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P = A SR A S T B
T, A TR

EEMN: % A AB— n MEFRLIHAR
AERAH, D BE—FFEGT, BARMAK
Ar = b HA—JEBEE, BlA% Az =)
BIFRT AR ARACE SD(A) A



10 EEEE + sl RS84F12A°

TR, B {j e (n): b >0} 2ask
B SD(A) #% RIRTHAL B

Hansen 5|24 T A B 4 T E

I ZIE:

EEA: % D A—HHEAGR. A DT &
T D ERGTE; DT HTABELR D
FAAR, CHINESEE D g EIRE R,
D EAE3RT iR el 70 i Lol S B T @ el
AR AR L

(1) Dt ReA1E(TE%,
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REASH, EE ARG D RATE
FIER LB BT BRBREERS, FTR
RAXE#EE. BEEE (1) & (2) B,
B D &8 -#HEENRNEEE o . R,
a WEEE D NE—RAMESFE, &
B C . REGEE (2), C &6 —FHEEL L
o MR AEERE — BB £ BiREL &
B L BREENNRRELETE, HEBN
HETERFERAEREHZFFE 5

HEEEARZIE], Hansen LT
S BRI PRI SR A R E D 2 5
SE— BRDWIENGTEDY, WD
Eh R, ZE, DT BRI,
HRT: RE DI ROK5 & T [,
HEE=: UE DRFEFr ZIERL G E PR,
SR EFBR=1EkhTERNIERDR
2D HRRIER. RBEEDNE—&KE
HETEEEE-HREM. 52, DB/
SAE, e, BIDAE.

HER— KRB0 AR H BB E
A, AR ERAZER TEHNEZ: &
k 5 D WIERFRIEE, AFE—BK o U
k 24285 B o &FRF— &N Al fE
Fith. Hansen &, VU{ES BRAEILATIERY
RIS O(mn), b n 218 D B1E
ELER, T om RZIMAES, ERHEEE
e,

So%, W LA EE R R AT A [ E R
& IEEFE R MR R RS E A AR EREY,
R RE, EEAZE—N .

7. IEROIERME—RISREFERY

(P

H-mRGEEBA  ARERMER
i Ax = b BFF5E AT il 14 8 2 m] L SeRH 98
L Bl ke S —FEARE, 567 iHiE AR
[

T ARB— mxn BEE, L N(A) %
THTER Q(A) R FEH 2 HE,; #1
B, ME r e R" B N(A) & BMEEFLE
AcQA), B Ar = 0, BEE A B
LAEEE N(A) ={0}; BAB S 4
[ N(A) = R U{0FURY, HE R (
Rr ) RIEH R TETLERLE (A) NAE
HERES, B, A B L 4N —%E
BHRE—B Q(A) RAERKNITE BRI
o B, MBOEERAELER L A,
WAHES A B S JEEEEMEESE—
A€ Q(A), A WBEME—, HERME
KR N7 (—ESEORES, A OTHER—



n— 1 MREMFE (simplex) WIEEE, HiE
B N R R S BRI R EL).

MR Ar = b NPT MERTE
AT DAAD TR o h 92 LR e S Re A
B, B o= (11, -, 20) € R MERMER
M Az = b, & AWITE a1, a9, ,a, o
BT a WBR R o X4

J = {jiz; #0} &
I = {Z%{[’%_‘]GJ,(I”%O}:

BRI AR EZER— mx (| J|+1) HEE A
WPk af, j € JU{n+1}, FRER jAT (E
B ATREESE J = JU{n+1}, TiF
2 (|J] + 1), BRRBTRREELRTIHE):
ay = aj; B —a; ¥ x; > 08 z; <0, i
PL—b B A BRB—1T al, 40 FF, U
AT SR A (m— 1)) % (n— |J|) TR
(@ij)igr jqs » FIRM Az = b BAFHIAIAES
HuEH A" B SRk A” & L-AEE, T
TR EH R T - MG T .

Rex A’ &5 S—HEME A" £ L-FEk,
EREERHM By = ¢, H#h B € Q(A)
Kce Qb BEE. &£ A k A" FEH
LB & AR c A& b (BIHRARER
g o ) USHEER B k B” .
REME B € QA) & B" € Q(A") .
A B SHEME fF B WEZEMEE—E
(uj)jej’ H Up+1 = 1, %]L—‘
jeJ By =u HE x>0,y = —u
B <0,MFy; =087 n\J. %
Blu = 0 W8 e ub; = —l,,,, RED

ME u =

EMERER R 11

YiesYiby = ¢, Bl By = c o RIRIERHR
By =c¥E—# y, B yec Q). RET
ERfM B NTERRMEEN (R v BR
MEIME—% ), EE J K [ NER, TH#E
AR S AT S S HEY | DAk, BBl B
AL TRIFEAR:

B x
o

H B” QIHTEE BRI TR (b)), g0 T
B ¥4k (0ij)icrjes o A B € Q(A")
m A" B LJEM, Frll B” ’iTERER
3o X om x |J| HHkE [g] fefgmt —c
FEEITRUEERN £1 7EEE B H
B e QA) B A B SHEM, Kt B #
& |J| ITREMBIL, i B ®THESHTE
YE3L. FrlL, UL E B A{bEREEARAT R, B
AT AR ML,

TR L BRI I oF & 38 IR
HIET, ek,

BB —ERERTHE (balanced) #
ErENENEGARI —~ETAEI—&
7T, SR, Rligz HIEFE, Klee, Ladner
K Manber[10]#28 N E L 4ERRIZIE], &
B, FEE H O AR E.

EEIN: % A B— m xn B4R, T4
Ay, 0y o A By LS8 7,5 Bb%
W AHE—ETHARAK 0,1 & —1 893
RH AN D, AD &I H—7]BIE-FH#r,

ERETEERE, BAN—HEESRE
L-AEFRPERE RS B —RAMRENT
RUEOREE, HAT LSRR IERIL, EEWERS
(B, DL EREESE LA At—EAR



12 BEEE Thell] R84F12H

SERHIFRIMER ], 5w [10], Klee, Lad-
ner & Manber B2 T HE—BAET B
L-fEAMEB NP5, #i52, R
AL EAHBENRA R L5
feE. BN PIRIFFseEar £ A ER TR
NP-52%, EIENA BB (F2H
RS, FIRIMREREERESERE
FR) [ REL ) PR P R P O PR AR )

TERRSE LHERE (B S—HERE) B, £33
FIRBZ R EZIINER, K —ER
M EEMEZIEA G EHR LA (5
Sk BIMEE. DLITRIRREFHFERM L
fei Ko S—AEELZ A B VIR R ER

TEG: % A BE— mxn BHERALERD,
#HE— Lk € (n), & A, 27 A% k
FTRIEPTAFE m x (n— 1) 48R, B] A &
S—4EM ey 7ot Lol BB m = n — 1,
A - BT, BigE— A, B LM,

BB 2, #15 L-HEENRE (£
—ERET) B NP-5%&, MREEHE L
BRI, PRI LAEREAY R G PR S
— Rl R TR, (BRI R 2 1
NEKBAERILIAR] 545k, EHERE R
REPEE R, BRED T
B,

EEN: 32 A B— mxn T4EMH, b AR
B—a %, BB AG Ar — b ARRTR B
CHRGE ¢ BEGE 6 R T Bk RAR
BAEr (A: —b) B S—EM,

R EREEHRR, EF% (A —b)
RES S-HME, ROTHERLERS

mx(m+1) (RZEE), ERBEH/\, H
REEECHE AR IE RS A = b FRFSEA]
R ERERIEME, 25 EAER!
EANHRMFES L ERER, TR E 2]
LB RATIRE M B A AR RE, T
HHEIIRE HansenD i H — AR5 % H
NHBHIER, K, S —AERER PRI FEN
JEB NP-58%,

(A —b) B SHME, AIEfNRE
—17 —b FrEEBRBIRATIR A EE
B, AR TR B AR E A R EE S—FEfEE DL
B RE R R RF eI (R H )
BRIE) BRHEE, 5%, fHE S HEEERE
K5 S*JEMEEME, FraE 5™ FHEZTEH S-
FERE DAL T DUE Y B 2R R TS A AR
TEEER, R (A —b) B S 4ERF HE
BRI Ax = b BRFSRATRE, HEMRA
BRTTERIES (I, BMERR RS
AIfE). ¥ SHERE Rk S*-AEEARERE, Klee,
Ladner & Manber & A7EGRC [8], [9]K&
(10| EERARIERET. ML T2 MM ERREHH
—& (FERZIRY) fER:

TIBN,: H— S*4EMZE VP BT
RABFER T,

B+ Fle— SSEM ey —E RUREHK
IR, Bl K eG4EME L KR By S—SEIE,

EE+— 5 AB— mx(m+1) S*4Er,
B A 83 RAABS L AT 2m 2 )
Z M, Bt b, TREGEART AE 2,
HPELERAMBER, Klee EHX
[S]#RH — ERRI IR O(m?) RIBRILL



HBN m x (m+ 1) SHEEK S*HHkE, B
AT AR Hansen AL, Klee FIE
AT 5 —5,
BT Brualdi, Chavey K& Shader 7£
BIGHETT L-AHEIEEARERE, #
1?75’)\ FANRIRE R, EEEN

8. l\EEE

H §iE ER BRI A= 77 ER X B
i, &3 Klee, Von Hohenbalken & Lewis
e [11)5IA LR#ik S—HHIEE,
TEfs L-rEM ke S—HRMERIHERE ., MRy
A LA 2R R B B 2R A0 AT 5% ) AR MR RE; S,
F] 5 R R e i B 5 S 5 A R, S5

>0 <0 §1] <0
>0 =0]|&] [>0
H—FTH, FRIERT RN EEERT

ORI TRV HALIEENEE, R
(7, 12, 14,
AR E T EHE (E R B, PR

Brualdik Shader &% Bl HEIRAIEFE 4]
EEMARERGEIFE, BLEMAEE

FEE EEERYERS, HEE M .

FEE M AR I B ) R 50 B W
ERER RN DR TEENES, -5
AR BRI RS AT R R, S — R e
REEH R, BB RERY KR
i b E im0 SR HE . B EEREE
Ao [6]

EMERRE RS 13

22k
1. L. Bassett, J. Maybee, and J.
Quirk, Qualitative economics and

the scope of the correspondence
principle, FEcono- metrica 26:544-563
(1968).

2. R.A. Brualdi, The symbiotic relation-
ship of combinatorics and matrix the-
ory, Linear Algebra Appl. 162-164:65-
105 (1992).

3. R.A. Brualdi, K.L. Chavey, and B.L.
Shader, Rectangular L-matrices, Lin-
ear Algebra Appl. 196:37-61 (1994).

4. R.A. Brualdi and B. Shader, Sign-
solvable linear systems and their matri-
ces, Cambridge Tracts in mathematics,
No. 116, Cambridge University Press,
1995.

5. P. Hansen,
graphs, Discrete Appl.
241 (1983).

6. C. Jeffries, V. Klee and P. van den
Driessche, Qualitative stability of linear

Recognizing signsolvable
Math. 6:237-

system, Linear Algebra Appl. 87:1-48
(1987).

7. C.R. Johnson, D.D. Olesky and P.van
den Driessche, Sign determinancy in
LU factorization of P-matrices, Linear
Algebra Appl. 217:155-166 (1995).

8. V. Klee,

matrices and an O(m?

Recursive structure of S-
) algorithm for
recognizing strong sign solvability, Lin-
ear Algebra Appl. 96:233-247 (1987).
9. V. Klee and R. Ladner, Qualitative ma-
trices: strong sign-solvability and weak
satisfiability, in: H. Greenberg and
J. Maybee, eds., Computer-Assisted
Analysis and Model Simplification
(Academic Press, New York, 1981) 293-

320.



14

10.

11.

12.

13.

14.

15

HEEE ThEll K84F12H

V. Klee, R. Ladner, and R. Manber,
Signsolvability revisited, Linear Alge-
bra Appl. 59:131-157 (1984).

V. Klee, B. Von Hohenbalken and T.
Lewis, On the recognition of S-systems,
Linear Algebra Appl. 192: 187-204
(1993).

G.M. Lady, T.J. Lundy and J. Maybee,
Nearly sign-nonsignular matrices, Lin-
ear Algebra Appl. 220: 229-248 (1995).
K. Lancaster, The scope of qualitative
economics, Rev. FEconom. Studies 29:
99-132 (1962).

T. Lundy, J.S. Maybee and A.K.
Sen, S-inverse matrices, Linear Alge-
bra Appl. 217: 241-253 (1995).

R. Manber, Graph-theoretical appro-

16.

17.

18.

19.

ach to qualitative solvability of linear
systems, Linear Algebra Appl. 48: 457-
470 (1982).

J. Maybee, Sign solvable graphs, Dis-
crete Appl. Math. 2: 57-63 (1980).

J. Maybee, Sign solvability, in: H.
and J. Maybee, eds.,
Computer-Assisted Analysis and Model

Greenberg

Simplification  (Academic Press,New
York, 1981)201-257.

J. Maybee and J. Quirk, Qualitative
problems in matrix theory, SIAM Rewv.
11:30-51 (1962).

P.A. Samuelson, Foundations of Eco-
1947,

nomic Analysis, Harvard U.P.,
Atheneum, New York, 1971.

— AR R R ER TR



