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Connes-Kreimer Z & % rooted tree Dy TREUZFEDWT, ZEHIEA L IEAER LD
G752 EET 5. ZOEM4-HIILEY - XEOMOMLERRNZEL.

1 Connes-Kreimer IC & % rooted trees D729 Hopf X (15E)

PR 2 Rz I WERE R AR (W) 272 7% K (tree) EIES. Tree TH - T, R (root) & IFIX
NN RTERZ R DS D ZMBM ZK (rooted tree) LIEZ. T RXTDL (edge) A root 7 & M
LS EToNTWS, &I WE T root IFRHEA T 5N 5. SEHIkEE 2 Rz 2 WA &K
(non-planar rooted tree) &%, rooted tree TH > T, FIHHM S H TV S LIZIHF BRIV
DEVD. BIZET & X root & —F LICEC 22T By, e A, e MFRAILBW.

LA, (rooted) tree & 5 AN VHIMEE % £772 72\ rooted tree &3 5. 72 & 21T,

cnboach b A

72 E M rooted tree TH 5.
Tree @ disjoint union % # (forest) &3, Forest BWERT 5 Q-2 FIVZEH % Heg 5K

Hek == > Qf.

f:forest
Hok (FEHEZR A Q-R#IZ42 5. (FElE disjoint union. FED HA7 LI empty forest I.)

T %, 3§ TD rooted trees BEKT 5 Q-7 MVERE T 5. Q-MIEESR B, : Hex — T %=,
B (I) :=« &, forest (X U TIXZENZMEH L TS rooted trees D3 X TD root % Bl DFr 72 78 i
(ZNDH /=7 root 1Z725) IZ20RIFAHDELTEETS. 72 21,

Bi(eA) =4h, Bileee—21D) = /N -2y

mErlnd. Z0O By BEERIEMAZE (grafting operator) &I, LR D rooted tree t 12X LT,
t =B (f) 7% forest f D372 —DFHET B LD bn5. (fldtDroot ZELD WD)
Grafting operator % I\ C, Hex EIZRIE (coproduct) A : Hek — Hek @ Hek %,

A(fg) = A(f)Alg) (f, 9 € Hek),
B & Urooted tree t = B (f) \ZR LT
At) =t®I+ (id ® By) (A(f))

TREFETD. AFRAH (cocommutative) TIEZRWAY, RiGEH (coassociative) TH 5.
Counit ¥ antipode HEZETE GEMIINET) , 2otk ->T

FHE 1 ([CK]). Hok & Hopf AREUZ 72 5.
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2 Rooted tree maps

Heg 10 ZEBIEEIEALR 6 = Qx, y) NODHLEHEZWHEETS. M:HRH > H%, TV
VYEEND GEr#EIZT2) BHRETEH :Muow) =vw. £72,ue HIZHLUT, R, :H —H
ZouzEPonI5EHE TS Ry(w) == wu.

¥ 9 empty forest I % § EDHEEGM{E ARTILIZTE. 2D E, RE[FS.

EE/EH 2 ([T]). EED forest f(ADITHL, QAEEHR f:H - (HLHST fTRITIL
Z93) 2, UFOARMNTERTDILNTES :

) f=-D&Z, f(z)=—f(y) =2y,
V) (B(f))(u) = RyRyray Ry f(u),
7)) f=gh(g,h#I) DELZ, f(u) = g(h(u)),
i) fwu) = M((A(f))(w @ u)).
72720, u e {x,y}, w €N.

EHITZDEL f 22BN ERER (rooted tree map) EIEATWS. KWHED GEHTEZ TV
BWBHEDEEDT) W SPEDD > TWED, AFETIE, IROHEINZIRR D H DLSNEIEIKT 5.

3 %EtXE—4%{E& rooted tree maps

nZIEDEH L § 5. L EHY — Xff(multiple zeta values, MZV) &1, IEOREE ki, ko, ..., kn(ky >
1) o214y T VI A (ki ko .. k) IZHUT, LFORBMCTERINIFEHTHS.

1
CWhrko k)= 37 oy

m1>me>e>my >
9= Q+ahy 1k H OWHTARD. QTR Z: ° > RE Z(1) =1 BXU
Z($k1_1y$k2_ly e xkn_ly) = 4'(]{,’1’ kQ, ey kn) (kl > ]-)

TEFET 5. MZV OO Q-FEBRREZ RO 2D, ker Z Dt E WD 5 Z L ITHYT 5.
UTFOEMIZH B & S1Z, rooted tree maps 1$ZHY — XMEDOEARNZFET L Z L brb.

EIE 3 ([T]). & D rooted tree map f (£ I) 12X L, f(H°) C ker Z.
Bl. 7= & ZIZ, rooted tree map A : $H — H 2 XD xy € H° DI,

Azy) = oty + 23y — 423 — 2zya?y — 3ayxy? — zy’ay + 2ay?
CEHEIND. IhE ZTHIDOTE0IIREDIIRDT, MTOREGRRE255.

i T, rooted tree maps DOME X, EERIZ L DB INTWVWEZ LR EZ WL DN
L7mWeEoTWna,
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