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MalmnHHoe obyyeHme n ero posb

B pa3paboTke 4ymnos
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OKU MU3M HWY BLLS MawwnHHoe o0by4eHne 1 ero posb B
pa3paboTKe uMnos

CucTtema aBTOMaTM3UPOBAHHOIO NPOEKTUPOBAHMUSA




OKU MU3M HWY BLLS MawwnHHoe oby4yeHne 1 ero posb B
pa3paboTke unnos

CucTtema aBTOMaTM3UPOBAHHOIO NPOEKTUPOBAHMUSA

Cuctema aBTOMaTU3UpoOBaHHOro npoektupoBaHua (CAMP)
aBTOMaTM3MPOBaAHHAA CUCTEMA, Peanu3yoLLan NHGOPMALUOHHYIO
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OKN MU3M HWNY BLLS MalumrHHoe obyyeHue 1 ero ponb B
pa3paboTke unnos

Knaccudpukauma CATP

no oTpacsiesomy HasHa4eHUo no uenesomMmy HasHa4eHUIo

MCAD (aBTOMaTM3MpoOBaHHOE MNPOeKTUpoBaHue mexaHuyeckunx CAD (cpeactBa aBTOMATU3NPOBAHHOMO NPOEKTUPOBAHMUA)
YCTPOMCTB)

ECAD (CAIP 31eKTPOHHbIX YCTPOWNCTB) CAE (cpeacTtBa aBTOMATU3aLLUM UHIKEHEPHbIX PACYETOB)

CAM (cpeactBa TEXHONOrMYECKOM NOAroTOBKM MNPOWM3BOACTBA
n3penui)

CAPP (cpeancTBa aBTOMaTU3aLUUmn NJIaHUPOBAHUA
TEXHOM0rnMYecKmx npoteccos Ha cTbike CAD n CAM)




OKN MU3M HWNY BLLS MawwnHHoe o0by4eHne 1 ero posb B McTopua passutma CATP
pa3paboTKe uMnos

NcTtopua passutua CAIIP




OKWU MUSM HWY BLUS MalumrHHoe obyyeHue 1 ero ponb B UcTopua passutua CAMP
pa3paboTKe uMnos

PaHHue roabl: 1960-e

NET-1 (1962 r.)

ECAP (1964 r.)

MA3C (1965 .)




OKWU MUSM HWY BLUS MalumrHHoe obyyeHue 1 ero ponb B UcTopua passutua CAMP
pa3paboTke unnos

PaHHue roabl: 1980-e

1981 r. — Hayano EDA kak oTtpacnun, ocHoBaHue Mentor Graphics;

1981 r. — Ha4yano pMHaHCUPOBAHMA A3bIKa annapaTtHoro obecnevyeHmna VHDL;

1984 r. — nepBas KOHpepeHUMA NO aBTOMATU3ALUN NPOEKTUPOBAHMUSA;

1986 r. — npeacTtaBneH A3blK Verilog komnaHnen Gateway Design Automation, ocHoBaHMe Synopsys;

1988 r. — ocHoBaHuMe Cadence Design Systems;




OKWU MUSM HWY BLUS MalumrHHoe obyyeHue 1 ero ponb B MapLpyT NpoeKkTMpoBaHUA LUPPOBbLIX
pa3paboTKe uMnos yCTPONCTB

MapuwpyT NpoeKTUpPOBaHMA UMPPOBBLIX YCTPOUCTB




OKN MU3M HWNY BLLS MalumrHHoe obyyeHune n ero ponb B MapLpyT NpoeKkTMpoBaHUA LUPPOBbLIX
paspaboTke umMnos yCTpoicTB

MapLwpyT NpoeKkTUpoBaHUA LNPPOBbIX YCTPOMUCTB Plastic

N System * Net-list description
> > Specnlcatlon — built-in primitives gates

v Architectural * Afull-adder
ENTITY test Design module add (co, s, a, b, ¢)
port a: in; v inputa, b ,c; B o .
end ENTITY; Functional Design output co, s ; s ) s
and Logic Design xor (n1, a, b) ; N ; n
v HAP S8y T, ] 4 L ! . w
nand2

nand (n2,a,b); c#—-+——

Circuit Design nand (n3,n1, ¢) ;
v nand (co, n3,n2) ;
endmodule

Physical Design

Physical Verification
and Signoff
\7

Layout Post
Processing
v
Fabrication

\Z
Packaging
and Testing




OKU MWSM HWY BLUS MalumrHHoe obyyeHue 1 ero ponb B MalwunHHoe 0byyeHune
pa3paboTke unnos

MawmnHHOe obyyeHue




@ OKN MUSM HWY BLLS

MawmnHHOe obyyeHue

MawuHHoe obyuyeHue (machine learning, ML) — noapasaen NCKYCCTBEHHOTO UHTENIEKTA, U3YyYatoLW M
METO/bl NOCTPOEHUA aNTOPUTMOB, KOTOPblE NPUOBPETaOT CNOCOBHOCTb 3P PEKTUBHO pellaTh 3a43a4u B

MalumrHHoe obyyeHue 1 ero ponb B
pa3paboTke unnos

MalwunHHoe 0byyeHune

npouecce CUCTeMaTn4eCroro O6yquMF| Ha MHOXeCTBe CXOA4HbIX 3a4a\.
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@ OKN MUSM HWY BLLS

Cnocobbl MaWMHHOIo 0by4yeHus

pa3paboTke unnos

obyyeHue c yuntenem mnm
KOHTpoAnpyemoe obyyeHune
(supervised learning);

obyyeHue 6e3 yuntens
(unsupervised learning);

obyyeHune c nogKkpenneHnem
(reinforced learning).

MalumrHHoe obyyeHue 1 ero ponb B

MalwunHHoe 0byyeHune

‘12

Knaccuueckoe Obyuenne

Qannble 3apanee [annble Hukak
KaTeropuinpogaHbl He pa3MeueHbl
nwnh YucnekxHble

C yuuTenem Be3 yuutens

BoisguTe

Pazpenute
nocneaoBaTEeNnbHOCTH

n aza
peaAcka3aThb No cxo%ecTh
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3HAYEHUe
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A YyacTo Howy BMecTeN

+

YMeHbweHne +
Pa3MmepHocTH
(o6obwenne)

«Cobepn 13 Bewen nyvwne Hapsaabin



OKU MU3M HWY BLLS MawwnHHoe oby4yeHne 1 ero posb B CAMP n ML
pa3paboTke unnos

Al n ML — HOBbIM ypoBeHb NpoeKkTupoBaHua NC

Moaenu mawmnHHoro obyyeHusn
ONTUMANbHO NOAXOAAT ANA

NPOEKTUPOBAHUA UHTErPaNbHbIX Cerebrus: ML for Better PPA and Full Flow Productivity

Manual Flow Development Process Snm

————————————————————————————

— A Performance 3.5GHz
e o | e g
B = Many
' S 1 Engineer
~ : .
RTS';";;WE Knowledge  Reinforcement - Cerebrus automatically improved PPA of
5nm mobile CPU

Innovus™
Implementation

System . Within 10 days, converged on improved flow

Cerebrus Improvements vs Baseline

Parameter Improvement Percent
Performance 420MHz 14%
Leakage power 26mwW 7%
Total power 62mw 3%
Density 5%

cadence




pa3paboTKe uMnos

@ OKN MU3M HWNY BLLS MawnHHoe obyyeHue 1 ero posb B CAMNP n ML ‘ 14

[Mpnumepbl ncnonbloBaHma ML. 3aTopbl mapLipyTmM3aumm

Partition B Partition F
Partition B Predictec Congestion Partition F Predicted Congestion
Actual Congestion Kendall Correlation : 0.61 Actual Congestion Kendall Correlation : 0.53
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OKU MU3M HWY BLLS MawwnHHoe o0by4eHne 1 ero posb B CAMP n ML
pa3paboTke unnos

[Tpnmepbl ncnonbsosaHnAa ML. KapTa nageHnA HanpAaxkeHua

Coefficient

connections B maps

lRinSt - ﬁlpi + szs 2 BBPI + ﬂ4Psca ) B BSPwt T +ﬂ6R “ ﬂ7Pires
Best of both worlds: Transferable and ML madel learns the coefficients

94% accuracy in 3 second model inference
18 minutes including feature extractions
vs 3 hr in commercial tools

Predicted IR




pa3paboTke unnos

@ OKU MU3M HWY BLLS MawwnHHoe oby4yeHne 1 ero posb B CAMP n ML ‘ 16

Mpumepbl ncnonb3losaHna ML. U3meHeHune Texnpouecca. NVCell

Placement: Simulated Annealing Placement: Reinforcement learning (in progress)

PMOS sequence: 3,
NMOS sequence: 1,
PIN sequence: A,

Placement representation

Graph Neural Net

Transforms: Swap PMOS/NMOS pair segment, etc RL Placement Game Sequence (as good as SA on 97% cells)




@ OKN MUSM HWY BLLS

Mpumepbl ncnonb3losaHua ML. U3meHeHue Texnpouecca. PrefixRL
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MawwnHHoe o0by4eHne 1 ero posb B
pa3paboTke unnos
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550ps to 320ps at 51um?

—e— PrefixRL
—e— EDA Tool
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OKN MU3M HWNY BLLS MalumrHHoe obyyeHue 1 ero ponb B CANP n ML
pa3paboTke unnos

Mpumepbl ucnonb3losaHua ML. Tge ewe?

S System

> Specification
i v
v Architectural

ENTITY test DeSig 1

port a: in; +
end ENTITY; Functional Design
) and Logic Design

Circuit Design
A\

Physical Design

Physical Verification
and Signoff
v

Layout Post
Processing
v
Fabrication

v
Packaging
and Testing




@ OKN MUSM HWY BLLS

Mpumepbl ncnonb3losaHua ML. U3meHeHue Texnpouecca. PrefixRL
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