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198848 A . BAE EB=H

FXE50—-1MX¥MEHE (TOF
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(HHFEFHMEIRFEEFT S, £H) (b BEAHF BRE ARFH R

§ 9 £ & H Rk 9 B

PIF, ®Ahiems 5 EPF)?éémB’JI‘EF?'%. HTF—AREXCB, MR x=(x, x,
e, X)) € X, FHEN={1.2, n} J:B’J_‘/I\'Eﬁnﬁﬁ‘ﬁxz(1)-’<xx(z)"<"'°—<xn(n), Bp
ﬁ?x%~A&ﬁ$,u%x%Em%

M, XTF—AM/RERBFEREE S, &ﬂ@j&$«

x;+=x, &~y €BY, y—o,y—1=>f(y)<f(y+e—e) (9.1)
@ﬁfﬁ%mmm,%ﬂﬁﬁﬁﬁAﬁ$ZT(a,x e, X,) € By PR R AR R
CiN:4:d: 0P

SITE9. | #EA x CBIRIENMN, % BAUY EARIE B E R IE A .

MR E#ERIEWE. [ ]

EN#ERTF19624 R, Winder5|#). HENETHRIIES REH, WXHEANRE
¥eo. B-BEHABFEEAERW, w,, «, w,eRM—ATIH 7€ R, HE:

P(X) = 1 Ow X + WX, + oo+ W x> [, (9.2)

XEt, W+ 1ERE (w, <, w, 1) HBHeKIET.

B (9.2), FITEHRERE, x, x,THEENTww BATHE, & S4HTIEHAR
BMAEMK. B, RZUWKRLHR. BR, ChvatalfiiHammer (1977) EA T M TR R.

51389.2 —“RIEM/RERE S RAIEH, YHANY S RENS.

MBeCx) =V, pepXix;,, MEABMBG= (N, E) fXBKKs, ZIIMEHYE, WHKAG
EINMEE. A, thildAn T ITEER —SEIE.

51129.3 HEGEITHEETHE A —# ik FM.

(1)#E~¢ﬁ¥ﬁ%%%G%ﬁﬁﬂi%Mﬁﬁﬁﬁ5W*%ﬁmﬁi,

(2) FEM-AHEe, v€N, HEN {0} CN, - {u}, HEN - {0 N, -
{v};

(3) REEN”AY Ha, b, c, dEN, {#i18 {a, b}E€E, {c, d} €E, {a, c}E
E, {b, d}EE; ‘

(4) N=K+IfEBI={i, <, i} BMIEMEN 2N, 2N, KEGHHRHT

~ 1986411 A I0BME. A% (L) EATE/ABEHbH .
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CPEt AT

(53) EGHHFEE—-ITTHVEN, H

Perp: ([N, [=n- 1. H#IN, |= 0. ifiHGHERT AT FEH R Perp.

fEEmAGE (1) b, FEoMBHEMIIEMNFENR. BR O REAMITE.

RFINHEERT SR, °f 8 0Golumbi (1978), Hammer, Ibaraki A
Simeone (1981). X, WA1X B LA THRE AR ABAENXHTRIEL.

FrigEsaERE. EER

(SP) maxc'y; Ax-_e, x B, (4.3)
Hec"hntgitm . Afmx nfljo - 1M, ecB', AMASEN 1 HmEmE. WE
(SP) fRAEEMA, HHMCYHAT{TEX ={xeB] [Av-lc | L.

EIB9. I (1) (a8 (SP)MA{TE XAELEMA, 24 H 1% X2 5 6] a7 4.
B, Bi{FfEacR MbcR FH/X={xeBla'x<h|. (2) L (DFHX KA {TE
B REEP—al .  (3) IF MIAYEE &40 4 ) Bt 2 P—[w] 831

iERR X P (SP), #i—ALmEGse= (N, E), E={{i, j; |i, jeNH

a.a,> 1. ATLIRHE, xeX, YHUY x BEG M EAN ML ERFFIE & . M XH#F
fit 2k
Py X)) = \/ X, X; . (9..1)
_ tiy JI€E .

HMTe=1-pZENHN, YHNXY £2EMNH. X, n2XHHTHAE. Hh 9.0 A
51 FR9.2, AfAIGANMAE. B3I B 3/BE (1), MIEWP TE 140,

EFEALEL HEZALER, B (SP) EEMAEF FTHYE TR RE L
ML EMIRE. R, HIIHELIPMIRE (1), GPFMBRAMIEF AL, B, AF 1M
Lkl JOE=-Np, keN(K), BERAMIE. 4R Da@d 4. AW, A 1 PHH
BB A B RRME. XMIEHETE I LiL.

BE-NMEREE AN -1 HELER. |

M FChvatalfiHammer (1977) E&HA/H THE -+ R RBKEAYETH -+ EF
(w, wy, s, w, D MESWMAMMEE. AW, BEH.IMEE (1), HEE (SP
A A IE DU ] BB R P— ) 5

§10 &£ & &8 % 1@ &

FriBE ARG, BEMTER.

(SP) _ minc'y. Ay>e, y¢Bl. (10.1)
Heakgmx nfo - 1. ceR. e EmGE@iao2BY LHHE. MEHTHN

G REM, MRKRZ AHIEMNESE & &,

H R 8 B AT 28 (UIAL 22 IE IR A 40 4% ol A ik SRR ST IF U 5 8 0% el . AT I /Y R X
EAHEXHEMER: Ko aMEASEA T UNEN —38. Fit, B4 sy b .
B, BILXBEMEEIER. EMNESESRBLAP—-HE. WH, XL, BB THWF=4
fo] B3 0 4 P— ] B
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1. HE - MESEENE AT ZEML.

2. SRIE S & & e A

3. MBI~ ENEAEENEMNTITHRELE S LN TR BN —F.

THE. AR = F@E.

HTIHEE—ANHE, HENERESREE (SO STREMEE (SCH %M.

(SCH maxc'x; Ax<p, x eBr, (10.2)
Hhp =dc~e, e RnGMHESBE 1 EE. £, REXW (SO #HHRRE) -
e -x, BIREH (SCH. KB, SaiE —HMiC X AEE (SC) MiFMES.

“A B a e, MBa<a, WMFEa EaZ b, SARMAPHFEESE VP E
HE VWL EROMTENESE i M5 /IR EBHM A0 FEE. .

SIIE10. 1 X FlafE (SC'), x =x,, YHNYAWE - [THEAME 172 L.

XA EAGEH ML AR . B, HEBME (SCH SME (SO %1fr. Ko
(SC) MM ERNE. WG, BEES. B WMEJWRAN LRAY 0 Fa' ., 1
<U<m, a'(hHhy=1, y,=0, y;= 1, BHNKa"U)(y+e,~ep>1. A, AEw 4
WRAS 5% WL BRARERNTT. &, X

X =x SV y eX, y;i=0, y;= 12y+e,-e, eEXevl, a(l) € 4,
oAl €A gy te —epy=a'Ct)y, ¥ eXCTB],
Hey=0, Y;= L. #iﬂy,,:f-,,, 1<<p<i-1; )/,,:)Tp—w i+ 1< p<j-1; ."p:;ﬂl‘
j+r1<p<n,
Syl al( () e, 31, (1) eddal( )y =d(DTy, VEB .
XA SN ERSI A .

B, RITVEAFIZE—Nn X nEEC = (cy), EBc KM ATBAELAN 1AE JH
A 1THTRRE. WEMTERE.

513210.2 X FHEE (SC), MBPx,~x, MWCHE i HE5E jFIHE WEx, x,
Bx,#x;, WCHHE i IMKFERFEHITE jF.

B, BTFXANMER, ROTUBAREC, BECHIIKFHRER/NEAHER, B
HWT R E Y. HEEHERETHCH IR, BE X0 (nMlogn) . XRA

EII0. 1 HWTHEE (SC') MIEMMEP —HE.

THE, RMNPRNEMNESSESEEBERE .

B, MEMHE, ROTLURGBE ARNFKEREMEEx;~<x, j~ooe<x,. TH, 4
PRE-TEEB—THER. FEEE (SC) M—ABAATEx eX, Bvx eX: x
<x'2Dx=x". —ABARTIFEx, Byx EX:x'<x=x'=x. #H, HEBH, ANE
—fTE R (SC) B—AMBRARTHTA.

B, RNSIABFH—AKEF<MT. vxeB], igsupx)=1{j|x,=1, 1<j<
n). XEERE, BMXBEH - EBEE, HOBRAE-MIBBHEIBRN
sup(x) HHILE, RELEL 0. XM Tx, x B}, x x'ox'HUBABKRFAFAT x -
ERXFZT, Fsucx) RRRBEXZFEHA. G, » =30/ \NMEFNTKE:

(0,0, 0%, (1,0,0), (1,1,0), (1,1, 1), (1,0,1), (0,1,0), €0,1.1), (0,0,1).
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B, BIlHEEE . 4big(x) = 0, Yx=0; max{j|x;= 1}, FM. dig(x) =
0, ¥x=0; max{j|x,.;,=0, x;= 1}, FW. fil(x) =x +ey,,, Hbig(x)+Fn,
BrSC X ) = X = €yigex, +Coigixr+pp A DIBCX)E 0, Ha . trun(x) =x - Z{e, |dig( x) <j<
big( x)}, e,= 0. BHEFEH, suc(x) =bil(x), Hx,= 0; brs(x-e)), %4x,=1. —4
KRR, REXEH—MRARTFTE 2 €B), HEbrs(z) BT HRERHE .

513210.3 XMEM—AEMKE 4, BILL AN RN E (SCH EWN, HEMHEH
AR x ¢ ~<x g —eeee<xy, B xR (SCT) W—AMRARETTE, WMER Y =brs(x) = x — ey,
+ higeny + 1 A ERARAD AT AR DR ETLTH .

iER #Fz <y, zFy, MBFEwvx, w#x, {fiffz =brs(w). f1x BRI, wi
RATH . BT ARENEMERIIER X >xpeer—x,. W, z WLRFTH. 52,
HYARAITH, Wb BRARATFTA. ]

Bk, AT LU ABFTFIR B m AR RA TR, PO’ Mt BBz AFAENIER
A HH, BXBERSK<FIRRKFEFL .

BN AMFTHZBBIMNE R AR S XSS D, AERB—IEE
B . XEE, RINMWBEETUBETIHEHRR: &S BXFERFHRHBBHARN SHLE P
B3 AR e A V] RE A AR X ) 3k B ) B ) A DABORT A AR kT AT AR .

# it (SKIP—LEAP):

B M%_‘/l\"ﬁﬁ'iﬁs(n%ﬂﬁ- FHE x: =0, s¢ =Sy

B, R;xis—ebig(s)ﬁﬁzif_:g

FIL—SKIP: Xx,= 08, Wx:={il(x), FW, #WH x HBy: =trun( x); #Fy= 0,
WEIE. FWBx:=brs(y),

- B=F: FiBHE

HOP—LEAP; fs,= 0, MBx:=brs(s). FUMMEEH x HYs = WF1E. TR,
Sx:r=suc{s). EH T4 sBE_F.

BWUY. KIEFy =0, Hs=e,.

FEH10.2 ik (SKIP—LEAP) WLIHZ M4 FE (SC) WHARKTIT®. W
H, BATTRHOKER@BEmn+m+n. @RER, HE (SCH, AT (SC) 7EiE M &4
TRP—HE,.

B, BAXNTRIMEELABROARSSH, ETHANTHEL.

311210.4 4 x 2BIM (SC') W— A TF7M. F s =min{r |r<x, r HERAL).
igp =0, Fs=0; min{j |x;%s;}, FW. S={j|p<i<dig(x) Hx,=1}. MHMTF
350 B

(a) SFEDMS={j,, v Ju)s Jy 20> >02x) =x+ b; e x M =x-

J>big(x
u; + ,->,-k,§= 7 2<k<h, ERBKRYTITH
(b) s,= 1=z =s—e RIFKATITH:;
(e) {xM) e, XM z) RE<ZTFRIKRE s 8 x 2 B FER KX TR
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ATETHEREE (SO MBERERHECHN TS e

SI#210.5 ZESIEI10.4M%KHT, HBEtr=1S|>2. &
6k: 2 C 2 gk gh;
Feli<ieys x;=0

4,=6 M =4 +0,+¢c; —c,

72

i
4, =0

=0, 2 <k<h.
g

276
eTx k) — oTye (D) 4,. (10.3)

BiE, RINMEEX-FPRBMNE=ANE. ,

LhRE, XMAERLTFHEREFELE-AEATNR ¢ eR"A—AEREH I, KD
“CIIME”, e

Ay eea Ty >d. (10.4)
FEREY, Ha, JHEH (10.4) Bir, YEMNMFEEwW=0, weR”, 1>0, r eRfEH
A
wly>1 +1, yeX; wiy<r, y EX. (10.5)
H, X ={xeB! |4x>e} B} (SC) MAT{TfRE.
R, INXNEHMTFMTLUw, 1 AT AERA.
wly —1>1, vy EMg;
wiy-1<0, vyeMy, }
REEN. ®Hb, M, MB350 X PHRATITEARXPHRRTATANES. 4R,
ENHREATRAY.

HEE, XPRARATEN Y AMTHNAR. &, M, [=m. WF, XPgh
A{TABIAEE (SC') MR KTTITMRH . &, BEE0.2, M, |<mn+m+n. Fit,
A fiKhachian (1979) s{Karmarkar (1984) MREM AU ME REERE (10.6) £F
HiR.

EII0.3 AW —AEMEEFEENE (SO £F %%A%‘@uﬂﬂﬂ (K) F4r i ia 8§
2 P—HE.

AOHMENT —REAE R B EH10.3REERT .

g1 # 2 | X

XE, RS —RFFREH 0 — 1HMUEE. FFx=(x, -, x,) B}, K, x
xHEREEMEXR. AURBAEF<. R, ZEHNFRHUAFNT %

(i) x,=x;9x,<x;Hx,<x,. (11.1)

(ii) x,Fx;ox,<x;, #Hx;<x, (11.2)
oo, <x B x, <x fBx,<x,.

@R™= (U, ) |x,=x, i, jeN} MIRT={G, j)x,Fx, i, jeN}. RATHHE
B2

(10.6)

(M2) minf(x): x eB}, x,%#x,;, v, /) €eR%; x,=x,, v G, j)eR*. (11.3)
AR, XEiZ
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Y ={yeB]|
BPRIEE (M 2) RyATfy %%
B, LR (M 2) BIMAHE.
M. RIME—AEGY) = (N, E), Hd, E=E,+E,
(i, ) €Ey® i, jY eR, (i, j) eEe(, j) eR™. (11.5)
BT, BAXEA: vxeBl

v, DR™, ¥ =y, v, j)eR}. (11.4)

X, =xX2x,x, o x,x, = 0 x5y S x, v;; 0. (11.67
A, Y=ilxeBixx, xx,= 0. (i, j)eEy xx,Vxx;=0, G, j)eEl.
SIEEIT. | (@ (M2) HIfREMER
py(x)=( N/ xa, xx) (N (xx, xx ). (11.7)

ti, j)€E, CG. ) gE,
meE~|~mm¢mﬁa%mITm A@wax-xqf;>ﬁﬁ.ﬁ¢,N%
(1, 2", =, n'). #, ¥F Vi, jeN+N',
(i, j) EEﬂ@xTxTpr, (11.8)
Hoop oo Cp B xR oy — A BA R, B ee=x, %1 eN; x, %7 eN.
BG,H— 4 T AFESCN+N', MBEXNEM €N, HiES=i' €S. X, HSH
G, i — I 4 %
SHIEIN.2  »y(x) =0, vxeYHMR, MHMYGH MR E.
iERR 2. B X eBRa(x) = 0f—A, MS={7 | x=1, T eN+N'} pt£
G, bwy— AW . WMAES, MAE/ ) 88/, /' ES. MFx,=x,=%,=
0. Au[gE
. #SCTN+N'BGH— /M. W, Bx=1, vieS 0, HN. @M,
FAEF—ARAELTPZZAFARAR . XL hEd, vieN: x,= 02x,= 1. \fi, XA
P X)) = 0 — AR -
EG(Y) #, mMRE—-4TBC, AR
IECC)ME, |=1 (mod2). (11.9)
W, RCHGH—AHLE. 5N, ETE.
SIIBI1.3 EGHEWHMIE, HAMNYECY) &, REFLH.
R 2. BEEGY) PHE—-AAXEC, BEGHILH —AMHME. hi5®E1L.2,
MAEX cY. R, FyREE,
E(C) ={e,, e, =, e}, ,=, i+ 1), e, =€,
__ E(C)INE,={ey = €, ), 1 <2+ 1<s.
X, &, AX Y. BAREx,=0. Hk, LA
{ 0, i,<i <iyups

X, :
Ly it 1S glzz+z’

i

Hepr =90, o CHEE: =1, fxy, T X=X T =15x=0%&.

&. @&mx>x%§%ﬁﬁ6¢a&ﬁ%mm$ M2, Y =0, K, Xt
EHE-MX Y. #LE, REAE-WAFE AHER, x,=0. MPe=G, j), ME
Hix, =a, Wx;=a, Ye cEy a. Y%ecE,. 5Y=0FF. n
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ME—-EG, RTAHARE—F#HM. X8, vecE(T), e 5TEGHFR=A—/H.
BB -4 EAE.

51311.4 EG(Y) LAFEE HHMNNGY) dRAXEESE.

R BT RAMERELD BT AN —EE, RIE A B B2 R 8 BT E,
Rpa S5 5. ;|

EEH.D HERE M2) BEEBEOTHENENEEP —WE. #8, HigBE5AHB
G(Y) ER—AZHMEY.

SIS EYHAMTAN, HHEUGY) Z2EBEMN.

iERE =, BEYTAEW AAMGY) REE. MG(Y) ELA-AEEHR . X,
YHREDLFEA G5 HTE .

&, EGY) HH-ANXEM. Afi, REZAELHNEAEYH. B

EIEIN.2 8 (M2), Y/ x) BEE, BP—WE. #H, RUBRKLERTEHN
HEBHOm+n).

R X B, f(x) AISEAEGY) MEEREMEEANLEYE BRZ M, HiE8(M2)
SENEREMFEE (M2). BHEBRRZARMNTHER. |

REFEIMF X AR

xx;Vxx;= 0ex,+x,= 0 (mod2); \ (11.10)
xx,Vxx;= 0x,+x;=1 (mod2). |

BIFr cB, WA (M 2) 58280 (Lin, 1978) 4. XREHRENEESAENKTE
KB -

§12 ZMEREH0O— 1 MY

X-THENETRIEAALEBRBHN —R (KERELHE -1 RAWHESIE
W AR EEE (SC) F4fr.
RINXEH—BEEZEX A

(LO) min Ycx; g(x)<b, =12+, m (12.1)
j=1

Hepg, i=1.2,, m, RAEBMBGRES. Bsb, BHERRIMEANFHTER BT fHic,
e, >0, 2> 0. B, BT RNBERETRAERME:
C\>Cy e >0, > 0. (12.2)

TE, AL (10.1) PEE AR FE.

B, FIES 3z, REEE (LO) WTMEX={xeB] [g.(x)<b, i=1,2,
e, m} HIBERIE,K.

RIG, o) =px(y) . J[R, W(¥y)=0, BHRXYY =(e-y) eX. HEM3.2, KK
W(y) BIFMARRT. BV, VAR SHERHN ER THM. AHKRIE, v BEM.

BHES AR EERY

b=y,
REFEE, j, i<j, yAyREYBSRBTIERE, =ay,y, /By, vy, VofEBa, B, v,

— 487 —

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



SHAK By, vy 3B, = (@) yy,NVBy N By NOHBAEHIT L.
AT BN BREENN. WH, A
YioVar—seer—Y,
BIE, By EREFLXZHOREER

pyy=\/ [y, (12.2)

Tew jeT
é’\({:{Tu Tzs hA} Ts}' mﬂﬂi)‘(—‘/fo“lm/‘ =(alj)an:
1, i ¢T,;
a,;={ HJ el (12.3)

0, &M,
i =1,2,00e, 5. ‘
XREE (LO) HMWEN (SO WMAKER. REHEANMTHER (Hammer,
Johnson, HiPeled (1974)).
EIEI2.1 XMF-AHRRUEE (P), idw(P) APHRABRKMHES. W, EFRH
(12.2) 2°F, ®I1A: vx"eBj,
x* e (SC)ey* =x* e (maxcy, v(y) =0)ey* e @ (maxcTy, ¥(y) =0)ey* ¢
(maxcTy: ¢(y) = 0)ex* e w(LO),
HPSC, HEMEAEFEEBHE (SO).
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0—1 Programfning and Order Relations

Peter L. Hammer ‘ Yanpei Liu
(Rutgers Center for Operations Research,The (Institute of Applied Mathematics. Academia
State University of New Jersey, U.S.A.) A cademia Sinica)
Abstract

This is a survey on the relationship between (-1 programming and order
relations. ’

Frist, as theoritical foundation, we introduce Boolean algebra and Bool
ean equations briefly in §2 and §3. And, in § 1, we describe the general
theory of 0-—1 programming which, of course, is NP- hard in view of the
computing complexity,

In §5 and §6, some problems which have polynomial time algorithms are
investigated in 0—1! programming with order constraints. In §7 and § 8. how
to use order relations to simplify the problems is explained.

Then, in § 9 and ¢ 10, we discuss how the kgapsack problem, the set
packing problem, and the set covering problem become polynomial time prob -
lems under a kind of order constraints which can be recognized in pélynomi-
al time .

In § 11, we demonstrate the modulo 2 programming which was found in
testing planarity of graphs is in fact a kind of (0—1 programming with the re-
solvent being a quadratic Boolean function. No doubt, the problem is of
polynomial time.

Finally, in §12, we show that the 0—1 programming with linear objective
function is equivalent to the set covering problem with the order constraints

appearing in § 10.
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