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T 2.1 (FMR «). H' LTI « 2 QWMETHZ L LT, fiiIZIRTEHT 5:

(H1) went izl T, wxl=1sxw=w.



(H2) wq,wy € H:words, p,q € Zso iZXF LT,
(zpw1) * (2qw2) = 2zp (w1 * 2gwa) + 24(ZpwW1 * W) + 2p4q(w1 *W2).
772U, 2z = eé_lel (1 € Zso) T 5.
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(S1) w EHIITHLT, wwl=1lwmw = w.
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XHIZKRILTES:

W1 = (e0Wh, e1Wy), W:H—l = (eoWh, Wy, e e1).

4



4 EHER
KRBT Z VT EEBTH S L EY — X ED Q-HARMRRERRT 5. Bl LT
Xén),*—ﬂl e X(g,n)’* o Xén),ﬂl
EHWAZ 2L, ROFEHEE5.
THE 4.1. e € {x,u}, a = (a1,...,a;) € {0} x {0,1}F72 x {1} iz L T,
(22 (w{"™*), . 20 (i) ) (An ) X =0 (e BT
NS AIRVASR

RO IS 72 (w'™ ) BZEY — 21 T OBZDOLDTH 578, LM IIST
5 (A2, ) LX) OB R T 25T - XHOMBBEGRRERL TN,

72, 90 DL THBE W, OHIED, Thbb, egW,_1 DAZHANWD Z 212X D IROEH
BELNT.

EIE 4.2. ke Lo, n € ZZQ, a—= (al,...,ak) S {O,l}k_l X {1} K}N’bf,
. n+k),e . n+k),e ° — n).k— Ion— n—2
(22 @0, 2t @) () x| B [0 e r
D LD,

FE 4.3, €A1, ROEH 42 13— BEY v v 7OVEMRR (EH 2.3) LAETH D Z LA
DhoTW5B,
Rz, a=(1,...,1) L7z & EM 42 L DIRORERS.

k

% 4.4. ke Lo, N € Zzg 6:;@[_/'(,

° n+k),e ° n+k),e ° _ n),*— Ton— n—2
(Z (wg ) )7 .. -aZ (w;nikzl )) ( n—i—k) lXj([,). .. ,Hll |: e ] =0 (E RQ )
k

N AIRVASR

ZDORIE, HFE-&T-Zagier IZ X > CTRINAZLEYL — XEOESEFKA ([2]) XN 2
Q-FMAIBBRRABELRMETH D Z B> TW\WD.

X5z, WHE AL REE A2 IV SNBITH AL ¥ XS 1zonwT, #hEnT Oy o
1751 & U TR RRAE S N



I 4.5. e € {x,m}, n € Zog LT,

[1] (n=1)
A’I.’L — °
IQn—2 Bn—l (n Z 2),
\ 0 A? Np_1
( [1] (n=1)
o1 _ ° — ° -
(A7) = lfzn—z _Bn—anjl(An—l) 1] (n>2)
\ 0 N, (A )t B
¥7%%. B,, N, 5710w 71758 UTIRD & S IZIRIAICERRE N D!
( [ de ]
. By (A5 )t By (A5 ) 'Bn_,
By, = Ay Nn1(Ap )7t A5 Npoa(A45 ) "By
s 0 0
\ *| Ipno BS ,— A% N, .
- 0o 1
J2
N, =
Jn—l
| 0 n+1 |
\ 1 (s=%)
72720, b := y Joi=0, J; i=ilgn—i1 T 5.
0 (o=u)

AR 4.6, Ay (FIERIZ D E=M155, N, FERDDOXNAGHTH 5.

TH 4.7. a = (a1,...,a;) € {0,1}f Ix {1}, L < Fa
I LTIRD XS IZRKREIND.

pirstLT, XM ik Tay



( [1] (@=0),
5O,a1Xc(tB.’...,ak 51,b(k+1)(1,a1 ..... ak)
+ .
Xé‘l)’. = 51,a1X6(L;?.’...,ak (52k’ b(k+1) (1,aq,..., ar)
(a#0)
617b(k+1)(0717a2 7777 ak)
- (1), '
\ 52k,b(k+1)(071,a2 ..... ak)
(i) n=2
4
]én—l (@=10),
50 alXc(LZ,)....,ak th?,_l,)a; 0
______________ B
X3t = 51,00 XS o xili
60 aq XLS;Z,_{)G,; O
n—1),e a n—1
—0e | (El_‘“_‘){‘g%":’)‘i’c_ _(_ 1_) - ‘_Xé%':)aé | (a#0)
~ 0
1 (x= 1 (e=x
RET IR L
0 (x+#y) 0 (o=u)

P45 LB AT X0, BB GEM A1) O (AS, ) X R I R
NG, FEMB—BET vy TIVEBRACRAETHLZ 26, TORMNERRE G Z 72
Zeizma. Eim, 470 (AL, ) T X 3 SEY — 2 EOMBBERROREETH > 720
T, T DB ETND Z L1z & 0 B 2R OB FE S NS, b U, 75O % IR
MPizEtARTENE, —BEY Yy 7 VERROBEBRREL LTOREIBSN25DT, 5k
A7z P4 2.4 ROLEY — ZMEIZET 5 Zagier DRI T ([4]) OfEPIZEHTH S &
s ns.

A

BBRIZED F LD, SHRBROBERE2 G A TXEL T o A HERFZOH ERFIEE
2, ZO5EBED LT, DD EHHEL BT X,



S 3 Hk

[1] M. Hoffman, The algebra of multiple harmonic series, J. Algebra 194 (1997), 477-495.

2] K. Ihara, M. Kaneko, and D. Zagier, Derivation and double shuffle relations for multiple zeta values,
Compos. Math. 142 (2006), 307-338.

[3] C. Reutenauer, Free Lie Algebras, Oxford Science Publications, 1993.

[4] D. Zagier, Values of zeta functions and their applications, in ECM volume, Progress. Math. 120

(1994), 497-512.

\



