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4.1.1 PC (Pipeline Control)

PC viemailu 4-Stage Pipeline fagy 4.2 Taanaminauesusing Stage Dudedl

Read register and
register
I tion decod eXeoute Cache read Wirite beck

p]# 4.2 pipeline stage 283t LSU

1) Read register and instruction decode stage

u Stage { pc axfinnasanzandnesizuansaiifngels szudnemnde InstO[31:0] uazAnds
InstE(31:0] AFsuIranicn ISU TaeRersnnsandyeyiod LsuOEnpusy LsuEEnp  netaAed
LsuOEnp = ‘1" wae LSUszLlszannsenisinda (nstO uazth LsuEEnp = “1' sxilszaantinmaing
InstE uﬁﬁwé’mmm’?«m«ﬂu “* wheafs fazifenszanannludnds Insto dladanAdefianiavang
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2) eXecution stage
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3) Cache read stage
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wie PC lifinnlszsnansiu Stage i widmFuwniay LSU uda Stage Hazifunsinensie
annsUssuanus Load Miss, Store Hit wae Store Miss Tmeifl ISU fianqsussnanen Load Hit sielw
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SDirtyp Thudtyqniiueniamrmdniduddiasisanl diry bit W D-Cache Tag ' Ve
Wi tnesludesnisieidladia store hit Tuunzen dirty bit = ‘0" unzivuenndmadu
write back

o . u
SDCBytep(3:0] \Dufquyniizzymugieanniisudaynswuntluludle

SDataHit[31:0] Lﬂm‘:’aqnﬁﬁmmﬂﬁwmum

o drynnadisetvnion SMC
RFIFOWR fyannedendeynns FIFO Anthuileirim store miss
FDatein31:0]  dhadleynideanmadeussninmand

FAddring31:0]  Whanumisidesniadedeyseanisnniiud

4.1.2 LMC (Load Miss Control) Unit

st LMC griflumenaumunaminenilunsdilifio Load Miss P Do LMC szvedoysd
Kesnizsmniagnanadwdnilndunaslu D-Cache §34u 1#annuiy State Machine %8¢ LMC tftamau

o e e
ANNIRUAILR 4.3

WBsy ~WBDone ~LSRACKp ~LSRACKp

LM: Load Miss IDLE: Idie
Ca: Cacheable Address UCRWait: Uncached Read Wait
LSRACKp: Read Acknowledge from BiU WBBWait: Wirite Back Buffer Busy Whait
WBDone: WRS finishes reading from DCache WEPRO: Wiite Back Buffer Progress
Dty: Dirty Cacha Line EXRO: Extemal Read DataQ
WBsy: White Back Buffer Busy EXR1: External Read Dutai

EXR2: External Read Datn2

EXR3: External Read Data3

o
M 4.3 Load Miss Control Unit State Diagram

.' o - : ] v
TuausFumainenssiindyogno Reset 1u miﬁamuznqﬂ “DLE" State ufaseilnniaeu
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uinennussen
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- X .
1 sosszlielR “Uncached Wait® State wlewfis Load Miss Tuusznielussunlaifl

wATuazeEnFUIR “DLE" state Anafadleldfdioynarninisemsdauda

- - -~ . J J
2, fwdunsdlidin Load Miss weemeluriniflues fiasRensnidrdieysluusnindidiainis

Sensiusiu Dirty vielal (80 Dirty Ain WB bit = *1') ussinez Dirty dle doyaluuatiinig

wiauulawinlieyslsinsiimnioenamdmdn W8 bit fkwindu '1) Feflunsnann

Andaiiion Store Hit (@wiitusimmadinuuy Write Back)

2.1

2.2

2.3

ﬁwqmﬁ'nqn’lwmi’n&ulﬂ Dirty shsszilfguann “iDLE” State lthilu “EXRO” State
unesasunsmisddeynidasnistuansnetmniuanudumn udrSenlfenla
“EXR1" State Uz "EXR2" State bz "EXR3” State yinewlddieynasy 4 doubleword fi
enéullegh “iDLE” State wilaway lanlumnisiley “EXR3” State Thuaciinaa i
snelu DCache Tag ot
dufunsdlfifie Load Miss m:iﬂqniwmﬁ’n&u Dirty fidudwdianirdioyaiuusnin
YhuSsunduls fviagmandmen Touéfidulfeanuuy Write Back Buffer (WBB)
1 4 doubleword taiiudeyalussimbainiarliey udededusanienna
Swdnisdiindne axmi LMC aminemsiehlwilowlude 2.2
fwfunadiitifia Load Miss uaz'ﬁaqa’munﬁn&u Dirty uae WBB defidayniisans
Fennamisemnnadadnsey aameazlinnain “OLE" State 1If "WBB Wait” State
ierely wBB Hrudesanainnoudnlvitnutenifuniey We WBB draudannmus
filuey "WBPRO® State uf LMC Snindeyaluuesinfiscqnifiswiu Fousdlu
WBB aniu anniaedlalil "EXRo” State iemstudayaemniasmdiey

M7 4 doubleword

dynadssedimizn LMC dhudqUfl 4.4

e doygynudn
CRVAddr{31.0]

CRVAGH31:0] —— L LMCstate[2:0]
Cap ——— LMCRdp
Dtyp —  LMCBIkp
Refillip —— LMCAddi{31:0]
Wiy LMC 1 — (mcrupe
WBDone — | DLMCWREQp
RACK —— TLMCWREQP
LSRACKp __ DWBBRREQp
[_> —— LMCSelSettp

Clock ([)

Resetn

z\.lﬁ 4.4 Eygrouiimsiefiumion LMC

; o =
ihuumiredeyefifinn Load Miss 3u
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LMp doyoyreuituaninifia Load Miss I

Cap Fryqndiueninussuyiunsegiiels)

Dtyp ' dmmﬂmﬁmndwnﬁmmmﬁqzqnumﬁ&u #in WB bit qnn"«h‘l’i
Refill1p Kmmqmnuud'\ﬁ'mm:umﬁum’lmin‘ln

WBsy wiog WBB gasnuensnivinesing (0) wielidns (1)

WBDone mise WBB sasuendnirdsysanuanlsusamivefiFuuleauds
LSRACKp foyeurnuneundunimesudoyranubeminnds

o Anyncusen

LMCstate[2:0]  fyeyniusnanmenainausssnioy LMC dndluserls

LMCRdp fyqndperenssnudayasninhtmmadifiiiumnie LMCAddr31:0] Taelunedid
Humrlurin LMC szsesndiayaniniss 4 doubleword Taesedityayaos LMCBIko
aloe
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Funmmevnsussdiyqnad LSRACKp
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LMC ijﬁ EXRO, EXR1, EXR2 %#e EXR3 uazléfunemeunduessfoyoyin
LSRACKp ,
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4.1.3 SHC (Store Hit Control)

wiat SHC M4luntemaumsnminalunsdiiiia Store Hit Inannelu SHC Thinwes (SHB -
Store Hit Buffer) Wi wiuifideyefiteanir@eincuns Inedoyaniolu SHB ﬂq:qmﬁnum D-Cache
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witedllagienmusgemihe wuruimees SHB wivdu 4 tiived feziiudesnnclilegh “stouts” State
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dryrynifidmsiefiunian SHC ;ﬂuﬁ'«p]ﬁ 4.6 Inuftyoyrnudrldngruudalumion PC

o fryqrnuesn

SHCFull
SHCWrp

SHCSetWBp
HSHCWIp

d’mm’nmﬂ\'ﬁmn Pipeline C Stage 1niWieflumine SHC iéinuds
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plﬁ 4.5 Store Hit Control Unit State Diagram



41

DCOSHitp —— | SHCFul
DC1SHitp — ;
— —— SHOOU[31:0
socaytfp?a%? | SHCAddH1 2;%1
- | SHCBytep(3:0)
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p]ﬁ 4.8 ﬁmmﬁmﬁ‘ﬁndaﬁunﬂqn SHC

4.1.4 SMC (Store Miss Control)

wist SHC Wlunzaauisamanicendunsdifiiia Store Miss Inenelu sMC § FIFO 4
dvdunfudeysidesnsiousainmnuds Tnedoysnali FIFO Hhegnifiunanianmndeds
fansefumiataaudring §iduldinntreenuun State Machine 789 SMC msmstss FIFO W4
Remaumunaninewdieqid 4.7 T State Diagram tuplflnine FIFO i 4 doubleword usimumaes
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“wiifo1* State Wladnninduudeynns FIFO (Huudleiiin Store Miss dnhilummniadevun Write
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sougrisudannmideudayaadiu doubleword Fuatudeysleglu FIFO Wanidalsi (InDWord) &
winlFannsAdamenti “wifo1” State uaglailanmusszlfeduhiy ‘wifo2” State

FIFO q:tﬁuu‘jﬂamu:m,jﬂ “wiifod" State (§wnnanues FIFO iwldewithi 2 doubleword &%
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@
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zﬂ# 4.7 Store Miss Control Unit State Diagram
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d L FIFO afim word naminamifadud “wempty” State ussanzivlAundluhili “whifo1”
State uﬁmﬁnn’mﬁum‘iaqnm FIFO (Auudleifa Store Miss) uszfwiunnsiia Store Miss missiglyl
somzazilaentall “wiifo2" State |
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Resetn

p.lﬂ 4.8 Kmmwmﬂﬁmaﬁwﬁw SMC

4.1.5 DCCtrl (D-Cache Controller)
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[31:0] mz-ﬁaqnﬁﬁmm:ﬁuu‘lﬁmq'xnm:dmmhumwinmeﬁ’cu ty10u Ddata[63:0]
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untideenndende - SHCAdAM12:2) m:ﬁﬂqnﬁﬁmnwﬁmﬁa SHCData[31:0),
SHCBytep[3:0] AedumisvaslusMaasnindion uss SHCSetip Aednuacumfdesnis
Aoviefiag

4) X stage #2871 D-Cache Data Iatmenneftyny1ou EXLoadp Aidnumia EXVAddr{12:0]

5) SHC aediau D-Cache Data Tmuﬂd’rum'\mﬁuq Uszneumiievluds 3 witlmudrdnlu

.. J o A { ()
nrfasresinitnazdeineiindneluivinefey

faundaafiuantFtyreanisiissiadu D-Cache Tag qnﬁuqlﬁmﬁ
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1) LMC v8uu D-Cache Tag Iatenwnefeyqnns TLMCWREQp fdnuwnia LMCAddr
[31:0] usdioyniidoeniadenie { LMCAdA31:10], 1, 0 } Suldiurisn Tag, valid bit uns
write back bit R3S
2) SHC %\ D-Cache Tag lunsdlilifin “STALL" Pipeline sanwniae SHC Taeadenuites
iefesn WB bit Widlu 1* windu snumiefidiesnsRasieds SHCAAAT12:2] useiinana
unafideemaideude SHCSet1p
3) X stage 786U D-Cache Tag Inevenmdynnd EXLoadp Wie EXStorep Arusnia
EXVAddr{12:0] |
| 4) SHC 1aiilen D-Cache Tag Ianfifryeyroiiug tlsznevwileutude 2 willaanadrie

1 : o~ J . » [ g
nsfassesndnnezdmeiindrdiuivinesey)

4,1.8 AccessBIU (Access Bus Interface Unit)

dumisedidnnnslugoudl Lsu Fastert 81U desnuvdadiudeysfmbaanad deldns
vrznasnedidrAtynindRasiefumianmaanlneu
Tnedeyoyrufidasafumion AccessBIU dudispl 4.9

, LMC;dp L, L WBBWACKp
LMCBIip —
LMCAddr{31:0] — —— SMCWACKp
WBEBWrp —— —— LSWREQp
WBBAddr{31:3] — — LSRREQp
WBBData[63:0] —— ——LSBLKp
WBBCount[1:0] — — LSSIZp[1:0]
Access —— LSADDR[31:0]
SMCWrp — - LSWDATA{83:0]
SMCAddr{31:0) —| BIU  [—— tscount[1:0]
SMCData[63:0) —
SMCSlze[1:0] —|
SMCDWordp —
HSMCWrp —
SMCCount{1:0} —
LSWACKp —
Clock T
Resetn

717 4.9 Ry rnuiiRmviedimbay AccessBIU
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fien12u861UA2190L 4 doublewords feaseftyoyod LMCBIkp = *1°
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A WBBCount(1:0] useilfityqyrod Wosy dwivendniine Ml weB 1aidne
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SMCWp Wity SMC Feswennsiieunamiaumansdnidania SMCAJI31:0] Tnu'ﬁaqnﬂ
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4.1,7 Delay
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4.1.8 Stall
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