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

i TAEvY DT —FIR (1T S5/4 L E)

Clock 1:

(1) 0x20: add $8, $17, $18
(2) 0x24: sub $9, $20, $21
(3) 0x28: Iw $10, 24($22)

* /NP —K (hazard)

MREBEUE YA VI TRATERVLSIGTRKADFET
%. TNENY—REES.

= #1E/\¥'—F (structural hazard)
= A—NSYTRITTIMFOMAEDLEEN—FIZTHY
R—RLTLVELMES.
= BRTRICEYELS.
= T—4&-\H¥—F(data hazard)
= TADZITELOFIBICE>TELSNY—F
= FlfE/\H—K (control hazard)
= DEGES, SrUTEBICEO>TELDNY—F

4
* MIPSDERHEEDDRAT YT (RT—) FT—RNY—F
. IFRT—S I S A Ao
FAEYDLBREIIVFTS. *E“."‘
o |Dzj—-_:/’ {in i tnuctiane]
MRETI—FLEDS, LORFZEFHRAHT. e
U Exzj_-_:/‘ andfiz, o s ,.._E,.
MTIRMEDERTELRFTRLRADERESTS.
L] MEMX?_:/‘ ardn, §a "@H‘E‘
TR AEVRDARSURITTIERTS. st E ” H .
(] Wij_'_:/. L -
HERELORAITEZIAD. swiis w0 s i
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Adapted from Computer Organization and Design,_Patterson & Hennessy. © 2005
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TAIT—T AT IZKBT—5/\F—R DA

CE1  CE2  CC3  CEe  CCS GG CCT CCA GG
Vale of mgmerd 19 w a mowem =m0 20 -3
Vakso af EXMEL x x x ) x x x x x
Valu 1 MEMWE. x x ® X 20 x x x x
Pragam
onscation
arder
1 InstTucions)

wbi 18

orgn, fa,

233814,

TOEyHDGRSINATSA42 DF

Basic Pentium® lll Processor Misprediction Pipeline
v 2 [ s a4 s [ e |2 'R
Feich | Fetch  Ducode |Owcode |Decide Rensme |ROBRY RapfSch Dipaich | Save
Basic Pentium® 4 Processor Misprediction Pipeline
vfa[alafs e[ 1 a e[ n|u o we e ¢lelen
TCM W | TCFalh Orive Alic  Sasame | O | Soh | Soh | Soh Dinp Dme AP | RF 3 fige i CH D
The Microarchitecture of the Pentium® 4, Intel Technical Report

7 POWERA4 System Microarchitecture, IBM Journal
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
NH—F (hazard) Ht7 5B DRISCOD /A TS5A>
MREBEPEY A VI TEITERVK IR RAFET
5. INENYF—FEFA
=kl
» #3%/\H—F (structural hazard) ok (I N R S S S R R
« A= SYTRGTT BB ROMAEDEEN—FITTHY i LA B B L -
ﬁ_hb—cb\fd:l'\igﬁ @hie2 IF mn EX MEM WH
= BRTRICEYELS. Wied w D Ex MEM  we
s FT—4\H—F(data hazard) @i Fm B wm w
s TADOZITELOGIHICE>TELDNY—F
» &8\ —F (control hazard) TaEyHERER S TS AALSR TN D ELLBL TRKTEEI A 5.
s PGS, SrUTHHICEoTELDNY—F
9 10
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
AEYR—bE1DLIEGZNTOEyY SN —RIC&D /M TSAV =L
LU RELEEL BE T -
a—¥ ORI
1 2 3 4 5 6 T 3 9 Ll
IF i X MEM Wi
e IF 18] EX MEM WH
IF ] EX MEM wWR
stall 1¥ m EX MEM WE
¥ 1] EX MEM  WE
o IF 18} EX MEM
¥ m EX
L]
L]
11 12

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
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* TOEvHDTF—HISR (IS TSAHLIB)

* /N —F (hazard)

WREEYEY A VI TERTTEGNSSIWRRAEFET
B. ChENY—FERES

» &/ Y —F (structural hazard)
» A—NSYTRATEGROMAEDLEEN—FIITHY
R—rLTUWVEWNGE
BERFARICEYELS.
= F—4-/\¥—F(data hazard)
s TADRITELOGIRICE>TELENT—F
= 1\ —F (control hazard)
« DEHR, SrUTBRITEOTELENT—F

13 14
‘ MIPS Control Flow Instructions !-‘ MIPSDE RS DD ATV T (ZF—)
= MIPS conditional branch instructions: - se
bne $s0, $s1, Lbl #go to Lbl if $s0+$sl » PR
ne $s0, $si, go to IT 3$s0£3s AEYDOHFEIIVFTS.

beq $s0, $s1, Lbl #go to Lbl if $s0=$s1

= Ex: if (i==j) h =1+ j;
bne $s0, $s1, Lbll
add $s3, $s0, $sl

Lbl1: .

= Instruction Format (I format):

= IDRT—Y
WEETI—FLELD, LYREFERAHT.
DIEHFTHLAEENEEEEL, HEAHESIELORA
DOET—BLEZTS. DETHOhIE. fFOATEvr
T4—ILREFBIIRL, 129 A SN T=PCIZHF Sk
REN=ATEvrERLELETRIREDTRLRAEE
H95. FHDPRILIZGEEICIE DT FLXZEPCIC
YL T, SORT—UTCHERFIXTT T 5.

op ‘ rs rt 16 bit offset ‘
= How is the branch destination address specified?
15 16
magted from L‘nm&lel Orgéﬁ/umm and Deygn Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
—_ o — {5 3 4 N R0
i TOEvYDT—RIR(INATSA0EE) BHICIRATEAHE N — RO GEE)
= B
» DIRFEHSHBETIETHIRGROEBEHRELDS.
— - » IDRTF—UTHBEHENTET THLITER.
L Sy IF D EX MEM WB
BT ) e
. RN D
-5 | )
FTu et SR +1
J . H)
SR+ 2
17 18
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005




* FREICIR A TESHIE Y —F DAL

= BB&1
« DIRAAHSHBETIETH G ROEBEHRZELDS.
» IDRTF—UTHBEHENETTHLITER.
» DIERTOHBEEITIHAIILDRM—ILAFELET S,

* Bi#%2: predicted-not-takenF = (Exercise)

» TRTONIKESZ not taken (FARIL) ELTHIESF
HEHB.

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

Untaken 558 5 ¥ m X MEM  WR
Ariti+1
Ariri+2
Sy IF 1D EX MEM WB Ariried
Bl g * IF D EX MEM  WB Arivied
SR + 1 IF D EX MEM
SRS+ 2 IF D EX Takeen §1kL i IF i kX MEM Wi
@it
SR
R+ 1 T
S a2
19 20
* Exercise * ;M2 predicted-not-taken A=
= TRTOHIKEH S not taken (FHIL) ELTRESE
EDHB.
» DIRFERNTRILTHNIE, RFLTAIFECHLN.
» DIRFERAHILTHNEL, 194 7LDRF LT
&%. ﬁ%%%, Unbaker FTRERTTT ¥ n EX MEM  WR
$§§§%7_7ﬁ(ﬁﬁt) aririel [ n EX MEM  WE
drivi+2 IF i [ MIM  WE
i3 r n i3 MEM wn
@ivd [0 D X MIM  WB
Taken SHELENTT ¥ n EX MEM  WR
Aritie I eller e il il
SHER IF D [ MIM  WB
SHETE + 1 " D X MEM  WB
S a2 IF 14} EX MEM  WH
22
Mag(ed from L‘nm&ler Orﬁﬁ/umm smeES/gn Patterson & Hennessy. © 2005 Mag(ed from L‘nm&ler Orﬁﬁ/umm smeES/gn Patterson & Hennessy. © 2005
* Bi#%3: predicted-takenF = * %4 B 5 I8 (delayed branch)
L N > hns hva “' X P2 4= 4 —_
FATORBMBE taken (L) ELTREEDD. - BEREOREORODOREERTLIAI,
» IDRAF—URKETLT, HREHET HETCITHIRA ey
T ELTAREZ M. 1AL DEBEERF DR HTETIEIRDEY.
» SEXTVSAATIAUBETIE, COARDH A . DIEHHERST
LN - DEHFORTELADBHERT
» DIRAITIE, RGETRFLRADE@RERIT(RRILTIE, Sk
TRDRDRODTELADHHEELT)
23 24

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




R84 B S IK (delayed branch)

= DIRGBTORMDEONDWMFEERTLIZRIC, DIk
EXR

R4 B 5 I8 (delayed branch)

» DIEREOERBEDHEOIDHREETLERIZ, I
T3, DIERFIZEDAN—ILIFECAHL.
« MEIDRISCTAEYHIZTHESNT-.

Untaken FHE& 1 I¥ in X MEM WR
i ¥ o X MEM  WR
r 4] |23 MEM WE
1F o X MEM WhH
¥ n EX MEM WH
IF o X MEM  WR
I¥ in X MEM WR
1 1F mn EX MEM WR
13 1 EX MEM we
¥ 1 X MIEM wn
¥ n EX MEM WH
¥ 1 59 MEM  WB
25 26
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
BEMEROVRD RS 12— 4 NATSADRITOEEHS
‘ _ ‘ . BAAOR
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prpan Rz . papa. R R « A—FTATSLNEO0SH—ERDIFUHL
i i . BRRFTON—RER
oao A, .3 . TL—ORAUNTOTTIDERIZESEIYAH)
e comn — -y
« BYEESGSOA—/1\—T0—
e . FPAEGSOTHAS
. R—TTA— LR AU AT RIZENMES)
. v b - BIISATORNAEYT IR (BRINBERISE)
DEUB R4, RE, PG DaDD A1, A2, RS - X%I)1%§§§}i
I I . REBBIVEREEDSOEA
ouoo . 2 s A ROrTREGE
PLIPY T eepu— = BRER
- BEU e, 55, RS = Moot « WHEVFOBEMS
P . B A LMEDRL
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 z Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 2
IMMTSAVDRITORES ISk~ D *FAL IMMTSADRITORES ISk~ D *FAL
A7 A7AF—5 BCBEMBLEn BRI 1L ROBHITTYFHIC, FSVT@RE/ATSAVITHA
® i ST g—i b, FEAATYT 540, AT RN 2. FSUTMETEINDIET, IA—ILLE=@RENRATS(oHh
n TENIZEBL VIR FICKDIETAAET R TRYPHS.
| =9 ~ S ° - ~ -
MM FeUT 29 FM =TT t=i b, FREAATY T 22, ATYEEER Wl%ii?f:ﬁ%b\byﬁié%’\—co)/\47’7’{/5':‘0)@'%[-
wn o LT, RATSAVSVFITEOEEESAL ETERT 2.
ZOWFIYEIDOWMFICITMEL TITESELY. COEBEIZKY,
BINADRHUENEETORET OWSORELBEIHRET
5.
3. OSOBPINANUESDIIL—F oD FEHEEBLI-HET, ZD
IF o EX WB
—— e N—FUETH— L L@ S DOPCEESIZRET 5. ZOIEIE,
RIFEEFNDORDEFIZMEA.
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TFTIoOVR

= BEATAR, BRRTV21—)L
= Www.arch.cs.titech.ac.jp

» EEAOGER
= 131.112.16.56 (FHRIFHDEBTENSIEANEEA)
= ssh archo@131.112.16.56
=« mkdir myname
= cd myname

31
Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

g AT EToTe RSO

AVE1—SDHERE

AFRIERETFHARR HFHEIFER
H#sk— kise _at_ cs.titech.ac.jp
S3215%%= AIER 5, 6FFR 13:20—14:50
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- HEE
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Which is faster?

C Th hput
Plane ?, ari : Speed Passengers (r:;ghgu
Boeing 747 | 6.5 hours | 610 mph 470 286,700
BAD/Sud
Gk 3 hours 1350 mph 132 178,200
+ Time to run the task (ExTime)
- Execution time, response time, latency
+ Tasks per day, hour, week, sec, ns ..
(PerformancJ
- Throughput, bandwidth
MPH (Mile Per Hour) From the lecture slide of David E Culler 3

Defining (Speed) Performance

= Normally interested in reducing
= Response time (execution time) — the time between the start and
the completion of a task
= Important to individual users
= Thus, to maximize performance, need to minimize execution time

performancey = 1 / execution_timey

If Xis n times faster than Y, then
performancey
performance,

execution_timey
execution_timey

= Throughput — the total amount of work done in a given time
= Important to data center managers

= Decreasing response time almost always improves throughput 35

Performance Factors

= Want to distinguish elapsed time and the time spent on our task
= CPU execution time (CPU time) — time the CPU spends working on a task
= Does not include time waiting for 1/0 or running other programs

CPU execution time
for a program

_ # CPU clock cycles .
= x  clock cycle time
for a program
or
CPU execution time _ _#CPU clock cycles for a program
for a program clock rate

= Can improve performance by reducing either the length of the clock
cycle or the number of clock cycles required for a program
36




!-‘ Review: Machine Clock Rate

= Clock rate (MHz, GHz) is inverse of clock cycle time
(clock period)
Clock rate = 1/ Clock period

F—one clock period—v‘

10 nsec clock cycle => 100 MHz clock rate
5 nsec clock cycle => 200 MHz clock rate
2 nsec clock cycle => 500 MHz clock rate
1 nsec clock cycle => 1 GHz clock rate

500 psec clock cycle => 2 GHz clock rate

250 psec clock cycle => 4 GHz clock rate

200 psec clock cycle =>

5 GHz clock rate 37

!-‘ MIPS (Million Instructions Per Second)

s 1R HYICRITIN =8 O (BALIEMillion)
= JREEMIPS (native MIPS)

s EE

» Oy T —XTOF Y DMIPSELEERALY

= MIPSORREREIE?
. SRR YMNIBURET ARE

38

,_:| MFLOPS, GFLOPS

= MFLOPS (Million Floating-point Operations Per
Second)

= GFLOPS (Giga Floating-point Operations Per
Second)

= MIPSEGFLOPSEDFEE(L ?

39

Fii~ (4407 0ty Cell Broadband Engine

» ATAYZTR FYIRLFIOEVY
= PowerPC Processor Element (PPE) 1{&
= Synergistic Processor Element (SPE) 81&

PlayStation3 DS (&
PlaySation.com (Japan) /%

Diagram created by IBM to promote the CBEP, ©2005
WIKIPEDIALY

,_:| Cell/B.E. Element Interconnect Bus

Figure 2. Elemant intarconnact bus (EI8)

IEEE Micro, Cell Multiprocessor Communication Network: Built for Speed

,_:| Cell Broadband Engine

s E—YMEEE
« 1YL THEMERZ1RETTEHERESE
(2 FLOP/cycle)
« SIMD#H T, SPE®HT=YDIFE 4
« FYTHADSPENH 8
« BERAIKE 4GHz

«2%x4x8x 4=256GFLOPS
« IEFEE x SIMDIE x WILFIT x BMEEREH
« RUT4T7 LlL 8GFLOPS B

« MEREESIEHYRIT

« DMAEREEO—HILARTDELA, SIMDYE, AL . . .
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