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J�`+mb wB#`QrBmb y9XydXkyR3

hQ#B�b >2KK2`i

hQTQHQ;B2 AA

1ti`�#H�ii

9N | o2`b+?K2HxmM;

:2;2#2M b2B2M xr2B xmb�KK2M? M;2M/2 FQKT�Fi2 n@J�MMB;7�HiB;F2Bi2M M1 mM/ M2X Gºb+?i
K�M /�b AMM2`2 xr2B2` n@/BK2MbBQM�H2` E`2Bbb+?2B#2M B1 ⊂ M1 mM/ B2 ⊂ M2 mM/ B/2MiB}xB2`i
/B2 _ M/2` ∂B1 mM/ ∂B2 /m`+? 2BM2M >QKºQKQ`T?BbKmb- bQ 2`? Hi K�M /B2 p2`#mM/2M2

amKK2 M1OM2X U.�#2B bQHH �M;2MQKK2M r2`/2M- /�bb D2/2b Bi BM 2BM2 ;`º=2`2 E`2Bbb+?2B#2
BM Mi 2BM;2#2ii2i BbiXV

U�V q2MM M1 mM/ M2 MB+?i Q`B2MiB2`#�` bBM/- /�MM ;BHi

Hi(M1OM2) ∼= Hi(M1)⊕Hi(M2) U∗V

7C` 0 < i < n− 1- mM/ K�M 2`? Hi Hn−1(M1OM2) �mb Hn−1(M1)⊕Hn−1(M2)- BM/2K K�M
2BM2 EQTB2 pQM Z/2 /m`+? Z 2`b2ixiX �M/2`M7�HHb ;BHi U∗V 7C` 0 < i < nX

U#V 1b ;BHi χ(M1OM2) = χ(M1) + χ(M2)− χ(Sn)X

8y | .`2B7�HiB;F2Bi2M

a2B M 2BM2 xmb�KK2M? M;2M/2 FQKT�Fi2 j@J�MMB;7�HiB;F2Bi KBi H1(M ;Z) ∼= Z
r ⊕ F - rQ#2B

F 2BM2 2M/HB+?2 �#2Hb+?2 :`mTT2 BbiX .�MM Bbi H2(M ;Z) ∼= Z
r- 7�HHb M Q`B2MiB2`#�` Bbi- mM/

H2(M ;Z) ∼= Z
r−1 ⊕ Z/2- 7�HHb M MB+?i Q`B2MiB2`#�` BbiX AMb#2bQM/2`2 Bbi r ≥ 1- 7�HHb M MB+?i

Q`B2MiB2`#�` BbiX
JBi?BH72 pQM �m7;�#2 8y H�bb2M bB+? "2BbTB2H2 FQMbi`mB2`2M- /B2 x2B;2M- /�bb 2b F2BM2 r2Bi2`2M
1BMb+?` MFmM;2M 7C` /B2 >QKQHQ;B2;`mTT2M FQKT�Fi2` j@J�MMB;7�HiB;F2Bi2M ;B#iX .�#2B Bbi 2b
?BH7`2B+?- /2M �##BH/mM;biQ`mb 2BM2` aTB2;2HmM; S2 → S2 xm #2i`�+?i2MX

.2` a�ix pQM >m`2rB+x ;BHi �m+? BM 7QH;2M/2` `2H�iBp2` o�`B�Mi2X a2B (X,A) 2BM
EQ7�b2`T��` KBi 2BM7�+?@xmb�KK2M? M;2M/2K A 6= 0- mM/ b2B n ≥ 2X :BHi πi(X,A) =
0 7C` i < n- bQ p2`b+?rBM/2i �m+? Hi(X,A) 7C` i < n mM/ 2b Bbi πn(X,A) ∼= Hn(X,A)X

8R | >Ci+?2M 7C` >m`2rB+x

C2/2 �##BH/mM; f : X → Y xrBb+?2M 2BM7�+?@xmb�KK2M? M;2M/2M _ mK2M- /B2 �m7
�HH2M >QKQHQ;B2;`mTT2M KBi EQ2{xB2Mi2M BM Z 2BM2M AbQKQ`T?BbKmb BM/mxB2`i- Bbi 2BM2
b+?r�+?2 �[mBp�H2MxX C2/2 2BM7�+?@xmb�KK2M? M;2M/2 FQKT�Fi2 3@J�MMB;7�HiB;F2Bi Bbi
?QKQiQTB2 [mBp�H2Mi xm S3X

h�ib +?HB+? Bbi D2/2 2BM7�+?@xmb�KK2M? M;2M/2 FQKT�Fi2 3@J�MMB;7�HiB;F2Bi
bQ;�` ?QKºQKQ`T? xm S3, 1BM2 FQKT�Fi2 J�MMB;7�HiB;F2Bi Bbi ;2M�m /�MM

?QKQiQTB2 [mBp�H2Mi xm Sn- r2MM bB2 ?QKºQKQ`T? Bbi xm SnX .2` 6�HH n = 3 /B2b2`
bQ;2M�MMi2M SQBM+�`û@o2`KmimM; rm`/2 2`bi �M7�M; /2b C�?`i�mb2M/b pQM :`B;Q`B
S2`2HK�M #2bi iB;iX
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