R E R HRTEE SSTERIT

B KETHE
‘ P La> H TR ST - B

R

RAKGHHE (annealing) @ —IHBLIFRR AL ~ 1
R~ EERAH O B RER R AR T R > A
R IR AKHIEALE KRN > HR LRk A
BRETE - SR L i HE B T3 SRy
M ME S R TR RSN —EE
TS GG > 0 TR EE R AT (R TR L R 2
RIS GETE (HPC) Hiffi - e mEE
BRI ERE 7 ST AT, « AU AR KGET
FRASIR ~ BERSE S IR o

— i

TE2 R 2 AR (post-Moore’s law era) i 25
RFERT EHERS TR ) P E RS0 ~ B4E - PHRSE
Bty AR 2T B ERERY 7T TN nT RE R EE LA KR L
R - W F s 2 TTEE ) Es -~ EE
&~ FETEAEA (Fla g 138 ) Masf L2

(domain-specific architecture) 85T » 14 M S8
RS RESS ([’ 1) -

TREEEEASEHET  BEREHNERSEERRMITR -

| REFEREEAEYEELT  BRIRPRAREHETNSRA TS ERSEIERE -
REMEEEABYNIEBRITIEHIR -

S—)H s EEFEIEER Lz R TE
TR R & ) —— MR RAL ~ ARG L
51 @ (combinatorial optimization problem) k¢ [ fF
hHEETFTEK — 2 7R AKEM (quantum
annealer) BYEIA7IE K EMS (digital annealer) - Jf
HEm# » MRS TE R AR K
ATE ) RS B R 3 E R —IE
HESEEES (B 2) - o WEEALINRE
RAUHD o5 12 P T A IR R — T 5L o S (R Ml 2
RE SR RPN

The Top

Technology| 01010011 01100011 W
01101001 01100101
01101110 01100011
01100101 0000000 L N
Software Algorithms Hardware architecture

Oppartunity Software performance Mew algonthms Hardware straambining
ENBNEErng

Examples Remowing software bloat Mew problem domains Processor simplification

Tadloring software to Mew maching modals Domain specialization

hardware features

1 : BERTEEIFCIETEIERRFEEE © (. Leiserson etal, Science 368, 2020)

6 | mEmAr

PHEmE mTEE EFRE SRme
s .

B /R K aE BAAR - BELSEEmN
. 2
ik ichg b »| EFARRGEEKEE

2 : FIERAESNET AR E T STEIRBHVRES -

MetEER  EAR BT BT B

ﬁ o

EWIFIEERE : S EEBRES F1EA (Ising

model) 7 {LHJIEE 56 E (non-von Neumann

architecture) o

RBEBEEFTE  ’ABRFREEEL B
(bridging) #(f\iElE FEH -
2EEAMPERAEEETE 6] > AR



3R KBRS (soft IP core) i} (annealing on
chip) ~ 7R KEFNIEES (application-specific
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o #RET : Kirkpatrick, Scott, C. Daniel Gelatt, and Mario P. Vecchi,“Optimization
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QUBO #& A (embedding) : HFfZM &R QUBO
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@ it : quadratic unconstrained binary optimization » — U] 5 i (5
ke
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Who Algo. ASIC FPGA GPU/CPU/VE
Lo SA *8.192/100K spins
FUIITSU (DA)  |=Fully-coupled
HITACHI SQA  |#144K(9x16K)spins  |#25 FPGAs * 254,000 spins
Inspire the Next (M4) |eKing's graph,40-nm |*King's graph *King's graph
a/b/d SB *4 096 spins/8-FPGA |+ 100,000 spins
TOSHIBA (SBM) * Fully-coupled + Fully-coupled
s \VE-based
NEC SA o (details unknown)
At@s SA * GPU-based
(QLM) o (details unknown)
SA +512 spins
(SCA) |=Fully-coupled,65-nm
SOA » 8,192 spins, 32 Trotters |» 32,768 spins, 32 Trotters
= Fully-coupled{OpenCL) | Fully-coupled

/NG 1 - BBENRIES SRR (BEDYIE) - SA : simulated annealing » SQA : simulated quantum annealing > a/b/d SBM : simulated
bifurcation machine » SCA : stochastic cellular automata » MA : momentum annealing » VE: vector engine » QLM : quantum learning

machine °
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BYIERE R EELTRE (routing problem )
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