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Purpose of this talk Z DE&ED HEY
Introduction to some IMI activities related to quantum information.

BETERCET 702 X LIBT3 EEOHE

@ Upcoming Event, December 17-18, 2026.
@ Division of advanced optimization and quantum mathematics
e BRIDGE project (main topic of this talk)

Disclaimer: A part of this slide is bilingual.

ST HA &I — % AR LTV T,
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RHIKFELTVWAE ARV

December 17-18, 2026. 54K
at IMI, as well as a webinar; X{H & F >4 DA 7Y w K
One of IMI joint research, 2026a034 +:[F|F|F

Representation theoretic approach to quantum error correction
and human resource development of quantum computing

Organizer: Yasuyoshi Yonezawa K{ZH4F

@ The program will be released soon
Speakers will include from NVIDIA, SoftBank, RIKEN etc.
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New Divisions

inside IMI, established 2026 April. S4EEHE

@ Division of advanced optimization and quantum mathematics
https://www.imi.kyushu-u.ac.jp/en/department/opt-gmath/

o JulmmnE(t - BT RN
o Waki (leader), Anai, Ochiai*, Sato*, Kitagawa, Kira*, Kim

@ Division of International Affairs [ElFE#E RSP

@ Cesana*(leader), Kajiwara*, Nguyen*, Sato*, Gaina, Tagami*
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BRIDGE 1E=X\##5 & AL E T

e “ Quantum Mathematical Education — Developing Quantum
Human Resources through a Math-ematical Approach, ” for
which the Institute of Mathematics for Industry, Kyushu
University, is responsible,
within Development and Trial of a Quantum Human
Resource Education Ecosystem ” (with QST, the National
Institutes for Quantum Science and Technology, serving as the
research promotion agency),
one of the Cabinet Office’s BRIDGE initiatives.

o NEF BRIDGE fiitkd 5 5.

(B AMBAETaS 2T 2 DOBF T (QST(EAZAFSE
FAFETEN B T REERANT I 2T B RS ) DI FeHEETEN) D
Hod,

TUNKER R - 757 + A XA VIREFDPHEHYE TS, &
FREHRE — BFN 7 T —F I L 2B FAMER —)
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Background/Motivation & 5 & B

gate-based quantum computers 7 — MBI a2 —X
creating algorithms =T 7 L3V X & DAEAK

usually pre-supposes a certain amount of knowledge of
quantum mechanics as physics

HEL, BFYHEOREE N—X & U CHERERH

— people who are not familiar with quantum theory have
difficulty encountering quantum algorithms
BFmcHIRADROANICE o THBARERE (ADD5W)
e.g., mathematician £ E S BFRHN & O ¥4
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Quantum algorithm and math & F 713V X 4 & HF

Necessity A E DAL

@ Some well-known algorithms specific to gate-based quantum
computers rely on mathematics.
F—MHETFara—REFO7LITY XLIZE, BEEH
FEONTVWEETDD %

@ Those who have not studied mathematics systematically may
also find this part difficult
BT 713V X LOEBIEEDERN

@ Shortage of human resources with expertise in quantum
computing is expected in the future

S, BFarba—RIHED2 \MMORENTEENS
@ — Need recruit and develop talent from diverse backgrounds

ZHEERZOOANMZEM L. BRI 20E0D %
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Quantum algorithm and math & F 713V X 4 & HF

Sufficiency T4 DB
@ Many introductory books on quantum algorithms for beginners
start with a detailed explanation of quantum mechanics.
BT 7LTY X LDZL DYFEEENT AFIF IR RO T E
D S A %
@ — The lengthy preliminaries can be discouraging, causing
readers to give up before they even get to the main subject.

AIE & 25K < AT A B AN H#T

@ Hypothesis: Quantum algorithms can be understood to some
extent without first learning quantum mechanics
it B F 73V XL ORI R TR E T » 2R RE

@ an accessible entry point for mathematicians
BABEITADRT VWAL

e — Demonstration EFEFER L TAH K 5,
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Quantum Computer vs classical computer

o Keep the physical (quantum-mechanical) approach to a
minimum and, as far as possible from a mathematical
viewpoint, organize the ideas behind algorithm design. In
doing so, we have paid attention to creating an environment
in which even those who do not sufficiently understand physics
can think about algorithms. Y% (B 1%) R 7 7a—
Fr i MRICEHD 5, TEZRIFBEENZBR2H, 7ua
VR LMERDEZ T 2T 5, B2 tOMBTE TV
KTH, 7TV ALZHRETE S K5 LEREZ I,

@ This corresponds to the fact that, even for algorithms on
classical computers, one can write programs if one
understands a computer language and basic logic, without
knowing anything about the physical motions inside a
computer. ZAUE, HHa P2 —XD7 LTV X LBV
ThH, aVa—XNFOYHENEH X 22 H5RTD,
AV a— RSB EEARNLERE S 200U, Tar g n
MEFZZ G L TW5,
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Quantum algorithm vs math language ZUFZE\DHIER

e 6 6 o6 o

qubit F ¥ » & — vector

gate 7' — b — (unitary) matrix

circuit [AI#% — product of matrix — group #f
measurement JH5E — 77

I'm also a beginner for quantum information fAH & & #/0#&
— So, | can understand what beginners think about.

Start 2018. BT 73V X L DEREZ AN LT
D104, ARATHRLED, BiHzHWD

2022 March- Quantum Computing System Center

(concurrent)
JNKRERFIAYEa—T 4 YT RAT LT Y X —FRIT
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Course lecture Ffizs

Platform
@ 90minx 8 lectures, fall semester {22 BIELE V
e 2024, 2025, (2026)

e M1, B4; approx. 20 math students, and 10 others (system
info, economics) ZiAHEIIME L 1 FESLEH 4 FAEDE,
BUFRE 20 44, fth 10 AR

e Graduate Program of Mathematics for Innovation JLMN K2~
R TAT A R=yaVEBRFR TR ST A

@ WISE= Doctoral Program for World-leading Innovative &
Smart Education, MEXT
HBRFGE T v 275 A

@ Joint Graduate School of Mathematics for Innovation
BRI est. 2020
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Lecture Note, available on JLK IMI & F#F DR —
https://www.imi.kyushu-u.ac.jp/department/opt-qmath/

e Kitagawa made an excellent LN. %%/ — b OERUIAL)I
@ The note supplements points that could not be explained in

detail in the lectures and also adds supplementary material for
exercises. s CIRBNTWARWVEEMD TEICHEZIN TV
It also substantially expands the related mathematical
knowledge. PBH:# 3 2 AR R BER R E M2 £ b FET

The topics of lectures contain Shor, Grover, Deutsch-Jozsa,
Bernstein-Vazirani, Simon's algorithms, Quantum error
correction (stabilizer code), quantum teleportation, and
universality. #FR CTIIWVWL D2 DEF 7L Y XL DEFH
72 AE 2 HY D 4o 7z

This LN contains only Shor. Others will be to appear. In this
sense, this LN would be ‘of volume one’. i DFEFRERICIEE
ENTVEIEFTNALIVRLIES a—=T7D7 VAT XLET
TH2D, MobDIFfERE D TREAL TV L FiEs
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Notice 520 =

o

Only ‘finite-dimensional’ Hilbert spaces arise.

HTL 2 en~L FZERIZHERXITCDO D DDA, HERKITTIC

P85 EHEAESP B IR R F v T L TRWY,

Complex numbers are frequent, but complex variables are

never.

BERBUIFERANE S 23, BEREBUIAE

Schrédinger and Heisenberg are not necessary first time.

B CWOH FHICEHINIMETH, 713V XLDK

FIOHMIZIIHT L DILELZ VDD D 5,

If one would want to state some quantum algorithm is faster

than classical ones, he/she should know the computational

complexity of classical algorithms

BllaYPa—&kbd V) ZrEEmT 272D,

a2 ¥ 2 — X TOREROHKRHNE,

— pros/cons only with quantum algorithms

B 7TV RLRET Zidamd 5 Kt & R

< no pre-requisite on quantum physics and computer science
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Weak point %3 AT

No comprehensive introduction on quantum computers
COMBEZHENRZI TR, BFarva—xPR&F7 1T
U X 5 OB 72 AN DI D B T80

On quantum computers/algorithms, there are so many
excellent surveys, books, video, pdf, articles, etc.

BTa Y a2—XIZOWTOEAZ MG LTV EEZ 2
7 EADB, ZFZZ2HTLIEZ W,

Some students realized this by themselves.
BAZTLTVWET,

No good references in this attitude for further reading
COXEE (BFZ2HRETICEFIANIY XL 2 HfEL
£9) THAR T VIR B EL RN

The fundamentals of quantum mechanics and computer
science are best learned separately.
COEEHFETHEI L BHERN LR BT iRLrt BRI O H R
MEIZ DD IRN,
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Near future YT\ V3K

This BRIDGE will be 2028 March % & 5 ¥Hifll © & 14
We will go out from Kyushu University JLKDIAT D R

Math department in Japan K2 DEIFAEITDEE
Other countries (different prerequisite) HARDIAFTDEE

Company (different interest) 13T DEFAME L
— may know quantum BT ZH OB WAMZIEELOH W
— Modifications from the system design fllfEa%FT DRZE

publication?

movie??
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A hidden purpose BlIFEY

Classical example: vector analysis is a mathematical version of
electromagnetism X727 M UEHTIZ B DECEIR

Symplectic geometry is the mathematical framework
underlying Hamiltonian mechanics

STV T 4y ZRIEIAN I b I DREERRK

wine (— distill —) brandy 74 Y ZZ&BE L TT 77—
Kyushu has good Shochu JUMNIZIZ R WEERT 3D %

Quantum algorithms serve as a rich ingredient of mathematics
B THFA 2R

tensor product: non-trivial, computable than math approach
7YY MVEOKR L JEBR, FHEARE. BIEE

math takes care of abstract, uniqueness/existence, universality
T HEDIYIE

quantum Fourier — toy model of harmonic analysis

BT 7)) T2 MBI OB 5 2 DETIL
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Further examples of quantum-math correspondence

Shor — finite commutative group 7 —~LEE
Grover — non-commutative group (Lie group) V —#f
universality — ergodic =)L a2 — R

stabilizer code — Lagrangean subspaces of symplectic vector
space over [y

AR T AL 2 K LOER LS 757 v
BT 2Ef &,

group theory (stabilizer, normalizer,...)

ERUERE 2 E OREROME DB /R E IO 5
e practice (5D FERALER
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self-introduction H .48/

s mosms

Research Interest: Algebraic Analysis, especially,
Representation Theory and Special Functions

BFEEEE R, R, REGEPRR B EGR
1965 January: born ERIZAEN 2

1989 March: master, Univ Tokyo, math dept.

1989 April-, assistant, Rikkyo Univ., math dept. BT

1998 April-, associate Prof, Kyushu Univ, math B##%
through Tokyo Insti Tech., Nagoya Univ B T K, $4K%Z#EH

2009 October-current, Kyushu Univ Bl

" R (===
BIEHAITAR, EARDMEI, HEEDOHITA, HHER
SL(2), H.Weyl:symmetry, CG, Grobner basis
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