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Provide the top-class Computing Technologles “as a Service”

Application

Platform

Middleware High Performance Computing (HPC) Quantum-Inspired Tgchnology
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Hardware

Digital O T Superconducting Qubit
A64FX Technology Annealer Simulator Diamond Spin Qubit
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Home > Research and Development > Announcing the Fujitsu $100,000 Quantum Simulator Challenge . %E@ ZH 2 1 E (: AN 7I—\_ A/\o_ y t \ FAN TS
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Announcing the Fujitsu $100,000

Quantum Simulator Challenge

February 21, 2023

First Prize $50,000
Challenge Objectives .
9e=n) Second Prize $30,000
Fujitsu Limited(“Fujitsu”) would like to solicit
applications from interested members of the Th | rd Prize $2 0'0 00

industry and academia to test the quantum

simulator on novel problems and

o BTN
o RFE 18BIC. AS>ADFILT N THIEFRED

Fujitsu Quantum Day event(C TREEDREX%:
* Test the quantum simulator with real world applications %L_,_AE L/ t (/ \g g_

* Explore quantum use cases collaboratively with participants selected by Fujitsu

applications. Our objectives are:

* Apply quantum simulator to customer pain points

(the “Participant(s)”)
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* Obtain feedback from Participants on performance and scalability



REDVSIBEFS=1L—5 FUjiTSU

RET Z7REFD I a L —2DM4EsEF
AR ALY A5 D20 e T2 B B

BE: BrarPa—K@i7A3) XLAOMEOZSHICE., METERTEy MRS Zepdka i
FYIaL—XHHEBETHZ, Lo L RORKESZ PRSI 2L —XTE N BFEy MTRLT
N OREXOAY PARRETARESSD, FAOI VY2 —RTYIal—>arT 01330 8F
Vo FMREARATHEZ. ZOMEEZBRTZ2FED | 2L LTREY 7 7455, PEY 7 7I3HRE~
2 WETT7OBTRET 20T, WERZ P ACHAMERS DI 2T V&2 ARICHIMT 2 209
MR D2, ARTIE, BEY S 78S I aL—22MAEEELRA R 7 LT) XA TEEZITL, KR
Y PARIY 2 2L —2 L OWEE{To72. Grover £ Shor ZY¥ D7 AT Y XA TIRARELMSEEE 2
BRFEy MepR el —F, AFA—ZNEEAES— 22 E50E5R 7 X LEARTIEL LB
LAmEn,

2023810427
F10EEFY I MDD T PHARERS

« BUEBEZEDRU/ERASE3HES. DDTIEEEEIK
ERIITIZENDIZH. IREMNKEL,

« DDIZGrover, Shor77)Ld XA TIEEITHIEN

o [EEEST — RO WIRKINSG A= ES S AT,
Grover(IBERERED 1 D

L BE(C1TY - XD NI

35-40

573 A XM
Mi5{E(MPI) LA 0)
SFEY MIUITHULT

TEERICAEVUENENN

Bz VILRY D=0  RTBLDINS AFHIEED
& U CHER ZFREHTEAEY

100 (IBM), 50 (AWS) 50-1007?

VAVN %X:EIJ
aAEY =7 T UBEEO

- . AU O]FE X
7L \[O]F < (BIRRDIFFE(CK D)

9 © 2023 Fuijitsu Limited



REISIBEFE=2L—4F

® 5;%)?0\‘5 j @ﬁiiﬁ ( Algebraic Decision
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eMT-DD [1] Diagram
e Multi-terminal DD
o [BZ#Rim./ — RICIZITHED
o ANfEICHM DT < ERNAY
o FRAIRDEFCIL<ALLNTLD
e QMDD [2][3]
® Quantum Multi-valued DD
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(

Quantum Multi-valued
Decision Diagram

P

[1] Tsai, Y.-H., Jiang, J.-H. R. and Jhang, C.-S.: Bit-Slicing the Hilbert Space: Scaling Up Accurate QuantumCircuit Simulation, DAC(2021)
[2] Miller, D. and Thornton, M.: QMDD: A Decision Diagram Structure for Reversible and Quantum Circuits, ISMVL (2006)

[3] Zulehner, A. and Wille, R.: “Advanced Simulation of Quantum Ccl)(r)nputations”, IEEE TCAD (2019).
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J’% « The state of an n qubit is the source of a
100..000) | 2" dimensional Hilbert space
100..001) - If a complex number is expressed as 16 byte,
—— ) the amount of memory required is: 2"** [Byte]

00..010)

[00..011) [Y)) = Cppol000) + -+ c111]111)

o

2 _ _ . Also avail on
8 : o n=30 16 Gi Byte laptop PC
q) .

E 111..100) _ . Target of our
ol C11.100 . n=40 16 Ti Byte simulator

11..101)
111..110) . exceed almost

the number of

11..111) | n=170 1()51 Byte atoms on Earth!
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Operator Gate(s) ( Matrix \
& e 2y ® Universal Gate Set: H, T and CNOT gates,

. among others

Pauli-X (X)

Pauli-Y (Y) T} -
Pl (2) 7] E ?} The Solovay-Kitaev theorem guarantees that
| any other gate can be realized with any
(&} Al -l accuracy.
Phase (S, P) s} b9
@ T o o] : :
® A 1-qubit gate is represented by a 2x2

I [f: Lo :.:] unitary matrix, while a 3-qubit gate is
represented by an 8x8 unitary matrix.

Controlled Not
(CNOT, CX)
) | B
ontrolled Z (CZ) # 0 I 0
1 Z * 1

1
\ w -
SWAP X o

(CCNOT,
CCX, TOFF)
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https://en.wikipedia.org/wiki/Quantum_logic_gate

=2FJ—PMMcKDAT— Y MLEFILE
(BEfiqubitlCX9 SHT — bDIES)

Dense matrix of Hadamard gate
T 1 1 ( N )
= T = Cxxx = €+« C1axx
vz vz [[T° N !
1 1 C1sr 1
_ﬁ - ﬁ_ T = (CO*** - cl***) |(pafter>

|<pbef0re

® The vectors to be operated on by the
corresponding H gate's dense matrix are paired
with elements separated by half the total size.

® For these paired elements, the operation involves
reading them, performing matrix-vector
multiplication, and writing them back to the same
location.
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Sampling FUjiTSU

@ State VectorzRB\zH5 >
>0 %
o ZIRREDEHEZIEE

o —1RELBNZIZ D T2 & TADIREE

[GI]N

AN RADADRZE =S

Accumulate
absolute values

observation

1.0
BLERD X - lenl®
’ } lc10l?
" r |Co1|2
—

0.0 } legol?
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Qulacs FUJITSU

ARAZE E QunaSys B FEFE (NTT, ELEEESH)
State Vector 1 (8L, EEEERDS =1L —4
4 DDOKNETISEFEN
1. CPU(SIMD, OpenMP). GPU(CUDA)DMhEE% SARS|=H I i@t

2. BIALIR/BIBDA—)(—A\w RV E L, &R
3. Linux/Windows/MacOS (Cxfts. C++/Python API(CXJ/t
4. EF A E1—SORTB(ICHEBINSNAEFIREZHY/R—
HARZERFIAZ MBEFEE
e Welcome to Quantum Native Dojo!
https://dojo.qulacs.org/ja/latest/index.html

Umh
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1. Cluster level parallelism FUjITSU

HPC consists of many nodes connected by a high-speed network.
In our quantum simulator, more than thousand nodes are connected using InfiniBand.
In Fugaku, more than 150,000 nodes are connected by a 6-dimensional torus network.

High-Bandwidth Interconnect Network (100 Gbps)

NIC
(V] (V] (V] (O] Qo U QO (O] v Q@ (O] (V] (V] (V]
o o o o O O O o O O} o o o o
= = = = = cC|C c cC| = c c c
Management Mem.
node for
executing files Login /

and jobs Management Compute Nodes Distributed File System

24 © 2023 Fujitsu Limited



2. Processor level parallelism

The A64FX consists of four major
core groups (CMG)

Each CMG has 12 cores, L2 cache,
and a memory controller connected
to the High Bandwidth Memory
(HBM)

For large data, it is : Core
faster to lock the Memory

memory area
responsible from
start to finish close
to each core

YerssmEEsEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERRRRRRRRRRRRRRRRRRRRRRRRRERES |

High
Band-
width

Memory

25
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Core
\ ICC PCle
MAC MAC H
B
L2 L2 il
— L —
core :
[
i H
L2 . L2 |\B4
mac - MAC
t wh J
]
GIC
Figure 1-1 Main Functional Blocks on A64FX Processor Chip
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3. Core level parallelism

Each core has two pipeline units
as Floating-Point Calculation
execution unit

A64FX has two pipelines that
can perform operations on eight
floating-point numbers (512 bit
width) at once every cycle.

By writing in assembly language
with the application's data
access in mind, it's possible to
efficiently fill the pipelines.

<
FUJITSU

Two FP-Calculation-Execution-Units

! |
L1I cache Branch
64KiB, 4-way predicter
l 32 Bytes
Instruction Buffer
8 insts. x 6 entries
6 insts.
Decoder
4 op-flow
|| | ] I |
RSE0 | RSEI | M =sao 1T wsar 1l [ wser 1

FLA ; PR ; ; EXA ; FLB EXB W
| ]
Load / Store Unit
Stare data SP Fp
24 entries || 40 entries
2 loads xor 1 store
— }
PPR FPR GPR L1D cache
48 entries 128 entries 96 entries 64 KiB, 4-way
1 1 i [ I

|

Instruction fetch
stage

!

Decode stage

Execution stage

Load / store
stage

CSE

128 entries

Max._ 6 nsts. commit

Processing stage diagram inside the core

26
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4. Distributed State Vector FUjITSU

global qubit local qubit
100..000) :> e Split and hold state vectors

rank O — N to support distributed
B processing

€00..000

e The lower qubit in the rank

C01..000

C10.111

|
rank 3

C11.110

C11.111

global qubit.

[10..111)

111..000) ))
111,.111)
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rank 1 IR0, 01.000) :> is called the local qubit. The
: C ~ :> paired data exists within the
p— 104110 same rank.
110..000) e The upper part is same as
- :>:> the rank number, called the

rank 2

A R



4. J — REBIEDHIR; FUjITSU

The fused SWAP gate rearrangement state vector data in bulk.

e Example: CNOT operation with two qubit gates
e Quantum gate operations across servers cause communication each time
e Relocate data to reduce communication during quantum gate operation

‘1 Y |Calculate without[

communication

000
001

5, Y. ... Bt ; . | BN ot

o ; & o

ks I |

© : f 001

8 1 - --000

e 1 ol = —
e ] S w ————————— - e bl daatad .v.:- -------------- 111

e e R N N N . N e

a i +:000

S ! 0001

c— : 111

el 1

© 1

=3 ® 1 e e

(<) s S ’ To minimize communication cost

o

by performing relocation before
processing requiring
communication.

These quantum gate operations involve Relocate qubits
communication across servers.
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Thank you

m.yamazaki @ fujitsu.com
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