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

i TOEvYDT—RINR LTS/ I0ER)

EXMEM MEMWB,

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

i NATSADETORES: B (VLGS

s MIPS/A 75422 B/ A (floating point, FP)
BHEGSZTEMT 5.

= ROADDHEEL=VNERES S.
» A—RERLT, BHALUER, Sk (1H19)L)
« FPE, BE BEH EHTIIL)
« FP/BBORER GEHTAIIL)
« FP/EBORER EHRYAIL)

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

i IMTSAMEENZNIDDHEFEL =y DB

= RFRT—IA I ATIAALSNENDOT, BRBRENRETS. 2D
fz8, I TSAVERM—LEED.
= FHNBREEMERICRTINGSE, COBRTEHEINEL.

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

i HEEA=vbDL AT EFEITRERD A

B|EEI=w b LAFror RTHME
BHALU 0 1
F—H# ALY (- FPO—F) 1 1
FPfinEEs 3 1
FPREEN (BUERCL R 6 1
FPREEE (MBI & A 24 25

n LATUUIE, BREELIDTETORREFNABI 20 TOMITEHEATA
EHANB(BHALVLERDOGHAEREFATELDTOLT B)
» EiTRREE RACERO2HRRERITTIMICBRAETSF ML

= COERTIE, FPIEERFARIT/ LTS24k,
FPRERBL7TRIZNNATSILSh TS,

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




i BEHROFPEEEYR— T 5/81T5104>

[EEEs
EX'

IIIEHTFII
I 1 1

FRIBHE

« FPREZR FPNESEE/ 1T/

» ZONRAMTSAVDEAZUTEEZD.

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

o EE, FPREFBE/ SATSAULSNTOEL. ETETIZ245 1L

i NATZA0 DK

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

i Y —F (hazard)

= #ifi/\Y*—F (structural hazard)
» F—NGVTRTTEHROMAEDHEEN—FITHHR—FLTL
TGS,

. BREFRIZKYELS.
s F—#-/\H¥—PF(data hazard)
. FADBHELOFMICESTELINY—F, S5 ORISHH] HE
TEh354.
= RAW (read after wrlte) MRINEZTAAFIC, @i
IRENERAZEIETS.
= WAW (write after wrlte) MRINEZALHIIC, 6
[IPEFALIETS.
« WAR (wrlte after read) SFIHFHO A, WHH
ZTIITEISLET 5.
= I, \F—F(control hazard)
= DIREE, SYUTHBICEOTELDNT—F

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

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

F—SEEBRO BB

L LURE

R3 :=R3 + 1 (1)

R4 :=R4 + 1 (2)

R :=R5 + 1 3

R6 := R6 + 1 @)
LA

Wi HZFATATRE

i T—REKFERDOH LGRS

R3 :=R3 x Rb @))
R4 :=R3 + 1 2
R3 :=R5 + 1 (3
R7 :=R3 x R4 (4)
If R3=20, R5=3

60 := 20 x 3 1)
61 := 60 + 1 2
4 =3 +1 3
244:= 4 x 61 (4)

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

i BT —4AKTE (true data dependence)

R3 :=R3 x R5 (1) |l ma i
R4 :=R3 + 1 (2) |m =kt [®)]
R7 1= R3 x R4 (1)
R5 + 1 (3) If R3-20, R5-3
R7 :5(R3)x Ra @ oo o
If R3=20, R5=3 I P
60 := 20 x 3 (1)
61 =60 + 1 (2
=3 +1 3

244!=x 61 (4)

3BEO@MANTET T HHNC, 4BEDHREETLTIILIFAEL.
RAW (read after write)

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




* H A& 7E (output dependence)

:=R3 x R5 n 5oare
IR4 :=R3 +1 (2) RS ¢l
= R3 x R4

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

R7 :=R3 x R4 (4) |w2xs

If R3=20, R5=3
@ =20 x 3 (1
61 := 60 + 1 %)

=3 +1 (3)

%:‘x 61 (4)

1EHOHRORANIEEDOHTORALYEITTET LTIEHLMFAL.
WAW (write after write)

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005
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* #1{&7F (antidependence)

R3 = R3 x RS @ Gt
*1 @ pou,
‘/ RS+ 1 @
IT R3=20, R5-3
= R3 x R4 (4) |ww:-zoxs3
61 1= 60 + 1
If R3=20, R5=3 e
60 := 20 x 3 (1)
XX :=@+ 1 2
=3 +1 3)
XX:i= 4 x XX 4)
2BBDMENETERDHDHEINIC, SEEADGSEEST TLTIEULIFARLY.
WAR (write after read)

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

* F—REEROH (EE)

R3 := R3 x R5 (1)
R4 := R3 + 1 (2)

R3

Rb +1 (3)

R7

R3 x R4 (4)

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

T—HREFEROH CEE)

(A) RAW, EDT—424K7F (true data dependence)
(B) WAW, t A1{&7F (output dependence)

(C) WAR, #{k7F (anti-dependence)

K&, 2H%ES,
FEEET—VM(BERET)

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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* R TKREREZROHI () R—IY)

R3 :=R3 x Rb (1)
R4 :=R3 +1 )

(3)

R7 := R8 x R4 (4)

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




/NYF—F (hazard)

= M/ \HF—F (structural hazard)
. ?’rgzyj’%ﬁ?'éﬁ%ﬂ)fﬁﬁﬂébﬁ’é/\—F“J:Tﬁ“ﬁ'rﬁ—kb‘cu
FWNGE.

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

= RAW (read after write) s RinEEAAHIIZ, @5
INENEZAZEIET S,

=« WAW (write after write) i SiASEEALHIIZ, @
[IPEERALSLTS.

= WAR (write after read) @A FiA GO AN, SHFiH
FIIZEISET .

»  #ll#/\¥*—F(control hazard)
= PREE, SYUTRBICEOTELENT—F

WL L= (T—HREDELN)ADDEHRD/INITF(Y

MULD  IF D M1 M2 M3 M4 M5 M6 M7 MEM  WB

ADD.D
LD

S.D

D [FEREE(6AE V) FE/ N RS

« FRMBRORRI-VNOLATUUIE6
($EREB/DIETMI~MIDTHAIIL).

» WRFERGIERTHBMEROOT, 1Y (VLI ABLORZEEAANTELY
KEHYED.

s HITIETWBRTF—UICEIELALDT, WAWNSF—R DT REMENHD.

. RTIETREHHNET T5. GISMRELNRELLS.

= BFOLATUUHRODT, RAWNF—RAERITRET 5.

19 20
Adapted from Cormy 2‘[6! zgamzamn and Des/gn Patterson & Hennessz © 2005 Adapted from Cormy 2‘[6! zgamzamn and Des/gn Patterson & HEN’\ESSX © 2005
- O A ¢ = ~ H
WILFADD@HRD/INATSA2 Exercise
MULD  IF D M M2 B ME M5 Mé M7 MEM  WB
£ AR Arch II
ADD.D I D Al A2 A3 At MEM  WB
LD I D EX MEM W8
sD IF D EX MEM  WB K&, FEES,

D FEREEAE VR FBN ARG S

« BRNBAOEHI=VAOLATUVIE6
($ERE/DIETMI~MIDT7HAIIL).

» BRFEGIRTEMEEDOOT, 1Y AILITRALLORABEAHH1LY
KELYES.

« RATIETWBRT—UIEIELAZL DT, WAWNSF—ROAREMAH 5.

» RTIETREHRHNTET T5. FISMRELNBELLS.

. RFOLATUUHRRVDT, RAWNSF—RHUSERICEKETS.

FRERESY—IHMERET)

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005
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Aday from Computer nization and Design, Patterson & Hennessy, © 2005 Aday from Computer anization and Design, Patterson & Hennessy, © 2005
RAWNY—FRIZKYE LD RA—ILDOHI GER) RAWNY—RIZKYE LD RA—ILDOFI GER)
70y 78471 70y 78471
;s 1 2 3 4 5 ] 7 8 9 10 11 12 13 114 15 16 17 4 5 ] 7 8 9 10 11 12 13 114 15 16 17
L.D F4,0(R2) IF ID EX MEMWB X MEMWB
MUL.D ,F4,Fé stal M1 M2 M3 M4 M5 Mé M7 MEMWB
ADD.D ,F0,F3 stall ID  stall stall stall stall stall stall Al A2 A3 A4 MEMWB
5.D F2,0(R2) IF stall stall stall stall stall stall ID EX stall stall stal MEM
s RATFAVEREICNARARVTAT—T AT ENTWDERE » RATFAVEREICNARARVTAT—T AT ENTWDERE
= IF, ID, MEM, WBRF—IZIX 18U TELRWNET S, = IF, ID, MEM, WBRF—UIZ(E 1@ LAEITEL LT 5.
s ROET/SATSAVIERN—LOEENEL. s ROET/SATSAVIERN—LOEENEL.
WE1= b LAFI4 RITRIR
SEHALU 0 1
ATY (%M - FPu—F) 1 1
T : ;
RS R =
23 24

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




bk nkdl]
kil 1 2 3 4 5 6 7 3 9 0N
MUL.D FO,F4,F6 IF D M1 M2 M3 M4 M5 M6 M7 MEM WB

IF D EX MEM ~WB
IF D EX MEM  WB
IE D Al A2 A3 M MEM WB

IF ) EX  MEM WB
... IF D EX  MEM WB
L.D F2,0(R2) IF D EX MEM WB

= RTRAT—CLREEHGSORENTELERE

YEYHUIZENT, 3DOHRHWBTHET .

WBDS A bR— 0T CETRRAEERD, COT—REHEOT, Hill/\F—
FELTIMET BT L — R,

IDRT—UTARM—LERH T 2H, MEMRAT—UITASEEICRM—ILEHTT 5.
MEMRF—SIZABEEIZE, EDBHERF—ILELHMEVFER

WAW/ NS —F D AT REE

bk nkdl]
kil 1 2 3 4 5 6 7 3 9 0N
MUL.D FO,F4,F6 IF D M1 M2 M3 M4 M5 M6 M7 MEM WB
IF D EX MEM ~WB
IF D EX MEM  WB
ADD.D F2,F4,Fé IF D Al A2 A3 A1 MEM WB
IF ) EX  MEM WB
. IF D EX  MEM WB
L.D F2,0(R2) IF D EX MEM  WB

s HL, LDBEMNIY A VLB RITESNDE
= ADD.D KYBL F2 [ZEZFAL DT WAW NHF—KHRELS.
= ADD.D D#R(F)MFHASNAII LN LBESNBBAITRETS.
= ADD.D & L.D ORITR2AFIAENEDE, RAWNF—R D= RR—ILT 3.
= (1) LD ORTEESES.
= (2) ADD.D D#ERFEERFELL.

25
AﬂaEleﬂ from Comﬁter ﬁ:rgﬁmzabm and. Des/in Patterson & Hennessz © 2005
TFHoVA
s BEATIN, BEEATV1—)L
= www.arch.cs.titech.ac.ijp
27

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

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