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Quantum computation, quantum algorithms and representation

theory of finite groups
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Abstract. “Quantum computation” is a notion for computation based on quantum
mechanical phenomena. Recently, quantum computation and “quantum algorithms”
(algorithms for quantum computation) are studied very actively, with deep connec-
tions to computer science, information theory, cryptography, etc. In one of the main
research subjects on quantum algorithms, problem formulations and standard ways
of approach are closely related to finite groups and their representation theory, such
as certain asymptotic properties of irreducible characters of symmetric groups. This
talk aims at giving a brief overview of the theory of quantum algorithms and their
connection to representation theory.
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BIREIZ LR LI THREHE] CfRand,) REOERE DY ORISR T H DIVKREBOFE
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AN HFEN>1
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X
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ST, RKRKTVWIRRL, ZZTAROEETHD BAIVHORENE] o ibx 52562
L&D, ZOMBENED L HIZ Shor DF 2 - & O < e oW TiEkik 4 5,

G ZHREE Cr,...,Cc % G OWMBTEND R D AW 2B ET 5, 4. ZRHDOBEONT
NrOHLHEFEH <G L, ARES X, SHICLL D&M

91,92 € G, f(q1) = f(92) & g1 H = goH

Wl TEBR G- X PE26NTWAHDLT5H, 2FD fliE, GOILHAEWZI HIZLD
FICRIRBICERT 20 E)DEHETL2E5H THDL, ZOWRWTHMNC,...,CcDEDBEIZES
LESEETHL0HEE L, &0 ED BN B[ (Hidden Subgroup Problem, HSP) T
&5,

ZOMEE EFFREOPHSTHR S 722, G Ot sttt b2 EIE {|g) = |9)ctgec &
FroZel He & X DIt & RSAHT BRI {|2) = o) x foex ZFFOZEM Hyx 28 L. LIF
DHWEZRHSF T I NU #EZ% :Up I3 H=He®@Hx LD unitary Z¥TH Y, HDHMEE L
7229 € X IZOWT

Us(lg) @ |wo)) = lg) ® [f(9)), 9 € G

(DFEV, U 35 fEHA L TNDATINVTHD), ZOFT 7 NVERNTHREDRED
BWEPHETE L, EWIHIETETFHEL L ORI REFENERIL S5,

BRAVER BRI I, & RO & L CoBBRE T T < BHREBERIRICEBIT S
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VIEEEORIAR IR O BRI A EGHR MBI S S D, 1 EIOER Citiv7z THERO 2 )
i, SR E U CIIARRKERE Cy ERMTHLHE G &L Z D4R g, (EEDILh P52 B
L&, h=g" LK r ZRODHEETH H8, “s-unique SVP” (SVP i “Shortest Vector
Problem” O, HAGETIX HRAL~7 MU L1k, RY O A 23 %M TA LofmRIE
FERT MVOEESHE, ZORICHOWERESY MOPOREO LU TTHD) &9 &0 9 i
T, A LORERIEFERY M ERODLRETH D, BERHN-E & k-unique SVP (3 & H 12
5 Il B WCIERICEERMETH S, £ 177 7RARE] Li1X, ZSOFRT 7 75
HGzohlzb&, ZROPEWVZFERTHLINE I »EHETLIRETH D, ZOREITFHE R
HEROSEIZBWT, SHHEZ T AP &SNP O )] BT LELLATHLRERMRMET
H5H, EOMBEIZETUSH ELEELMETH Y, HHMEIR OB CIxZmFk 7 vy X
AR BTN (L, FEELRVWERFLLATHD) B, I bDMEITETE A O
P Cl3d 2R BEC 3 1T DRV BRI IR SND 2 ENFMbIL TS (1), (BEH
IRIREFEEED, BRIV BERTE ORI OV TIE, BAERTOR ST H 2 HMEIL TR ST [9)
BHLHOTELLESRINTZ,) UED XS 2FEF{ELH Y, BEORER T /LT Y XL5HIZE
W T RRAVER o BE R RE I I IC B R I L Gk s TV B

BRAVE BRI BT 2 B0k & L Cid, Shor OFEREZWET HH T, G B3 A R ATHLEE
DA Kitaev [4] NEHEARH T VT U X L% B 2 72, Kuperberg [10] 1%, G 2 ZH{AHE Dy
DL E R T v ) X0 % b 272, ZHEZEARFE TIIRWA, ZOREITIST 5
k-unique SVP 3 EFIZHE LW R TH H 720, BOENIHMREBI LN TV AR TH D, £

S HECC BCRIRE 0D TR = 11 G ORIGERE & LC OMELIMC Z DERD SR X < AET B, B2 1T G AIERE
Z/NZ THIUZEWRBE L 220, —F G HPE R Looks M #iREE T & 2556 12T — MR BEBo B R X 272

BThHD (LIELbhTnd),
IBTE L AT AR M ERWLT




£ 1. BRI )RS T D thoRTE

| B | BG | okt H | Btk |
KB R (Z/NZ)* Cr ={Cr < G} 2 1 URFH]
(Bt L) (1<k<|G)) (Shor [2])
Bt RO H R (Z/NZ)? H = {(l,—1s)) 2 T AR ]
(,s € Z/NZ) (Shor [2])
(%) A IR R HRE (ER=3 2 1 URF ]
(Kitaev [4])
k-unique SVP Dy H={r) YEFRHURFH]
(r € G I38EmR) (Kuperberg [10])
77 7 [A R RE Son C = {1} AR
Co = {{0) | o5 cycle type (2")}
S, wr S5 C = {1 PR
C2={{((0,07"), 7)) |0 € Sp, 7 #1}

. RUTHENL TRV ODORHT SN T HZIHARH 7 T ) XLREZ 50 TnD (Bl
Z 1% Weyl-Heisenberg #£ D355 1213 Krovi & Rotteler [5])

—J7 RUZOFENDHERYGE TH D G ISKFFRE So, (b L ITXFREED wreath £ .S, wr Ss)
OLEITIE, BRELWEEMRERPIZIEM GO THRWRNTH D, TDDER b0
BECTH DA, BUEDRNE D FERIE O EI 51T 2 FEIRRMRRE L 72> TV D,

6 XIFEEE L DIRNERD B+FH B

AREITIE, BB L7 G = S, b LTS, wr Sy DEAITEIT D RENER S HERTEOHFFRRIL & |
KIFRRE O BiGm & OBEZE I D,

6.1 Strong Fourier Sampling

4 #iTHAST L7z Shor D7 /LA U X LD FEE ST, BER Fourier Wi (% %EBl4 % unitary
M) L FICHI XK REEREIC L AMUETH T, EDL A, LD —RORBIE S EERE
IZBWTH, BEFEOT7 L TY XALT GEEOMDIRY) RTHREROBEBTHEELINTZLDTH D,
G BRFHEEOGEIZ B IRPUTEREZ2 DT, 79 2 OERERFIE (“Strong Fourier Sampling” 72 &
EMEEINLD) IZONWTHRRTHELS Z&IZT 5,
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SFD HILG ORECIG) &, 72 G LOBEFHEFBEEROES L BARICH—HRENnD, =
ZTCCIG X G o GERMEZ) BERIRBZEM EORITHIRI. L OEFIZHEIND DT, HITHM
(N k) (e G. j.ke {1,2,...,d\}. 22 Tdy 1 ZBEREEL py DKIE) T parameterize S415
MOEIE{|N, 4, k) } ZFF>, LLEORB T, BHRFT:H — H.

T flg) = S f‘CjZﬂg)m(gn,km,m (2)
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