mepieydpevo g pvApung--
v T (Sevbvvon) mov mepi€yxeton otov PC, ko n omoia kaBopiler amd mov Ba dwfoctel n emduevn
evtoAn. Zm véa (pipelined) popen tov emelepyootn, kdbe evtoln Oa "mopadidel” oty emOUEVI] TNG
--extoc amd tovg $0-$31 ko ™ pviun-- t0c0 T Sevbuvven g emdOUEVNG EVIOANG ouv 4, Gav
nepleyduevo tov PC, 600 kot TNV idwa TNV emépevn evroi], cov epieyopevo tov IR. 'Etol, ) extéheon
¢ KGO eviolng Ba Eexva pe £Toypo, optopévo tov kataympnt) IR, kot enopévog Ba yMrdvouye
TOV V0 KUKAO OvAyvmong g evtoAng, oniodn oegv Ba vmapyer n katdotaon i_fetch. Avtd Oa
emtevyel dg e&ne:

o decode rr: Oleg o1 evtoAég EeKvovv g TNV KATAGTOOT OVTH. TN SAPKELD NG, EKTOC 0md OG0
non yivovrav, Ba yivovton Ko To eEN:

o Awpalovpe amd M[pc] kot @uAdape avtd Tov duPdcope otov (VEo) Kotoywpntr irNxt.
A@ov 0 KoToympNTAg pc TEPLEXEL TN O1evBuvoT TNG TaPOVGAS EVIOANC GV 4, avTd OV
dwPdoape omd T pvnun etvor n "omd KATe" EVTOAN. Xe MEPITT®ON TOL 1 TPOHOO
EVTOATN] omodelyfel OTL dev €ival VIO EMTLYNUEVNG WETOPOPAS EAEYXOL, OLTO TOV
dwPdocape o givor n emodpevn eviodn (next IR).

o Ymoloyilovpe v Ty pct4, koi v @uAdpe o' évav (véo) kataympntn pceNxt.
Agdopévov ot n kevipikr ALU eivor amoaoyoAnuévn pe tov vtorloyiopud tov petimmx4,
ypewlopaote Evav devtepo abpowothy (ALU). Xe mepimtoon mov 1 wapodod €VIOAN
amodelyOel OTL dev elval EVIOAT EMTLYNUEVIG LETAPOPAS EAEYYOV, GLTO TOL VTOAOYIGALLE
Ba etvon 0 PC (ovv 4) g emdpevng eVioAnc.

e jump: XtV katdotaon avth dwfalovpe and M[jmpAddr] xor @uAdpe avtd mov Sofdcapie
otov ir (givon n enduevn eviodn). Emiong, vmoloyiCovpe v Tt jmpAddr+4 kot v @uAdpue
otov pc (givar 1 d1evBuven g EMOUEVIG EVTIOAG GUV 4).

e branch: Eite npocOétete pud véa katdotaon HeTd and TV KoTAoTooT oTH, Kol EKEL TNYOIVETE
otav 1 SKAGSmoN EMTOYEL Kot KAVETE TO. AvAAOYR OTTMOG KOl TOPATAV®D Gty jump, gite péca
oV kxotdotoon branch dwpalete and M[ALUout] (evioAn mpoopiopov) kot vroroyilete 1o
ALUout+4, kot oto TéA0C TOL KVUKAOVL @optovete tov ir amd M[ALUout] (emtuynuévn
dakAadmon) N amd irNxt (amotuynpévn dokAddwon), kot tov pc avaroya arnd ALUout+4 7
peNxt.

e Tehevtaiog KOKAOG TOV VTOAOITOV EVTOA®V: emmALOV TOL O,TL KAvate o€ KGOe TETOOV
tehevtaio kOKAO, poptdvete Tov ir amd tov irNxt Kot Tov pc amd tov pcNxt, ®ote va ta Ppet
étoa 1 katdotaon decode 1t TG EMOUEVNG EVTOANG.
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