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1 58

¥T (monad) FIAYHT (comonad) AYHESIET F IR ABH A ARMET A IFFE. 1956 4E,
MacLane f§iiR T HIFEROW A HVIBERA (%) BF M. 1969 47, Beck ##1H T (4%) HF4ML
KERAMERMES U, ZIE T R FRORTIERIE; 1972 4F, Street ¥ (i) HATFHIMESHE 5
T 2- {uBE L DO I8 — A i USSR, BT, HORRZ AR E I T R resT o, 3+
WS T RS AFFE AR 2 3 14 2002 4, Moerdijk $#2H T A&k BT ES 18], XM
SRR MR A TS B S TE I, NP TR SR TR BRI . 2007 4R,
Bruguieres il Virelizier [, 3¢ [5] N T 7EAR# T3k IEmE+ & & Hopf AEEHLE, WY T ATk
BT DAXIAR ZE ), INTTAS2] T —28 Hopf B, FEAFFE T HP il = 454 . ribbon Z5#4)F1 i
FE, KRR — S 5 L A s (6] Hopf fREIR & fusion 5 (8] St T
B TR, ST HFRt—E 0o, WISk (10, 16].

ACTE ERBFR AR b, BT MPASUAT F ORI G AR BT R XU S B,
RS R- HERE, 4 T HABosos T-ImE 0 7E B4

2 FEANA

EX 21000 ¢ B—ANERE, F RN ¢ BIASH DR T, SEERRER: m
FF — F fll n:ide — F, i3 FE A #

mF nF
FFF ——FF F——FF
le lm Fnl \idp lm (21)
. AN
FF——F, FFT>F,

WFR=TCXE (F,m,n) AitikE ¢ L —AF1
X 2.2 B (Fym,n) KiEwE ¢ E—ART. VR G MG, HEE C T
—NSH O, A TR A

my idv
FFV —FV V—V
Foy A% nv v (22)
l ; l l /
Vv

v

WFR (V,0v) RHHET F AL, f/idh F- B

SR TEER X € €, (FX,mx) ¥ F- #. AR F- BOYH o F- L

BV R WO F- L, P- BRIZSESS € RIS f oV - W, Hige

Ow o Ff = foby.

BEIFE F- B F- SR SH R - BEEREE Y €r.

Bl 2.3 % H sk Erg—AREC N H I agskites 1 H © - 5 - @ H #352 k- 2506
g LA T, T H @ - BN H R, o H- BNEA H

EX 2.4 5 @ AR, (Fom,n) B (G p,e) K € FPRAEF, FEERRER ¢ -



639 PR WA BN R- FERE 855

FG — GF, {4 T At

PG Gy Fo pF
FGG — GFG —— GGF FFG— FGF — GFF

Ful l,m mcl le (2.3)

©

A

FG GF, FG GF.
¢ "% ra P2 pa
2.4
% l‘P eFl / ( )
GF, GF,

PR o A—ARFEAE, Bk GF O Ff1 G Ry

513 2.5 (3C [16, 4.4 ) @ JE—MEFECEY HACY LA SRR e — L

(1) fEAEH BT G FHASRTE G - 6r — Cr;

(2) ¢ WTLLERLGERT GF B— T4 (GF, pm o GoF, en).

Bl 2.6 # A DB¥gE LARE Mk 2.3 /[ F=A®_ 5 G=DBe_¥J k- =5[]
g ERY T, BUIRE L ¢ FG — GF M #AIBN 550 B A8, R EXHMEER) k- 25[8]
ViveV,a€ A be B,

ey(a®@bRv) =bRa®wv.

G ¢ NEHFo A, B R R R A KRR T A B -
¢: FG — GF E— N7, V e @, & (V.0v) H F- 8, (V,pv) K G- 8, BRI TEIE
GIE:S

ov G(bv)

FGV GFV GV
F(pv)l lpv (2.5)
v o v,

MFR (V,0v,pv) A (F,G)- XL B (F,G)- BUERAIFEIE N F- #EZ, G- H[E 2509 3558 B s
# (F, G)- XBSEHEL R € re)(p).

FE 2.8 HISC[4, 212 W) WML (F,G)- XS R GF LABURSE M.

W (€, ®,1,a,1,7) HERTEEE, F: € — € G —RIER T, BEE QR 6

F,:Fo - FoF FMEH Fy:F(I)— 1,
HENTAEER XY, Z € €, A T 5% 807
(idpex) ® Fa(Y, Z)) 0 Fa(X,Y © Z) 0 Flax.y.z)
=arx,ry,rz ° (F2(X,Y) ®idpz)) o F2(X @Y, Z),
rrx o (idpx) ® Fo) o Fa(X, 1) o F(ry")
=idpx) = lrpx(Fo @ idpx)) F2 (1, X) o F(Ih.
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EX 2.9 B (€, ©,1,a,1,7) HKEIEWE, (F,m,n) K € PRHTF. 5 F R4
AR RR 1, U SC [13] (3 (7)) WA, F 8RN € i — BT, 25 N ARG

Fa(

m XY
FFXaY) ™ pixov) 2 pxery 1" pr

F<F2<X,Y))l memy “ lFo (2.6)
F(F(X)® F(Y)) —2EX ) FFX @ FFY, 1,
Xy 2L FX®Y) FP(I) 225 F(D)
\ lFZ(X’Y) mll lFO (2.7)
nx Ny "
FX ®FY, FI ———1.

A 2.10 HIRTFRIE XSG ([, Fy) € €p, HHE (67, ®,1,a,l,7) HKEIEHE. XF1E
B (V,0v),(W,0w) € €r, HokEBIEIZE M T

Fo(V.W
Ovaw : F(Vaw) —2Y" | pyopw 2y ow

Bl 2.11 & H Ak ER—DRURE W H Bt egskiERm 1+ Ho - 5 o H #52 k- 23
[ETF{ER: A RS A

EM 2.12(3C (7,82 %)) W (€,®,1,a,l,r) KKETEEE, (F,m,n) K € FHIET, FH1FE
TE TR 5 SR

0:®=>Q%P0(FxF):¢** =€,

Y LD vk

(1) (my @ mx)oopx rpy 0o Fo(X,Y) = (my @ mx) o Fo(FY,FX)o Foxy;

(2) (M} @m% @m%) o (FR(FY,FZ)®id) o opx ryerz

= (my @mz @m%) o (ild® orprx rz)o (oxy ®id);
(3) (Mm% @m3% @m3-) o (id® Fo(FX,FY))oorxery.rz
=(m% @mx @my)o (opx,rrz ®id) o (id ® oy,z),

MFK o HEF F ER—DMUN=M45H, 55 (F,0) B € Ho— MU= AT

EX 213 &/ (¢,®,1,a,l,r) HHKETEEE, (F,m,n) Al (G,p,e) € FEPDIAT,
¢: FG — GF NRFEER. FHXTEEN XY € €, ¢ SR &M

(1) (px @ py) 0o Fo(GX,GY) 0 F(G2(X,Y)) = G2(FX, FY) 0o G(F2(X,Y)) o pxey;

(2) Gy o G(Fy) o pr = Fy o F(Gy),
MIFR @ J&—RURFo BLAE.

538 2.14 (3L [10, EH 3]) @ AXCRFIHELAEEY HACY LUT R E—A A

(1) WM GF FEE G RKREHM ¢ MW T, AT RMBUE— XA

(2) Cra)(p) = Cor, HE—IKETE

3 B¥HECEMEIR

PUTRRARE (€,®,1,a,1,r) A5RIEEE, (F,m,n) M (G, ue) ¢ FERIPITIRT, ¢ -
FG — GF JE—RUATIrEE. BRI GF 2 F fl G #ynif.
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HIEE AT € 1R IRBGERER] € KT
QP ExEC—C, (X,Y)—Y®X,
GF®GF:¢x% —%, (X,Y)— GFX ® GFY,
GF® : ¢ x€—%, (X,Y)—GF(X®Y),
GF &P GF: ¢ x€—%, (X,Y)— GFY @ GFX.
FATH Nat FReRFE]AY B ARSI ER, A I T .
@l 3.1 Natg, () (®, ®P) = Natg(®, GF @ GF).
B — 7, AR R
P Nate, . ) () (®, @) — Natg (®, GF @°P GF),
WEMAERER [ € Natey . ., () (®,@P) fl XY € ¢, P(f) X

enx ®eny ferx,GFy

P(flxy: X@Y ——=GFX @ GFY —"= GFY ® GFX ;
7, 5 B
Q : Nate (®, GF @°P GF) — Nateg,, . () (®, ®°P),
HAREER o € Naty (@, GF @ GF) fll VW € 6(r6) (), Qo) N

W GFW @ GFVEYEY aw o av YL W e v

Qo)vw: VoW
TUE P Al Q H¥f
F5z b, R TR

enx ®eny OGFX,GFY

X®Y GFX®GY ———— GFGFY 9 GFGFX

\TX,Y GF&ny@GI‘{
\ /

oX.,Y GFY @ GFX GoFx®GpFy
id/
/

GFY® GFX GGFFY @ GGFFX,

pmy @umx

R0
P(Q(0)) = 0.
[ 2, Hh T Pl

eny @enw farv,crw

VoW ———GFVRQGFW —— = GFW @ GFV

fV,Wl enw ®eny lGew(@Gev
/ wpv
Wev— = WeV " wev,
R0
QP(f) =f

FI P Q Hih. .
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@Rl 3.2 Natg, . (o) (@, ®) = Natg (2P, GF @ GF).
MEBA 2R 3.1, I
P : Nateg,,, . (o) (@7, ®) — Nate (@°P, GF @ GF),
WEEAHEREHY [ € Natg, o () (@, ®) Fil X,Y €6, P'(f') @XM T

eny ®enx GFX,GFY

P(f)xy: Y®X —>GFY @ GFX —">GFX ® GFY ,

Gy FIHGH BT
Q' : Nat(®°P,GF @ GF) — Nate, . ) (o) (B, ®),

HAXHE— o’ € Nate (27, GF ©@ GF) fil V,W € Cro(p), Q' (o)) BXH

GFV @ GFW Y29 ay o qw £Y20v,

QU )lvw: WaV Ve W
EE
EX 3.3 IMEER o € Natg(®, GF @°P GF) fil 0’ € Naty(®°P,GF @ GF), EX o' fl o
EOESZAVIN
(@ *0)xy: X@Y —Y5 GFY @ GFX <X GFGFX @ GFFGFY

GpFx®GeFy

GFX ® GFY

GGFFX @ GGFFY,
pmx Qumy

SEX o Ml o FEFRATT:

OGFX,GFY

(0xd')xy: Y ® X ——> GFX @ GFY —“ GFGFY ® GFFGFX
lGWFY(@G@FX

GFY @ GFX =<——GGFFY ® GGFFX,
pmy @um x

Hrp o € Natg(®,GF @°P GF) #iHH BRI, ZFE o € Naty (9P, GF © GF), {#if%
o' xo=pmepum, H oxo' = pm P pm. RN o' K o FEFEE.

E 8.4 SUPB T € Natg,, () (®, @), IH 7 FEBSF P NHIERITICA o

VU, FATA TR 53

513 3.5 7 A Natg,. (o) (®, @) FRFHTCY HALY o BHERANHR.

WA = 4 7 By, HiioTih 7' € Natg . . (o) (@, ®), W 3.2 A] HULFFTE
o' € Naty(®°P,GF @ GF), {15 o/ = P'(7'). BT TE o « o

XY cxeeny GFX @ GFY —2f0erx GFY ® GFX
enGFXelaenGFy enGFy ®enGFx
enx ®eny GFGFX ® GFGFY ———— GFGFY ® GFGFX
GoFx®GoFy TGFGFY.GFGPX
GFX ® GFY < e GGFFX @ GGFFY g —-—n GFGFX ® GFGFY,
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Ht XY € €. Al o/ x 0 = pm @ pm. [FIFEAE
ox o' = pum ®°P um,
Bl o’ o BRI
= Rz, W o BERALE, o HHEF. Bl 3.1 M 3.2, LT = Q(o), 7 = Q'(d'),
BEISXHERR VI W € €ro), H
T'vw o Tv,w
=Q' (o) vw o Q(o)v,w
= (pv @ pw) 0 (GOy @ GOw ) o oy o (pw @ pv) o (GOw @ GOy) 0 ov,w
= (pv® pw)o (G @ GOw)o (GF(py o GOv)® GF(pwo GOw))o oG py,crw © ov,w
= (pv® pw)o (uy @ pw)o (GGhy @ GGOw )o (GGmy @ GGmw )o (GoFy @ GoFy)
© OGFV.GFW © OV,W
= (pv® pw)o (GOy @ GOw )o (umy @ pmw )o (GeFy @ GoFw)o ogpy,arw © ov,w
= (pv ® pw) o (GOy @ GOw ) o (env @ enw) = idvew
T 7 o7 = id. [FIBEATE

To7r =id.

T m AR, R

4 (F,G)- W0 R -F4544
KETERE (€, 0,1, a,1,7) PR —DETFEM RS — B RRMY
T:=QP:4x%—%,
WRMEER XY, Z € €, LT ERIER Al

a T,
(XoY)9Z —2 s XY ®Z) —2 > (YRZ)®X
Tx)y®idzl laY,Z,X (Bl)
a id T,
YoX)oZ —" L yvegXez) - yve(ZeX),

—1

a T,
XYz —2 s (XeY)eZ —2 . 70(X®Y)
l (B2)
zZ, XY

(ZoX)®Y.

idx ®TY,Zl

—1 .
ax 7y Tx,z®idy

X®((ZeY)

IR 4.1 XME—XFR X €€, HNA GFX € Cpe (o)
VEEA 1€ X GFX /) F- BAERF G- BAEH 25T
perx 1 GGFX 4> QFX ;

(X®Z2)®Y

Gm
Oorx : FGFX —= > GFFX —*> GFX,
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M Zh ik
(GFX, 9GFX) € Cr.
EiliNg
(GFX, pcrx) € Cc-
HETT R AT A A
PGFX Gorx GGmx
FGGFX — GFGFX —= GGFFX —= GGFX
Fppxl HFFX\L lMFX
FGFX X GFFX e GFX
AL
(GFX,0crx,parx) € Cra)(p)-
S

& 4.2 IMEEBS f € Mor @, W[HI GF(f) [FiHy F- #REIZSM G- BRI, #EmEasE
F—AH R T
GF : € — Cra)(p).
Rl 4.3 7 & F- SRESY HOCSIHMERR XY € €, o R T A HRE
F(X Y)Y F(GFY ® GFX) —2> FGFY ® FGFX
Fgl lthy ®pFx (4.1)
FX®FY GFFY ® GFFX,—> GFY ® GFX.

OFX,FY

A = W5 41 K Cre)(e) RKEERER
GFX @ GFY € Cr.c) ().

A4S
F(GFX ® GFY) T F(GFY ® GFX)
GG’FX,GFY\L 0cry,crx

GFX @ GFY ——————= GFY ® GFX
MR IR, — A
F(XoY) —8) | p(QFXe GFY) — X7~ F(GFGFYs GFGFX)
F(GFeny @GFenx) F(GpFy®GpFx)
/
Gmy®GmxT J‘\f lF(;ﬂny@umx)

GFFYR GFFX ~——— FGFYQ FGFX ~<—— F(GFY @ GFX);
pFy @pFx Fy
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A7, A

F(enx ®eny) PrXQ QFY
_—

F(X®Y) F(GFX® GFY) FGFX® FGFY 2L GFFX® GFFY

Fenx @Feny
Fy Gmx® Gmy
eFx ®eFy

FXRFY GFX®GFY

lrf //GFer®GFeFX\ lzf

GFFY® GFF)%my(@GmeFY@ GFX < ®LW%GFFYQQ GGFF&MPI@FGFY@GFGFX.

H LA PSR AT, A (4.1) BGE
= Rz, HEE (4.1) 7, WX VW € €pe)(p), BATA UM ISHIE:

F(Go Go
F(V o W) F(GFW @ GFV) (CoweGov) F(GW @ GV)
F F2 / Fpw®pv)
Fs
F F
FV&F FGFW@FGFV GHLQ%G%GW@FGV FWaV)
Oy Q0w \jFW&DFV pr ®va
Veow GFFW ® GFFV FW ® FV
o w‘v Qpv O R0y
GFW@GFV GOw DGOy GW@GVWW@V,

RV RT R i S ASHIE.
Wl 4.4 7% G- BFEEY HICEMERRN XY € €, o W2 T3S

Goxy

G(X®Y) : G(GFY ® GFX)

FQ\L le (4.2)
GX®GY —= GFGY® GFGX GGFY® GGFX o, CFYQGFX.

JEER 2RI Fani 4.3 AlIE, ANEEFR. .
SR 4.5 7 WEAHE (B1) Y4 HALYIMEER XY, Z € €, o AT K-

o®id

(XY= Z (GFY @ GFX)® Z —*—=GFY ® (GFX ® Z)
a id(\%a
X2 (Yo Z) GFY® (GFZ® GFGFX)
- id®id®|»G<pFX (4.3)
GF(Y® 22 GFX GFY® (GFZ® GGFFX)
GF>®id id®id®um x

Go®id

G(FY®FZ)® GFX 2225 (GFY®GFZ) ® GFX

GFY® (GFZ2GFX).
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B = B (GFX ®GFY)® GFZ € € ro(p). 2, — A
agry.crz,crx © (pmy @ umz @ pmx) o (GoFy @ GoFz @ GpFx)
o(Go(FGFY, FGFZ) ®id) o (GFy(GFY,GFZ) ®id) 0 06rx.cryecrz
°aGFrz,Gry,Grz © (enx @ eny ®enz)
= aGry,Grz,crx © (Wmy @ pmz @ pmx) o (GoFy @ GpFz @ GpFx)
o(GFeny ® GFenz @ GFenx)o (G2(FY,FZ)®id) o (GF2(Y,Z) ®id)oox yez
oax,y,z
= agry,crz,crx © (G2(FY, FZ)®id) o (GF2(Y,Z) ®id) o 0x,ygz © ax v, 7;
FH—I7H, TN
(id®@ pumz @ umx) o (id ® GpFz @ GpFx) o (id ® ogrx,cFz) © AGFY.GFX,GFZ
o(pmy ®@ pmx ®id) o (GpFy @ GpFx ®id) o (cgrx.ary ®id) o (enx @ eny Q enz)
=({d®@umz @ pumyx)o (id® GpFz @ GpFx)o (Id® ogrx.Grz) © OGFY.GFX.GFZ
o(umy ® pmx ®id) o (GeFny ® GeFnx ®@enz) o (oxy ®id)
=(id®@pumz @ umx) o (id® GeFz @ GpFx)o (id® GFenz ®id) o (id ® ogrx,z)
cagry,Grx,z © (0x,y ®id)
= ([d®id® umx) o (id®id ® GpFx) o (Id ® ogrx,z) © agry,arx,z © (0x,y ®id),

T, B 7arx, ary, arz WEEE (B1), BIa]15E (4.3) o7
< k2, BB (4.3) A, MIXHEER U, V.W € € ro)(e), THIA

ay,w,u © TU,V@Ww © au,v,w
= av,w,u © (pv ® pw ® pu) o (GOv ®@ Gow @ GOy) o (G2(FV, FW) ®id)
o(GFR(V,W) ®id) o ovegw,u o au,v,w
= (pv ® pw ® pv) o (GOy ® GOw ® GOy ) o agrv,arw,gru © (G2(FV, FW) ®id)
o(GF,(V,W)®id) o ovew,u © av,v,w
= (pv @ pw @ pv) o (GOy @ GOy @ GOy) o (id ® id ® pmyr) o (id ® id ® GpFy)
o(id ® ogruw) © agrv.cruw © (ouy ®id)
= (id ® pw ® pr) o (id ® id ® GOy ) o (id ® Gow @ uFy) o (py ®id @ Gey)
o(Gly ®id ® GFGOy) o id ® ogru,w) © agrv,cruw © (ouy ® id)
= (1d® pw ® pr) o (Id ® Gow @ GOy) o (Id ® oy w) o (pv @ py ® id)
o(Gly ® GOy ®id) o agrv.cruw o (ouy ®id)
(id ® pw @ pr) o (id ® Gy ® GOy) o (id ® oyw) ° av.uw © (py ® pr @ id)
o(GOy ® GOy ®id) o (oy,v ®id)
=({d®@mw)oayuw o (Tuv ®id),

SCRIER T (BL) TTH. TR,
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Rl 4.6 7 R ATHRE (B2) 4 HACUXMERR X,Y,Z € €, o W2 i T e/

X0 (Y0 Z) —22 o X @ (GFZ® GFY) —% = (X ® GFZ) ® GFY
a™? U%id
(X2Y)2Z (GFGFZ® GFX) @ GFY
- G:,aFZ<|®id®id (4.4)
GFZ®GF(X®Y) (GGFFZ® GFX) @ GFY
d®G Fy MmZ@Lid®id

GFZo G(FX @ FY) % GFze (GFX® GFY) —

TEBR 28Tl 4.5 FIHE, AEEE. 5.
EMX 4.7 ¥ (€, ®,1,a,1,r) HKETEEE, (F,m,n) f (G, pe) K C PRIPDIRT, ¢
FG — GF —PMRURTHEE. G B R
o € Natg(®, GF @ GF),

WEIEEN XY, Z € €, BB (4.1)-(4.4) BIA4e, MFK o HACRFIACHE o B8 R- 55FE, #F
(F,G,p,0) A € ER—A B 5.
SEE, AT T F2 2 P
T 4.8 ¥ (€,®,1,a,l,r) NS (F,m,n) F1 (G, ue) N € FHBHPBEET, ¢
FG — GF B—MRRT0EHEE W G ra)(p) METIRETENGY HOCY 1A B R
o € Natg(®, GF @°° GF),

W o % L R R BN, €y (9) THIBTY © — Q).

WEBA 513 3.5, Mol 4.3-4.6 HEEA]IE.

Wit 4.9 & (¢,0,1,a,l,r) HKENWE, (F,G, p,0) X ¢ LR EAEFEE, N (GF,0)
H € LR = AR

B 4.10 & (¢,®,1,a,l,r) NKRETERE, (F,m,n) N ¢ EH—DET. 35 R F 9z
R- JEFE, (15 F A— M U=A00RF, M2 EF G = (ID,id,id) 758 € LR, 4

p=1idp : FG — GF,
TRGIE ¢ AT EE, HRRA
c=R:® - GF ®°°GF

(GFZ® GFX) ® GFY.

Ko BHY R- R
Bl 4.11 % H HEOH & ERYATRYE Hopf %L, S HHEXMK, ZH1 H*P 754 Hopf AL
B k- R o H @ H*P — H*°P @ H IR XHMERER a € H, g € H*P,
Pla®q) = Z q(S(a1)%a3) ® as.
W, &

F=_QH" G=_0®H, ¢=_Q1v%:FG— GF,
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o2 % 4t F ik 62%

W Bl 2.11 H F, G #IANRET, HERG o AR RoHE. O, 55 ST B AR

oxy : X®Y - GFY @ GFX,
x®y»—>2y®a®ei®x®e"®lg7
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