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EkteAeon Aepyaoiac A, o User Mode
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>e User mode anayopevovrat: & |@EP“§7[$§L§E'|T$VEC|
] ! 8
* EkteAeon «lpovoulouxwv» |z &
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ELKOVIKNG 6leuBuvong ==

v.page num.

__( User pg.tbl.ptr.
i

Physical Memory

Privileged Instructions only

¢ AT[OT[El-pa T[apaBl-ao-nql r] W kernel pg.tbl.ptr.

Xtrap

page fault, n ecall emupepet:

=> Exception/trap: eilco8oc oto AELTOUPYIKO
(kernel/supervisor mode) otn 6tevB. TVEC
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Elcoboc o Kernel (Supervisor) Mode

user/kernel bit
| EPC ‘ICAUSEIIT\ﬁECI

e ArtoOnkevon tou PC tng

Processor

— amayopevetal elcodoc aAlo !

__0 user pg.tbl.ptr.
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Physical Memory
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katay. EPC (exception PC) = E——
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kernel pg.tbl.ptr.
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* set Kernel mode (& save prev. mode)

==1

* CAUSE reg. «— kwdwog attiag e€aipeong/dlakort.

* >¢ kernel mode smitpENovIOL TTPOVOULOUXEC
evtoAeg Kat rpooTiel. o€ kernel addr. space
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[Mpostowacia alhayng o Atepyaoia B

oplopoata, SedouEVD, KATL.

* Otav TPEXEL TO AEITOUPYIKO G| [iduserikemel bi
O| LEPC |[CAUSE|[TVEC]
(o€ kernel mode, pe MS addr. g —
. I/ ’ o< <
bit == 1), BAETEL KOL TOV XWPO |5 |5
’ ’ 2 |<2 |Reg.Fil
6leuBuvoewv Tou mponyoUU.  |§| £, ——
r] ’ET[OIJ'EVOU )’(pnctlnl T[pOKEL_ ‘§ _32 1; page offs.
LEVOU va TtallpveL 1 Sivel S [ 1ol voage nup
S0
:

kernel pg.tbl.ptr.
|

L

__p user pg.tbl.ptr.
—

A
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Physical Memory

A

user A
page tbl

A

==1
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* 2TO OXNUQ, TO AELTOUPYLKO
eTolpaletal va aAaéel otnv dlepyaoia xp. B:
— aAAayn tou User Page Table Pointer
— entovadopa KaTtoxwpentwy Tou xpnotn B
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Ermtiotpodn o Atepyacio B (User Mode)

e Set User mode

* Enavadopa tou PC o€ 0,TL
elxe owBei otov EPC otav eiye
Sdtakormei n diepyaoia B

* Movov ol oeAibec tou
TEPLEYOVTOL OTOV page table
Nnc dlepyaoiog B eival twpa
OPOTEC ATO TOV EMEEEPYAOTN
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[ EPC |[CAUSE|[TVEC]
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Awakoréec (Interrupts) kat E¢opeoeic (Exceptions)

* Interrupt: yeyovoc uPnAotepnc npotepaLlotnTac (T.y.
NMEPLPEPELOKI) CUOKEUN) EXEL AVAYKN VO XPNOLLOTIOLNOEL
Tov eneéepyaotn, Ko yU auto SlakomteL tnv dlepyacia
XOLLNAOTEPNC TIPOTEPALOTNTOC TTOU TPEXEL EKEL TWPA

* Exception: KATLTIAYE oTpaPa otnv tpEYovoa dlepyaoia,
KOlL N EKTEAEON TNC OEV UITOPEL VOL CUVEXLOTEL WC EXEL,
aAAd TIPETEL va OLOKOTIEL, €T TEAEOLOKO, ELTE
npoocwpwva HEXPL S10pBwon Kol EMOVEKKLVNON

* [MapOMOLOC LNXOVLOMOC KoL VLA TLC SU0 TIEPLITTWOELC,
AVEEOPTATWC ALTLOC
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AtevBuvon Ewoobou, Vectored Interrupts

e TVEC (Trap Vector (f “Supervison Trap Vector” — STVEC)): AlteUBuvon
£L0000U 0TO AELTOUPYLKO, OXL UTIO TOV EAEYXO TOU Xpnotn (wote va
LN UTTOPEL AUTOC VAL TIOPAKAUTITEL TOUC EAEYXOUC aodaAeiac), Tt..
aTto €LOLKO KOTOXWPENTH TTOU TO AELTOUPYLKO 2U0. BETEL Ao Mpwv

e CAUSE Register (1 “Supervisor Exception Cause” — SCAUSE): KwWOLKOTIOLN-
LEVN TAnpodopia yLd To rola n attio tng Stakomng N e€aipeonc

* Vectored Interrupts — evoaAAAKTLIKOC TpOTIOC cuvduaopoU Twv dUo:
dladopetikn StevBuvon eloodou yla tnv kAbe dladopeTikn aLtia
— KAtL oav Switch Statement Bdoel attiac yid eloodo oto AELTOUPYLKO
— TIAEOVEKTNMOA: YALTWVOULE VO TO KAVOUE o€ software
— MELOVEKTNHO: KOWOC KWOLKAC 0TNV apXH, O€ OAEC TLC TEPUTTWOELC, YL CWOLUO
KOTOXWPNTWV KATL. TTPOETOLHAOLEC, KL UoTEpa To Switch Stmt. BdoeL attiag
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Awakomn (Interrupt) oo séwtepkn attia (1/0 etc.)

EPC

fT\T/EC\T»gggzz
\

external interrupt

I
4092:| fetch ||RR/dec|| ALU DM WB
I
L»409E fetch |[RR/dec|[ ALU || DM || wB | ¥¥¢"
st nser 41%’988: fetch |[RR/dec|[ ALU |[ DM || WB | rpymel
from this ')
address ™_ fetch ||IRR/dec|| ALU DM WB

enter kernel at this address

e EPC (Exception PC): emOpevVN EKKPEUNC LETA TIC EKTEAECOELOEC EVTOA.
e TVEC (Trap Vector): n «enionun» etoodoc tou interrupt handler

e [lpoooxn: €Av pia oo TIC TEAEUTALEC EVTOAEC Xpriotn (user) Ntowv
mispredicted branch i akupwBnke Aoyw avapovng e€aptnong,
TOTE N TN 1ov cwletal otov EPC pmopetl va xpelaotel S1opbwon
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Page Fault: akUpwon eVIoAAg, ue SuvaTtot. EMAVEVAPENG

4088:| fetch ||RR/dec|| ALU DM WB page fault restart user from this address

A ’/_|| _______ =EP(: ]
20921 fetch IRR/decil ALU |IDM Z" NOOP <! TVEC/enterkemelatthlsaddress

R o>~ (don’t overwrite old value of
‘ ~4096:| fetch ||RR/dec||ALU |+ noop :Ln\ooﬁ\ Abort! 10forrestart)

—_— = = = = = == = = = = == = = = =1

4100:| fetch ||RR/de¢i noop i noop ' noop | e

R TR RE R e E—————

4104:{fetch |l noop i noop | noop ! noop | fernel
\/

9988:| fetch ||[RR/dec|| ALU DM WB
——9992:| fetch ||[RR/dec|| ALU DM

lw t0, 4(tO0)

e.g.. p=p—>next;

* H evtoAn nmou npokaAel cpAA oeALOOC TIPETIEL VA ALKUPWOEL WC va NV
glxe EEKLVNOEL TTOTE, KOl VAL ETMAVEKTEAEOTEL HETA TNV €EUTINP. TOU page fault
— OK o€ RISC (povo pia eyyp. ava evtoAn), SuckoAotepo o€ CISC (moANamAEg eyypadEg)

* OpOLWG KaL Ol LETA OTTO QUTAY, VLA «KOBapR» EMAVEKKIVNON TOU TIPOYPOLLL.
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[Ipoooyn otic moAAamAec e€apeoelc evrog Pipeline

user earlier instruction page
fault occurs later

4088:| fetch ||RR/dec|| ALU DM WB

40927| fetch ||[RR/dec|| ALU |[DM |%7 » noop :'\Abort’

_ 4096
later instr. causes__——

early page fault

e . 1 T e B e T e e e T e |

______________________________

9988:| fetch [|[RR/dec|| ALU DM WB | rernel
| fetch |[RR/dec|| ALU DM WB

restart

address: EPG ;;40924_ T

* MpwTta Starmotoutal to page fault emopevng evioAng
e Meta StamiotouTal ko Ssvtepo page fault vwpitepnc evtoAnc

e TeAKA TIPETEL va. KaTaypadel N vwpitepn evioAn oav attia, S1OTL
Qo TNV VWPLTEPN TIPEMEL Vo EavapXLlOEL N EKTEAEON HETA TNV €E€U-
nnpetnon tou (A KoAvtepa Twv) obAaApatoc/opaApatwy oeAldacg
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