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end

assign pcsel = (bez_op & fwda == 16’b0) | (bnz_op &
fwda !'=16'b0) ;

Tl ZO7=®H DVerilogililh ZFA T L ET, i eo TIHNTam B N il ang
I, AV T D E T~ ET, LT AUEpesel B 1T/ E3, SR EHARD
LI RE I T U — RSN fE R 72T U620 o Tfwdaz {195 Z LI =
LCLTEEWN, #ldpeselz 1D pea R ONVEIZRR EL 97, Z0FeRIXIMP,
JR, JALZE A TWERAN, ZHUTEBEIGELZ LI LET,

11



REHDFEED

o AVPA—LN\Y—FRIE DIEGHSICE>THEES
s DIEHSEIDAT—UTEOLETLED
- IFAT—VICEAMES#IBE
— QUTAhILIRZADIEUS
s TNTHEIHELNTILLELS
— predict not-taken
o DUEDERILIEETAT R —ILER B
- Eﬁﬁﬂ&
DG EEEOGSE/ A TSI VICANTEITLTLED
« BEEFEBLSDIESELS

s BROsSIcEIGSEEDeNNIE A — /= Fi37adiE3
SECEHSNITNIINOPEEH S

E*ﬁcpl +AEHEOEE X BEAOYM IBESGUOEE x 4 A—
1+ 0.25x0.2x1=1.05
f=LWLT-HEEE T IZIEZRS L

AT FINEZTLNDE HOEEDTT,

12



MIPSD a5 tzwhk

« 32EYRL I REAN32{EH S
o 3ARSURAHK
e LD, STIEZTARTL—RAUMMTE
—~ADD R3, R1, R2
—ADDI R3, R1, #1
- LD R3, 10(R1)
-ST R1, 20(R2)
~-BEQ R1, R2, loop

13



MmeIA—Ivhk
. SBHEOERTF—TYIERED

31 2625 2120 1615 1110 6 5 0
R-type shift .
opcode rs rt rd amount function
31 2625 2120 1615 0
I-type | opcode rs rt immediate
31 26 25 0
J-type OpCOde target

- op(opcode): T T DFEFFER T A RI—FT1—ILK,

» FUNC(functional code):op74— LR TRIBLENLZ VLGS IZHHBEIA Ra—
KELTopZ4—ILRZELRRET DR TRLNS T4— LK, PICO-16Tldop71—
IWRTC22ARSURDETRIEEEN S ZRL. ADDPSUBEWLSTEED
FEfEZFUNCT/—ILETHET 5,

* Rd(destination register): Bl EVEH DFH EHEROAE MO —FLT
Ef-T—REVS-NEBDOHERERINT HIL O RAIBEEEET 57—
K, PICO-16MD;EE TIZRADAHBF1DNDY—RT—RELTRsORNEE
ADDENEHEZITL\. RAIDABEEZTOSALTHREEZEZTIAL,

- Rs(source register): EffTSRIBEEE DY — AT —2ZIBML TS LU R4
BEHIBET HT714—ILE, PICO-16TIZ1DLAEE TELL\D T24 RS
URBETHEID. ZLDR2EYNT—FTIF ¥ TIERsHE2DERIZIEE T
=5,

- Immediate : i T ICEFEEZIEHIALCDIZFERT SH57,1—ILK, PICO-16T
[FEMRIEEEDY—RXRPOL U RAZEEimmediateDEZAO—K T B &,
EHNIEGT DR IEATEYNMZANS,

- Offset:immediate EBFRICER T ICEIEEZIRD AL AV, offset 71— ILKRIE
PC(TRTSLADUADATEINERRETHDICAND, B3t 2 IRd 5
TRESHITOTSLDEHEEIRETESLEIIZ, BZLDBHHEYMIBNT
offset 74— ILE D TED LT RIENDKIIICITRLTH D,

14



ignal
Decoder

i ]

4
o
‘

Register
File

4 pcset hazard
1 1
— o T 1 exfdata 1
- |badr 1 1
4 1 1

ifpc

memfdata
idata jaddr ddataout daddr ddatain
Instruction Data
Memory Memory

P IE(Branch)@i T DB (FIFRAT—U ERFAT—U TIT) . FH D IRG S
TIEEHDOHIRZE ZTITIMNZESDTHBEEDTRLREITVF T HH
BT RFLRZE DY F T OAMDRETDHETDIOVIHAIILENELRT
b,

DT FICKOTHIREICRAFIZ, DIERSDRDGEELT RITT
BEEDBHEENDD. COFEEANBENBEENRET 2ETHERIE
BHENIOYIH A ILIZDIRGTDRDGHEETLTERELTIE
MTED, TOHEAHEERITT HRXA YL %Delay Slot&FES,

SERID/INATSAVTIIRFRAT—U TEEETFA BT O EMFIZ5 5K 5
HEHELTFRT—UI2EY  FRAT—UTIRHEHEODEAMNHIFI SN LIELY
FNIZH SO THREDpc bt ESN =D IR EDpcFBIRL THE 7TV F 1T
S, CDHEEE LD EDelay SlotE17OYIH A7 ILILELT M, B FE
fik7: 5, Delay SlotWFEET 5E705 5 LDIA—RB{K%EZFDDelay Slot
BIH LGS ETESTRZIDIVENDH S,

15



MIPS R4000DBRT—L /8L T 5 A2

Instruction memory == Reg ’ Data memory Reg

Figure C.4]1 The eight-stage pipeline structure of the R4000 uses pipelined instruction and data caches. The pipe stages are
labeled and their detailed function is described in the text. The vertical dashed lines represent the stage boundaries as well as the
location of pipeline latches. The instruction is actually available at the end of IS, but the tag check is done in RF, while the registers are
fetched. Thus, we show the instruction memory as operating through RF. The TC stage is needed for data memory access, since we
cannot write the data into the register until we know whether the cache access was a hit or not.
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Time (in clock cycles)

cC1 cc2 cC3 CCa cCs cCe cc7 cCs cco cc1o cc1

Instruction 1

Instruction 2

ADDD R2, R1

Figure C.42 The structure of the R4000 integer pipeline leads to a 2-cycle load delay. A 2-cycle delay is possible because the

data value is available at the end of DS and can be bypassed. If the tag check in TC indicates a miss, the pipeline is backed up a
cycle, when the correct data are available.
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Time (in clock cycles)

cC1 cc2 CcC3 CcC4 CCs cCé cc7 ccs cc9o cc10 cc1

Instruction 1

Instruction 2

Instruction 3

Target

Figure C.44 The basic branch delay is 3 cycles, since the condition evaluation is performed during EX.

18



=IR{EDTN

ALYFLARILD Simultaneous
FERH S OEHFRT
BELANLD (R—15—RH3)
=EiE
IRA T4 &M<
(R—18—184TS51)
RISCO &5 REHDRE
ST
< ILFIT
X
2003-2004
1980 1990 2000

19



FENER

o MIPSOZEN/NSUER (TIRIIEAF L
—a70+wyYCP1THRS
- ADD.SFO,F1,F2  B¥EE (32Evh)
- ADD.DFO,F2,F4  fZ¥5EE (64EUH)
P%*FwtﬁAliFo F1ZtyhILT64E YR ELTHRS
ADD. SUB. MUL. DIV&£&h$H5

« MUL.DIVIIEHEE THHK
— R3000CIXFERL P RE2EALS
« LS.L.D.S.S.S.D O—K-Rr7HE
- CEEERIETSYIZERE
+ GPREFPREIDEREGRSMNHS

20



Figure C.33 The MIPS pipeline with three additional unpipelined, floating-point, fi ional units. B only one
instruction issues on every clock cycle, all instructions go through the dard i fot integer operati The FP op

simply loop when they reach the EX stage. After they have ﬁmshcd the EX stagc they proceed to MEM and WB to complete
execution.
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Intel 80-Core Chip

e 12.64mm — |
je——o—— 1.5m
IO Ares 3 3-Snim

o

Interconnect 1 poly, 8 metal (Cu)

Transistors 100 Millon

Die Area 275mm?

Tile area 3mm?

Package 1248 pin LGA, 14 layers,
343 signal pins

Intel 80-core chip [vangal ISSCC'07]




FED

 SAAZ7OtEyH DT ILFATALIZIRTEFE TR
HE T
—-tHENEDEIZ2T DIEZTLNVS

— AL, a7#HE LU EEOLTERWN &AL
LW, ..

e A=——0O7
—GPULEDTHESL—ADEREM L IT#ED
— A=—aT7IZ&kBITORaAVEa—TaY

37



EE

1. sum.asmZz Ao a—)LL BERAYLE
HHTEITE L, REY sum.asm

2. BIEH IR fHEDpocop.vEise TERE Lo
BEY) BMERKRE. FIALUTH

38



