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It is shown that the problem of sorting data is described as an assignment problem. It is also shown
that an electric circuit is possible to solve this assignment problem. However, if a simple method is used
to construct the circuit, computational complexity of at least Q(n?) will be required for input of data.
A network that decomposes data is proposed that overcomes this problem. Thus, we can sort n data
with a network of O(n) nodes and O(nlogn) branches by solving the minimum cost flow problem. We
have to repeat constructing a network that decomposes data and picking data from the optimal flow in
the network. The total time complexiy is O(nlogn). This corresponds the fact that the optimal sorting
algorithm is of time complexity O(nlogn).



1 LI

AVEL—FRFBELUTHEERIRTII &I
MEBLAETMELLEENIZERT I L0
5. FEORVWEFN - BOERMLEEHET S
ZEREBTH DA, B, HETHD, B
TNT)XLBBSNERBLOSHZ HDIREN
EEZSNB I ENB. T, BRTERA (1)
HELWVRDZEID-HENLEHTSHY, 48
Tb, BEGEELBESTOMIHMERIZRY
FNT) XLBGFETA2HENRE.

T, TNHNITVXALADBRE L, HHERH
PEEBTOKE I -HEOREERTIHEOCH
Bl & &, —IF, RELT
BL. TNTVXLOERBOBIEFMUIZYEA
WP IY XLEERLIZD NIV XLDBRE
DRREZFAIDTIWAEEHEEREOT AL
F 3 BHEEM, EEHmORE I ERTHEEL
NENEESEE, EREEEL V. ZEEEH
OREHTNT ) XLWEET MBI 5 X%
P t#L, SEABHOIERERET IV TY X LN
GHESHHEDS 5 X% NP L%7. 75X NP
IZBT A0 AT bR S HAA —
FOREBTINTY XAIZE>T NP OH 585
75 Z2DNWTHDEEIERINB & &, ZOR
575 AOMEEIZ NPRL2TH B &) (2], [3)-

BHRDEBEHEMELLT, Xy -2tk
ABRNEBRFABENDS. RNBRAKEEIIY
LT BROABERTHEAMLERTH, R
DRV (bbAA, ZEHEAFHD) 7T LN
HohTH3([4], 5]). HFHELTR/NBEARMET
HEPYYTHECHO VTR, HicEGHEOT7TNT
) Z LS h T3 ([1),6],[7). 7272 L, T
O EMEIR/NEARMECLEH ) L THE
ELTERTEZbIFTIRIEL([8]).

E#EZD—AIZ, HOT, B (B ShicBE%:
FIEH 5V TBIEIZE~ S EE) 2E/N AR
B-BIs, 504 THE - ELTERTES I &
#RUT. &5, #F0LH BRI %8
KEBE UTHRT S HEERLEL. 20Xy b
T— 7o AOEE n? ZOAEETHLI &0 5,
COEFIMBED Ry bI—VERE £ On®) T
ETIEEEBLAE(9). LML, 20Xy bT—
TEELDIZ, PR EDANET TS On?) O

BHELES LR, BHICERTES. £2T
ZDXRy M-I ESBTHIEICLD, BIM
Bx, SOEHEN O(n) T, LOXHA O(nlogn)
DXy I =7 E2R/NEAGHEICRET
BIENTEBILERLL. SO &id, BIH
BORRBOTINITY XLOBHED O(nlogn) T
H3EVHEHEEEFOER ([10], [11) & H#ET
&, MRECRDTH 7. UL, ZOLHI
AR, ERICTIRIEROHIT, Xy b0 %
SGRLTRFOTCORBRNERD, TOKH
BRNCETHTRDO Ry FTI =7 FEETI &
SFIEERY BT, EXECORBTIHEKE
DEBHBEHEEIT > Tz, FXRX T, ZOME
IBREEMZ, Xy N7 =7 R LD BRER
WS TF—FE2HAMBIEICHEI FHOZEE
BHELERTAIEICID, BIIMEOX y b
D=7 7 —EFIVCE I} AEHEELHBICER
T5.

2 BIEHYSTHE

2.1 #MEHEELE L TOET

Bl ay,0,...,0, BEASNIEE, Thok
REVHDSIRICE~S UE (BHH B0V —
M), BESEMEE LTRO L S ICERIND
(o)

FEEP1

minimize

n n
=3 e
i=1j=1
subject to

n
domi=1 (j=12,...,n),

i=1

n

Zz;i =1 (i=12,...,n),
i=1

zi; >0 (i,j:l,?,..‘,n)

FIEPLIZHEOTEH =13, a; 2% a5,03,...,a,
DREVEDS jHEHOEEZIC1ITZOMDE S



IK0%x&5. MEBPLIRIIMETHS Z LI, —
BiZ,a1 < <...<a, ,b;<by<...<b, D
EX,1L,2, ..., 0 DODEBIEF p1,p2, ... o0 I
HLUTH,

n n n
Zaibn+1—i < Z asby; < Zaibi
i=1 i=1

i=1
THDHI L, ZOMENRn AOHEEA nBHOMHE
IR IR S TAMETHY (LR 24E
JICEDETHEEDIR Mhtja;, HIBR), &
BREIZEOTEY 2 OBERBERICOT/F1&
RAIENSHIS.
HEPLORMMEITROBY TH .
FED1
maximize
w= Zyi + Z%‘
i=1 j=1
subject to
gi+w<jea (i,j=12,...,n)

BIE a1,02,...,0, ZINSOEOSIEIZE~S
MER, ko LI iciekdh 3.

FA P2
maximize
n n
=33
i=1j=1
subject to

n
duwi=1 (j=12...,n),
i=1

Zu,-j =1 (:=1,2,...,n),
j=1
u; 20 (4,/=1,2,...,n)
ME P2 O FIEIIROED TH 5.
H#E D2
minimize
s = Z v; + ZP;‘
=1 J
subject to

PJ+’0zSJGz (Zr]:17277")

2.2 EIMEBEERESERE

BN CHBIAEBRATR/NE ATRE (S
B)THD BRNBEKMELR, n BoLsER
En HHROWEBRDH D, LEH  TOEESR (fft
B) % s, HEM ) CONRE (BE) ¥ d4;, £E
i DOWEEH j NEREXOMARHI-H D
EBAE ¢ ET5HLE, FHEEMISEVHE
NA3BOMIZZDEEMTOEERY BT, &
HEMICETAZTNIEORIITZ OHBIHTOMN
BELETEGRHWEWSHWREDT T, BEE
BAEZBRNTALHIC, FEERI S EEER
~OHEBTHROIMETHS. LERLEEE
EFETNTEN L ELABONH DL THBETHS.

BMNERREER, N20BLEKET, SHMIC
BRI ENTELIEHAMON TS ([12]). K2
OELKHEKICTIE n2+2n+ 1 XOTAKEEHhS.
LIchiaT, 20K Ry bT—2 2ESI121E
P &b Qn?) OFHLIIB I LiFHA LD
ThHEH BROERTNTY XAOHBEREN
O(nlogn) THHILEZEZHE, LEOERER
THERLDTH 3.

WA IZ b o .
5

e 3= é L % n

1 BFIMEOH D B THAL LTORR



3 RIMEOS R

FIEP1 T, BFIREZ n? MOEHEHNT,
HoYTHEE LTERLLE. 25T, BH
¢i(1=1,2) BRD EB VITED T, B/NBE AR
BEEZTHS.

=0, ¢ =1
72U, n RIBEELTHS. S THEALR/ME
ARMER

minimize(4 5 \ \id maximize)

n 2
zZ = E E CjaiTs;

i=1j=1
subject to
dwi=n/2 (j=1,2),

i=1

2
Yorg=1 (i=1,2,...,n),
ji=1

o >0 (i=1,2,...,n;5=1,2)

THbE, MEPLICHIT 5 BHBETOD jo;
cia; 11 - T3, ZOR/ME TS O R#E g
i1 a1,a2,...,8, FOKEWH (NEOF) E45%
Bz2%. $hbb, BAohic n BOHEOKRSE
W (NEWEH) 25%KHD 5 O(n) Dy T —
JEHEOMBMIESNT.

IIT, BohitKEWE (MIWEH) ¥4I
HLUTCHAKOMEEEZLS. ThThoMED
Ay M-V EHERINOMBEORy -7 H
HEOESFTHEHN S, HEEEGDET O(n) &
5. IOEXHEBRGICEATHE, RRG
IZ aj,ag,...,0, EBIEH SV IEARICEFISH
3. BROBEHIE O(logn) THS. 2O L%E 0
HOBMEEBINTIHZEROTNIT Y XLOHER
HMEMN O(nlogn) THD I L EMBTHILITRA
BREELY.

B2 2 B3| M A < B8

K3 HEERE N E/NIOHITHT 305



4 BbYIC

BIMEEZB BRAMBEHERT 5 HEERL
o, COBREBIZE > TTF—F2RENH &/
SNHD2DIHETHIENTES. ZoMEE
EEDH LI ZOEIBORERNH S ROBR
DEBEELHOERERVH LD T EFH
NOMM)THBEZ &, FHOBEEN logn THBHZ
ENS, FEMNLHT O(nlogn) ThH 5 2 EXF
i, DBOBERBIIERETES07T, ¥R,
LEOFEM O(nlogn) MEKE M - BH OFH
THBI LTS,

COFEAEMBOMEIZ—-RILTIILIZL-T,
Frn B EEOBEEERT A Z L0
n5.

AWEET, FRTFEXREHEIHABRHED S
(—f2BF%E (C)07680339) DIFBI A ZiF 4.

BEX#

{11 G. B. Dantzig, Linear Programming and Ez-

tenstons, Princeton University Press, 1963.

[2] AR, “TNTVXLET— 5 it B
2, 1991.

[3] INBKEZRER, “StEOEMS,” BRE, 1988.

[4] E. Tardos, “A strongly polynomial minimum
cost circulation algorithm,” Combinatorica,
5, 247-255 (1985).

[6] S. Fujishige, “A capacity-rounding algorithm
for the minimum-cost circulation proglem
— a dual framework of the Tardos algo-
rithm,” Mathematical Programming, 35, 298-
308 (1986).

[6] L. R. Ford and D. R. Fulkerson, Flow in Net-

works, Princeton University Press, 1962.

[7] V. Chvétal, Linear Programming, W. H.
Freeman and Company, 1983.

[8] T. Sunaga and M. Iri, “Theory of communi-
cation and transportation networks,” RAAG

Memoirs, Vol.2, pp.22-46 (1958).

[9] % Eﬁkﬁ, “HTEETEHIE & LTOES K B
RNBELHRHE, AL36-9 (1993)

[10] D. E. Knuth, The Art of Computer Pro-
gramming, Vol.3 (Sorting and Searching),
Addison-Wesley, 19.

[11] A. V. Aho, J. E. Hopcroft and J. D. Ull-
man, The Design and Analysis of Computer
Algorithms, Addison-Wesley, 1974.

[12] M. Iri, Network Flow, Transportation, and
Scheduling — Theory and Algorithms, Aca-
demic Press, 1969.

[13) E. Borger, Computability, Complesity,

Logic, North-Holland, 1989.



