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31, @io“)fmi%

[cMw] %, (A2 0 REIERNSS, Zofdo f

éﬁ);j;‘ :cﬂ‘iiﬂ:): - T G.— %ﬁﬁiﬂ SimF[e, Po[ncare/
Dmlity KOs AR LRI35 4R35 b3,

E—+B 1. G-0W- N2 FLedI, Zon L
nEft LT oEE . THA o H<G LHEo
by & e B gL, 754 = E £33 Ey Ao
bovdl v48 5 path &, TRE3 H- B B4
o H- ARES, path o Fwsrtrr3god
YOo3 -7 3, oLt AT ) —BRERKL LT
FE,

Y BB oA e -Bet3. T4b35. GH
(H<G) & object XL, G-BR o Gy — G 0
G[‘ KEK Ko-'ﬁt morﬂn‘s)m x#‘éo

G- BB X ¥ L. TX o KA groupoid 2 (X :G) .
Ro&3 R BETI. 37 G-FH x: Gh—X ¢
ohject L3, x(eH) & XMoREAL xy i
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Xfaoxic BB H<Gy tERLEEoLREF L
Mrxr3d, (x:%->X) 83 (3: % —=X) Ao
morphism [, w) &, G-FH G4 = 9K ¥, X ¥ Yk
LRSS G-REFEC— Wi GxI—X vofloklEH
3. LEL. LW~ () w) & d=d’ $o wzw’
{EE T3,

H&E., x: 64> X tBERLELER. X AF XAD
mov*pln'sm %ﬁ’i\ g’.@”%‘ﬁ”gi% I,(XH) L-&F3
SLHERTLChE S0 v ChREBBEL CH S,

{@G F.#B o PiLoBost FC—-B ey 3,
T4b 5, G-0m-r> P L E“F’GVH 1 oLjegtx L.
G- N2 MLEBE (£7,{ v —vRHA®LZ3 G-F%)

E F,F okt he—-%1 morrhfsm £ 13,
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G/H,_%S_,G/K
kel Aehe—8 ExI —— E' Yu3#Ho
P L
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chioBloBr. RoksaHFtRETS,

C§Gh, ) — G
¢ w(X:G) — & '{u)wj o

. — G
teoA& =4y "{(ciff?) o
X5k, G-RrRL E57 B st Fpullback H5a
$: t(B:G) — A0 %,
(64, x) +— (&E 55 %)
Ly ) ZEH T3, EEL. morF)\ism oHitd. G-CHP Iz
Yot loHh —EMSEEIAG, 8. R Lol
5743, Yab5. w(B:G)—— ARG 2TE<
s\w/f

$3. £t. G-N> FILEK F-1-E #iu.
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‘E%L\o G- N2 P\ L E T E £¢ Orien'taue, Z ’i\
Fég® o [ w), [, w] ¢ T(B:G) -®|LT,

Fw] = prro, w3 8 R0 o morphism L LT
~ B30 ES T3,

Coxgke. ETEBNETERSRE L S TREL
tRoEETEORLE LTFA L,

R i BE 3. 20, L. ARG 0¥ H B aRZ O
Nk poyshrdih3itordsd, (3&. wniverse tEZ
T5 &), RO, 1 small cai’egor)' I3 2L A" TE 3,
[CMWRemark 2.6.7 )

R, G-BE Xl Y Eol4

e: n(X:Q) *———-i/v{@n
9N Y
£

k. KA growod =(X:6) 0 n R ER 1 0f 5, E—2>B 4"
FalA NI ML v bLody Legytdse, &
cnkx ER P w(BiG) — KG. FRE3, ki
DAL H<G /L Blofs v G4 Lo
ARF G- A7k PLiB L. 4 EHL T3,
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38, E—B A orientable tH 32 v ik, FRY o #
Eomorphism L EZLEH, w(B:G)rbH 320 dEs
RO nb0 TN 12 BoEi--ar 3 Y RETR
3, LCMWI @, 2o ERi-s i€, 1, "uni-

versal & orientation <lass iﬁ% Lt1tvd,

81, G- % ﬁﬁ") Poi,ncare/ Duati‘t/

Riz. [CW] = FE,T. G-% BB Poincard Duality ko
SOTRAES , ME WRR smooth G- S BB LT3, 1
VBR MLESFFo FEr s, TEED nfixEH %,

uM) aMiG) — LG,
L‘eféo 22T AR virtual B 12 ﬂ’:%ﬁLT%iljo
BEoRAR) G-ZREEV eH L, ThE 794N -X
TIRBEX) PN RV eFa, conN2 Fdig
s38HMs "z RE L

7 xX:iG) — R0,
TEbT, (& obc—j-eéf xe X" & (. B8 N M
GhxV — G ERRIZ3R,)

neZ E LT virtwal nrFILoB v0O. . o &
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S5R2HTI N> krof

E F
( Q/H ¢ {(9”*» 5 TXC}L/H eﬁ@") (£4L rmao, rzo)

§ object X L. morphism (§, £ (ElF) —> (E’i F/) 1,
G/H Y
ftEeW—EeoWw
S FeW—Fey
(EEL W H-ZR®H, w e K-Z8FTH) r 05
WMoy MLEGoBWER b, 1. 10 B E%h K
1) G-RHATHMV 4¢3 —e]
@ Werw o, ThTho RE isome‘try &3
€]
@) N PILEBORE -
fEL, THER IRt LT3,

NFE. TRt oBBHe, £A 8rou}ooiol tM:G) o.
TG A0 ERR Y HE L 1EET S,

@G@% L. G- X tER T (XG> p® eZ)
ot ohjet L, G-FH F: XY ¢ FrIBEANS
FZR oMo ABER v okt & morphism L T3 B LELRT A,
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GRU o hErC-B 460U ¢t B BE I 0D, EEL
AEbe-o2k (X, 7)1 v& £%

n(XxI G)momm X G)/’V@'
REs TE 3 object X LT EHK,

Costencble ¥ Waner 14, [Cwlibon . 0B cRUE
Ly L1 G-CW #fh o 3d T 3 B A PE cellular B L
B L. Tht ROA g 5892 cellubr BA L0 £
1% o Polncaré Yi;ﬂ'ﬂ%@%ﬁf(\ Y DB L RE IRVRT ¢
LX), G- 9B L 50 19 Potneard REHE S BR 5 3
X ERLE RIEHRELELHTHES.

ZEA(RERzo>=) (X, 1) c slU,
(X, A) i G-FBox, T: Xto AHAK KL,
Bredon (D Az o - ot i3 (2) AT o -3
He (X, A5 T) He (X, A 5 T)
FREL, BB LR RRDA Lt 35,
G-RAV o0 o BERY o XA T) =H ]  (or)
G>K /\mﬂfﬁ’(ﬁ@?ﬂ?- HG(XA T) — Harl XA The)
GoK <o FHRERT ¢ 1 H LA 1 T)— HRGEAS T

X3z
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hy 7°F& U Hg(XA ;S) @ HS(Y B; T)~—>H?6(«A>x(xs),-5aT)

h,?ﬁﬂ H3 (X, 855) & H (X, AUB; T)—

Hi (% A3 S 8 4T)
i,

2&. 1(X:6) o morphism £ invert L tfF, & stoble Bl ¢
XY Bl 2vieT3e. "XELoRARGKa L1k, ¥
GREEE T: RX — A oz T#3, chel B
) gﬂi‘ﬂ Maekey Fﬂ% PN @ (X:@) k£ Ao —R1 - &K
L3,

28 B [cwl (Poincare ) MA > 107 K G-%
Bk 2oBroPLrr3git aM) MG —4S,
T3, oe t. AY 1535 QR L#E43 Bunside BHH A
Krtses. BEE (M, M1 ¢ Hiw(M, M) 5%
LT,

— 0,M] + HEM () — Hio 7 (4,9 4e)
—nL[M, M Hg(M) M; A, ) — Hﬁm_x(w[;gda)
BEEZR (X, 0) evOn =W LB ¢ %3,

EEC tewl (Thom BIR)  Z—XEG-A7 kLN>
N f:?E(X:G)——a,K@n tﬁm?éﬁiﬂt‘fﬁti
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Thom ¥8 fg eHg(D%,Sg}Afe) ST LT
— Uty ¢ He (X3 T)— HL(pg, 555 T)
FHE KR (X, 7) evC (HR QA AR TR L
A $H3,

83, SLMPIQ Pot'noare/ Dwau’cy

Wall n&AZ LWl @ Corouary 2.1 15, surgery iﬁ'ﬁyi
dEtn— 2o ¥KECHS, thy. EHURELC-BHE
¢: M— X (MueyRE, X AREGART) #5213
nEEE . X NFMAIE Polncarditk 0B A B v 03 3
RTHD

G-fF HoFo Gﬂsurgeryq)%ﬁs(\@‘t’f‘ t. BT E
# Poincard S BIND AP LV, 12T,
Costenoble ~ Waner 8] % cellular HFR 2. BH AL f € —F
o TR ABRACEZ S5 ALES,

rrovy-%t, TERL LY B, T&RL (B
AR Bt TE L1030 RS RE cell P4 AL
it "TEAR Y cll 120N BETIS, T2
Nok>rBH T3,
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2% (X, 1) eaRu T:K(XiG)—*%@ 73,
X G-CW@) -FFra. X=Ln X" UH- 1.
X' = 1 (x:64-X) |, EEL yw- G/Hxnz
X = XY (e, (o)
covd necel et iR ERLHET L0 T3,
LY xzﬁrae" A“#é:%_’*h/um.
Y el —E-D(iwe R b yxg-Rmw
9(\ /ﬂ]# 2~ K %
% T8 13
LT3, EEL., n<lofbdrir, 70 L @“‘#Eﬁﬂﬂ
FrliBihrv3 iR t3,

(X, 7) & G-CW() -k, (Y, 8) % G-wW(d)-R% o
Li, G-BH F: X—= )Y & cellulor B8 v 13
(26 2G) 3 (n(Y:6) 25 48) o BEE
B (Lobjet DX RN PLEG L2340 ) MER IR
T, ThREB U FFETo cellBE $- t oy 73,
T3¢, BRNEBR0FF R X, 1. RAHES,

cellular THEE [CW, Theorem3. 7] X & G-CW(D) -Hth,
Vi G-CWE-Bf 3. F X—) #G-FH/T,
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FERALT 723 3 A BAERMAETRE, f&
cellular g’@\i G- LkEFEY D vHD,

CW- A —ErExhnd F8H45% (M, L€,
(11, AT s £RB) cff, « BAE N C B L ©3
3,

Z&. (X, ° Cy, 3’]y) A etemenﬁr/v e)cfansion ¥4,
Xzyuen-luen ’(“Zbo’(\
e = Gx D(VeR) = GxDV <1 (V & H-ZH2H)

U?L‘I
€7 = GEdV iV gxsv«I
Y, Tu3viios,

Bh. G-CW()-BF (X, 1) 23l T Whitehe B £
relatively Finite & G-CW(3)-H<"

Whe (X, 7) ={ (Z,%) @é%ﬁiZ“G-ﬁJeij:aZni;c}/

rH<, BEL. i@@m ~ [&. L30 e[eme,n‘tar)/ ~

exFomsZon (tz2a¥o demen‘tay‘/ Collafse) AN i)ﬁ(\

suktort 3, ik (Z,X)V(Z,%) =2z, x) =
F). A7 -ANNLBELESR,

Whe X, 1) & G-CW(D)-HtF o Boko kz b -
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548132 r8BBehs), K> . G-cellular B
‘5 X—=Y o Whitehead torsion ‘EG) A

o = IM M, ¥y T e Wh(Y, )
L&, TEETED. EEL Mpn foBHBETHI,

() =0 <R32z y. T Q(emen‘tm—) ex?ansfon |4
e[emen‘l.‘ar)/ coUo«pse oA I 7"\£ ey 2 Zbﬁ RAREE -
a4, coz s fAEMAE L C-Rg P30
S

Cohen [C, §T]1 oF¥ 12033 £33 -YRLY),
2 o r‘sihfa({)‘[ed )Corm 2 tB3h3,

@“% (Z, X)) & re(a‘f;vely J(L'm"te & G*CW(’&’)’H
T LB b G- ;"édeformaﬁon retoet ¥ T 3, oY ¥,
(z,Xx) iﬁ@/‘ki)‘ C—BE Crel. X) (Z/, X) 12 ¢

h) H L T, N
= XU(JU'e;) (ikz)le}”) (3r)
LT3,

vttt Es i Kees—tvE 123524 >
REsZi38 k. B a(xX:q) t 228 2X:6) n#higgL <
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£13, chik objesf I 18] U1, Morthsm E (x:q) v o
Xe—zx— Y vo35Hotod UG 10 X453 410
morrhu‘sm thsltto TH3, coBlEtY L &S
& Whitthead 2f 0 BE £ 51 55,
(X,2) % G-CW@) Bt r 3. RXCG) o object

Xf%_’x L HL 70 = (Gi;\/) _(Gi\h/)) tE 43,

£ H
N IR R _
ConlX) @ =1Gals4s) | X%, 2 G (S&SW)}%
CRETS, ([ow, et 2] £48)  E£ L. 1, g,
BRMGH Lo RBoZREE L —FoH Ty, X &
G-CW)-BE X o n- B, Xoo &, (Ax =Bb 284
nBEE cHRTIEBS) RokS Y arLF34 oL T3,
3T x: G oX LY oF T GG rv3i¥o
morphism £ TN TE X, 2o Kt e ER XS o BRAF R
MYkt s, 2 <HE GG — XX 0 Elnendorf X
Lk, (BIRITHE. X b,

i@_ [CW, Lemmalt, 2] X K ﬁ(X;G) » 3 a@ \jS&@?
Y LT cononaal ZBR %3,

= ZX:G) (X, %
Ca'-rn(x) x) = X%n-u&mﬁm T ) (X Xo)
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hieds T A% Cpra(X): (X:0) = Ah #. 0b R
RXG)-free AR EHHO Y 2 £33, =z TAADHERE
L&, |

2% B5 C: A6 — @b free v, BLED
C > 2 X6 (=, x) AHEETI w3, CA
based v i3, 20X 4R AIKZ IR E L L T3,

A&y % Whitehead £ 57 38 L. RGO LB LE
2L1b<,

B, fp(X:G) v, GG oFHE TH> T,
XHSE FA D morp}\ism %, ’X<-S"-Z-6—>“<?~ L o3t oD
55, AN T o %R foithful cZR ISt 2RIBRLEL
orf3, 239, Ny RFL IW=6rV OAERH o FL,

2o BES Ok & A F—oG e TRREI LS L BT
ZE¥Psn103, v os3EH ELEL3,

L@ EtAT X6 v evdidcrnyy. 5
FUoRBETOZEFHF K)o, 2T LickIL]
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0B 53 5 TR Whiteheod BF L EL &3,

7y % ARRT 1 free & B4 C: Ty Xi6)—ab o
Ao s T B LTS, K@) L. Fro mophism v REBL L
By -HX 3L 0L FoRI BT - VLE k.

(429) ~ [§1+031, ¥ 0" A—AGR—B vYou5#4
j.l\l/ Lf‘ in

A— BB — B
DLf] ~ 5]+ 0] oA Nk r&ELTS,

Bk, Whe (RX, ) = Ki(%),/ctrivl unite)
EE L trivial units ¥ &
U)ot XX 1l 3 Rylxi §)2b Re(Xi6)
3 7 SOV N [A}LO(—“-;X] BN E: ]
@) YWoRARH e SH 3 G-linea B 83 Foht
2,(X16) 0 Zig
t¥3,

BT F e (BRI eE ) Whitehs F ok
ﬁ&)‘%{%xﬁ‘&é@ii LA . C :{,t —HT3 2 AbA3,

2. Whe (X, )

Ii¢

Whe (X, 7)
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[Zl] 39 £D 43 AV AoHREES,

Whe(X, ) 5 (Z, XD E# LT. %9 Frt > Hth
Con (Z,X) 1223, Lo rE, T. 2kl based &
£, (26 )k free S v 53, EH P50 F 1R
4 B G.C/C/“c, TH345%2n0 k57 a> siFSzaH
vx, BEBE

0+5 1 Ciod(Z,X) — Cqppen(2Z X)
r 05 based G F oMo BRER 0RF TS K(E) 0%
B3, Lh52v2rste9hitd. K(F)o
trivial units PR LORBrAEO ZLHhH ) Wh(X,D
DR LT well-defined B3 = 23" H8 3, (LicklL]
O8I EEI032E v ATHBZI0 T, b
w3, Fpe [L114%.)

R RerBHcpdc et F Y, [z, x]4
Wha(RX, ¥) 20 #3153, HiszofBrs ). (Z,X)
T simplifled form 0 L LTIV, 24, Fr AL HHB
Com (XD B r&R 2 rA RAOHBLETHB Y r-cell 3
Srel-cell No ) o HER o 53D THI A . Whe(RX, 7)
OTLEREITVE, hd 0e Whe(RX,7) T3 v )2
L. B0 RARD ¢ trivial wnit 0 v 1SS
HrERTI3 L30T E3B,
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20 R —o¢
Fi— 4 “fj"f 0= €RyXi6) trivial unit
T3, caRBag3hT 2,6 Lo ARTAR LA 2.
20 Cie RyX:G)woBEZ213 . ThRB

$¥vanZThon> L BERORoAE N -3513,
Ny kL oBK TR
el = D) D(gy=e;"
o5

YED, Rp(Xi§) o BEHI GLH e cBnih v
3, 327, 2o RE P -R, ROXS FEEDA KT K
EC—rL NP 3cehTrid,

e 5 ci(8) £ 3F oell e L,

ezt KlaE)) ¢ §(Gs0)) Lo

(56 & o %v o) it
ShBAHME o toAE N —Th3SS . AMEidb
%+%°f2$5b¢%09#5ﬁﬁﬁh%ﬁf$éo?i
arb)h § R, cel iRk, tEokE L -]
B3 UP ¥ 1-RABoer TRhYELEGWO-
#ESZ cd3e, Bibe (2,0 (Z,%X) vi
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e(eynen'ﬁar)/ QXPQh-Qlth Y, 1#3hn3, :ﬁtiiﬁ‘)@ ¢ g
BEFE REs> B3 hbIhd G-WR)-H ¢ ndbi
H 34 B bk EgﬁﬁJO)JS b #sz' Q\eemen'&«r)’
spansion THZ 83, (Z,X) =0 € Whe(X,7) &R
.

Br HErAR TPt ERT. Whe(RX, ) o
ERZT3479) ted, 2088 H 123 hMD object
x; G- X l{a)(qw‘t‘o)morplwsm %*——ﬂ( Itdd LT

% Sy
GXS@) — G4 —X tB0 > BB T3 r-cedl ¥,
GES@weR) = I >X st BVOHEG T3 rcell
Y —oFoXeBy>n3, 23l rirAhizeT
3y E) FAS IS X<Zpr Lh52v 3 Y i3
ZryXrakEap-MivH 3,

HEo H<G H Lt H- fixd point set £ LK
T332, LW, Lemma 5 1J08Er XD, C(Z2,X)~0
3 C(ZF, X)) ~0 15232 edhs3, M ukg
£Erps ha Meaexd 183 L1b). #, tZeXy
FG-AE hC-RECHZ- L hr3, #- 1 (X))
L5233 > u G-38 oleform‘b'on retract ¥ 2.
Whe(X, ) o5 52 3, (K]
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R, G- 984Gl ke re—ohb t 52
£33, MEa> N2 K & smooth G- %'F‘%@ MM 'Qii%”)%
LML E3ER T3, Umay [I2J2& ). M 4E
B & G-triangulation A% 3, Llnan 0FH 1 528 1 95
FoBg hMoHRL 2023 PBBLEL0THE30 T, C
hEReONBI 203 2 BBTcrrny)  FRLEH
QEGEL LY v 20 WA AP 0 BX A" G- CWO)FH 0
75%1’% 13z eNhadrad,

PR M Upnwd 5 L% G*‘ér:"ahézion o Rt/ %Y (£ ¥
Bo BRE®D § cell tTIHY) Fr 8" AN BES
G-CW(nM)- o BEL 51203,

—F . §2 viRAE w0 AE D Y~ BK ¢ Poincard
Rl SR . TR E KB c EHR R B3
BN [CW) 0 Polncarg RETRIE (FBB) &, L2 ow¥y
N EE R B, TV 3,

@"“%-%" /%:/&(M) \L%<° /Vl@ G‘“éh’ahgw(a:f/‘omﬁ‘\gﬂ
53 G-CW(w-Bi 6. BoR¥MAL bC- BETH3,

GE] —-o0BBC, C LY. TaThOKHHY
£ D, D r?3, Ilmn [12] R&), Dy D' i3 #)§4
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AD EHo. FrA2oRK e

Cy(M; D) = CuM; D) — CuM; D)
sEHAT L e-RAEvg 3. (11 8], LC, 2511)
ch B A A torsion FBL3 v Bl T30k 3,
BH| $K- 1. REANEEHT M0 =20 G-CWw-HE
FEMATFC-RELE3C LB 3B, [ AT

EB3. MFazp) b 4 smoth G-FHAEI B\ E
BRRrENI Psincard R AR
—ntmaml 0 CTmams ) —> Gy, (M 55)
RMLE L -RETY3,

[ZEeR] r:ZopBrrY .
Cury(M) @ ;%%”:o_au RME) (X, %)
1Y), ANBHAERC -t RD3 base §5130 T
%> t. BABOEAB MM « Cuyy(M) . 2o f
Jerxl) . & 0-cell o '—homaloéi,m[ orientation _) I:#f
plLand (ewl, 72), 22T Mo G-CW(/A)'/féi’éJ&
WL o B E G- tangulation 3 IEI Lo Lo 1Y
N BB Btk s, FR:. —50 «llo
ZhT base o R IK LT, Togips To EREH -



115

ShA3EG E-Bf>B37 tHRICES 2 L ArEADS
n3, 2oz enk), RREBOALS (faptR o) F
Ao R BRI L C-RB 5L 032 esbhD
3, tRofBL YY) BHreI3RYBE LI B3 S
SLEHD, 030 T, BRI ES A3, L3 44 ]

84 Bt3EZRoTrof#4l

AE Cokamt, Whihead torsion & Whe(X, 9) 97, ¢
ot BZIAEERToBENTOL 0 TH, £
G-surgery DR TR, L0 RF 2 3ER0 FoTH oMo
degree | LS cL Mt Er 3. X&G-Wn)-R15
YA G-WO)-Bthkot . FiXo Y ABMHATFC-RE
AYsSALET R,

TE G-W@)-Fhrie G WO-AH%TE- T
Pox3 T3y G-Cw(red)-REaBE SHo 4o
t{3,

Hhzco G-CWQ-HAMB oV T0EHRE. 20448
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G~CW(0’M)-%§1Z£ 22 ) ’(0)’5'_%% ):#/'Zé’éif § S i)\‘“/c‘g/ 3 \

BB, =00 G-CWEs)-BHhA G-CWT )-8 £ €
e -REZS Q. G-CW()-BEAE L C- B v§ 3,

L3FeR] — 20N G‘-CW(Z?', 5) - e/emeirfaq e)(]mnsl'on ﬁ
= GxD(veweR) = GiDiow) «T

el"
U
e = Gy (Dvew){l} U S(vew)~1I )
Ld3, BB G xDvew) §. G-(W(GpV)-&H LT
RT3, Tl 2o RMrI e oG-CWGEKY-RY
yERH3. € 1k, 2oRKy S(eW) I v i AbE
2o YRBTE3, € veT o, iFo G-CW(GEV)-
By Lol cco BB s B L. 2K4 T
G-(W(GpV)-B L2 ¥ ke WU -RAVS 3 5%
rX¥5E RS, [ 48]

:O)-ﬁéﬁlzg: R “‘}orgeﬂ»ul homomorfp)nkm 3
Whe (X, (1,8) > Whe (X, )
A5 H3.
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BEL  Whe(x, @) -5 Whe (X, %5) & Wh (X, 16)
IERF 3.

[FE0R] L8l EpardE | 70+ 07H3, ZA L
i, 2R 0FNE 03T EI ) FIAS,
(BRI sBE s 71 <01t collulor EHERB LT ) 0B
EEBIRVBEANG, F1/ 2REChENELEDHS
T#3.) (i )

. Who(X 1) X Whe(XxDV, () &
split injective TH 3, (REL o1 Z > 2ZxDV)

[FEM] G-Cw(@)-BFy L e XxDV ¥ X i ¥4,
FEMC-RECHZ3H I B
Whe(XsDV, (#,V)) 2 Wh(xedV, Vev)—ga%()(fl)!/, )= Wh(X,1)
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