20114 %=EH

* HERT—FTIF v &= (0)

[EAS PR % ]

AREREREIFARE HFHEIFER
Hi# = kise _at_ cs.titech.ac.jp
S321#%E AIEH 5, 68 13:20—14:50

VAX 11 (1 native MIPS machine)

VAX#&4 (Complex Instruction Set Computer)
MOVL @40(R4), 30(R2) ; M[M[40+R4]] <- M[30 + R2]

MOVC3 @36(R9), (R10), 35(R11)
R1 <- 35 + R11, R3 <- M[36 + R9]
for (RO <- M[R10]; RO!=0; RO--)

{ M[R3] <- M[R1]; R1++; R3++; }
R2=0; R4 =0;R5 =0;

1 native MIPS

Adapted from Computer Ofganization and Design,_Patterson & Hennessy. © 2005

NATZAVDEITORES

= Bt~ DR
= /0 FIRAZDLDER
« A—HTOYSLNBDOSY—EZRDFUHL
= BERTON—RER
« TL—ORAUNTRTSIDERIZLDEIYIAH)
« BEEEGSOF—/\—T0—
- FPEHSROTRAS
s R=TUTH— LAV AEYRIZENGSR)
= BIEIhTOAEWAEYT IR (BINBELSE)
= FEYREER
- REBEHIVIREESGDOMEA
= N—ROI7EERE
- BRE®
« SREvbOEMS
o« EHYAYILREORL

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005

TOvyYDT—R/ISR (LTS5 0I8)

EXMEM MEWWE

Wl

ER

cw
£

Adapted from Computer Organization and Design. Patterson & Hennessy, © 2005

NATSADETORES: |BEH (VLGS

s MIPS/SATS54 22 BI/NBAR (Floating point, FP)
BHEGSZTEMT 5.

= ROADDHEEAL=VNERES S.
« O—RERLT7, BYALUEE, Sl (194149)L)
« FPINE, ME BEH EHTIIL)
« FP/EBORER EHYIIL)
= FP/EBORER ERYAIL)

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005

IMTSAMEENZ NI DD HEEEL =y DB

s RTRAT—UHNATSAUESNBNOT, BRBENRETS. C0
128, 1IMMTSAVEA—ILEES.
= FRNUEENERICETINGSS, COBATEHMENEL.

Adapted from Computer Organization and Design,_Patterson & Hennessy. © 2005




i BRI ZVbDL AT EFEITRERD A

wiE1=—w b LAFyq RiTHRE
BHALU 0 1
F—# ALY (B# - FPO—F) 1 1
FPiEER 3 1
FPRER (ZHRECLER 6 1
FPREEE (MBI & A 24 25

EHAILB(BPALVZERDGFRHIREREZFATELDTIET D)
» RTEREE, RCEEO2HGSERTTIMICRAETIHIIILE

= COWBHTIE, FPIERISARIT/1TS101E,
FPREZBRITRIZNAATSA/ LS TS,

n ATV, BREELIGRETORREFHAITIHTOMITEHEATA

iww*’—%'”ﬁ’

@izt
(x

EIEIEIEIU[IEI
II- EIEICH]

| ]

= FPREZR FPNESEE/ 1TS54
s El, FPREBIL/ AT/ ESN TV, SETETIZ24H AL
w ZONRAMTSAVDEAZUTEERZD.

Adapted from Computer Organization and Design. Patterson & Hennessy, © 2005

7 8
i INMTZA2 DR i N\HY—F (hazard)
— = #i&/\Y'—F (structural hazard)
‘J . ;I:L—;%\'Z‘yj%ﬁ?'éﬁ‘%@ﬁ%ﬁﬁﬁbﬁ’&/\—P"J:'}"b“ﬁ'?k”—H,‘CL\
WSS
. BREFRIZKYELS.
: —— ) = T—%-N\¥—F(data hazard)
. | 1= -] | JJliJ'JIJJ . I . fgﬁgglﬂgt,mﬁll.‘ﬁhl:;otiué/\4f—|~", @R ORICEHS] 'R
. | 1T =
1JJJ = RAW (read after Wnte) MRIMNESAHFIZ, @mH
i IRENERAZEIETS.
= WAW (write ajter wrlte) MRINEEADHIN, &
— — [HPEFTALIETD
= WAR (erte after read) BNINHEOEII, aHjn
ZFIITEISET .
= #fH/\HF—F (control hazard)
= DIREE, ST HBICEOTELDNT—F
9 10
depied rom Computer Organiaionang Design, Pterson & Hennessy_© 2005 deped rom Computer Orgaiationang Design, Pterson & Hennessy© 2005
i T—AEREFRGROGO RS i T—REEFRGROH LRI
LYRE R3 :=R3 x RS (1)
/ R4 :=R3 + 1 (2)
R3 :=R3 + 1 (1) R3 :=R5 + 1 3
R4 :=R4 + 1 ) R7 :=R3 x M4 (4)
R5 :=R5 + 1 (€)
R6 := R6 + 1 (4) If R3=20, R5=3
60 =20 x 3 V)
N A 61 := 60 + 1 (2)
4 =3 +1 3
50 (=SRIT AT e 244:= 4 x 61 (4)
11 12

Adapted from Computer Organization and Design. Patterson & Hennessy, © 2005




* BN T—4K7E (true data dependence)

R3 :=R3 x R5 @ &oer
R4 :=R3 + 1 (2) [mew

R5 g 1 (3) If R3-20, R5-3
R7 :(R3)x R4 @ |was

If R3=20, R5=3 s va
60 =20 x 3 ¢))
61 := 60 + 1 @)

=3 +1 (3)

244:=x 61 (4)

BFEDWMEATT T HHNIC, 4FE DWRERTLTIELFELY.
RAW (read after write) 13

Adapted from Computer Organization and Design,_Patterson & Hennessy. © 2005

H h{&7E (output dependence)

= R3 x R5 Q) [Bomew
R4 R3 + 1

+

|Ra = R3 + 1 (2) 1w
R7 := R3 x R4

(R3):=R5 + 1 @
IT R3=20, R5-3

R7 :=R3 x R4 (4) |w2xs

61 = 60 + 1
4 =3 +1
244:= 4 x 61

If R3=20, R5=3

:= 20 x 3 (1

61 =60 + 1 (2)

=3 +1 (3)
%{:x 61 (4)

1ZBOHBTORANBEBDHHEDRALYRICTET LTIELFAL.

WAW (write after write)

Adapted from Computer Organization and Design,_Patterson & Hennessy. © 2005

14

* #i{&k7F (antidependence)
R3 := R3 x RS ORE o

R4 :=+ 1 (2) k=m1 @

‘:/=R5+1 (3) R7 = R3 x R4 (4)

If R3-20, R5-3
R7 :=R3 x R4 (4) 6023 W
61 = 60 + 1 @)
If R3=20, R5=3 ST
60 := 20 x 3 (1)
XX := +1 2)
=3 +1 3)
XXX:= 4 x XX 4)

2EBB OWMANRITEIRODHIC, SBEEDTRESTT TLTIELIFEL.
WAR (write after read)
Mag(ed from Cnmﬁler Dgﬁmzutmn and Déygn Patterson & Hennessy, © 2005

15

* F—SREEFROH (EE)

R3 := R3 x R5 (1)

R4 :=R3 +1 )

R3 Rb +1 (3)

R7 R3 x R4 (4)

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

16

* Exercise

T—HREFEROH GEE)

(A) RAW, EDT—41&K7F (true data dependence)
(B) WAW, i A{&7F (output dependence)

(C) WAR, #{&7#F (anti-dependence)

K&, $H%ES,
FEEET—VMERET)

EIZEEA

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

* T —RKIFEA R DB

R3

R3 x R5 (1)

(2)

(3)

R7 := R3 x R4 (4)

Adapted from Computer Organization and Design, Patterson & Hennessy. © 2005
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BE: TSEEEROH (JR—I7)
(1)
(2)

(3)

R7 := R8 x R4 (4)

NH—F (hazard)

= MW/ \HF—F (structural hazard)
= A—NFGYTRTTIHROMAEDEEN—FHITAHYR—FLTLY
BNES.
= BRFARIZKYELS.

s F—#H:/\HF—R(data hazard)
s TADZFTELOHMICE>TELENY—F, Gifi ORICHS) NE
TEh354E.

= RAW (read after write) i 55imE2EAHKRIIC, BF
INENERHEESETS.

= WAW (write after write) S8 SiASEEALHIIZ, @
FINEEFRAL5LTS.

= WAR (write after read) g8 &in\ s a1, Gijh

ZTIITEIHLET 5.
« il \¥—F (control hazard)
= DEHE, v THBIEOTELENT—F

19 20
Adapted from Computer 0‘2:!/712&.’/‘7" and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
" — . N o — - PN ° = /=
ML (T—HRTFEDOLELN)ADDHED/INA T4 MIILI=4DD@EDINATS(Y
MULD IF m A1 M2 M3 A4 M5 Mb MT MEM wh MULD IF m A1 M2 M3 A4 M5 Mb MT MEM wh
ADD.D ADD.D IF D Al A2 Al Ad MEM WB
LD LD IF D e MEM WB
50 50 1¥ 14 EX MEM wH

D FEREOAE VM) FBNHAHS

« BRNEAOEHI=VAOLATUVIEE6
(IEREBDIETMI~MTID7HAIIL).

s WRFELGIRTHMEZEFEOOT, 1Y (VISR ALLOREBEAAN 1LY
KELYES.

s EFIETWBRAT—UICEFELLEL DT, WAWNSF—RO T HEME N H 5.

» RTIETEEHEATET T 5. FINLENRIEELS.

s EBTOLATUUHRVODT, RAWNY—RAERICRET S,

D FEREOIE VM) FBNEAHS

« BRMNEAOEHI=VAOLATUVIEE6
(IEREBDIETMI~MTID7HAIIL).

s WRFELGIRTHMEZEOOT, 19 (VIR ALLOREBEAANTLY
KELYE2.

s EFIETWBRAT—UICEELLELDT, WAWNSF—RDATEEHEL $H 5.

» RTIETEAHEATET 5. FINLENRIEELS.

. RFOLATUVHRRVDT, RAWNYF—RHIUSERICEKETS.

21 22
Adaeled from Camgulsr Orza/wlawn and De5/gn Patterson & Hennessz. © 2005 Adaeled from Camgulsr Orza/wlawn and De5/gn Patterson & Henr\essz, © 2005
Exercise RAWNY—RIZKYE LD RA—ILDOHI GERE)
Ed=EE-4 S 8- 1
Arch 11 z 3 4 5 ] 7 ] 8 10 n 12 13 14 15 16 17
Eﬁ B re F I EX MEMWER
K, $HES, : Jjz=]
PHEREI—IH(EET)
» RATFAVEREICNARARVTAT—T AT ENTWDERE
= IF, ID, MEM, WBRT—JIZIE 1 S F LB TERLET S,
s ROET/SATSAVIERN—LOEENEL.
23 24

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005
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RAWNH—R[ZKYELDHR—ILDFI GEE)

oy 2Lk
1 2 3 4 5 L] 7 8 8 w o n oz

-

15 1% 17

IF I EX MFEMWE
IF ID stall M1 M2 M3 M4 M5 Mée M7 MEMWE

IF  stall I stall stall stall stall stall stall Al A2 A3 A4 MIMWEB
IF  stall stall seall stall stall stall 1D FX  stall stall stall MEM

s BSATSAVEREICNANRRARVTHT—T AT SN TVNDERE
s IF, ID, MEM, WBRT—ISIZ 1SS LAKRMTERNET S,
s ROERT/ISATSAVIERN—LOEENEL.

WBRT—LDFHE

LR A ST

Lk 1 2 3 4 5 L 7 8 L] 10 1
MUL.D FO,F4,Fé IF (5] M1 M2 Ma M M5 ME AT MEM  WH
IF ] EX MEM WB
I [ KX MEM  WE
IF [+ Al A2 A3 Ad MEM WB
¥ 0] EX MEM  WH
IF n EX MEM WB

IF w EX MEM  WB

» EFRATULBEERGTOLNENTELERE
» JOVZLLUZBVT, 3DDHBAHAWBTHET 5.
= WBDSAMR—IEIEAOFT L TRIRARERLD, COT—RBHLDT, #HiE/\F—
RELTRET BT A —ARE.
o IDRATF—UTRM—LERIET BH, MEMAT—UIZASEE(CRN—LERET .
= MEMRF—UIZABLEIZR, ENHRERM—LEEEMENTER

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005

25 26
Adapted from Computer Organization and Design, Patterson & Hennessy. © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
WAW/ Y —F DRI EE 4 TTFTIOUR
EA=EL-A 2801
Lk 1 2 3 4 5 L] 7 ] L] 10 1n - gﬁ%xa,{l\“’ E%%Xb.:)l_)l/
MUL.D PO, F4,F g mn M1 I M3 \ME M5 Mé M7 MEM  WH
Fb B v we = www.arch.cs.titech.ac.jp
1F 18] EX MEM WH
F2, IF n Al A2 Al Ad MEM M
1F 15 EX MEM WH
¥ mn EX MEM  WER
F2,0(R2) IF 0 X MEM  WE
= 3L, LD@ENLIY A VLB EITIhSE
= ADD.D KYBL F2 [TEFAL DT WAW NF—KHELS.
= ADD.D O#ER(F)DFIASN S LG LEEFSINDIGEICHKETS.
= ADD.D & L.D ORITR2AFIASNDE, RAWNSF—FDfzHXb—ILT 5.
= (1) L.D DETEELES.
= (2) ADD.D DFEREEZAFILN.
27 28

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005




