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Abstract Microarchitecture design is a key stage of processor development. It is at the upper level of the entire
design flow and directly affects core metrics such as performance, power consumption, and cost. Over the past few
decades, new microarchitecture solutions, coupled with advances in semiconductor manufacturing, have enabled
newer generations of processors to achieve higher performance, lower power consumption and cost. However, as chip
design enters the post-Moore era, the dividends from the evolution of semiconductor technology are increasingly
limited, and power consumption has become a major challenge for energy-efficient processor design. Meanwhile,
modern processors are becoming more complex in architecture and the design space is larger, requiring designers to
make accurate design metrics tradeoffs to achieve the most desirable microarchitecture design. Moreover, the existing
stage-by-stage decomposition of the development and validation flow is extremely lengthy and time-consuming, and it
is difficult to achieve global energy efficiency optimization. Therefore, how to perform accurate and efficient power
estimation and design space exploration at the microarchitecture design stage becomes a key issue. To tackle these
challenges, machine learning has been introduced into the microarchitecture design process, providing efficient and
accurate solutions for microarchitecture modeling and optimization. We firstly introduce the main design flow of
processors, microarchitecture design and its major challenges, then amplify machine learning-assisted integrated
circuit design, which focuses on research advances in the use of machine learning techniques to assist
microarchitecture power modeling and design space exploration, and finally conclude with a summary and outlook.
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Fig. 1 Illustration of processor chip design flow
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Table1 A Summary of Machine Learning-Assisted Methods for Microarchitecture Power Modeling
F1 NRFIHHNBEGNERE T RS
AL/ SR fd IR B & G HERRAE T PRI 2
PowerTrain"” BT NS . AR PMCHZ {44 RPEMH 25 2%
WattWatcher™ BATHE ENGICE s NN C k=1 PMCHEEffiik ZRPERIH -1 2.67%
3Lk [53] BT B . AR T PMC L ml <9%
SCiik [54] BAThT L &Y N N riE =4 PMC kMg 2.8%~3.8%
3CHk [55] BT BT . AR PMC E |25l E| V14 6.8%
SCHk [51] paaniny NG | A BITSE 2= mlE| 17 5.4%
Sk [52] aanin) A . R PG shgeit eI 2 2.5%
SCHiR [57] fanin) BT . AR TR PrEIEshaeit LM 14 '5.9%
SCHik [58-59] Bt NG &) TS5 P2 R 4 <%
SCHk [60] Hagning A . RREI MG S Bl T R 2 3.6%
McPAT-Calib* ™" Bty AFEIAM . AR BMZHL, WESt BT +HL RS2 > 3%~6%
PANDA™ anin) NG ES N NG it WMSHL, WSS fiEHT R DL AR 29%~8%
SCHk [66] paaniiy ANFEBAE . REGE WS WEshget MR8+ R %~ I 4.4%
TrEnDSE"" Bt ENGICE S N k=4 JSH LRI RS 2 ) <1%
NoCeption'™ B ANJA] NoC Bt K Hidh LU e 27 &I 22 P 245 2 2.5%

R BT S BRI, kA A RS, TR
JRAN 2 2 T 7R BB AR TS ], RO T 10%,
SR, QNI JE R A i 5 ) P9 PR AR i 0 B T T I B
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Table 2 Microarchitecture Design Space of BOOM
% 2 BOOM HIRZRMIZIT =

TR HIFSH fiiik gl
FetchWidth ~ — XM ATHRIAIHE 44 48
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RasEntry 3 0 st A1k AR £ 4K 16,24,32
GG BranchCount [ P 4 000 53 S8 8,12,16,20
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. RobEntry THFZE A AR 32,64,96,128,130
RS 2L ST
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PATHTC  IntlssueWidth — MEBHRA RIS FERE 1,2,3,4,5
FplssueWidth T B A R e 1,2
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PR 1o BT i REARE R DKL-GP SR R AE BT 45 18] 4R,
ARG 2 H AR DU iAo R R A R4 i it,
L 51 R AR AR ok A 3 A G 2
H s (PERe IR ) R AL; B, $e il 7 251 %0
JFAT R KNG, I St Dk b R R AR S & . %
HEZRTE BOOM Ak B85 (4 S A A B 125 [l R v Je 3
TR EERE, IR T AN ER 3 PR B 2R S 0k
B, A S B0BUE 5 3% 2 AR



FURIESE . HLEa > il DY B AR A Dh A AN 80T 2 (Al PR R £ ik

1363

T OAIIRAE

Aab 3 25 1 J8

RS HTTR

BOb R mgs ——

Far el LIE

Fig. 14 Design space exploration methodology combining statistical sampling and AdaBoost learning'
S5 TR AdaBoost %2 IR H 2 MRS 15

& 14

BOOMH 44
B2 [H]

~o-

0 Clock cycles

79]

Fig. 15 Illustration of BOOM-Explorer framework'
% 15 BOOM-Explorer HE4E /R B "

SR, TR DL 2 18] I AP 1, B2 80
NCEN A P RE SR BT HE AR A AR BB, X5 GP
B e 56 e OF A SE e AT L, Wi 16 s,
Bai % A\ "R AR B s MR R A —Fh £
b 5 27 1 R0, ) PG 8 4 e ™ o R R
5 5 AL sE o U5 ik R AE G, T REACEE (agent)

T EFM
AdaBoost

771

WO 5E & AL BT, IR 4EA8 I Y B I &F ik A
ke, B AR R AR PPA PEAHESE Y, A5
k2 2 B8 LA # Wi 84 Bai % A1 7E Rocket 4b 3 7
1 BOOM Ab#EE% b 354IE T 3% 5 vk 1A 3.

Zhai % N R T — R RGO 3 (4 2
278, BOT KA G SR AR R e B R A Bk
P B M (00 bR v, A AR R AR R iy
FE T W B UL B B A PR R RN D RE AR AL, LB IR R
B B G R B Tk i 1000 A R e v, JF auir ek
2 5 2% WA SR Al A B IR A S % 2%, [ A
FEAT R MR SNH AR R

g 17 iR, Yo S5 NSHR I T — R TR 2%
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Table 3 Design Parameters Selectivity of Different Microarchitecture for BOOM Processors
%3 BOOM AME MR ERZEMIZIT SRR
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LS S8

JEGP K 4 BOOM!™ ™
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Table4 A Summary of Machine Learning-Based Methods for Microarchitecture Design Space Exploration
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