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Abstract This paper discusses choice of loans problem(CLP) that is to minimize annual payment from
which bank’s borrows in multi-banks multi-nations with distinct interests. For the CLP, there is
impossible to obtain the optimal solution actually without the help of mathematical software package
as linear programming(LP). This paper applies the method used in transportation problem(TP) that finds
initial feasible solution with selects minimum interest first, least cost method(LCM), to CLP. Result of
experiment, the proposed algorithm can be obtains the optimal solution with at most two exchange

optimization for LCM’s initial feasible solution.

Key Words : choice of loans problem(CLP),linear programming(LP), least cost method(LCM), exchange
optimization method(EOM)

rlo

.M 2 A2 ol 2ojlA dute] &S shH A JTHE
A2 & £ JeXE AFske BAE dE A=A

24 wufe 743 sAke] Abgo] thre] &7te]  (choice of loans problem, CLP)2} gk
ATt XS Ajste] Boige SEsteln ok ol AF7HE CLPe] w8) Ae7te] 882 5 e
:r?‘ ARE /et £QFE B8 AR 2yfE AFA I H(linear programmmg, LP)3} 22 4814
F9otaAt gich aeu 7 =rtekct ZF ;o 9x] RIS H7]7] &R glole e I7F HA Ltth
9} dFE A9 Ah HrigTel et 2 2382 Aolgt ES LPE SiE oA AAEA, A Hobte FEES
o|ZR&(FENS FASIIL YUt olgt ARoNA AL AF AASEA] Fa A AIRES AAoks BAR RIS

‘B9, AErgqsty A&t geju|tjog sl Received: 2 April, 2021 / Revised: 4 September, 2021 /
AR 202149 49 29, 39 20219 9€ 4Y Accepted: 8 October, 2021
A LA 20219 109 8Y "Corresponding Author: sulee@gwnu.ac.kr

Dept. of Multimedia Eng., Gangneung-Wonju National
University, Korea

- 189 -



Best Choice in Loans Problem

2 &8/Jo] "ozt

wabA ol2fdk ZAIE siasty] 98 £ =EelA=
| i FE9] 7oy SAtolA] 71EH o' HRgt A
o8 AFEPC) 7|EHoz HAH MS-ExcelS &
&5l CLPo sl wi=2ar, Hestn, &4A 22 si&
Zop7k= 12 E 7H LaEjES Ajbstait g

28oM = SHHEEAC gt A4 899t HEof
LPe} CPLEXZ & 9= S s 2o 37304

= MS-ExcelZ &83 #21, A, &4 24
g FoPte F2S 7 S ElEE Aijbeta, 473
A= ARME WS A-85t0] ullo] 419 HEAE
= 2248 AT £ JE=AE Brlel] Eoh

IR GE) AP U, AT Zojo] 330
AT ARE AESTA e} 2 ARE s 2

m.oon

X ———= 1
ULHLUTL[Z@L;]E 1+l ) ] ()
subject to V;&s;: Elj =0,
i=1
El <gq

j=1

E7F AStl(annual payment) pe= 4] Q)F Ak

:l,x# 2
P=h 1= (1+44,,)"" @
d 1—(1+4;,)

where lj:E P _gx —

£=1 (1+i,1_j)t lij

Guért wt al.""& @A & (linear programming,
LP)Z, Edvall?e C doj2 89 simplex method
9l CPLEX(IBM ILOG CPLEX Optimization Studio)
£ ol8sto] sig ot skglon, ik 19 29

85+ ¥82 ZZ €2,500,000, €1,000,000%  AAEIHCH, W Akl € 822,180.66°]tt.
€1,700, 000°] A~8=H, o] £Q9-82 339 2 2
o ZHE &g wro} 245t 74} st ZF Fxo] 9 Gzt (i) Shops
219} A= o8l e s FrATo) uet ZF 2P F 1 = | London | Munich Rome | Available
Open 2,500,000l 1,000,000 . . € loans (;)
3} o] Aot o]x&= | €3,000,000% 8¥7F o costs(0) € #°00:000€ 1000000 75 559
23} 2= QJthy AAEIYL) o] ARBA} AZL oL o Bank #1 0.050 0.065 0.061 _[€ 3,000,000
o - 5 o o Bank #2 0.052 0.062 0.062__[€ 3,000,000
Yo 2 HE &L Wolof W ATAE HAZ & &= 9] Bank #3 0.055 0.058 0.065__[€ 3,000,000
L7
bl = Shops Total
e (l-j) London Munich Rome
h Open 2,500,000 |€ 1,000,000|€ 1,700,000|€ 5,200,000
Interest (4;;) > o Available costs(0)) € 2.500.000{€ 1,000,000}€ 1.700.000{€ 5.200.
J London Munich Rome
loans (g;) Bank #1 |€ 2,500,000 € 500,000 |€ 3,000,000
Open costs(0,) |€ 2,500,000l 1,000,000/ 1,700,000 ' Bank #2 € 1.200.000l€ 1.200000
] 0.050 0.065 0.061 Bank #3 € 1,000,000 € 1,000,000
Bank #1 (5.0%) (6.5%) (6.1% | 3000000
0.052 0.062 0.062 9 AgAshops
z #
Bank #2 (5.2%) (6.2%) (6.2%) 3000000 (p) London Munich [Rome Total
0.055 0.058 0.065 Bank #1 [€ 386,80453] € 0.00 |€ 80,836.93
Bank # 000000
ank #3 (5.5%) (5.8%) 65% |3 Bank #2| € 0.00 € 0.00 | 194.775.51
Bank #3| € 0.00 € 159.763.62] € 0.00
2 1. GjX| Go|E
18 1. OIX| HIO[E] Total |€ 386,804.53]€ 159,763.62]€ 275.612.50l€ 822,180.64

Fig. 1. Example data

P shopy= s;, 3 7I1E Hl&{opening cost)Z o,
HEdloan)S 1, 239 wHE7FsFA(available
ti&olZKinterest)E i,  HE7IXE
(duration)& dgt 3Md, CLPE AFAZH(linear
programming, LP)2.2 H&sIH 4] (1)9] 5435
PSR i

loans)& q;,

J 2. POl thSt LPt CPLEX Zxt
Fig. 2. Result of LP and CPLEX for 7,

PEAE oJ&H,) QB8R minfa,0,} 5 WE}
=2 4] (3)9 ti&d 1, S w8k Soomro et al.Po]
0]-85F LCM(least cost method) 22 A f=5 I
& Atk LCMZ A-83t 3= 19 37 Zrh
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l,; =min{a;,0,} (3)
&9 | (bys;) =iy a; 0; l=min{a,;o0;}
1| (.1=0.50 | 3.000,000 | 2,500,000 | 2.500.000
2 (2,1)=0.52 | 3,000,000 0 -
3 (3,1)=0.55 | 3,000,000 0 -
4 (3,2)=0.58 | 3,000,000 | 1,000,000 1,000,000
5 (1.3)=0.61 500,000 | 1,700,000 500,000
6 (2,2)=0.62 | 3,000,000 0 -
7 (2,3)=0.62 | 3,000,000 | 1,200,000 1,200,000
8 (1,2)=0.65 0 0 -
9 (3,3)=0.65 | 2,000,000 0 -

O 3. odl clolEf P o it LCM ZHat
Fig. 3. Result of LCM for 2 example data

J8y AR RE ol9h 2 LCMo2yt WiAE AL
A9 siE dA Kok= A97F ol wEkA
CLPE= LCMO& ¥& 27] dfjo] tisf] HA3 SAE 5
7t2 ssopgt 24 SiE A4S & Utk wEbd 2 =
EolMe 8 AT EQ o] F7]1X]Ql LPY CPLEXE
8o G g4 s de + U WHS 3%l
Al AlRbRCE

LCM =7| oo w2t X|Xig} ditd
E AoAEe $£E5EA(transportation  problem,
TP)OIA de] A= = LCMoR d2 27] Ad
7Fs el(initial feasible solution)E ZZSIAA A
e A& WS Akt o] WL £3EA e
o7k Y3 F2& AAT th=9] =EE0A 712
Aoz Feisty Y ol “]rﬂ"ﬂ £ =704
 FEEAY HE A 7PY TR S CLPOl=
g 5 AZS Helth

LCME F2oAE W A5 A3 Ad=)sia
l,; =min{a;0,} 5 WFol= oA LEAEOE MHst=
wHog i upxdo] Heix= A2 x]0ko] o]z}
= @0l qirt. webA i upx]dlof] MeElE X|ofo] o|=}

o thgt & BAFS sb7] flsf oA A=l ojR}Eo] oF
7t9] FRE ot e -‘W-‘% WS H&oHd A e
—'1‘%—4-’1\-33}3:—‘41_ Pl HH g 4 = A
o ol 19 49} z;cﬂ #HEL,

ol

tetaheuristic (GA, ASO, EA, §
o A crex

Proposed Method

e Worst
‘‘‘‘‘‘‘‘

3 4. LCM =7| sll9] wEh x|Xs} Y
Fig. 4. Exchange optimization method(EOM) for initial
solution of LCM

Aot= n2HAT}  H(exchange
optimization method, EOM)ol2} 3}, tf23} Zo]
Pt

=0
LSS

Step 1. LCMOE 4] (3)9] I,; =min{a,,0,} S uIFgTHT}.
oA71A a0, HIFZSIAL g2 Fofggoltt,

l,;>0450°] LCM %7] dfo|ch.

Step 2. Step 1914 @2 1, >00] gt i & 5 h
O} i, (G HER]E O] g Ao] ofzh e
WdAeoz 'SH‘:* AL s, Y Foll sy
i < a1, t, A9 HoflA AEE
As s, 5,49 6‘2}, 5,49 95 1,2 A4

it (1, +1,) >+l )then 6=, {10}
syl =6t
/* 2-opt */
if @, +1, +1,)>(, +1, +1, )then
0= min{liplplig b sy 11, =0ty 1, 46,

ssy

b o, sy 1l =0ty 1l +6

Sy il =6ty
/* 3-opt */

: lf2+§7 ER: lsJ*(S,t3 : lt_s+6.

a9 19 A EAY] di&elztG,,)7F 1 59k Zol ¥
29 P, ZAo] Altd EOMS 283t} HaL P, 24
ol EOM< &85t dxh= 1 6ol AAleHct.

N . Shops

o]z} (7..)

2t () London Munich Rome Available
Open ~ € loans (a;)

costs(()]-) € 2,500,000/€ 1,000,000 1,700,000

Bank #1 0.050 0.057 0.051 € 3,000,000

Bank #2 0.052 0.055 0.054 € 3,000,000

Bank #3 0.054 0.058 0.055 € 3,000,000

J8 5. 2, M
Fig. 6. P, problem
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Shop London Munich Rome el | @ EOMoe = CHQ- LCM .?_7] }\]'C:ﬂ 7]“:‘ 'BH(L# % ]—-T‘E]_'OH)":‘
ail a;

Open costs(0;) | € 2,500,000 | € 1,000,000 | € 1,700,000 e fos € 812,921.9190% & 4= 9otk 28U A HA 2-opt
Bank #1 0.050 0.057 0.051 € 3,000,000 75_34_ € 812,16347§ € 75844% Z:H\—}\]ﬁ—tq, =
Bank #2 0052 0055 0.054 € 3,000,000 e A ~

- — =z
Bank #3 0054 0058 0055 € 3,000000 WA 2-opt A THA] €641.53% |A LCM 27|
g vlsll & € 1,399.97& A5t
Bank #1 | € 2,500,000 €0 € 500,000 € 3,000,000
Bank #2 €0 €0  |€120000] € 1200000
Bank #3 € 0 |€10000| €0 € 1,000,000
Total € 2,500,000 | € 1,000,000 |€ 1,700,000| € 5,200,000
M2 9l ZHIEM
Bark #1 | € 38680453 €000 |€ 776739 V. %8 % 2ihE4
Bank #2 €000 €000 |183679.8205
Bark 3 €000 |€13976362 €00 E ZoAs 27 79 A dlolgEe] His EOM=
Total € 38680453 | € 159.7?35; €1366ﬁ353,75 € 81292191 Aslslgon, A8 A 18 87 1 99 A
@ LCM 27| A1 75 3 -
th. A% golElE LeePlol AAIE EAIS HEAA 4
Bak#1 | €1300000| €000 |€ 1700000] ) 0o s 3k,
Bank #2 € 1,200,000 € 000 €0 0.051)=0.001 A5 ZLQ_Q = o = o
] 717Had) L gdo =2 IHHE ZFS
Bank #3 €000 |€ 100000 €00 minf1,200,000, 290 284 thE7RHd)= 8 W
o — =] L
Tow | € 2500000 | € 100000 | € 1,700,000 >>0000=1.200,000 Zgotort. B oA LP T CPLEXS 22 HE
7HeTo] AMSE & Sl 578 AXE0] H7|AE
Bank #1 € 201,13836] €000 |e 26400139 $1.951%] 9171, thas] MS-Excel THOE % oldtelo] o}
Bank #2  |€ 187,170.13] € 0.00 €000 ol omE e ARIOS H 4w B 2 ol
Bak#% | €000 |€ 15976362 €000 94 2PE2HE A ATHS a2 T o= o
Toal | € 38330848|€ 159763.62|€ 26409139 € 812,163.47 2ol Melsl £ 9l ¥L o] Holu 7}E); 219 51
O o & Astect,
Bk #1  |€13000| €000 |€17000f CLPE 7|40 2E & Z=g fgry Algg 4
(0.058+0.052-0.055+
Bank #2 € 200000 | € 1,000,000 | € 000 00(514)(;)(?)%10 9\1]:]' H}E}_/p.] ;(].E'Ly].X]‘L:_ LP ¥ CPLEX &ZE 4]01
Bank #3 | € 1,000000| €000 €000 min{1,000,000,
= Z 29 dlo} AFuFA 4] 2> o A
Total € 2,500,000 | € 1,000,000 |€ 1,700,000 1,200,000}=1,000,000 712 =2 Zop AFrg el dist < 1%
a1 g 42 & AT
Bkl [emniss] €00 Jexion 2 =Bol4E MS-Excel $8lo] 47l4doan
Bank # |€ 31.195.02|€ 157.86401| € 0.00 - - -
e w2y Fesiy 7hds] Fopls gakel RS
Bak B |€15.33.18] €00 | €0 oS wk=al gt N o] Hohe WEd TS
Totd  |€ 38956656 € 15786401 € 26400130 € 811.521.94 7H garE|Eo] A4S Btk A" EOM2 7|E
© 2 2-opt o] LOMO.BE 24 315 4] 25t 2 o] AR
_ = 2= GHL 15| Y8l nek M A3} 7|HE %

28 6. 7, SOl te EoM 2 i‘E;OLO e Om} | 9 2 aqquljgz 4

. Ye) o 03

Fig. 6. Result of EOM for P, problem EotReE & om, o] A3 =% 3

29 ¥ JBAEH AL 2L 5 Y= ol 2o
A %*Ul% ti&totof =A1& A 23T & AU
Shop |Shop #1|Shop #2|Shop #3|Shop #4{Shop #5|Shop #0| Shop Shop #1 | Shop #2 | Shop #3 | Shop #4 .
Available Available
Open e 4,000/€ 3,5004€ 2,500/€ 2,0004€ 6,000,€ 3,000, loans (a;) Opi“) . 00§ ol 1 ’o§ w00 | 1 20% ool _0§ oo | 102 @)

costs(0;)| 000 | 000 000 | 000 000 | 000 costs(0;) | 1,000, .500, 200, :500,

Bank #1]0.0328 | 0.0331 | 0.0344 | 0.0355 | 0.0338 | 0.0343 |€ 6,000,000 Bank #1} 0.0010 9.0030 00025 | 00015 f€ 1.400.000
an i . i 0555 | . - Bank #2| 0.0020 0.0015 0.0020 | 0.0010 |€ 1,000,000

Bank #3 | 0.0344 | 0.0356 | 0.0324 | 0.0352 | 0.0336 | 0.0328 |€ 8,000,000 Bank #4]| 0.0030 | 0.0040 | 0.0035 | 0.0045 |€ 1,300,000

@ P, b) P,

a3 7. A GjolE
Fig. 7. Experimental data
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Shop Shop #1 Shop #2 Shop #3 Shop #4 Shop #5 Shop #6 Available loans (a))
Open costs(0;] € 4,000,000 | € 3,500,000 | € 2,500,000 | € 2,000,000| € 6,000,000|€ 3,000,000 o
Bank #1 | € 4,000,000 | € 2,000,000 €0
Bank #2 € 1,000,000 | € 6,000,000 €0
Bank #3 € 1,500,000 | € 2,500,000 | € 1,000.000 € 3,000,000 €0
% g2 [ € 4,000,000 | € 3,500,000 | € 2,500,000 [€ 2,000,000] € 6,000,000]€ 3,000,000 € 21,000,000
Bank #1 | € 576,575.62 | € 288.650.58 | € 0.00 € 0.00 € 0.00 € 0.00
Bank #2 € 0.00 € 0.00 €000 € 144,506.79/€ 864.863.43] € 0.00
Bank #3 € 0.00 € 218,761.74 | € 359,755.50 [€ 145,598.10] € 0.00 € 432.431.72)
9 ARl | € 576,575.62 | € 507,412.32 | € 359,755.59 [€ 290,104.80[€ 864,863.43]€ 432,431.72 € 3,031.143.57
(a) LCM 7] 44 715 3
Ezﬂnt g € 4.000.000 | € 2.000.000 € 7,000.000] € 5,000,000 (0'0352+0'0328)_(()01'833&0'0334)20‘0
Bank # € 1,500,000 [€ 2500000] €0 [€ 1,000.000[€ 3.000,000] .
3 EH%; € 4,000,000 | € 3,500,000 | € 2,500,000 | € 2,000.000] € 6,000,000 € 2,000‘000 roin{1,000,000, 6,000,000}=1,000,000
Bank #1 | € 576,575.62 | € 288.650.58 | € 0.00 € 0.00 € 0.00 € 0.00
Bank #2 € 0.00 € 0.00 €000 € 289,013.57/€ 720,719.53 € 0.00
Bank #3 € 0.00 € 218761.74 | € 359.75559| € 0.00 _|€ 144,627.84[€ 432.431.72)
J ARl | € 576,575.62 | € 507,412.32 | € 359,755.59 [€ 289,013.57|€ 865,347.37]€ 432,431.72 € 3,030,536.19
(b) 1% 2-opt
Bank #1 | € 2,500,000 | € 3,500,000 (0.0356+0.0328+0.0328)~(0.0336+0.03
Bank #2 | € 1,500,000 € 2,000,000 | € 3,500,000 32+ 0.0331)=0.0003
Bank #3 €0 € 2500000 €0 € 2500,000] € 3,000,000 fmin{1,500,000, 5,000,000, 4,000,000}
= g2 | € 4,000,000 | € 3,500,000 | € 2,500,000 |€ 2,000,000 € 6,000,000|€ 3,000,000 =1,500,000
Bank #1 | € 360.359.76 | € 505.138.51 | € 0.00 € 0.00 € 0.00 € 0.00
Bank #22 | € 216,578.66 £ 0.00 €000 _|€ 289,013.57j€ 504,503.67] € 0.00
Bank #3 € 0.00 €000 |€3590.75559] € 0.00 € 361,569.61]€ 432.431.72)
d g3 | € 57693843 | € 505,138.51 | € 359,755.59 [€ 289,013.57]€ 866,073.28€ 432,431.72) € 3,029,351.10
(© 2™ 3-opt
a3 8. P, 2Ho| gt EOM Za}
Fig. 8. Result of EOM for 7, problem
Shop Shop #1 Shop #2 Shop #3 Shop #4 .
Available loans (a;)
Open costs(0)) € 1,000,000 € 1,500,000 € 1,200,000 € 1,500,000
Bank #1 € 200,000 € 700,000 € 500,000 €0
Bank #2 € 1,000,000 €0
Bank #3 € 1,000,000 € 500,000 €0
Bank #4 € 1,300,000 €0
% 42 € 1,000,000 € 1,500,000 € 1,200,000 € 1,500,000 € 5,200,000
Bank #1 € 0.00 € 25338.68 € 88,487.24 € 62,922.61
Bank #2 € 0.00 € 0.00 € 0.00 € 125,563.16
Bank #3 € 125,563.16 € 0.00 € 63,063.81 € 0.00
Bank #4 € 0.00 € 165,438.62 € 0.00 € 0.00
q Aoy € 125,563.16 € 190,777.30 € 151,551.05 | € 188,485.77 € 656,377.28
(a) LCM 7] A4 75 3)
Bank #1 €0 € 700,000 € 700,000
Bank #2 € 200,000 € 800,000 (o.0010+0A0030)—(()(;8015+0.0015):0.
Bank #3 € 1,000,000 € 500,000 min{200,000, 1,000,000}=200,000
Bank #4 € 1,300,000
% 42 € 1,000,000 € 1,500,000 € 1,200,000 € 1,500,000
Bank #1 € 0.00 € 0.00 € 88.487.24 € 88,091.66
Bank #2 € 0.00 € 25,169.05 € 0.00 € 100,450.52
Bank #3 € 125,563.16 € 0.00 £ 63,063.81 € 0.00
Bank #4 € 0.00 € 165,438.62 € 0.00 € 0.00
q Aoy € 125,563.16 € 190,607.67 € 151,551.05 | € 188,542.18 £656,264.06
(b) 1% 2-opt
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Bank #1 € 700,000 €0 €0 € 700,000

Bank #2 € 200.000 € 800.000 (0.0025+0‘0010)—(()(()).2020+0.0010):0.0
Bank #3 < G0 2 1LZLUILY min{700,000, 1,000,000}=700,000
Bank #4 € 1,300,000

3tz € 1,000,000 € 1,500,000 € 1,200,000 | € 1,500,000

Bank #1 € 87,804.21 € 0.00 € 0.00 € 88,091.66

Bank #2 € 0.00 € 25,169.05 € 0.00 € 100,450.52

Bank #3 € 37,.668.95 € 0.00 € 151,353.15 € 0.00

Bank #4 € 0.00 € 165,438.62 € 0.00 € 0.00

3 Ao € 125563.16_| € 190,607.67 | € 151353.15 | € 188,542.18 € 656,066.15

ag 9.

P, 2H0 st EOM Zat

(© 2™ 2-opt

Fig. 9. Result of EOM for £~ problem

V.28 B

£ =RolAe dEelRHEZ )7t A= T tF 23
—E—,—ﬂ q]zo al——rx]_ o]-b_ 7:10 Y Ao}i]_on_g _;;q;\E
T & YEE ol PO rRE Aufs diEHtolof 5t
EAE ZA5t= CLPo] sl B2 1 ASstaA e e
g S 7T FE SiE Folrke WEE ARIeHT

AF7H A= CLPY tsiAl= LP = CPLEXS} 22
$5H2 AnEQo] wj7|X]9] =g glole A g I
717 M E7bsotginh ESE wie AEEY] =S
W7 FAHEAR QIS f4A] Ut wEkA P Ees

CPLEXE &&3HA] Fole= AERIER &4A 419
23 &S FHOo=E At d RS Haz &
o QU&= o] AAs] @7EHT Ut

olggt QARG RS Hdl, B =EolAe

MS-Excel& &-85t0] dulRlE: ‘3:‘{:‘]71] S 22
T UEE FAoAREH QEAEORE qEFE BASH
3, W upx]uto]] AHE Fote] A o]xhE Hrtk

w7] S8l ek 5V49} 7IH& #-8sta] A e 2

23t 1 A 03
& 38 4 518 N
3 fﬂ% | Qlold Weae 7

491 o528 Az P2
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