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The End-of-Line Problem B

HGEZ— T PPAD 2 2R Sy AL il [

ZE X (The End-of-Line Problem)

o HE—THINKE G = (V,E);

o HATRMAEMLERSZN 1;

o FfrfE— M EMIIRTUR (NN 0), 1ENHIRIREZIE R
HAREHE S — M RTUREIETR (HHEEA 0), VRSN TRl A fig.
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From Lemke-Howson Algorithm... S

b=, AT — 41 Bimatrix Game JH24%] | Symmetric
Bimatrix Game, ZX/5EIXPEA_E, FAT6 ] Lemke-Howson
Algorithm SRRIGYN 24 .

Lemke-Howson Algorithm i J5 45 il 19 A i _E st 2 —> PPAD [rA)#i,
MFHAT ELAE M1 Bimatrix Game HZ9% T & _biiiE R, Arligk
NTRT LAF5 HE SR /i3 Bimatrix Game & PPAD [ .

&: Lemke-Howson Algorithm
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From Lemke-Howson Algorithm... S

FESEXANEAL, FoA 131 & 1% ] Bimatrix Game J&: PPAD-Complete
B, R U A TEHUE R ] B R 2 2 9 A 3548 [ ——

BRI, TR RO S, 0
BRI OLER T FASIARIIMER . Bk 2k
PP A AL
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Another Method B

BATE B A — DI - M 5 ) & B . Brouwer Fixed Point Theorem.
HACkUE, Brouwer A8l pUE R #43E T — N FE SR 25 (7] bR &L S,
Sx) = x Fe A ATE LB IEN T RS R m s -

FATH Brouwer Agf fSUEFLUERH 7O E R, gl 2 IR g A
[l HZ %] T Brouwer A ilall, Wi AN AR UER T a1t
Yo s AT AR

AL N3k, & 4T Brouwer A3l 15 ] B H 2920 g A+ 19 4 )
LR TAEE — AL, RATEEIE —MEZE, 15REG
9 10x) — x 105 OB s WA LR S
WIPA ERAEGSI T — P Xt R AT N R 5

O EHKR A% Brouwer & PPAD-Complete [Y;

O H4i&— M Brouwer 2401445 (1 42 .
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Brouwer Fixed Point

Brouwer /NEf) gURFIASIESLHY R AT, (HIE EoL [AIUANE B ALHY——A
I FRATTARZEAG 1 Brouwer A El ki BT HOP -

[B]Jiii— "~ Brouwer /N3 sk B A it B ——4% BLafi FE Ge i LA (i
Sperner 5| Hf .

E X (Sperner’s Lemma - 2D version)

ST A=A ABC, =MEALMPNIAR T, FATE% ABC 4351
P EERONERENG, T =M B, BRI AT
TS X TN, IR .

Sperner’s Lemma [ 5102 X TEEN—D=MAH7, 20—
B = T A TS AN
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Brouwer Fixed Point B

Wiz — T wyy 9L
Pk AR

BT REFEIE X — RGO, IS N =S BT,
SERM y € X(n), WAy =] vie;, Hfe, R AR
Fo TH y IS suppx () (y) = {1 y; > 0}o

H—5: WAy € X(n), FH4E i € Suppx(n)(y) W
fi(y) <y;

WA f: X(n) = X(n) WY fily) =2 vi=1H
f,( ) >0, REH:, MBS i € suppx, (y) #H fi(y) >

, TRAVHERS A i ¢ suppx () (¥), f(y)>0—y1 R itk
JH:HTﬁZFIf(ybEZ:ly,—l 5 f R X(n) F] X(n) KB
.
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Brouwer Fixed Point B

ek OLATIED]

B @ AEA

B AR 4R L RS R B —BOE SR, B TERK € >
0, H7ES >0, RN THEER 2,y € X(n), HE |z -yl <
6, WA f(2) — W)l <eo MIMTBATEX X(n) BRI T,
MARTERN T, € T., p(T) <00 AT ZIRIHIEHIITE,
KHEHE 6 BATHBNTET ¢ M.

EX—AF A o, WAMEA T € Y(T,), cle) =i %ALY
i € supDx (@) HL f,(2) < 20 ARSI —BHIHIE, BOBEA i —
SEAEE, JFHRABERAEN, W o(z) REE o AL
SEIHAMESC. AR Sperner 3130, RAVMEE A —A5eR M
afin— 1 BHAgFET. €T,

Rl  yhwu_is@zju.edu.cn Lec2: Azl GahfteEst
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Sperner Problem kA

FENIA BRI, FRATHEESEH) Brouwer A3l [RIEUHZ) 2] T B
Sperner 7| Hl[A]j#l, 1,7 LAFR A Discrete Brouwer [AJf, K25 FRATTHY H AR
& Bimatrix Game, JJt LAFRA T4z R H 118 2D-Sperner [A]#, FfiH] €
& PPAD-Complete [ .

Baip et a E S AREZE R =AY, RIEE =M —
AT BT RAVES IS TR A A 252
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Q B HATHRIERN AL OMEOTURR = /E:

Q JE L& WRNWA =M E R0, IRANFRIXH =
FAIEXS LAY T AR (SEANE ) 5

© E SRR W THATEMLL- T, B Z-250
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Sperner Problem S

AR T —— A A LD U — AT e HI 2L B30 P

L ERAEN, EREIANTAT LAERAE L B0 S A —HE
R X HERREIOR AR FRAETE—— P IR AR B il
TR PAGRIEX—HE A B LD/ B AT
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) T‘lﬁ ‘N
) NN
ANANANANANAN

KR, Gd— M Er, FATAT LA EoL R & L A
—PMRIAER, BMRAENBERSZ N 1, RATELRNZ AT NE
RO/ HEER O R, FEEIF e = =MJE, B, Sperner (]
& PPAD |73 .
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Generalized Circuit Problem T

BRI TS BAIE — > M\ Sperner ZIZNAH1HT 1 1HZY, 1Rtz
BT, FRATHELE X —Hh[a) Al : Generalized Circuit Problem.

E X (Generalized Circuit)
° ﬁi*ﬁ‘f”)‘é%ﬁ% C, HA T TaREN e (k. 8k, |
) ;
o WA TEHTHAR— 4
o HIBKHYAS R x; € [0,1], FIRABHTIEL LI9E;
o FR—HIEWEN, &G —11T, BIMAZTIIN
BHE, REET I
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Reduction to Bimatrix Game

Figure 1: A typical generalized circuit
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Generalized Circuit Problem

EEXT M Sperner BN ETHT A2, FATE LA BARI) . SRS
o A HH KK e NN ML H X, X3,... Xog 1. N T ETIGE:
92y, BAMEHZRES] . XTHA1<i<K, Xo1 €0, 2].
o BRI HWEEHVE LR —Jc®—IechEART. LU 2 Frosiging

LR

Figure 2: Addition gate
CPATLA MR X5 = min{X; + X3, £} (GEE X € [0, %)) - (HE

ERRE, | AVPRE S H RGN ], (EARFRA
A Z MR FGRIRE, IXEH T SRR .
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Generalized Circuit Problem T

o f/RI]: HIEKHELS AND. OR F1NOT SAn/RI), AHEIHEHE

TG E AR /RS A ARIE . X TAE R SEA i Xoi— 1 :

o MW Xoi_1 =0, FNWTA/RIE FALSE

o W Xoi 1 =+, S TAi/RIE TRUE

o W Xoi1 € (0, £), XAi/RITIMH{E AN N/A 5, UNKNOWN
AR MGE PR /R(E . BRI, SR AR/RITHI R A
HREAT/RME TRUE/FALSE, WA /R 14 BB AT /R Tisd s 50,
AR VAT RS x € [0, £] -

s SRR, AETRATE ) SRR, AT B R Xoio1 fix
ZAREE T AR PR A E
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Generalized Circuit Problem T

E X (Generalized Circuit Problem)

T R, SRR RIRETT R, EERETRED
WESER PN P G

BAERA TS5 2 -
Q@ #iE— M Sperner | Generalized Circuit Problem [¥]H2Y ;
O #Ji&E— 1 M Generalized Circuit Problem |44 #1554 .
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Reduction from Sperner to Generalized Circuit

M Sperner [A[IH A, FA T ZLa EERP B EIRAE £ — S BARAIME .

TR PWEG, AT P51 R

vec(P) : {red, green, blue} — R? FeBE3E, E XU :
Q color(P) = red,vec(P) = (%,0),
@ color(P) = green, vec(P) = (0, £),
@ color(P) = blue,vec(P) = (—+,—%).
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Reduction from Sperner to Generalized Clrcult |

TR P, Bl 1 Lt 81 404k

{P_40(x—40,Y-40), P—30(x_39,¥-39), ..., P_1(x—1,y-1),
P=Po(xo,yo)7P1(X17y1)7~-~,P39(x39,y39 s P1o(x10,y10)}
WV — 40 < i <40, Pi(x;,yi) = Po(x0,50) + (£, —1).

B 2RISR (KT 40) mi# 2 2D-Sperner [ AN 2
B MR ERAESL, BRI Pi(—40 <@ < 40) #AA XA B E
color(P;) F1—" Al vec(P;) = (x],}) -

FAVE LT L5 2 -

5| &

QD% |x — 81 217—40 'xl| < 31( E— |y — 81 217—40)}1‘ < 3K m”@é\
P = Py(x0,y0) MR R =ML 2 =1 .
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Reduction from Sperner to Generalized Circuit

JERA.
IERSR A BGIEG : R P FE=AIE AR =0, ABARtEd, Xt
TZHINREL f, WEFE—TYEE/LT fi(P) > P;.

RUNEE n 2R, BT LAFRATRT LMEERE 81 4> 97 P Y SBI
R FiX 81 AL, #A fi(P) > Py

PRI 81 4R, B A 2 Fhife, HUEIRATZ ATIIEH vee 5
B, BEEA— M > .

MRPEIXAFIEE, FATTAT LA — 4~ SO T
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I| Averages |

Figure 4: The reduced generalized circuit structure from 2D-Sperner problem
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Reduction from Sperner to Generalized Circuit

il — N FL g T
BN B FoR B brrh A — D R
@ Binary Representation Extractor: $5% P_40 2| Pyo HUTHI S

o Sperner Circuit: ¥4 fi {5 20 a5 2
@ Color-Vector Comparator: J4ER(0/Z 20 i m RS E .

AT 81 AR, SRS HIBHR G /NT 5 BI5AF

HIX 22 I H AR BER 2", @ S/EFLSERY Sperner [T, P AH
BBRANEAE BLZ B —E A . 1152 Boolean Gate it N/A.
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Reduction from Sperner to Generalized Circuit

LUK BE, BTG SRS, RARERIE SRR BAY . BT AR
AT EEE S el {9 SCRLES, T E SRS B FRATISE
]SSBT KR U2

P T R X add gate, Fof AT Z2HAL -

. 1 . 1
min{x; + x3, }} — ¢ < x5 < min{x; + x3, ?} +e

Figure 2: Addition gate
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Reduction from Generalized Circuit to Nash B

IR AT ArIE R SO, FATRIE— 1 RPRA] Bimatrix Game
G=(4,B), Hri1: 4,B € R¥#K,

FATHE R Bimatrix Game 77 ZH# 2 Xﬂ“?&%ﬁﬁ? KA ) B ]
@, Bimatrix Game [JZN1- 2 R Y 2—K—iﬁ{uﬁ$-

FA1i%4% Matching Pennies Game /Fo4IHZ) HAR. A TAER K € NT, 3K
117 bRt K UCECRE ikl G = (4%, B*), Hrh 4%, B* e R#>2K,
TR AR B 8 SN
o XMfTrA1<i<K,
A§i71,2i71 = A;ifl,Qi = Azi,Zifl = A;i,Qi =M= 2Kt
o A* Y HARFBIIHFE N 0
o B* = —(4*)" (M1 B* & —A* WY¥:E)
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Reduction from Generalized Circuit to N ash

MR Gk WA (x,y), HTERL <i < KHNHLE:
Xoio1 +%x2i = % Hoyoic1 +y2i = %

AT LIS —Ahrdfe K VERCRETERC, A58 — Uil K DLRCRE T 7

Gy = (4',B') 72— bl K DEECRE ek, WX TAra

1<i<2K1<j<2K, #f0< 4]~ 4}, B;—B; <1.

5|I#

MR Gy = (4, B') &ML K ILERE T lEd, AR2XT Gy FIER
M8 (x,p), WNTHAL1<Si<K, #4

% —€<Xp1+Xa,y2i-1+yu<gte, Hfe=
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Reduction from Generalized Circuit to Nash B

WERR.

TR BGEE . AR —fett, BAFEL<i<K, fiif§
Xoio1 X2 < g — €. O y HIIEBLRT LR AUIER)

MY FHERL, Alidi=1, Wi, x+x < 5 —e.
RYEHEFE, — A £ 1IN =2), 5 xs+x > ¢
AR A FRATT AT LM R x5 +x4 > 21 +x2 +€. TUFE 2 EH] 1 LRI N

U= Bix=—Mx1+x)+ Y (By—Bi)x > —M(x; +x2)
JE[2K] JE[2K]
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Reduction to Bimatrix Game

Reduction from Generalized Circuit to Nash B

WERR (£%) .

iR 2 165 3 BRI

Ueg = Z Byx; = —M(x3 +x4) + Z (B3 — B3j)x; < —M(x3 +x4) + 1
JE[2K] JE2K]

FaA!

Ueg — Uz > M(x5+x4—x1 —X2) —1>Me—1=1

RPN IIBEIE L, BATUAE y3 =4 = 0.
B, BT ys=y2=0, FEIK | 7 3T 4, FATATLMFH

X3 ZJC4=0-

(X G EATAIEIL X3 + x4 > x1 +x2 +€ > 0 FJF, FrLAT BT
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Reduction from Generalized Circuit to Nash

BTRBAN BT AL 7 LY B T
AT FATERRG EARA RIS X g B A T R 4R
SRR IE L N T el Sk PR Bk BRI AL &

NHEEATEANBIT, BRI ITET

oo

Figure 2: Addition gate
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Reduction from Generalized Circuit to Nash D

HTRALHRGE L3, A RIRTDE 5, ATARME K IT
PO T3 3 Xk BEA T R 350

Ass=A55+1=M+1,

Ago=Ags+1=M+1,

B,1,5 :BT,5 +1= 17

Bys=B35+1=1,

Byg=Bis+1=—-M+1.
A" M B WHRE S5 A F1 B* MIE, FHOTAMBATN THiH X5, FA]
HAE T8 5 FIFIEE 6 #IHEdE . FAOTZ BT IER” — MR Re A
RE AT H — 1R ARG PR IE T WA 2 PR AS 24 PR AN [R] R FR 1 AT HIC 30 -
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Reduction from Generalized Circuit to Nash D

FATIR, WRAELFERBI T, (v, p) /2 Gk a9, IR2A R
X1,X3, " yX2Kk—1 %rx%%%ﬁfuﬁ@

FiiE: : RAEAAT 55 (x,p) TP x5 > min{xy +x3, 2} +e. T

Xs4+x6 < x+e, HfERxs >x+xste.
BTS2 B 5 FH1 6 BRI |
Ues = X1 + X3 7M()C5 +x6)
Ueg = (—M+ 1)x5 — Mxg
Ues — U = X1 + X3 — X5 < —€, KL ys =0.
FREIUR 1 AT S AT 6 HIRUH : w5 —us =y5 —y6 <0, Hlitxs =0.
EIXSIANTEUERE x5 > x1 +x3 +e >0 FJF. Bk

x5 < min{x; + x3, %} + €.
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Summary

PAE, B TiER] Sperner j2: PPAD-complete [/, F{15¢/% | Bimatrix
Game J& PPAD-complete [14 435 B .

FIREBA T ERIT 4R 18 Brouwer MIZYZIIHZE” (A%, FATAEIE fx) —x
I AE LI ED” A B O 3% > —— S S EFRA TS T

FEf R PRIERA T, FATA IR e 2R i AR S48 1 e S
JAED (RIS R T I55AF, AT x5, 05, 7 x6,v6 BEFAYAS)

T T AN AR S — 2B BRI R SO R R, WA BT vee
IR, AR flx) — x B9 -

MBI B, BT #F Brouwer Al Nash 19 fi 27 JK A
TR
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The PPAD-Completeness of 2D-Sperner - An OverV1ew

E X (RLEAFD)
BINLHE—RT (K, 0F), Hep K 2—AN 2 DUT 4 22 s i 1
RAHIR:
O X TRANTT u e Vo, K(u) 2—MHFX (u',u?), Hrf
ul,u? € Vy U {no};
Ké)ﬂi*"ﬁﬁ@l G= Vo, E) € Cox. i uv HIAE EH, HHAY v
K(u) =, uig K(v) NE—1s5, Hiluv € Ex.

lﬁﬂnﬂﬁ’\]ffﬁutljm*/‘ﬁﬁﬂfﬁ,@ (A2 (0,0))
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The PPAD-Completeness of 2D-Sperner - An Veview

RLEAFD 2 PPAD-Complete [1] .

FAFAIMEE RLEAFD 1 EoL [AAYIX R, & IU(LE RLEAFD £
T A WA R BRI —— B — Y, RLEAFD gl A 17 1 —5E
e P, T EoL [AIBUHBOA X MR

R, S 17 BLREMS AL — BT B RS P O SR . M9IE Y
RO BARRX T3 BT e il AR SO 2%, XK
EZRR K® Wbt 2P R ROR -

Mar. 21 2025



0O 0O 0 0000 0 0 O°

O O 0O 0O 0O 0O 0O 0 O

(o]
0O 0O 0O 00 0O 0O 0O 0 0 O
o

o O O

O O O 00O 00O 0 0 O
Fig. 3. The planar grid graph Gs.
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The PPAD-Completeness of 2D-Sperner - An Veview

AT —2HIES5, 2 RLEAFD 2% 2D-Sperner [n] il

[A1Jei 2D-Sperner BYZe (735, BATHIEEA L H 2 1% RLEAFD rhpgfg—
RSN Sperner HRI— N =MTE, ARG L GHRRA. IR
i+ RLEAFD Fhfy &g MH-7X B A2 Sperner Hr 2t =fJE .
FIFERY, MEBONE TR, BAFEE R A RUR .

AREKWIEIE, FTLA Xi Chen Fl Xiaotie Deng [
On the complexity of 2D discrete fixed point problem.

Mar. 21 2025


https://core.ac.uk/download/pdf/82751575.pdf

Reduction to Bimatrix Game

The PPAD-Completeness of 2D-Sperner - An Veview

o]
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o © 0
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o O O

Fig. 6.G and G € C-.
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Approximate Nash Equilibrium B

2% RSN Y PR . X T — "M% e > 0:
e Exp‘-Bimatrix /8 LA MR A 25— A HIEAL %R
RS (A, B), TFE— 27 aigh i, Hih AR B 2
n x n R,

e Poly“-Bimatrix F/~ LA P& A 25 & — A H IERL I 5%
PR (A, B), TR n - U4, H AT B 2
n x n .
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= — 185 S M%T I

FATHGH, W TR R LIE R, Y SOl A HoA SRR3R
TOTHE . W T A AR AN, AT LU i der kg X
P A I

TR R p T O R 1 2[RI 8L, FRATTAT P =
HFR (0.ciea - -cp---) SREFEE, HA:

e ¢;€{0,1}

o p=Ilimi,o0 ) o) ci/2

FLATEAOT REBOAAT IR — b HIE00R - N, AT A LAF
AL ME. | P AL e,y cp BBATRME T ¢ B9 P LEEME ¢
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P-Bit-Bimatrix [o] 2% »

T IEREE P, AT P-Bit-Bimatrix 2R 1504 FO SO I 5%
PR A S TR R P ALAYIE R RN 1 T Y AU P-Bit-Bimatrix b
Poly“-Bimatrix B S .

Proposition

B (x,y) B—A~TEAULHI — A2 (A, B) b 905, et n 7770
n . MTERHP, 4 (%9) £ (xy) I P ROEGME. # % =%/|K])
Y =9/1501- W (%) & (A, B) 1 (3n2")- R4
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P-Bit-Bimatrix [3) &5 A7 AR TIB

|

UERA.

Sa=2"" BiZ (X, y) AR (3na)- TN 8. KBtk
BIRAFAE X' € R” [#13 (X')TAY > X'AY + 3na. FAA:

(x)TAy < (X')TAy + na < (X')'Ay + na
< XTAy + na
< %Ay + 2na < X"Ay + 3na < XAy + 3na,
XEEMOBTE - EHFE —IAFN, EER T HEIAZIEM
Ry, (X)TA RS EETE O F | 2. AERIRT LU FE: X

THAiel:n], 323, HIY>1—na. HAAZEXTTLIZELUIE
iy . O
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Smoothed Analysis TR

B 7RG OUE 2R AT, TATRE R LSS R AE RIS T IR
SRME, XK AP 04 (Smoothed Analysis) .

FEXT SRR AR, BRAT% & U A ) B TT AR
Z RN EEFLI SIS DL . XX o x n IERUMEAERE A = (@)
B = (bi;), FIEHEAREEALE E (A, B) &S, Hpa,; #1b;; 55
A& iy f1 biy FITEEEN o BN HE)
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BN E e

XN o B aiy W by HIAEEN . A LR WAIR . PR i LAY
BRI S B = s -

(ENEE N o RIS, aiy 1 by 53 BINIXIE] (@i — o, @y + o] Hl
[bij — 0,bi; + o] 5.

TETT7220 o Bt alrtr, aiy A0 by 53 HRANN 2 B BRI -

1 - 2 2 ]_ 7 2 2
—lai;—ai 1% /20 —|bij=bij|" /20
e J J D e o o
V2mo f V2mo

FA TR LI 2 BIFK N BB o- =il sh
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g 8 R E

$035 J X BIMATRIX (PR 28 IR« 38 T(A, B) J2 J AEXT5
FEFEREZE (A, B) RSN S 2. A8, RN o BIPESh
No() & JHPRE RN

Smoothed,[n,0] = max E, y x g 5 7/(A B)
ABeR?”

1.1
HAPFAH A No(A) Fo1 A RS No (A) X A f313)
WRRFA 0 < o < L HIFTAIEREE n, fAAEIEFE ¢, ki M ke {115
Smoothed,[n, o] < ¢ - nf1o7

WERE: T HA 2 PR R RS 28k

WRAFAE— A BAA L IECHE I R E 2 B J R PR A
i, U BIMATRIX P-4 22 T[] A AT g
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TR vs ST m

LA 5180, 2R BIMATRIX £ 2 24) sl Sl sl T ARG 14
SLORNE AR AT AP B R A 2o

5138 3.2 (gt vs iEAEA1T)

4R BIMATRIX fE X5 sl i sh T HA 18 2 DR ) A2 2, AR
DXTHA € >0, FAENETMCED, ATLATE T NEZEFE et
g2, JHEER [ 925508 O(poly(m, n, 1/€)) B

O(poly(m, n, \/logmax(m,n)/e)).

AR T MR I RS R B A A T IR, &
HILAETRAR N PR s R T AR A e R R A DA B35
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Discrete Fixed Point fJ— & {L E X

FATES MR & BN VAR R E (200
FIEE) M X [0, n] B9SmAIEE, SAEHRHZIXTRIZE D A n A AL 1X
IAl, ﬁﬁW%Mﬂ—lAﬁﬁﬁﬁé-

A—PRMZ gL —EAE— G FIXH (bichromatic
wmmwm Rl—Bf 7 IX R, HP A B AR S .

XA HERG ST DU B S O -

o ffd4ZSE, AT B I (hypergrid) 47, BREAFAIE
ENAC T R

o JEH WA I S HTARLE A ARAREUE DY 0 By — 1 9 R
o WA d+1FhEt {1,2,...,d+ 1} il MARHI IR
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Discrete Fixed Point fJ— & {L E X

—ANBEED ¢ W TREMAG A2 AR (valid) , QR T A B
JpEOAD), WL LAT 40
o MG iel:d S pi=0, N o(p)=i

EIE (B Y% EE Brouwer 7315)

AT deZl fireZi, el Al MERARER 6, FE—D
AL TR, HrATRIEA d+ 1 R RIB S -

A PRI RN T A A @57 7 f (panchromatic cube) . JATMT, 15 d
dezsialr, —NESTAE 29 AT, BEE AR EERIE IR AN K, X
FEFHE AT (R AT 2 AR
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e e —m

N T SOIRAEEETRAME, FATTINT ALY
EX (EBERLAR)
WER—MES P C AL A FER 5 p € AL RIS T4 Ky Ho
(AR P CKp), HIEWHEE d+140BA d+ 1 MOREBUER A, WIFK P
AT ¢ N— B RAy.
HrR, R p WAL TR Kp 28 N
Kp = {q S Zd | qi S {pi,pi+1},Vi€ [1 : aq}
RIVLA p Ayl I s 7 P B EE AA
#HIL (E RN FES)

T deZy fMreZy, HEmms 4] IERARES ¢, a1
ALY .
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Brouwer-Mapping and Color Distribution

N T RS E SRR SRR, 3R ATT5 ]\ Brouwer-Mapping Hi
M :

7E X (Brouwer-Mapping and Color Distribution)

X deZ fMireZi, — /R C BA Sizelr] #N\LHI 2d it
B AT, AT, AT, Ay BEFR AU Brouwer-Mapping HLE (S0 d
FE) . AR SRR LA 2544

o X T pedd, Ml CHEpip 1Y 2d IR LA (d+ 1) Fh
Bz —:
o i, 1<i<d: A =1HHfh2d— 140
o Hi (d+1): Vi,AF=0HA =1
o X THEMIAL p e d4d), FififEie [L:d) (5 p =0, NE
Imax = max{i ‘Pi = 0}’ iﬁﬁtlzﬁjﬁﬁll\%}% Imax > 7!5[)_]\” (Elj Vi,Pi 7é 0
H3ipi=r—1), HAEHE d+ 1.
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Color Distribution Mapping

% CE X T — A% Color Distribution Mapping
Colorc : A — {1,2,...,d + 1}, EiE:

Colorc[p] = i, WA C {E 51 p H AL 2 7T i

TR S 7 AT BATT AT LAHE FELIES A i S 95 Tl ) o E B A e
SR, RS B BN 31 sl IR A A 08 3 R FE B A R

AT E L m4E Brouwer ANB R a)#EL, FRATIATTE RASRED
(well-behaved functions) [, HTFSEMERZHIER. EE,
XA R EGF AR TAS S A S, T2 ke C R SR

—NEEBORET f(n) WRRO RLASHY, IR EEZ IR R TR, B
FAAEREROR R no (ERXSTHOA n 2 no. 473 < fln) <n/2. ik,
J‘;i(n) =3 fa(n) = [n/2]+ f3(n) = [n/3] Flfa(n) = [logn] #iE RASH
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Z #{L B9 Brouwer [o] i

T A, Tl TATEAE S HL I Brouwer 7530 1 A

E X (Brouwer’)

ST RASEES, BRI Brouwer X HTF: 45E Brouwer (1
HIASLBI (C,07), Hrb C REBHCh d = [n/fn)] Fir € Z4 (Hr

Vi€ [1:d),r; =2™) KFHZ Brouwer-Mapping Fii, ?ﬂéﬂj CH—"1 4
AT .

Brouwer’ {4 A K/INE: n SHLES C /NI 4550 :

o Brouwer? & " 4HH A, KA EA [0: 212 — 1) kit

o Brouwer & =4 Z A, HZKZEH [0 21/3) — 1) jitx

o Brouwer™ /& [n/3]| 4EMZ I, HRAAN [0 7)/3) [k
DA_bE3sc S s b e K2 2 AN 7. Brouwer A1 Brouwer® ELY
TEHE PPAD 5242 (1) .
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B @ ENA TS PPAD T& 1

AT EBRY, AERAH PR GELf, SHe @ Raipig
SRR 2 AR :

EE (SHEBSHANR)
XA RASEELf. Brouwer! J& PPAD 554211 .

IR (- X R ERFE)
MR ¢ > 0, G4 LHES = (V. T) &A1 1/|V°-IT{LEE .
A e > 0. T Poly’-GCIRCUIT F1 ExpS-GCIRCUIT 43 I

S KRR 2 AR DU L 3 K RRARET
HLREH 15
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Main Results Outline B

AR 2R T RN A A2 e i B4 R

EIE (Main)

WFAERHE ¢ > 0, Poly*-Bimatrix 2 PPAD-5E4 11 .

AN EBEAT RIHE H LUT SC T B DA AN -4 () 5 2 P28
EIHE (Bimatrix IS 2:1%)

Bimatrix ;£ PPAD-5E 2. Iit5h, FRIE PPAD C P, SNIERATELL
W TR AT 56
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Main Results Outline TR

E X (RP)

RP RRHLZ AR RIZE, 608 Bl LA 22 S R BEHLE T A D
[

Bk, — MBS LIET RP, MR 2 WA FFEYIS 4,
NFRANx €L, 4 UED1/2 (MERESZ x, MXTENx¢L, 4L
0 FIBER RS x
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Main Results Outline »

EI (Bimatrix B8 8 Z+1%)

FERIE R B, BRAE PPAD C RP, {50 Bimatrix /N AE-F-3
2 WIS TR -

H#it (Lemke-Howson EiERFiBE F+14%)

AR PPAD A& 1L RP H1, W] Lemke-Howson LN P IR MEAZ
Z I -
#1£ (Bit-Bimatrix)

SFTAEE A ¢ > 1, (clogn)-Bit-Bimatrix [AJfR (S AUE R 7Rl
HEHBRIET clogn 1) 5 Bimatrix 1.2 T [A] A SEA47 -
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Main Results Outline

5|3 (FPC %] GCIRCUIT)

Brouwer™ 1£ 22 X1 6] 8 7] 2495 Poly®-GCIRCUIT .

filn) =3 RASEEL XAGIEA, RATTLG d = 3 1R
Brouwer A2l ] RS A A LB AT (0 I

5|3 (GCIRCUIT | BIMATRIX)

Poly*-GCIRCUIT {4 5= 18] 4 T 295 Poly'?-BIMATRIX .

5|32 (Padding Bimatrix Games)

PR ¢ > 0, Poly*-BIMATRIX jZ: PPAD-5E4 11, NIXHEREH
# ' >0, Poly* -BIMATRIX 11, % PPAD-52 421 .

XA ST FIHERH AV U AR EAE A RIS (20
X)) Z R
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