Exercise 13: Exceptions and Final Debugging (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/09a/ex13_excep.html
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Yepd Aoknoeov 13:
Ylomoinon EEmpéccmv ko TeMkég AlopOaocers

[IpoBeopia éwg Zappato 9 Maiov 2009, wpa 23:59 (Bdoupdda 12)
13.1 Elampéceig Mviung:

Extog and 11g e€apéoeic mapdvoung eviodng (illegal opcode) --mov €xet kot o ene&epyaotig Tov Piriov
(mopaypopog 5.6, celideg 358-364 EAA. €kd.) kot Tov Oa VAOTOMGOVE KOl EUEIG-- Kot EKTOS omd TIg
eEapéoelg aplBunTIKNg vITepyeiMong --tov dev Ba VAOTOMGOLLLE EPEIG-- GE AVTY| TN OEPA AoKNGEWY Oa
viomowmoete kot E&apéoeig [Ipoonehdoewv Mviung:

o ITopapiacn EvOuypapmong (Alignment Violation): Ztn pviun tov MIPS, 6Aec o AéEeig (32
bits) wpémel vo Egovv dievbuvon mov va givar aképalo ToAlamAdolo Tov 4, dnA. ta. 2 LS bits va
etvar pundév (meplopiopndg gvbuypappions). To dwd pog vrosvvoro tov MIPS mpoomeiaidver
navta AéEelg (32 bits) OTOTE TPOGTELAVVEL TN UV, KL 0VTO TO KOVEL GE 3 TEPMTMOGELS:

1. avéyvoon evtoAng (i_fetch),

ii. avéyvoon dedopévov (4og khkiog g Iw), 1)

iii. gyypan 0edoUEVOV (40g KOKAOG TNG SW).
Kotd ™ duidpkelo ovtdv 1oV Tpidv Kataotdoemv (KOkAwv), Ba mtpérnel va kdvete 10 KOKA®UA
eAéyyov va mopakolovbei T dievbvvon ma mwov dideTon ot uvAun: edv ta 2 LS bits avtic g
devbuvong dev egivon 00, t0te B mpémer va mpoxoAeiton egaipeom, OonAadn o €Aeyyog va
petafaivel, cov TOUEVT KATAGTAGN, 6TV €W0IKT KoTaoToon eEopésemy "exception st" mov Oa
novpe mapakdte. [apatnpnote Ot1, 6tOv yivel vt 1 petdfaon, N "kakid" TPoGTEAAGT UVAUNG
04 &xer oM vivel, aAld Bewpodpe OTL M pvNUn €xEl apKETN SIKN NG TPOCTAGIO MOTE N VO
apvnOel v eXTELECEL TNV TAPAVOUN TPOCTELNCT 1 VO ayVON oL To. 2 un undevikd LS bits g
devbuvongc.

o Yopdalpa Xeridag Mviung (Page Fault): X' évav mpaypatikd vmoroyiwoty MIPS e ewovikn
uvnAun  (virtual memory), omwg Oa pdabovpe apyodtepa, opiopéves OevBHVOELG UVIAUNG
avtioTolyovv og "oeldec" (pages) mov Ppiokovial oTNV KVPL UVAUN, eved GAAec Oyt Kdbe
TPOCTELNCT] GE OMOVGO. GEAMDO UVAUNG TTpokaAel by €aipeon yvoaot) cov "c@aipo ceAidog"
(page fault). Ztov o6 pog eneEepyootn Tov acknoeov 10-12, n uvaun €yel povo 1024 Aéeig,
OTIG YOUNAES O1evBiveels, dpa Y1 pog opdipa oelidog Ba etvar:

1. Kabe mpooméraon og dievbuven pvAung peyoloutepn i ion tov 4096 (1024 AéEeic = 4096
bytes), Kot
il. k@Be mpooméraon otn Oievbvvon pviung undév (0): o emeepyaotc pog Bo Bempel
CQAALN GEAIDOG KAOE TETOO TPOCTELNGT TPOKEEVOL VO UMV TEPVAV OTOPATNPTTEG Ol
napdvopeg mpocmerdoels pviung néocw NULL pointers (dpa, dievbvvor ekkivinong tov
PC dev pmopei va givor n 0).
Ta cedApato ceMdog PropolV vo, ELPOVIGTOVV OTIG 101EG KaTAoTAoES (KOKAOVG) OT®WS Kol Ot
napafraoceg evBuypdpupong mov eidoae TOPUTAV®, Kol UAAIGTO UTOPEL VO ELPAVIGTOVV KOl
toutoypova pe eketvec. ‘Etol, n aviyvevon kot n avtidpacn Ba givarl kown yid avtods toug 600
tomovg eEapéocwv. [apatnpnote kot TdAL 6TL 1 "Kokld" Tpocméiacn pviung Ba xel oM yivel
otav Ba petafodpe oty Katdotaon "exception st", aArd Bewpodpe OTL M VNN €xEl OPKETY|
O g mpootacio. ®ote vo apvndel va ekteléoel v mpooméraon Otav M dievbuvon
avOQEPETOL G OOV AEET.
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Aocknon 13.2: I[IpooOnxkn E€apécemv (Exceptions)

[IpocBéote oto datapath kou otov €heyyo o6ca ypeldlovion Yy va vAomolel o eme&epyaotig GoG
E&mpéoerg MMapavoung Evromig kaw EEmpéoerg Mvijung. H 18éa givar n idwo pe 0,t1 meprypaget 1o
Biprio otV mapdypapo 5.6 (oeAideg 358-364 EAL. €kd.), ahdd eueic B éxovpe SlopopeTikég attieg
egapéoewv, kol pio povo mpocHetn katdotaon eAéyyov, tv "exception_st", yi& va T
viomomoovpe. Onwg ko oto Pifiio, maviwg, Bo mpochHécere 000 VvEOoLg (aKUOTLPOSITNTOVG)
katayopntég: "epe” (Exception PC), tov 32 bits, y1& va kpatd ) dievbvuven g "kakids" evioing (cvv
4), xon "cause" (ortia), emiong Tov 32 bits, yid va kpatd Evav KMOKO TOL VTOOEIKVOEL TV ditio TNG
egaipeong. Ileprypdyte tov "epc" ocav Regld (6mw¢ ot tov pc), evd tov "cause" pmopeite vo Tov
TEPLYPAYTE GaV reg --Ommg Kot Tov currState. Ot aitieg eapéoemv Kot o1 avtioToryeg dpacel Oa sivar:

e ITapavopn Evroin (Illegal Instruction): Xtn dudpkeln tov 200 KOKAOL KAOe €vioAng, onAadn
Kkatd v Kotdotoon decode rr, €dv o éleyyog dOmOTMOGEL OTL 0 GuVOLOCoUOS op-funct dev
avTIoTol el 08 Kopio amd TG eVIOAEC mov o emelepyootng pog EEpel va ekteAel (owtég TV
acknoemv 11 kat 12.1), poptdver tov apBpd undév (0) otov KaToy®pNT cause, Kot LeToPaivel,
o0V ETOLEVN KOTAGTOOT, OTNV KOTAGTOGT exception_st.

o EEapéoeric Mvijung (Memory Exceptions): Onmg ginape mopamdve, otn SIGPKE TOV KOUKA®V
(xotootdoemv) Tpoomélaong Lvnung, i_fetch, mem_rd, kot mem_wr, to kOKAopo Aéyyov Oa
wapakorovdel T Sievbuvon ma mov HideTan oTN PV, Kot 0V QLTI OEV EIVOL CWOTN POPTMVEL
OTOV KATOY®PNTH cause Tov oplfpd mov didetar mapakdto (oto dekadikd), kot petafaivel, oov
EMOUEVT KATAOTOOT], OTNV KOTACTOOT exception_st.

5. TMopapiaon evBuypdppiong kotd ™ didpkewa i_fetch.
6. Zodlpo celidog katd tn dudpketo i_fetch.
7. TopaPioon evBuypdupiong kon cpdipa cerldag katd ) ddpketa i_fetch.
9. Tlopapiaon evBuypdppong katd ™ didpketo. mem_rd.
10. ZpdApo ceridag kotd ™ ddpkele mem_rd.
11. MapaPioon gvBuypdppiong kot cedipo oeAidog katd tn didpkelo mem rd.
13. TapaPioon gvBuypdppiong katd T S1dpKeE mem_ Wr.
14. ZpdApo ceridag Kotd T d1dpKeE mem_ Wr.
15. MapaPioon evBouypdppions Kot oedipe ceAidog Katd ) didpkelo, mem_ Wwr.

e exception_st: v kartdotaon ovt TPEMEL TPAOTOV Vo, amodnkevoovpe T Oievbuvorn g
"kak1dg" evtoAc (ovv 4) oTovV KOTOX®PNT epe, Kol SEHTEPOV VO POPTMOCOVLE GTOV PC N
devBvvon O6mov Eekva o interrupt handler. H diehBvvon g "kokidg" evtoing (ouvv 4) eivor 1o
(Mo avénuévo katd 4) mepieydpevo Tov pe. H dievbuvon démov Eexvd o interrupt handler, oto
pev kavoviko MIPS givor 1 32'h80000080, ot de d1kn pog mepintmon Ba tnv Kavovue vo gitvar n
32'd2048, TpokeéVoy anTh Vo TEPTEL LEGO OTNV DAOTONUEVT Ui (oTn Héon ng).

Aoknon 13.3: ITipeg Debugging

EMéyEre e€ovuylotikd Ttov emeepynotny mov oyedldooTe, Kol dlopfdote o AdON péxpt OTOL AVTOG
exktedel  emTuy®S 1O pHeYOAo  WPOYPOLUOTO OV fa Bpeite  omv  mepoyn
"~hy225/verilog/test/test13/". Ymoloyiote pe t Ponbeio tov Gtkwave moon eivar n eldyiot
duvatn mePiodog Tov PoroyloD oag, Ko oAAGETE To top-level dote va Tpéxel 0 emeEepyaoTnS OAG LE
avtod TO YPNYoPo6TEPO dUVaTé Ppolrdi. 1660 MHzZ katapépate va "midcete";

[Mopaddote mévie apyeia: tov KOdKd cag, "datapath13.v" kot "controll13.v", to véo test bench kot
pviun, "test13.v" kou "memory13.hex", kot éva yopakmpiotikd otrypotuno, "signalsl3.jpg"”, and 1o
Gtkwave og éva amd to TAéov moAdmloka tests wov etidEate. H mapddoon yivetar 6mwg Kot mpiv, amod
pnyovég Linux tov CSD, ekteddviog submit exercisel3@hy225 ask13, omov "ask13" eivar o
@akelog (directory) Le T0 TEVTE TOPOTAVED OPYEIQ GOG.
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MpoarpeTikn Acknon 13.4: Andq Opoysrpio (Ilpo-Avayvoon eropevng Evroing)

Oocotl and cag evdlapépeote Wwitepo yi& To hardware kou €yete xpovo, oArhaéte to datapath kot tnv
FSM ko1 10 kOKA®po €AEYYOV TPOKEWEVOL Vo EICAYETE GTOV EMEEEPYACTN OOG AV OTAN LOPON
opoyepiag (pipelining) 600 (Lo6vo) emmédwv: KoTd T dibpkela ektéleons kdbe evioing o yiveton kKoM
avayvmon ¢ eTOUEVNC EVIOANG. AvTth 1 omAr] pope1| pipelining ovopdleton cuvnbmg "fetch-execute
overlap".

2mv moAowd (non-pipelined) popen tov emefepyooty, kdbe eviodn "mapadidel' otnv emduevny g
--€KTOG amd TO TEPIEYOLEVO TV KOTOXWOPNTOV YeVIKOD okomod $0-$31 kat ta mepieydpeva e vung--
v TR (d1evBvvon) mov mepiéyeton otov PC, ko n onoio kaBopiler and mod Ba SwPaoctel n emdpevn
evtoAn. X véa (pipelined) popen tov enefepyactn, kabe gviodn Bo "mapadidel" otnv emdUEV) TNG
--extoc amd tovg $0-$31 ko ™ pviun-- 1600 ™ devbuvon g emduevng eviolng cuvv 4, cav
nepieyOuevo Tov PC, 660 kat TNV 1010 Ty emépevn evroii], cav mepieyopevo tov IR. 'Etot, n extédeon
¢ KGO eviolng Ba Eexva pe éroypo, @optopévo tov Kotaywpnt IR, kot eropévmg Ba yArtdvooue
TOV €vo KOKAO Ovayvmong g evioAng, oniadn oev Oa vwapyer n katdotacn i_fetch. Avto O
emtevyel dg e&Ne:

o decode rr: Oleg o1 evioAég EEKIVOUV PE TNV KOTAGTOOT) OLTH. XT1 S1APKEWY TG, EKTOG OO OGO
Mnon yivovrav, Ba yivovton Ko to eENc:

o Awpalovpe amd M[pc] ko euidpe owtd mov dafdoape oTov (VEo) kataympnty irNxt.
A@ov 0 xoTaympnTig pc mEPLEKEL TN dtevbuvon TG TapovGaS EVIOANG 6uv 4, avTd oV
dwPdoape omd T pvnun eivor n "omd KATe" evioAn. Xe mepinTmon TOv 1 TOPOVLGO
EVTOAT] omodelyfel 0TI dev gival €VIOAN EMITUYNUEVNC UETOQOPAG EAEYYOV, GVTO TOL
dwPdocape o givor n emdpevn eviodn (next IR).

o Ymoloyiloope v Ty pctd, kot v QUAGUE o' évov (Vo) katoywpnth pcNXxt.
Agdopévov ot n kevipikny ALU eivor amaocyoAnpévn pe tov vmoroyiopd tov petImmx4,
ypewlopaote Evav devtepo abpoiot) (ALU). e mepimtmon mov 1 TopovGo EVIOAN
amoderyOel OTL OV €lval EVTOAN EMITUYNUEVNG LETAPOPAG EAEYYOV, OVTO TOV VITOAOYIGOLE
Ba gtvon 0 PC (ovv 4) g emdpevng evioAnc.

e jump: XtV kotdotaon avty dwPalovpe and M[jmpAddr] xor euAdpe ovtd mov Swfdcaple
otov ir (givon M emduevn evioln). Emiong, vmoloyilovpe v Ty jmpAddr+4 kor v guidpe
otov pc (givar 1 devBuven g EMOUEVIG EVTIOAG GUV 4).

e branch: Eite npocOétete pud véa Katdotaon HET 0md TNV KOTAGTOCT 0LTY, Kol EKEL Tnyaivete
otav N SKAAS®MON EMTUYEL KOl KAVETE TAL OVOAOYOL OTIMG KO TOPOTAVD GTNV jump, €ite pHECO
oV kotdotoon branch dwfalete amd6 M[ALUout] (gvtoA) mpoopiopov) Kot vwoAoyilete 1o
ALUout+4, kot oto té€lo¢ TOL KUKAOL @optwvete tov ir omd M[ALUout] (emroynmuévn
StakAddmon) M amd irNxt (amotuynuévn dakAddwon), kol tov pc aviroyo amd ALUout+4 1
peNxt.

e Tehevtaiog KOKAOG TOV VTOAOITOV €VTOA®V: emmAéov Tov O,TL KAvate o€ KAOe TETOOV
tehevtaio kKOKAO, PopT@VETE TOV ir amd Tov irNXt Kol Tov pc and tov pcNxt, ®ote vo o Ppel
étoa 1 katdotaon decode rr TG EMOUEVNG EVTOANG.

Up to the Home Page of CS-225 © copyright University of Crete, Greece.
last updated: 25 Apr. 2009, by M. Katevenis.

30f3



