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a2B E∗ 2BM2 #2HB2#B;2 >QKQHQ;B2i?2Q`B2X .B2 pQM /2` EQ/B�;QM�H2M ∇ : X ⊔ X → X BM/mxB2`i2

�##BH/mM; ∇∗ : En(X)⊕ En(X) → En(X) Bbi /B2 �//BiBQMX

1BM2 iQTQHQ;Bb+?2 :`mTT2 Bbi 2BM2 :`mTT2 G- �m7 /2` 2BM2 hQTQHQ;B2 /2}MB2`i Bbi- 7C` /B2

/B2 JmHiBTHBF�iBQM µ : G×G → G mM/ AMp2`b2M#BH/mM; G → G bi2iB; bBM/X wmK "2BbTB2H

Bbi S1 ⊂ C KBi /2` pQM C BM/mxB2`i2M hQTQHQ;B2 mM/ JmHiBTHBF�iBQM 2BM2 iQTQHQ;Bb+?2

:`mTT2X

1BM2 xmb�KK2M? M;2M/2 ;`�/mB2`i2 K@�H;2#`� C#2` 2BM2K Eº`T2` K Bbi 2BM ;`�/m@

B2`i2` K@o2FiQ``�mK A =
⊕

i≥0
Ai KBi A0 = K- xmb�KK2M KBi 2BM2` JmHiBTHBF�iBQM

· : A ⊗K A → A- /B2 A /B2 ai`mFim` 2BM2` K@�H;2#`� ;B#i mM/ bB+? 2BMb+?` MF2M H bbi

xm �##BH/mM;2M Ai ⊗K Aj → Ai+j X >QKQKQ`T?BbK2M xrBb+?2M bQH+?2M P#D2Fi2M bBM/

�m7 /B2 M�?2HB2;2M/2 q2Bb2 /2}MB2`iX C2/2 xmb�KK2M? M;2M/2 ;`�/mB2`i2 K@�H;2#`� Bbi

�mb;2bi�ii2i KBi 2BM2K 2BM/2miB;2M ;`�/mB2`i2M K@�H;2#`�@>QKQKQ`T?BbKmb ε : A → KX

Abi A 2BM2 xmb�KK2M? M;2M/2 ;`�/mB2`i2 K@�H;2#`�- bQ Bbi �m+? A ⊗K A rB2/2` 2BM2

xmb�KK2M? M;2M/2 ;`�/mB2`i2 K@�H;2#`�- mM/ xr�` #2xC;HB+? /2` JmHiBTHBF�iBQM- /B2

�m7 ?QKQ;2M2M 1H2K2Mi2 ai- bi ;2;2#2M Bbi /m`+?

(a1 ⊗ b1) · (a2 ⊗ b2) := (−1)|a2||b1|(a1 · a2)⊗ (b1 · b2).

1BM2 xmb�KK2M? M;2M/2 ;`�/mB2`i2 >QT7�H;2#`� C#2` K Bbi 2BM2 xmb�KK2M? M;2M/2

;`�/mB2`i2 K@�H;2#`� A xmb�KK2M KBi 2BM2K ;`�/mB2`i2M K@�H;2#`�@>QKQKQ`T?BbKmb

∆: A → A ⊗ A- 7C` /2M ;BHi, (ε ⊗ B/)∆ = B/ mM/ (B/ ⊗ ε)∆ = B/X 1tTHBxBi #2b�;i /B2b-

/�bb 7C` D2/2b ?QKQ;2M2 1H2K2Mi x ∈ A pQM TQbBiBp2K :`�/ ;BHi,

∆(x) = x⊗ 1 + 1⊗ x+
∑

i

x′i ⊗ x′′i KBi |x′i|, |x
′′
i | < |x|

9k | >QT7�H;2#`�

a2B G 2BM2 r2;xmb�KK2M? M;2M/2 iQTQHQ;Bb+?2 :`mTT2 KBi 2M/HB+? 2`x2m;i2` >QKQHQ;B2- mM/ b2B

K 2BM #2HB2#B;2` Eº`T2`X .B2 :`mTT2MKmHiBTHBF�iBQM µ mM/ /B2 AMFHmbBQM /2` A/2MiBi i i : {e} → G

BM/mxB2`2M �##BH/mM;2M ∆ mM/ ε- /B2 H∗(G;K) /B2 ai`mFim` 2BM2` xmb�KK2M? M;2M/2M ;`�/mB2`i2M

>QT7�H;2#`� ;2#2MX

9j | LmHH?QKQT?Q#

.B2 >QT7�##BH/mM; S3
։ S2- �HbQ /B2 EQKTQbBiBQM /2` F�MQMBb+?2M S`QD2FiBQM S3

։ CP
1 KBi 2BM2K

>QKºQKQ`T?BbKmb CP
1 ∼= S2- Bbi MB+?i MmHH?QKQiQTX 1b 7QH;i- /�bb CP

2 MB+?i ?QKQiQTB2 [mBp�H2Mi

Bbi xm S4 ∨ CP
1X

99 | 1BMK�H2BMb

6C` rQ?HTmMFiB2`i2 _ mK2 X mM/ Y Bbi H̃∗(X ∨ Y ) ∼= H̃∗(X) ⊕ H̃∗(Y )X .�b ∪@S`Q/mFi 2BM2`

EH�bb2 �mb H̃∗(X) KBi 2BM2` EH�bb2 �mb H̃∗(Y ) Bbi bi2ib LmHHX �m+? ?B2`�mb 7QH;i, CP
2 Bbi MB+?i

?QKQiQTB2 [mBp�H2Mi xm S4 ∨ CP
1X

�#;�#27`Bbi, kdXyeXkyR3- Ry,jy l?`X "Bii2 r2`72M aB2 A?`2 GºbmM;2M BM "`B27F�bi2M ReR 2BMX


