O000(@O0000000000)00000 oooo o0 o0O0(@OoO0D 0o00)
No.OO (DODOOOOOODDO)OO

O0Gauss 00 ¢g(x) 000000000000 S™10000000000000O0Gauss0000000X CR™
000000000 mO00000000000g:0X—-S"l2—g(x):2000000000000000000
g0 Gauss 0000000000 0g(x)eS™ 100000000000

obobooobOooboooobooobooboboooboooboooooooooboooooobooobOoooOooonn
goooboobogoooboobooboobbooboobooboooboobooboobobbobooboobon
0000000000000 000000000000000000000 s 'o00oooa

O OPoincaré-Hopf 00 00O 000000 COO0O0 M OOOOOODODOOUOODODODOODOOOOOOOOOO
gboooooboooooboobooooboobooon

O0O0MOUOOOUOO o000000Ow(xe)=000000002eMUIO0OO0OO0O0O00wO00 200000
0000002 00000000000000O0000O003UC M2 0000VZEU,v(2)=0=>2=12000
gbooboobdo0oboobboobbooby0boobooboooboboboobooobbooboobogon
gbooobooobomooooboobooboobooboobobooboo

0000000000000000000v:C —C,v(z)=200000indev=k000000000000
ooo

O0=0000000,=0000000000000000000000000000 S'={ze€Clz|]=1}cC
1 1 1

DDEQPWTﬂM@:THﬂ:TFHEWkDDDWSLayDDDDDDDDDDDDDDDDDDDDDD@
w4 z z

000000000 (000000)00000000000000000000000001€S$'000000000

Z¢=100000z=e"%",m=0,1,2,...,k—1 (00 ¥k00)0 k0000000000000000s00000

O0000deg(v) =kx1=k00000000000000000000000 ind0000000O0ce0e=10

0O0000000000OO0)Doooooo
O OPoincaré-Hopf 0O O O0O0O0OOCOOOOOOOO

cooooooooooosmoOobOOOOoO0O0OoooOoOOOO0OoOoooOmoooOoDOOODObOO0OOooo
oooo

OCOEuer 000000D0OO0OO0O0O0ODOCOOO0DODOOOO0ODOOOOODOOOOODOOOODOODOOOOO
ooooo

OOEuer 000000DOOOOODODOOOOODOOOOOOODOOOOOOOOOOOOOODODOOOOOOO
0000000000 Euler 000000000 UOOOOEWer 000 Euler 00000 (0ODOOODOOOOOO
0o00oo0oo00oo0oO00o0oU00D0o00OUoOUO0OL0)Y 0000000000000 0D0O0D00DooDOUDOUODUD
0000000 (00000000000 0o0)000000000000O0000000O00U0O00O0O0OnoOo
0000000000000 0D0OC000DODO000O000000nD Poincaré JO0O0O0ODOOODOOOOOODODOO
obboobooboooboboooooooboooboooboboboooboOoooobOoooboooboooooboboobooboooon
ooooooboooonooo

0 0Oindy, (v) :=deg(d) D000 well-defined 000 0e>00000000000ind0 » 0000000000
oooobodob0bOxpeU 00DO0OO0OO0OOODOOOODODO

Ub0ed0obooboobboOobboOobOoOobn

O0ind,,(v):=deg(v) e >0000000000000000 nd000O0O0OO0O0OOOOOOOOOOOOOOO
oo00o0O0o00oObo00DbO0ind 00000000000 DOO0ODDOOO0OOOe>000DO0O0O0ODODO0O0ODO
oboooooboooooooooon

00000000000000000000000000000000000000000000000000
000000000000000000
1
DD@:%“%%)%SWJDUHWTFWMMDDDDDDDDDDDDs>Qd>0DDDDDF£W*xIH
v\r

S™10 F(x,t) =B _syeee(e) 000000, ~o. 00000000000000000000000000000
0oooooo

000000000000000000000000z€ 8™ Yxz) 0000 |ju(z)|#0000000000000
ooooo

OOEuer 0000000 O0O0O0DODOOODOOOOOODDOO

000000000000000000000000 S2000000000000 400000000 60000
oboobo0o400000000000004-6+4=200000000000000000000000000O0
gooooooooobooboboboooobooooboobobboooobooooDooooDobobobooobooo

O0Ekler 000000000 DOODOOOODOOOOOOODOOOODODOOOODODOOOOODOOOO
goooboooobooood

oboooboooooooooobooobooogooon




oboooboboooooboooooooboboooboobobooooon

gbogobooobgobooooboooobobooobooooboboooboboooboboobooooobon
gooooboboooboboobooboobooboboobooboobuoobooobobooboobooooon
gobooboobooboooboooo

O OrankH;(M;Z) 0000000

00000000 Hy(M;Z)0000000000000000 rank 00000000000000000000
000000000000 00000000000000000000000000000000000000 GO
G2 Gree® CGrorsion 10 00000000000000000000G.. 0000000000Z 0000000
000000000 Gsion 00000000000Z" 0 »r00000000000000000000O0000O0
000000 G000 (rank) 000000000000000000000O000000000000 (Betti) 00
ooooooo

O OrankH,,(S™;Z)=100000000000000000000
00H,,(S™Z)~Z0000rank(Z)=1000000
00000000000000000000000000

000000000000 00000000O0DO0000 (DOD0UD0O00O0DU0DO0DO00OU0OoO0OOoOUoOOoooOoUO
00000000O000O0) 0000000000000 0O00O000U0oO0DU00o0O0o0o0DUo0oOUoOoUooOOn
obobooboobooobooooooboooooobooboooooboooobooboooOoooooooboooooooobooooaon
00000000+« 00000000 H(M;Z)00:0000000000000000D0000000O0G+1)00
gooooboooooooogooboooboooooooooooobooboobDOobooobDUobboobooboooooo
0000000000000 000o0000o00o0 (DO)00D00D0U00O0D0000O00O0O00O0DOoOoO0ooooo
00 ;000000000000 MOOOOOOOOOOOOOOrankHd;(M:2Z)000000O

Z i=0,m
00 Hy(S™; Z) ~ 0000000000000
0 0OOO

goobooooboboooobooboobooooooboboobobooboboboboboobobon
goooboooboog

OOEuer 00O000O0OO0O0O0DOOOODOOOODOOOO

00000000000000M =D™ (mO000000)000H(D™Z)~%, H(D™Z) =0(i+#0) 0000
y(D™)=1000

OOEuler 000 ind 000000000 O0OO0OO0EuWer 000 ind000O0O0O0O0OOOOOOODOOOOOOO
googood

Oo00o0O0ooO00o0oOOO00O000D0EWer00000D0OO00ODOODOOO0ODODOO0O0IMdOOODOOOODOOOO
oooooooooon

DO0x(M)=(0000)-(0000)+(0000)----00000000000000000000000000Euler
00000000 x(M) =" (~1)rankH;(M;Z) 000000000000000000

000000000000000000000000000000000000000000000D00D00D00000
MOOODODOOOODOD+00000000000D0000DO CG(M)OODODDODOO0OO0ODODODO0GEDODOO000
0)=rankC;(M)0000000000D000000000D0 90000000 (complex) «--— Co(M) — C1(M) —
Co(M)—---0000000000000000000000O0O Hi(M;Z) =Ker(9; : C;(M) — C;i—1(M))/Im(dit1 :
Citi(M) — Ci(M)) DDODDODOY (—1)rankH;(M;Z) = > (-1)rankC;(M) 0000000000000 OOOODO
(0000000000000 0000)0

000D0000x(M)=0000)-(0000)+(0000)----0000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000

obooobOooooooboooooobooon

OO0, 00000000000 (ps«)ovop l:V—-R™0OVOI0000000000000000O0O0O0O0O00OO
0:U—-VDODO0O00000O0e ':Vv—-U0UO0VIOODOOODUODOODDOO0O00000000000000U OO0
vop !0 VOIOODOOOOODOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOQn
oboooooboooooboboobooboooobooo

ooooooooooooboooboooooooooobooboooooooooooooooooooooboooooon
0000000000000000000000000000000000000v:U —RFOO0OOvop™!:V —RF
gobooooooooobvcocrR™Oooovoooooooobooooooooooobooobooobooouou oo
0000 (k00000D0)0 VOUOOOOO mOOO0O0OO0OO0)0000000000000OO0OOOOOOOOOO
oooboooooobooOd TogaM =T,,U O Tppy)V =T )R"=R™" 000000000000 ¢, 00000
0000000000000 (@O000o0UO0OUO0O0O0U0O0 (00000 0) 00000 UOO0O0(CUo)O
googboooboobooboobuooboobono



O0¢ D0 zeMOOO00DO local chart 00000 Ochart 00000000 ind 0000000000000
00000 ¢ :U' - V' CR™00000indy g {(¢.) 0vo@ ™1} =indy@e {(ps)ovop™'} 0000000000
0000000000 ind 000000000000000000000000000000000000000

00000000000000f =9 "oy, o(m)=20,¢ (1) = 2, w = () ovoe 000000000000
Of:V—V'OR"O000 V,V 00000000000 f(2)=2,000w0 VOOOOOOOOOO0OO0OOO0O
OOindy{(f.) owo f~'} =ind,,w D0DOO00O0D0O02=0=2000000000000000000F
00000000000 f00000000000000000000000%0 « (0000w = (f,)owof~1)O
00000000000000000000000000f00000000000000000(00)0000 ind
000000000000000000f000000000000000

gobbboooobobbbooooooooobobboooobbbooobDDh x=0-0+1=1,000000
x=8-124+6=2, 0000000000 x=4-6+4=2, 00000 x=0-243=1000000000000

0000000000000 00000000000000000000000 (simplicial decomposition) O 00O
gboooboooooobooooooobooooobobbooOooboooobOobOOooboOobooooobobooooboon
obo0oobOoobooooOooooooo 200000000000 0000O00O0O0O0OOODOOOOODOOOOOn
000000 (cell decompositon) 0000000000000 0OO0OOODOD™ 0D00OOOOOOOOODOODO
gooboooooooboooooooooboooooooboooooooobol1-0+1=200000000O0DOOO
0000000000000 0000000000000000000((2-343=2).

00000000000000000000000MD: 00000 (CR*n=20r3), FeCY(D,R") 0000
OOrotF =0= 3¢ € C3(D) s.t. F=gradp. 000000000000000000000000

googobdooboobooooooooboooboobooboboob nOO0ODOODOOO
googboobooboobgooboobobbobobobbobooboobooobon

0000000000000 00000RD: 0000000000000 OOOOOOOOO0ODOOOOOOOO
Gauss DOOODOOOOODOOOOODOOOOO

1 1
goboooooooooobooobooon X§DDDDDDDDDDDD gDDDDDDDDDDD(DDDDDD)D

gbOoooooOo0oooboooooooooobobobOobobooboboobooooooboooooooooon
1
gobogobooboobboobooboooboobooobooobooobooo (DD)X(DD)X§DDDDD
gbooooooboobgo

oobooooboooooboooooooobooobooooooooboooboOoobooboooobOoDooboOoDbob
obobooooboooooboooboobooobooobooboobooooobOobooboooOoobooooooboboboooooboon
oboboooOobooooobobooOobOoboooooboooonoOoo

gbooobooboobobooboo
googobooboobobbooboobbooboobao
gbooobooboobooobooo

obob0o0obooooooobooobooobooobooooobooooboobooobobooboooboOoooboOooDn
gbooooOoboooooboboooboboooooboooobOobbooboobooooobobooooOoDbon

gboooboooooooooooooooOoooooooooooooobooooooooooooooooon
googbooobooboobooboobooboooboooboobooboobooboobbooboobon
gboogobooboooboobooboobooo

cooooogooooo ecMOoboogoooooooooobOooooooOobOoOooooOooobboogDboooo
ooooo

cooooogoooooooooboooooooooobooboo0oooooDboboboooCcMOobDboDDOODDOO
ooood

gobooobboooboboooobobooobbooobobboobooobbooobbooobbooon
level 0O0O00DO0OOCO0OOOOO0OODOOOODOOOOOO

booobooooboobooooooooOoOoobooboobOobOoOoobOoOooboobOOobOooboOoboOoboooboOooon
obooobooooboooobooboobooooooobooboOoooobooooobooooobooooobooogon
oooooo

goooooooboooobboobooooboooboobbooboobOoobOobobDoOobOUbbOoDooboOoDbo
00000000000 (@UoUo0oU0o0oUo0oUo0U0oO0oO000O0O00D0L00DoLOoUDOOoULOOoUD
0000000000 0o00O00oO0OO0)0000O0U00000000U000U0DO0OUOO0O0O0OUO BOoOOO
gbooobooooboooooboobboooboooooobooobooboboooobooooooboooooobooobooooon
ocoooooooooooOoooBOOODOOOOOOOOOOOOOOOOOD COOOOOODOOOOOOODOD
gooooobooooooboooobobooboobooboo



