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EER, ATEE (Al) 5H28B%S (ML) ELEEZNATEERETRE. MEESNESE
T, AREMBRRTETFNRZINTHRITIAE. REFEEBERRARBRESHIZIT
TREE, UHMBRMNERNVEDATR., AL, X—MRAL @B ERUKEIRAML for hardware
design, FEML for EDA (FHERIZRIENTEEAR—LE) , BRNBHRMEEECNEDARETEE
BERICIRIT A,

AN EBML for EDAX—EDASIEHIR IR A, X—A RIS REINEZS, BBEEME5EE, B
BRIt SHIEEEMAIR, RHRENRINMRAE. BITEMEDANE SEIRFE, NATARML for
EDA, AHAZKNIFARML for EDA, ZARAEEH—LRRMENITAE, i@l iz, Hibig
KR Am, MUKEML for EDAT]BEEIGAIHbLL .

1. ft42EDA? - EDAS & B igitT &

BEEBNNEEPEATE. SHANRTS IS R—1EXORE, UBFSR 6, RiZZTE
FAMEZ5ERAIVerilog/VHDLRRBE &, REIRITRIEZE D AEBIEBELSS (logic synthesis) ,
BME (floorplan) , E##iLEE (CTS) , AL (placement & routing) HFHE, PRIt ZIMNE
MNEFEHTAENHENRIETIE, EXPERER, TRINFENVEINE, ME, BREZMRITE
1%, BEIREEMREREIELNSISERGITEMINEE. BSIMNBEERERNHRE, A TAMENSHE
ZUEEEBIT 100 21T &FE., TREZMBESIRITHESRM, VFAARITHEZEWEDA
TERMBIEAEMNSHIEIT. B, NRB(HERERDESE W E—EET, EDATEMBIFRII
WEMIZU N F. EEEMZERHFSEEONET, REHEHARNEDAF WK AIIRE
M.

EDARIZEFRAElectronic Design Automation, BIEEFiRITEEIL. £/l +ENELE, EDATEEZR
WRFSHIZETSHIERENAAER. EDATENFREESFENRLCANRE (5, X, @
Q) AR (FmLEmE) . B, EDABEMRENENEEE ) BERAE, —25H 1
R (ThiE, SR, ER) , ZFEDATAERGNYE (DEN=TESETHE* ERZIAN
TE) .

XEHE(152E TEDATREMNERRE, EASHIZIT AR —RTHN, BELRIFEEZREREMNE
HHBREERRIRITER. 8—R&EK, TRIMTMMERTASHEESHiRit, HFEMEITEDAT
B, MBBEFNSHRAR. ¥FRAENGFIET, (T80T RESREN T RRREHNE N
8, Eit, EORBHZ, BHEEEDATR FNEEZ, KEREURS G ETHBMSHE, X
BARINA, REML for EDATERNREMZBMERRE, RIRESHREWAEIRIT BT,

2. ft4A2ML for EDA? - F 5 {1t

IEESR, HAIBRMRMZMML for EDAFEIMNIRE ., WMITE (1] Fgit, RRERREEDARIY
(DAC, ICCAD, ASP-DAC,..) S5HF] (TCAD) mItEXTIEEEXFIENM,
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E1 HELRKRIIML for EDASEE 28I [1]

LML for EDAMBEER A IRITREPNERKRGATND BFM (prediction) 517 #
(optimization) FALH. TEENIDFIEFIRNBXMAENA,

HM2E T3 (EFIML LRSS A A9 RAR B st T R EBBOETN. FUBMLISELSOREN, S&iHmT
LU S FEASIOEDA T B (EFD, MBS FIEDA T BB/ RHIABE, EFMLITN, §itETIN
REHEISIH S, ROER, MUEREBIREMNEDATRNITY, B TIETEDAT AR,

—PRBNTMVLTEATRR, SRCNNERESHEEZAN (FEEHRFEH) DRCAR
(hotspot) ¥TIRATFIN [2]. DRCHAAUESMRLEAE BRGNS, BN, EDATATIN
RENREERAE, WRFKNEIERFEMDRCAR, X LIEAELL T ACNNETERS %
HFENHE, HASHEELNTFES, MEEMUNDRCARMIELNTES LEES BRI,

ﬂ—» Number of DRVs

e
N

CNN
DRV
. Hotspots
Features from FCN

Placed Design

&2 UM T5 554 {ERACNNIIDRCHSF AT [2]

MEEEFFNETE, RAEETEBSENSERZ, XBRNALE—FREZNRS, BNEEERR
—LEDABJRR, BX FASEDARIAAFRHBEN FHAE—TELR FTHMMARIMA, MRSEHREDAEE
BARZERAN (XLEMY)) REBRIBE. BAREEMLEEERNZILESREDABIEE
RHEBIRNEEE. XDRIER B4 B SAERAS FIRITER.
—TMHEBNRHCEGNFREASRERRMAFE ] (Reinforcement Learning) ¥ T macro 1% i
(placement) [3], BIBUEIEE, XD LIERTAZELEFAlphaGo#tTEMEEF, EASHREZE
WFEHIERE, ME—TmacrortHrIENMIE R T EMESRRENEFIIE.

Chip RL agent places macros one at a time Force-directed method places

standard cell
canvas ‘
i =0 4 =0 a, =0 ary
At m o ... e
Sy s, s, sy

B3 iR A EZA: FEREMAE S #TmacroE R [3]
BRRXMAKEENDEARN, FUNRMLE AR R/ DEDABANERIRE, MMmRESHIZITR
R, MIAAREMLE AR EBERF RS FFNIZIT, IRBBEREMAELEREDAEE, HI1H
ENRMHERZE, SAGHRETEXEEREEATHNARIER DR, BEERREREDAL AR
EER, BRIRMIBZEZHEMLEARIAEDAIESS, RRIEZMHENEIER [4].

COMPARE ML AND EDA ALGORITHMS

I [V S
Placement, route, synthesis, Supervised, self-supervised,
CTS, simulations, etc reinforcement learnings, etc
Pros Known optimality, robust, less ~ GPU parallel computing, easy to design,
training data, good end-to-end training on complex
interpretability, problem,
Solve an abstracted problem Solve any problem by learning from its
efficiently data
Cons Oversimplification of dynamic, Rely too much on data, not leveraging
complex problems the mechanics of the problem
WUl .
() Integrate ML with EDA Algorithms, Key is
AT Problem decomposition
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E4 EDATIMLEJEMILEEY: ROIZEMLEEANEDAT I [4]

3. A+ 4AMREML for EDA?

ERNNBEMTEZE, —TRELZNEBRE, ATARIIEHARML for EDA? ##E)1E, ML for
EDAMBLEIEREDABIE B A OMEENE? XE R E—MiE 2R [5].

MERFNA, RITRESAZTNER. EAEOME, EDATEREEEEMARLNZITER,
NELNZITEMRBERDREERZETRME. TREDATRREENKREMIZITEm#T—
BT, 2Bk, /8 (placement) EIAFIBERIMMEEK (HPWL) 5#% (congestion) , {8
BEMEA BN H RN REERMELNIZTER (RESHNINGE, K, B, DRCAR, E%) .

Fitt, FRIFSREETEKINRITAE, FRIBNEDATAEHTEERMEBCHNRESBE. AT
RIBRITIRER, —MERIEEEARTNERMGET, NARHMRERRM (margin) . EXEASAY
BRRE. Z—MREEFMEARSMHAITREZRNER, MERGEFNEHRE, MXIEBRHBE
Wigitimezse, HESEERSIRITNE.

ML for EDARERIS R R ERAEIRRMNGE. BIFICENIRITEE, FEERAMLITNATINR
SEERNREAMAER, (FAEENRIRR (early feedback) . FEIMMEMLE EITET TE
R ERZBIAMEERS ., MY TFMRAEMLEE, BAEFIRBNHEEIRREANIRITEE, BrHE
RGERBRABEEEMOE, B, —EMLGEIMZHTRIMNMAEER, HOTHIRME
WERE, &E, MLEETIIEREIERIR, AMMNKRAR2MELRKR, ML EESEERITEE L
BEAHESBRBRENMNE,

4. R FMAIML for EDATRR T 1E
EL EML for EDAM TEIZIZA LRI BFH M F . MiXLTERTBUBE 25 EHTHE.

MRBAMREMLE BHIM RS RS E, MLEABMREZEATERTDRITNER. REEXXE
R 1], NAMLREKM BRI MEE 1. §MESE (HLS) 5iRiT=E#EE (DSE) , 2. 21845
A, 3. MERT (MNEEANERE) , 4. %25FE, 5. WIESME, FANFRERZI, —LEML
MR LISE BB R LT L2,
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E5 FHFEMABEREIRITHERRIML for EDAIRXEES] [1]

MRHFNVRBMLIUNHAANERSZE, MLEAERRESHBATABO SHEMAL BN, SFEERR
F1.Ih5E (power) , 23AFES5HEIR (delay or slack) , 3.HIR54 K, 4.38ZF (congestion) 5#]
Mi&ZE (DRC) , 5.BEFE (IRdrop) 5&# (crosstalk) , 6. A&li&EYE (Manufacturability) .

TSR Rs) 53— BARIML for EDATIE, RIEFIR, EAEUSR., RUFEEREREIHKE
HHERSS|IANIE., WFEREREMML for EDATIERS, EETTIUSEIS [1] ST [4].
SFFPGATER, EBMLEZRE (HLS) ME, B IEIIFSMLERRINRELMFPGATIRIIFIAERIR
EERFEUE (6], ERFUNMFPGARREIERAM, FF, LUTHIDSPE, MLAERIZMLPEXGBoost,
MLEERIREA, Wt EAMEUTEMR.
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HLS Reports
[ CIC++/SystemC ) (Estimates)
: ¥ ‘ Resource usage,
[ High-Level Synthesis (HLS) J Performance,
e Timing,
| HoL ) HDL details, etc
_r ! !
o [ Logic Synthesis ] [ Machine
© Frmmmmmmmmmm e mmmmee , Learning
g [ Technology Mapping ] i Models
5 Frmm— :
a ' Implementation
£] [ Placeand Route (PAR) | il Raport (Actual)
L g [TTTTTITTTTIITTITTTTTTTTTT Resource usage,
| Bitstream pJ Timing, etc. 7

16 HLSBERIIFPGA Z33RF AZ#1TIN [6]
EIFFEHLSINER, MLAEIDAGHTIRITREIRR (DSE) [7]. EARNAEMEAMUERNITNERES
—REE, RERERFERETIIGVMLRE, REEFEERFNRITRATEBIFNER. X2
FPMLURBLZRENARM (RF) . RERRESHHANMUIRTESMEE. SIARINAMLYEDATRR

ZEEtETEMUNEEERES.

Training Stage

Knob Settings

C sampling C
Training
Knob-Settings A

Refinement Stage

Learning re-training
Model Cﬁ

predicting

Training
HLS results .
for all knob- Knob-Settings
settings y
o

- running HLS with g’s
C training knob-setting;
- updating training
examples;
Learning o predicted HLS results - updating approximate
Model o predicted Pareto set Pareto set

B+ ML (FEHLFR)

HATIRIT=ERE (DSE) [7]

ERTLINER, MLATIXA T XZIE5E FRIIHFERTIREMIT [8]. HEIENR, MUEREIRITRIIHIT
RIRINFERL. MURBIBAZ S R ST EBMERTLESHERE (1KRESEHE, 0NRERE

BESFE) , MALETHRESTEBNEINE,

BB NN ZE AT R ESIIRES 2 EIRER

RIERAX, XPMIE N 287 8FL MRS, PCAREH, CNNAIZEERMUEEL,

RTLSystemC | f————

— |

Module Training
Specification Testbenches
Gate-level Simulation +
Netlist Power Analysis

User Workload A

"~ Design A _ - *|_Signal Trace A
[}
Characterized Power Model
Module

Estimated
Power Trace A

ML Model
Training

(a) Characterization phase

| DesignB Signal Trace B
1
\
el | [ Estimated
L Power Trace B
(b) Estimation phase

E/\ FAMLEEES (CNNSLLMAEEY) SRERS BN RN (8]

EBEEAMER, MUER A MAB TN ZEREX

—SRVRIEHTIER (9], REMURERIIGRETR

MRIES LS HI&ITAIsynthesis transformationfAB S, iZ T EIE&fitransformationfIES A YR
R 4E5EME, AEFACNNEERGAITAE, UENRETREFRELRZIFRE.
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~

(Device: CPU evice: CPU/GPU

Training

Device: CPU/GPU v
Synthesis

Training CNNs
Tool dataset Classifier

HDL >

updated every Angel-Flows &

@ 500 flows @

E9 FAML (CNNIRR) EESERIZELESIRE (9]

EVIEIRT (MBRAKEFE) MR, —FFEREIEmacrofE M ANDRCHA TN M FHEF X1
METIE, BHA—TEFRENSH LRBERE (IR drop) 2m#FTHUN [10], EMUF ZRIRIFF,

drop5 Xig IR ATRITHFE R IEAE X

Power map at
Cells time frame 1
— Signal propagation — —
- | IR,
Same
Part of Layout as Input |—— CNN
BEam | | — . N
Switch :I =
| L J| Power map at
early ‘\\\ time frame N
}7——«—- —- \IR_"‘
I Same —
Switch late CNN

E10 FAML (CNN#ZEE!) FRMEERE (IR drop) #s [10]
FR7T A EXLERTHFRENTIE, NTFELUBRNARTIEEZ, —MIFREBERMLERIE
PEBEEELZNIES (guidance) [1], XEFRANMLERZET S BHRBE (VAE) , XVAEERR
BNKRBETEIBRERTREGE, 5% ZBIRE,

Minimize

LLLLLLLL

Pins of Entire Design D—’

Generated Ground Truth:
|:> L Neural Network || Routing Region Manual Routing

Pins of Interested Nets

E1 ERML (VAEERY) BRI MBS 1]

WITERE, RTHITERENE, FEEMAZINERNBIR (mask) . XTobliE, ERIRER
RS, ATERELSTIRITERNER, XFMERE (OPC) B—TEELSE, MLAA
F#4TOPC [12], RPTILIEEREMIIME (GAN) SRIRIERLEMOPCEAIEE.

— Feed-forward < --- Back-propagetion

Real

Generator —
Fake

---- ----

E12 EAML (GANRREY) #HATHZARE (OPC) Ei [12]
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ARIERHTERRZZR (DCT) , AEEACNNEERAMZKIGRE LI,

ivision . pcr

¢

E13 FAML (CNN#ER) 33321 (lithography) #sat&ill [13]

5. {ERIEEIML for EDAFSIRE

RTEARRNRE, BTSSR, EDARTFSHIZITASEIIML for EDARIS ERILE TRANME, 7
KEDA/AS]CadencefISynopsysEEHE TRIE T —EMLEENE ™= &,

BlaNCadence/A T IMIRIRIT T EInnovusTEFMANPER REEM 7 — LB EITH, tLaRER
4 (routing) BRSNS (&) WEHEEREIT. X TMLIDEEMFRE T —LEREHITEN [14].
B 7 BB RE Cadencetz A sign-off T B Project Virtus (Voltus + Tempus) t{EFE 7ML [15], &
0 771K 2 CadencefCerebus T B, &I EH F 58145 S HIMLIEEL KA ERTL-to-GDSIIFYIZ iR
2, B ATRITHMAKE (161, FIERERMWAR, FOVRET X7 RAEARMET, H
XEREMAFIEIERNEERBERENS IR,
UK, SynopsysthEERH#HH TDSO.aiTHE, thEMABMLEINAEEMMHIRITRIE [17].
Synopsys#JPrimeTime ECOT B TMLIER!, HIMEZAIMentor Graphics (HlSiemens) it
HIHERETFMLINAI AR M EE (OPC) TR,

FRTEDARE 25N, BRMEFBANAREBIRRIRZRTML for EDATE., XERERIMFTIEMT
. BAETUSE BT Ieff DeanfZ(FiABIll DallyfItEX ERUEMH .

MEER, ZEEFSEBERDN, EERTMIFHEEDANEIAEIEM . —LERATHFRRERT
ML7EEDASTUEIRINZ A . BINEERASHERT T ETHREIRARSHREAUNIE, MiZ2REM
BIXIREIAI B RmacrofB M EESEM T = @igith, TANIRE—PEREHSIEAES.

6. Hfth 5ML for EDAYEXHIFAZ

PREMENBRENIE, SE—LERRARASEHEERARKIFEEIML for EDARIFRR HH, B &%
B, TANARESEBFFEETERETIRIAIML for EDARYSEES,

{EFAGPUMEDAR AT INER BT ERIEE KRR L@, FIANERGPUINRTZERE 18], XET
TEISYF AT EDARIRM AT TR S RE R DI RAELE. TEENAINUIAERNRESSIIE
28, Blg0PyTorch, SHTEFTGPURIMEMMK. BREDEFEENAAMFHUMLER, HREET

BIBAIIZISTE,
Placement
API
Nonlinear
e

Random Initial Placement

\]
WL Grad Density Grad

GP

Optimization & Update
Automatic
Gradient 8
Y

SR cov e
Crr/CUDA DP NTUplace DP

(@ (b)

E14 {ERGPUINIES & T Bid g [18]
BH—TERIFEAML for EDARA @R A EXUMLEER, BERFHTSH BTSN,
=, SEE., FINFAMLEE, FA—TH LRNERIIFESNTA 19], EEMLAENBNZ RS
BMMERERS A EROBH ., 8RN LR, XERLSHIRITMIEEDATE S, thiFrUEE)S
22|ML for hardware designfysERE,
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o 71 | Design-time Runtime
power power
simulator monitoring

Simulation traces of RTL signals

Selected CPU power proxies

E15 ERMLIF RS A LIRS [19]

7. ML for EDAE IRAIHE

EE8EE—T ML for EDARJRERHIRHI—LEPkEL . MEITREMRE, IEERAREHITT LR
it
B, NGBS AT EEIEEEMRE . B TRENEE, —HEH—ERREFRRHATOER
RITEIESE [20]. »—AE, ARERR T ERIPEERLZETOREIIZE, FIWETHIREIN
BE [21], HEMIGERHIT L.

B2, FRMBEFPMLIERFTEAEMLESNIEN, MXNFLSELEREHTES. A TH-DE
FTrEMHNEE, HRERRT —LEMUHMUERFTERLA [22 J*'“I{’E—lengmg—?—ﬁzﬁiﬂi
EBMAUtoMLEIEMEMEIRGIER (NAS) A%, REFEEBH#T - LER MR,

8=, BFSRRITSHENER, MLAZENEREEMFRETERE. SIMLTENTERIE D
FEEZRIL. CEBTPMAMLAERESTEENES T, 183 [23] FRHET —LEE4E.

580, MEF:‘T’IE% E, MLGENAEIFERAMENEDALR S B RIRITRRE. X—RtUFREM
RES TWRHEHITRE.

i

8. &iE

AXARBNBTML for EDAR—HTVIRR A, SARG, ML ATEEDAGUE R AR SRR BRI S
RREIREF, ZRIXERR, BROABEEZHUMLEERRSBASHRITREZH. EEFML
HERBERERRORTRABP I ZALE, RUARMRTFARRRNRRSIE., FRHFET
MLAHR 75 EREGSHERDEDAT™ L, 155 2 EFEDAF-WHIR .
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