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1 =

ARGTU, FENTHE L CIRA LD o T HTTEUKET-EEE — X O BRI ROBH A ROV
TR, REWCHH2ED, FET (MITHEEOKEF-EHEY — 2%, —ROBRERZZ 7
ETERLTHPFERREZD D) 22 THB. ZOTTEHICBIT 2 EAIT - WEMNIEAHRTH 2
e AT 7 TR ERAT T 7 ETE—XE2ER LI - ZO X5 RRNTTHRERTE
HoZrThsd. BEFRLUINCD 3 DOFRRLED D, Th 6 AR EOLE XIS
B ZEMNRENTVWS [T LAL, FERRIZL DI 78— XIIBWTHFET THIXFRT
HBRME, ZOFRRTERT 22DDEMIIREZEZ SN TVWRY. FEAHTELRTS BN, 7]
PURETIER I o RECTIAROMELZBE T2 2 TH 2. RFETHW Study 1751
R, BHEOTHR L EUOWEEZL L Fo—7, FHERMEELFLET 2. 0 2 BEEOTHIND
ERSMFEED S, BEETRE D OLDOEELR DT Z e BRIFFEDOHED 1 OTH 3.

EHZS 7 L TOERN—BHER2EZ2DI1E, V97X —ROWEDED/FTHE. 57
Y — X OFEE, HEAIIHEY — X OFE 0'(a,a') = Sya)ia) — a1 (a,a’ BHIAZ T THD
7—2 (BIAE)) EED R THEx b, ARETH S KE-EHEY — & [6] 13 % X ICREE—
RE—RIEL7ZD DT, ZDHEIIFH L — X DFEIFEINT 0(a,a’) = 7(a’)(0y(a)(a) —Oa—1a)
THZBNB. 22T, S W a t d BEWMO T3] THBZBEE 1, 2hLSDOEE 0 %K
TEBTH 2.

FATIHRTIE, &7 — 27N LEP—BICEE 2 MMERSZ T 71 L TY T 78— X PEHRE
NTEL. —ROBMZZ 7 LTIE, £F, BEWVWRZHEER2 22007 — 27 D% ARERIR D 3%
FEL, FRTDO7 =27 LTREREBFEELRVE ED 2O BHITH-72. ZOFE, MIER

* ABFE JSPS RIS 5UME (FE%S:20J20590) OBIK%EZIF b DT



TN T BT 7R e FARRCIRD e MHBETH D, —HT, BEVWHERE7 -0
HMEPEDIDCEDENPICES>TT I TIX—EREDL>TLEIDHMETH - 7. AFETIE,
FEO7 =7 D% TSHHE” O7 — 22T EERTAILICLD, WOHESFIKLLWT S
TX—RERBE L. X612, ZOLIRHDOERD DS & TH, MWITHUKET- LY — X GHREK
RICETE 2 2 L DR T & 72,

2 #fE
2.1 MFEEITE

H TR EzRIT e 835, Witlle = xo+ 71 +x2) + 23k WL, 2* %z OR-EB L T 5.

TRbB, ¥ =39 — 210 —22f — 23k THB. 2 DI N L% ||2|| = Vor* = /23 + 27 + 23 + 23
TE%T%.Zﬂ%ﬁhf,x@ﬁ&ﬁﬁ@x*::%ﬁt%ﬁ%.Eﬁ@@ﬁ@x@?o@
BEH s,p VT =5s+p] ERED. THROL, x = 29 + 210 + 727 + 23k TR LT,
s=xzo+Ti, p=x9+ 730 € C 2B, =5+ pj BEDILD. Mat(m,n; K) 13k K k
D mxnfTHOEEL T2, EEOMITEATINCHN L THRIRD X 5 BORLIENFET 5. 3
B%bhb, 175 M € Mat(m,n; H) LT, 2 D0EHETH] M5, MY € Mat(m,n; C) BFEL,
M =M%+ MPjrRE2. Bf%q: Mat(m,n;H) — Mat(2m, 2n;C) %

MS —MP
M=M%+M"j il
+ jk%{ﬂfp AJS}

TEDS. 2L, MP, MS 3zhzh MP, MS 0EHE/-ETHITH 2. ABTHWS Study 17
FIRERCTERINS:

Sdet : Mat(n; H) — C : M > det(¢(M)).

Study fTAIFEHAF OITHR [ U, FREEMUOMEZ WL 2R ->TWw3. Iz, 1751
DOBEDOMEFEME Study [THIRICH D> TW3. ZHICE D, [THIRERTH 2FERFLRDEH
X, AT EOGE L BUL-FIETITS 2 RETH 5. X 518, FEE TS M x LITich
N5

#E 1. =ZA1TH M = (mi;)i; € Mat(m,m;H) @ Study 1751503

Sdet(M) =

—

«
My My 4

i=1

TEzoh3.

8 2. k XIEFITHI M = (mj)i,j € Mat(k,k; [H) IZDOWT,

k
T+M) =T-(1+> my)~'M
j=1
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MDD,

_ A B _
#E 3. Juy 2 7 M = (C D) (A, D ZIEAFTH) iextL, M/A:=D—-CA™'B% M
D AT 3 SchurfifTilenws. A, D — CA "B DIEAITH 2 & %, M OMHiTHIZ

at_ (ATTHATIB(M/A)TICATT AT LB(M/A)
S —(M/A)~tCAT! (M/A)~
THREB. X512, M HITHATHIO ¥ %, Study 1751702 Sdet (M) = Sdet(A)Sdet(M/A) ¥ %
5.

BE A Ty 230 M EREL YABO O LT 5. M/A, A DINAT, M® D IcET 5
Schur #fif15l M/D := A — BD 1C DEHIO ¥ &,

(M/D)"' = A7  + A7'B(M/A)"'cA™?

YRB. EBIT, M HTITEEITHIO & %, Sdet(M) = Sdet(D)Sdet(M/D) A D Io.

2.2 Lyndon word

X%E7V77RNy b, ZOLEDOEOEESE X* v RT. X LOoFHENEF <1ckb, X* b2
EFEE %5, fEw=1a120...2 € X*ITNLT, k Zw ORIV, |w| TRT. §fw D
ZTHZE, wAHEIDBENEBRDOBEONETRERNILEWVS. ThbE, |2| < |uw),
nlz] = w| ERBEED 2 € X*, ne€Z0WTHLT, w# 2" HDIDLE, widHEHTHIW»
5. Flo, REDP 0 TRELETH 258 w HHEBOKEELEOFTH/NDO ¥ &, w % Lyndon 75
CER BIZE, X ={1<2<...<n} EDfEw=1231F Lyndon i TH 3. widHTHD, K
[m B {123,231,312) OF TR/ TH 2 Z e oHLLTHZ. —H, w = 1231212 ZETH
%75, Lyndon FETIZW. w OKEIELYE {1231212, 2312121, ...,1212123,...,2123121} OF
TIWEFE 1212123 RN TH D, EHICETH 205, 1212123 1% Lyndon FETH 5. X LDV U R
VEEDOEAER Lyn(X) TRT.

8 1 (Lyndon’s factorization theorem (cf. [2])). Yw € X*, 3ly,lo,...,1. € Lyn(X) (I; >
l2 Z zlr) s.t. ’w:lllg...lr.

Lyndon factorization theorem & b, YT DORAIAL D 7DO:
> -1
Soe M oo=(ixd)
weX* l€ELyn(X) zeX

2L, [17 GIEEmIEIcRiE 2 2 & e 2 EH®T 3.
CDMEN S, RBFEON5:



o7

W 2 ([1]). &2 e X I LTEATI A, ZHIGEE 2. 3B w =mz122...71 € X* ITHL,
My =My My, ..M, LEFRTZ. ZOLE, DTOELDWELO:

det(I =Y My)= [[ det( —M).
weX l€Lyn(X)

E£E X2 E X LoFERNER < IO 7L 77RXy behkd. koT, LomElX X212
MUTHRMTED LD, ThbDE, (v,2) € X x X T 2EHITH M(z,2'), 3B =
(w1, 7)) (22, 7h) . . (wh, ) € (XD X LT, My == M (w1, 2))M (22, 25) ... M (zp, x},) & EFH
Lzt & ROXDRLDY ILD:

det (I— Z ]\J(.r.m/)) = H det(I — ;). (1)

(z,x')eX? leLyn(X?2)

2.3 MTBKEF- kY —2EH

BV, £E8 {(u,v)|lu,v €V} DETEEADHA = (V) 2EREMZ 77255, V2
DL ZNZNER, 7—7 (BMAE) Vw5, 7—2 a = (u,v) XL, HE u,v ZZNZi a
D (tail), ¥H (head) I, t(a), hla) EFEL ZIZT 3. 7273 LIX L IEREITHIE X h,
FRMOTESZH, REMOESZRBY T5. FC, tla) = h(a) BT —2%L—T2 W03,
tla) =u,h(a) =v 2782577 ac ADEEE Ay, LHEL. T, 2H[A w,v e VIHOT -2
DEEE U(u,v) = Ay UApy, TRT. 7= a € Ay THNLUTHERD o € Ay & a OMT —2
35, T4bb, at YHAE ORTDT 2% a D7 -7 5 5. hla;) = tai41) BT
ko 7—=2DF p=(a1,as,...,a;) ZRE kDL WVI. K, hlag) =ta1) LRI E, p %k
P WS . ANDRESZ C(A) TRT. B A > HIHLT, 5180 : AxA - HEZRX
TEDS:

0(a,a’) = 7(a")(Op(aye(a) = Ga-1a)-

F7z, B ¢ = (a1,a92,...,a;) € C(A) KA LT, circy(C) = 0(ay, az)...0(ap—_1,ar)b(ag,ar)
LERTD.

EE 1. ARAMZ S 7 AHT 2 WTBOKE - — X B2 AT TERT %
1

CEI;I(A) (1 — circg (OVIC1) (1 — circg (C)tC1)*

Za(t;0) :=

CDFRREAA T —FREWVD.

AR 1. WTBUKE Y — X ERIEUAT O X5 12EIT 5

ZA(t;0) = exp (Z > Mﬂce(mt”'c')

n>1CeC(A)
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COFREPEHETR VS, KREOTEHTIE, 45 —RRE2BABRIEFEL, BAERTH,S
PFRFREZEHT 2729, EHEREIAVEY. 22 TR EROMIIERT 205, [4] L Ao
FNECEHT 2 Z e AARETH 3.

3 FEFEE
3.1 BARTR

A= VA 2LE7—IRZHEL-T2HFTERAGAT I 7L, T2 A XRIETFZE
DB, B(a,d) FEMSHOTI M € Mat(|2], [20]; H) % KEF-(E#E — % OITF ¥ 1.3
Eqo € Mat(|,|A;2) % (a,d)-HAH 1, ZDOMOEDDET 0 THB175l2 L, M(a,d) :=
O(a,a' VEq o EDZ. fEL X (1) &b,

Sdet (I — tM) = det (I —tM)

= 11 det (I — 6(ay, az)8(ag, as) -~ O(ag_1,a1) Ea, apt'")
l=(ay,az,...,ar)ELyn(A2)

[T = circo)(1 = circy (1)¢")*.

leC(A)

HRENS. ZHUT XD, WTTRUKE- LR — X IIRDITIIRERICEHR TE 5.

EE 1. ARAMZ Z 7 AT 2 WTBUKE LY — X DBARRIUAT TERA 6N 5!

1
Za(:0) = Sdet(I — tM)

32 REXRT

R 2 (Ishikawa 20214). Tuy 7= Y e, T(a) B L. & 2THR v, 0 KN LT, UTFOZHEKZ

ERGZ5:

w(u,v) = (L= *TouTin) ™ w0
’ (1 + t7y0) u=uv

THANMBRDOITH| Ay = (Tuvw(u,v))uvve‘/, Dy = (§uv Zu'ev Tuu’w(uaU/)Tu’u)u,vev, J o=
(T(a/)éafla’)a,a’e‘zl %)EHL"C,

1
Za(:0) = Sdet (I + t.J)Sdet(I — tAg + t2Djp)’

Ay ZWEBEETI, Dy ZREXEUTIIE VW, 20D 20D1TH 2 AW TREINATHIRFRZH
JRFTRE WS,

% 1 (Konno, Mitsuhashi and Sato [4]). G = (V.E) 2 AREM 5735, &l
{u,v} € EXZHMLT, 220077 a. = (u,v),a, = (v,u) ZMISEELAAT Z7 7 A(G)



(VAG) 2EZB. ac & a, ZZHMZIAYT -2 LERT 2 &, MEBREITH, #EXK
T Ay = (Caea,, (1 — *1(a)m(a™) 7' 7(a))uwevs Ds = (Ouv Dweviwsu doaca,, (1 —
Pr(a)r(a ) (@)@ ))upey BB, TOLE, AG) ITHT B UTEOKE AL — &
DPRFEFRIRTEZ 6N :
_ 1
~ Sdet(7 +tJ)Sdet(I — tAs + t2Dy)

1
- [Toca (1 = t27(a)m(a=1)(1 = t?7(a)7(a=1)*Sdet (I — tAs +t2Dy)’

ZA(t; 19)

Proof. (E¥ 2 @FEM) 175 M <Xt LT, 178 K,L &% K = (dy(a)o)acnvev, L =
(T((L/)(Svf(a/))vevya/egl LIED D &, M = KL —J MDD, X 2T, KE-EHEY — 2D
BAFRREILUTOL S ICEFTE 5:

ZA(t;0)"" = Sdet((I +tJ) — tKL)
= Sdet (I + t.J)Sdet(I — t(I +tJ) ' KL)
= Sdet(I + t.J)Sdet(I — tL(I +tJ) ' K).

W77 7 (V.A%u,v)) T2 JK,LO/NMIIZZRZ J(u,v) = (T(a')00-14") a,ar €21(u,0)
K(u,v) = (Op@w)act(we)wev, L(u,v) = (7(a")0uia))weviarenue) &BL &, J =
GupevJ(u,v) EREZ 2206, LI +tJ) 1K = > wwey Llu,v) (1 + tJ (u,v)) LK (u, v) 23
BbIio. KT, J(u,v) DFIE A(u,v) DFREICE D ZELT 2. LedioT, & Au,v) IZHLT
L{u,v)(I +tJ(u,v)) " K (u,v) ZLTRD 2. Alu,v) # 0 ELLTD 3 20HEDNTILITH T
32

o Alu,v) = Ay,
o Alu,v) = Alu,u) = Ay,
o A(u,v) = Ayp UApy, 72721 Wy, Ay # 0.

ER u,v € VIIHL, Au,v) = Ay ZHLTHE, $HODE, FEO7 27N LTHT —
IHFEELEVES, J(u,v) = O ZHL2THS. Lo T, Llu,v)(I + tJ(u,v) 1 K(u,v) =
L(u,v)K (u,v) D LD, EEHE, 775 W(u,v) = w(u, v)a,,| & w0, u) g, =H
WT

L(u, v)(I + tJ(u,v)) 'K (u,v) = L(u, v)W (u,v) " K (u,v) (2)

LEIRT .
iz, Uu,u) = Wy OHBE, THOH, HE v IBF2L—THEETIHE, J(u,u) =

99
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(T(a") a0 en(uuy £% 5. J(u,u)K(u,u) = T K (u,u) %2 ZEWCHERT 2L, M2 LD,

L(w,u)(I + tJ(u,u)) " K (u,1u) = L(u, u) (I — tw(u, u)J (u,u) K (u,u)
= L(u, w)w(u, u){T + t(t " (w(u,u) ™ = )T — J(u,u)) YK (u,u)
= L(u, w)w(u, w){K (u, u) + t(Tya I (0, 1) — Ty K (u, u))}
= L(u, wyw(u, u) K (u, u)
= L(u, w)W (u, u) " K (u, u). (3)

BRI, Au,v) = Wy UAyy DBE, 32DB, w0 MOEEDT — 7 Z#T — 7 HD
BB I OHETIHEEEZS. Qluv = {ar,a2,...,ai}, Uy = {Akt1,kt2, . Ayi}
eBL. B = (1(apt))i; € Mat(k,l;H), C = (7(aj))i; € Mat(l,ki;H) B &, I+

I, tB
tJ(u,v) & (t;’ ; > e7my 775l LTRE S, ME3410XD, (I +tJ(u,v) ! i
!
(I —t*BC)~t  —tB(I, - t*CB)~*

—t(I, -t23CB)~'C (I, -t*CB)™!
DHBETELWTHIROT, 82 &b, (I, — t*BC) ™ = I; + t*w(u,v)BC, (I, — t*CB)~* =
I + t2w(v,u)CB 3603, J(u,v)2K (u,v) = t=2(I — W (u,v))K (u,v) HELD LD L ITTE
HEidt,

) Y%, 1751 BC,CB BZIEFATHITH b, BHIDK

L(u, v)(I + tJ(u,v)) " K (u,v) = L(u,v)W (u,v) " K (u,v)
—tL(u, v)W (u, v) " T (u, v) K (u, v) (4)

2185,
K (2),3),4d) 2xr D3 L,
L(I+tJ)'K = Z L(u, v)W (u,v) " K (u,v) — t Z (1, )W (u, ) 1T (u, v) K (u, v)

u,veV u,veV
u;&v

LB, T Y, ey Ll o)W, 0) K (), S vev L, o)W (u,v) T (u, 0) K (u,0)
’ uztv
DEFTEHET 2L, ZNZN Ay, Dy LFELWIZ MR TE 2. DIEXD,

Sdet(I — tL(I +tJ) 'K) = Sdet(I — tAy +t*Dy)

DD ALD.
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