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INAT)yRER E-gskew (ISCA 1997)

= ZHCR (Majority vote) ICKYRIEFRIZRE
Program Counter
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s 2EVRADUADNIVNIDT—TIL
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Program C%R - vote Counter Branch History
GO Register
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: |G1 Prediction
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Index 2
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From YAGS paper
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N—tThoy Perceptron (HPCA 2001)
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N = 1024 x 1024 (one million) IZF&%E
M =16, 32, 64, 128, 256, 512, 1024 |ZF5E

M 16 32 64 128 256 512 1024
SpeckP 3.32 2,34 1.59 0.98 0.54 0.46 0.43
SpecINT 9.92 4.13 2.75 2.39 2.30 2.26 2.16
MultiMedia |8.90 6.51 5.43 5.09 4.99 494 4.93
Server 9.20 3.91 2.25 1.91 1.78 1.75 1.73
Average  [8.34 4.22 3.00 2.59 2.40 2.35(2.3D

s T=ITLOIUR)#EE 224 EJEHITKEBRELT- Gshare DFMSRE(XL.71
HH, EB: SETAOHEELBERREOBRFRIIONT, EFERVYIITIKK, 2005
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DRFRDEED DIRFRDEED
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[—— PEM
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SN SEAE TR-INRIA 1999 » FO—NILSIEEEDFE
i / hybrid ;
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history length optimization o N N N
ISCA (International Symposium on Computer Architecture) . \9—/7“J9'-/7 (PPM)
i !l iul ul itectu o R
MICRO (International Symposium on Microarchitecture) L] Eaiﬁ_ﬁ/\’)?_J@ﬁ]Fﬁ
PACT (International Conference on Parallel Architectures and Compilation Techniques)
ASPLOS (International Conference on Architectural Support for Programming Languages and
Operating Systems) 17 18
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* Prophet-Critic Hybrid Branch Prediction

Ayose Falcon, UPC, Jared Stark, Intel, Alex Ramirez,
UPC, Konrad Lai, Intel, Mateo Valero, UPC

ISCA-31 pp. 250-261 (2004)
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« SETITHL, FHETATTORETHELRE = Prophet: FR D0
5 e . 2 - = Critic: ###IR, BER = Propheti¥, DD
« DEFHFROFRAFEORL, TOvYDOERERM LEEZEET. H%. XY ZABCOBES
Prophet Crie AWTFEITS.
= FPRISREZNIBIERTS. — G o = CriticlE, SIEHHZDAR
= GecDIHAITIE, FRISRESF 3.11% M5 1.23%IZHIE g A %, -+ -XYZABCDO)'1&$R%
AWTEETS.
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Decoupled front-end architecture, /SCA-1999

Fig. 1. Twa processing engines: the processor pipoing at a high lovel.

Instruction Execution Tha instruction fetch unit propares and decodes instructions and
Fetch " " Core supples them to e issue butler. The exscution core CONSUMEs
—— instrucions from e issue buffes and then orchestrates their execution

Issue

and rotiramant. Tha irstruction fatch unit is a fundamantal bomanack in
Buffer the pipaline: The sxecution cone can only execute Instructions as fast as
the instruction fetch unit can prepare them.

Branch | | | 1] | Instruction | | | 7| | Execution
Predictor Fetch Core
Prophet ~ FIY :"“I"_“'

Critic i3

Fig. 2. The docoupled Iront-and design a & high |m| The fetch tarpet quawss (FTO) buflers feich addresses provided from the branch predictor
Thay are cueced in the FTO weal fhay Eh LN Which I 1L ErOCUCES IMIRUCEoNS 88 in 80 ardnary ppaine. The
FTQ abows the branch predicior b conirue nmdnng in the face of an instruction cacha miss. 1 ko provides the cppodtuny for & rumber of
epimizations, induding multhevel beanch peadicior designa and fech directid cachs predetching and pradictor lokup.

_ [24] G. Reinman, T. Austin, and B. Calder. A scalable front-cod

Optimizations Enabled by a architeeture for fast instraction defivery. In Pr
Decouplad Front-End Architecture the 263th Annier! el Svmposism on Compitter A
s P, Bad Cabes, b, M. et Vo A, A, SEH pages 234-245, May 1999,
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Decoupled front-end architecture ZF|FAL7T=
Prophet/critic hybrid M3

Progihet Pradictions.

Critic
Prodictions

0
m
.

FTQ
r A
‘ " [-acne.\/

Prophet —= L |&|J|1[i|c|F|E|D| i

. A | | ¥

TR

» REML, SN EYEHBENET IEMEETI/0TOEyY.

Processor Frequency 3.8 GHz
Fetch/Issue/Retire Width 6 uops

Branch Mispredict Penalty 30 cycles

BTE 4096 entries, 4-way

FTQ Size 32 entries

Instruction Window Size 2048 uops

Scheduling Window Size 256 int, 128 mem, 384 fp (sizes in uops)

Load/Store Bufter Sizes 768 load, 512 store (sizes in uops)

Grtiqua of Functional Units 6int, 4 mem. 2 fp
(" cric | e Hardware Data Prefetcher Stream-based (16 streams)
| Instruction Cache 64 KB, 8-way, 6d-byte line
R LT Data Cache 37 KB, Th-way, 6d-byie Tine, 3 cycle hit
¢80 / L2 Unified Cache 2 MB. I6-way, 64-byte line, 16 cyele hit
— - - Memory Latency 100 ns
= Prophet, Critic ZNZh O FAEIZIL, XD THHEOE
BOMAEHEENATED. Table 2. Simulation parameters.
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Figure 5. Effect of varying the number of fu- a,»@ ey .ﬂ"dﬂ
ture bits used by the critic on prediction ac- A & ,«3“
curacy for selected benchmarks. (prophet: o~ o Figure 7. Mispredict rates of conventional
8KB perceptron,; critic: 8KB tagged gshare) o (a) 16KB predictors brids using 8 future h::: Numbers indic'::: -
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* ‘ Figure 7. Mispredict rates of conventional

(b) 32KB predictors i to ic hy-
brids using B future bits. Numbers indicate
parcent reduction in mispredict rate.
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gshara + tagged gshara zﬂo-qsinaw-» tagged  perceptron + tapged gshare
Figure 9. Average uPC of 16KB comven-
tional predictors compared to BKB+3KB
propheticritic hybrids using 4, 8, and 12 fu-
ture bits. 30
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Prophet-Critic Branch Prediction E&&$HETAV R

s SETICEL, FFLETAT7 DR IET R DOIRELSHE.
= FPRIZSRERZKIBICIERT 5.
« GeeDIBAIZIE, FRSREE 3.11% M5 1.23%IHIET 22N TE
.
= Intel Pentium 4 A+ Y4 %E~—RELT, uPC (Uops Per Cycle) ©
5.2% M #ER L (Perceptron ik F A DIHE).
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