20094 #%FH

* HEMT—FToF v = (0)

4. IN(TSA IR

AERFEREBIZHARR FHEIFER
H#isk= kise _at_ cs.titech.ac.jp
S321:&= AIER 5, 6BFR 13:20—14:50

* INMTS54 0 (pipelining)

. &PM 7 B8 8 10 11 12 1 2AM
h'ﬁ'k""l_ll_ir_!F_Il_il_!F_Il_[I'
order

» 0=l

. go=l__

c no |

o go=l

s 0o
. A6l
o s |
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* I T4 (pipelining)
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* MIPSDEARHIEE DD ATV T (RAT—)

s IFRF—

AEYDSHEEITIVFT 5.
= IDRT—Y

MEETIA—RLEND, LORBEZRHHT.
s EXRATF—Y
BEREDETELIXTRLRADERETS.
= MEMRT—Y
T—HAEYRDARSURIZTIERTS.
RRELSRAIZEEAD.
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* I TSA00IR (pipelining)

Program
axoculion 200 400 600 BOO 1000 1200 1400 16800 180D
Tima T T T T T T T T T
orchar
{in instructions)
w31, 10080)| oy P
Wz o wops | e 2, [es
s —
I $3, 300$D) B00 ps |
800 ps
Program
axoculion 200 400 600 BOD 1000 1200 1400
lordar Tima T T T T T
(i Instructions)

Iw $2, 20080) 200 ps | ™.
w $3, 300($0)

200ps 200ps 200ps 200 ps 200ps
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* NATZAVNBORA -

» NEDOHE|
« HEINE(HRORT ETERETHELRRT—UIZHE
« BIZIE BET10OBRORT—IIZHE
s NEQF-HDN—FI7EEDEA
» FNEFNDRT—UENEBT 50D N—R 7%l
« BIZIE 1T0OBDRT—VIZHBILEGEICE TAhZThDOR
T ONBEBL T H10BDN—FI7 1=y EHER
= WLIBDHELT
= TNTNDN—RIITHRHEHRDRAT—UENET S,
« FNENDN—R I HAMILICEETEDLSIC, AhEHA
ISLYRA%EHEA.
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TOEvHDTF—E/SR (A1 TS HLIB)

Clock 1:

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

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

TOEvYDT—RIR(INATSA0EE)

TOEvYDT—RIR(NATSA0EE)

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005
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Clock 2: Clock 3:
1 i
L 1
(1) 0x20: add $8, $17, $18 (1) 0x20: add $8, $17, $18 |(
(2) 0x24: sub $9, $20, $21 (2) 0x24: sub $9, $20, $21
(3) 0x28: Iw $10, 24($22) (3) 0x28: Iw $10, 24($22)
9 10
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Exercise /NYF—F (hazard)
Clock 3 [2HF 2 &/ ATFIV ATV Dk HREBYEY A VL TEATERVLSHRRAFES
FERE. 5. CRENF—REEA.
= #1E/\¥—F (structural hazard)
A Sy TR A S DI s <
B4 SHEES - -Ts_pf-cjgfﬁg—f"”mgﬁnbﬁil\ Rz 74
SHEEEY—IB(EHT) - SLEE.
= BRARITEYELS.
= F—HN\HYP—F(data hazard)
» TADOZITELOIBIZE>TELDNY—F
= HlfE/\H—F (control hazard)
= DRSS, SrUTHEICEO>TELDNY—F
12




* MIPSDEERHEEDDRATYT (RT—)

s IFRF—S
ARYMILHREITIIVFTS.
s IDRT—T
WHEETI—RFLELD, LYREEZRAHHT.
s EXRAF—Y
MERIEDETERIEITRLRDEREITS.
= MEMRF—Y
T—RAEYPADFRSURIZTIERT 3.
= WBRF—Y
REELORRIZEERAD.

Tme
vaest CC1 CCZ L3 G4 OS5 CCE OO ooE ood
nghsior 82w w w w0 - -w -

Frogam
wnwculian
oar

e bnstructians|

LR 0% ol

andfaz, o s

add §i14,

w18, w0
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TAD—T AT 2k BT =2\ —FD[E# T+ T—TAT DIzODNEERE R
m::l cc2 cca cc 1= ] cce cC cca cce . ) » m m
Mnonar ¥ ¥ ¥ 2% P ¥ ¥ Ao |
Vs 61 MEMAWE: % % % X 20 s x x x 1 1 IT1
- D [T=H 1
enssation | S W %
o .
w0 j—ij:t’ ol w
e, 248 E|_|_a.._ _’ I —
ardia, g, - ‘-,.,i—-’ I:_[ §o :-..- H g
a3 B _'l‘“"' ’_ w
] ox$15, 100 Fl_ -'-:"-‘N_ F"I’ﬁl‘.;
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T—HANY—FIZ&LBAb—)L /NYF—F (hazard)
R
(=3 ] (=) cea G4 (=1 [++1] [+ cCa CCa ﬁ%&i@t}]mﬁ'{a)b—Giﬁf%ti[l\;afd:1ﬁiﬂb§ﬁﬁ¢
plic A %. TNENF—FREEA,
(i s tructions)
[p— = &/ \Y—F (structural hazard)
s F=NSYTEFTTIHEOMAEOEEN—RIITHY
and 1a R—RLTLVELME S
orga, 42,48 = BRARITEYELS.
s T—4%-/\H¥—F(data hazard)
23443 = T—ADRITELOHMIZE>TELENF—F
= &, \8*—F (control hazard)
AF1, 50, 5T
= DEHE, SrUTHBICEOTELENY—F
17 18
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TOEvHDGRS/INATSA4DF

Basic Pentium® lll Processor Misprediction Pipeline
1 : | 3 | a 5 e | 7 'R
Fetch | Fuich | Decode | Oecode | Decde Raname | ROBRY RapfSch Dopatch  Ecec

Basic Pentium® 4 Processor Misprediction Pipeline

wfa[alafs e[ 1 e[ n|u o we w w[elen
TCM W | TCFalh Orive Alic  Sasame | Qe | Soh | Soh | Boh Dip Dme AP | RF S Mige B CH D
The Microarchitecture of the Pentium® 4, Intel Technical Report

JOtEyYNI3DNEHFEAR

s UYL IL
w INATSA008
= TILF-HALI)L

POWERA4 System Microarchitecture, IBM Journal 20
. _ . Segsion 1 — Processor Pipelines
T4 DR
« AT DBERIFECFTHOT LN TES ? Increasing Processor )
Performance by Implementing
Deeper Pipelines
[ —sL
‘._ Eric Sprangle , Doug Carmean
= —_ = e Pentium Processor Architecture Group,
Ei |’ | Intel Corporation
11 ‘ ISCA-2002 pp.25-34
21 22
Simulated 2GHz Pentium 4 like processor
HELAW S P
» TAEYY OBERRBOREETAEYSEEHED Core
EETAAEWERELLEO>TND, 3-wide fetchiretire
o = o LSWE S e == _ 2 ALUs (running at 2x frequency)
s ISATSAUNRIED L, BT OBEMSETRTRIMIC 1 load and store / cycle
Eind s, In-order allocation/de-allocation of buffers
512 rob entries, load buffers and store buffers
Memory System
o = o N N 3 64 kB/8- |-cach:
s NATSAUDREEEF v a2 A XDEHELT, TO 8 kBM-w:;‘ryLlcg-ccaihe. 2 cycle latency
YA TRITAETIILEBEL, V3aL—3y 256 kB/8-way unified L2 cache, 12 cycle latency
p £ = . . |
<KV REE BT B B S V%08 2y
= Pentium 47’Dt‘)"j”£’\‘—154“/&b'€‘ ;gﬁ(,\,\“,fj'a 16 kB Gshare branch predictor
b o _ e — _ Streaming based hardware prefetcher
AUDERER LIS DM B EETRT
Skeleton ELVSRITEREID L 22 L—4FRAWTEHET 5,
23 24
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Simulated Benchmark Suites

. Number of .
Suite Benchmarks Description
SPECInt95 8 Spec.org
speech recognition,
Multimedia 22 mpeqg, photoshop,
ray fracing. rsa
sysmark2k
. internet/business/
Productivity 13 productivity,
Premiere
SPECfp2k 10 SpEC.org
SPECint2k 12 spec.org
Workstation 14 CAD, rendering
Internet 12 webmark2k, specjbb

25
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INMTSADFA—1A~NYR

= Conservative ASIC design
= Clock skew + jitter = 51ps
= Standard 0.18um process, flop overhead is 3 FO4 = 75ps
= Pipeline overhead = 51ps + 75ps = 125ps
= Custom design
= Most of clock skew and jitter overhead can be hidden.
= Pipeline overhead = 75ps
= Extreme custom design
= Sub-50ps at the cost of a much larger design cost

= Pentium 4 overhead
= Pipeline overhead = 90ps
= Use 90ps as a baseline overhead time

26
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INTSAVEBBEELSEFHED
BN EREIRHL. IPC, ERED ETMMAER

o RATSAUNB2R T, BF R IR BA 2B 2 E THEEA ™ £

30

- Frequency |
25 f—| == Parformance -
- P |
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Branch Miss Pipeline Depth 27
Adapted fron

ISATSAVEBHEA—INAYRE T LS T-BED
T REDFTlRER
s FMEICE RATSAVBBICEEER TS —EDF— /I NIREEE
= 2GHz /814 TS5/ EwF 500ps. Pentium 407 —/3~vyK[Z 90ps
18

F—INIRENKT BET AT AU B LY TS,
17

Relative Performance

~=-70 ps overhead |
~=-80 ps overhead |
=501 ps overhead |

20 30 40 50 60 70 80 80 100
Branch Miss Pipeline Depth 3

Adapted fr

NATSAVEREF vy A XERLSE T
is{RlER R EEES

o Frulat A XEEISE AL TR ELT 20, &g
RATSAVBBEFEAEELLEL,

{~8mB |-
-4 MB
|—2zmME |
-—1Ma |
—-512 KB
258 KB—

20 an 4“0 50 o ] L1 80 08

Branch Miss Pipeline Depth 2

Adapted from Cor

TFIVA

» BEASAN, BERATV1—L
= www.arch.cs.titech.ac.jp

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