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Minimum Net profit Project Deleting Algorithm for Choice of Facility
Expansion Projects Problem
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Abstract

This paper suggests heuristic algorithm with O(m) linear time complexity for choice of expansion
projects that can't be obtain the optimal solution using linear programming until now. This algorithm
ascending sort of net profit for all projects. Then, we apply a simple method that deletes the project with
minimum net profit until this result satisfies the carried over for n—years more than zero value. While
this algorithm using simple rule, not the linear programing fails but the proposed algorithm can be get
the optimal solution for experimental data.
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[. Introduction

gk 3|ALA S5 ndxe] T2 ARFS Y M (request for
proposal, RFP)E Aol TRal] m7| TZAEEZ #436)
Gtk o] A 7t LZAEE n W9 AQH]E3 ndk o
F9] o4 o]2(expected benefit)& 2H/JsF5 o, AL A
Az wd 7hsdk FAE(funds) S =Zk3ith BRE IR
AEZ A &717]d= FAgo] #5381 CEOE dF =
BAEQS Mtz A 39E 7‘535}#7(} E‘LE}
CEOE 39 A3} A4l o] (net profit) & T A=
UF ZRAEES AA nde FAAYS ﬁzq?fh—x} 5*
o} o}& AP g ZRAE M Ex ﬂ(facmty expansion projects
choice problem, FEPCP)2} a+cH 1
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3} FERAFR L= E(return on investment, ROI) #7[6] &
TFeE opell A8-F L gtk
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II. FEP Description and Related
Works

ol ArsARBIALelA 3% by
E]EH§W71 T U TRAEES A
AplA, AZoR AZEH m 7l TRAE: ),
ZZAE & nd (j=1,2,-,n )7J 298] (invest costs,
costs)e ¢;; 2 3k B8 nd 7 B8 7Fs e Ak s A9
(funds)& f;, n'd F eldsl= ZRAEC] o]S(expected benefit)
S b0} 3, A T YJodFol j+1 WA xR oo

j+ 194 d% olUxkHcarried over, or residual funds) r; 2]
(D=, 7+ TRAE] & o](net profit) p;,= 4 (2)9 o] Ak
o1l

fizfa‘—lJrfj_Z% @

i=1
T= :E] 73
j=1
b; :bi_ECi,j @

7194, pE AR de 5 A dAste A
ojn], ojme] pr= Pzt 1],
maxp (3)

where 7"]-2 07j:1527"'5n

Guéret et al.[1]& 109 o] xF53} AJatel] E3l5 o|elz]o}
B $1X)8 ' a Bt AEAEIALe] G5 51dzE A T
WE AN E 5 AAE E 19 2ol AN,

Table 1. Facility improving projects plan
@] : €1,000,000

Future 5 years annual investing
cost

YL |[Y2|Y3]|Y4]| Y5 | Sum
1 Expand assembly line 10.80 [1.80(2.40(2.40(1.80]1.50| 9.90
2 | Recognize the main shop| 4.80 [1.20{1.80{2.40{0.60|0.50| 6.50
3 | New painting facilities 3.20 |1.20{1.00|0.00|0.48(0.00| 2.68

Research for a new conoept]
car

Expected

Project Description .
! P benefit

4.44 11.40|1.40(1.20{1.20{1.20| 6.40

Reorganize the logistics

. 12.25 |1.60(2.10(2.50(2.00{1.80{ 10.00
chain

&1

Funds 4.8016.00]4.80|4.20|3.50| 23.30

FONA AR ARk ZRAEE 570, g 5zt F4
|83} el o] opeh Alat FAEE WERHIL gl of
A, T2} F7-E AR BelaRs 5do] Anet of |
Al olole HUR de 4 =S o ZRAES AT Z19
7He AAsfo gtk

3t 2ol Thes] 471 A4S arefstel Bolth (a) B

(b
WA= ZRAER Fdshs 490k (o ds AR
Ay

¥ 3948 A B ZRAR § W8 ok Bha

E olt}. (@] A 57 =
B5E 38 49 dxdEE 240, 2.70. 3.70, 1.88%}
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oF o]gdAl FAlslglels o]50] 0.012 §4} ] o5 &ir} M>0Q1 ZZAE P1, P37} P5E 483}, P29} P4E Z2AE
ujulshs & ¢ 9l T8 ool A A LAIZT Zgelet. o] A9- 0|9 3.67% Ao

v, X3%} X4di=e] g i Aplo] $ESHAR ol e
Table 2. Facility improving projects plan oldadls 13l FAHo| &34 ¢ha-S & < o] BT
a) All projects perform - 5 [ - -
() Al projects peto _— _— FAYAL o 5 Ak (O W FAFolo] AT 2
. uture o years annual mvesting cost Xpecte: - _ e - . =
Project XL [ X2 [ X3 [ X4 [ X5 [ Total |advantages Profit HEHA] = TRAE P3 P49} PR tiAto 2 AES 2135}
P1 1.80 [ 2.40 [ 2.40 | 1.80 [ 1.50 | 9.90 | 10.80 | 0.90 6 6 o . elao _
P2 1.20 | 1.80 | 2.40 | 0.60 | 050 | 6.50 | _4.80 |-L1.70 T TR, o] AT o152 0810t (D= olEEE 0.222
P3 1.20 [ 1.00 [ 0.00 | 0.48 [ 0.00 | 2.68 320 [052 2 U7 5 QAu P

P4 1.40 [1.40 [ 1.20 | 1.20 [ 1.20 | 6.40 444 |-1.96 2 7 SIAIRE P1e} X5, P29} P3e] X1 X2, PAe] X3
P5 1.60 | 2.10 | 2.50 [ 2.00 [ 1.80 | 10.00 | 12.25 [ 2.25 P59] X3, X4 Wxo] AL 4-351%] B3] ojst TrAET
Total 7.20 | 8.70 [ 8.50 | 6.08 | 5.00 | 3548 | 35.49 [0.01 - R Co sl B o B & B

E=S=YF4 o|E = T} 4A=5] =
vorromnual 14,80 | 6.00 | 4.80 [ 4.20 | 3.50 | 23.30 RN 7 Qo] ol5= A8 = 4 e AR e e A
Carry over funds —2.40—2.70—3.70—1.8§|—1.50 —12.18 ‘?‘i é‘j/g}‘éo] Z]o% = 74]5]0]]:]— Eq—E]—H Ntﬂ 7]'_‘6]' ﬁlp—jn?_
(b) Only profit projects perform e} ©7F 2 4= th of7IME J3Hos B o o 13
Project Future 5 years annual investing cost | Expected [ e Ag3lodof Ho 0|58 I 4 = HXFe] & 4= =7}
X1 [ X2 [ X3 | X4 | X5 | Total |advantages - - = e P
Pl 1.80 | 2.40 | 2.40 [ 1.80 [ 150 9.90 | 10.80 | 0.00 £ HoFaL Qi) o] W o]l H} o]5& W Qe

P3 1.20 [ 1.00 | 0.00 [ 0.48 [ 0.00 | 2.68 320 [ 0.52 - _

: : : : : ‘ o : 1 IS ] A=} = WO

b5 1,60 | 2.10 [ 2.50 [ 2.00 | 1.80 [ 10.00 | 12.25 | 2.25 Hlo] Q1S It glom, B i=Fo| X o] WS 2wz} 3
- lTbotal - 4.60 | 5.50 | 4.90 | 4.28 [ 3.30 | 2258 | 26.25 | 3.67 Guéret et al.[1]e & 19] 2Alo] e, AAENS Hgs

nua fur(l)ggowa €] 4.80 | 6.00 | 4.80 | 4.20 | 3.50 | 23.30 o] T 35 7] B 5 Fob I Ano 278 B

= RS = SO

Carry over funds | 0.20 | 0.50 |[-0.10/-0.08] 0.20 | 0.72 = ° jooTeE e

Net carry over | 990 |0.50 |0.60 | 0.52 | 0.72 "

funds Azlz Z2AE p p.p, S gl EREDIA=
(c) Perform only restricted annual funds i=1
Project Future 5 years annual investing cost | Expected Profit €19.89 (L}H €1, 000 OOO)“] 73“4'5 oé%q\q_ O]% it 201]/\ 1‘0/]
X1 X2 X3 X4 | X5 | Total |advantages =) B 3101 Lol o BN
P3 1.20 [ 1.00 | 0.00 [ 0.48 [ 0.00 | 2.68 320 [ 0.52 (©)*] OToﬂ s m, W A% A o) 9] el Hoh
P4 1.40 [ 1.40 [ 1.20 [ 1.20 [ 1.20 | 6.40 444 [-1.96 seAESUS oz AR dho
P5 1.60 [ 2.10 [ 2.50 [ 2.00 [ 1.80 | 10.00 | 12.25 [2.25 LRSS o F= el
Total 4.20 | 4.50 [ 3.70 | 3.68 [ 3.00] 19.08 | 19.89 |0.81
Annual borrowable
funds | 480 600 | 450 | 420 | 850 | 2330 Gueret et al[119] 2§ A7s thest e BARE 2
Carry over funds | 0.60 | 1.50|1.10 | 0.52 | 0.50 | 4.22 ol
%
(d) Perform only minimum carry over annual funds - = - -
y i Y over (1) ©38] o]5 b, 7he AXSE A3, 0]9] p, = £8H1§ ¢,
Future 5 years annual investing cost | Expected Profit J
ZeAE Xl [ X2 | X3 | X4 | X5 | Sum |advantages 2 A Ax|AHoketr 3H Al Z $olo) p= €0.81(5ke
= TR B AR o = A AR gt webs F ol p .81(H]
P2 2.40 | 0.60 | 050 | 350 €1,000,000)]t}.
P3 0.00 | 0.48 [ 0.00 | 0.48 ~ . e
P4 140 | L.40 1.20 | 1.20 | 5.20 @) 3F ] Aanfo] g diLe] FAaS 24| &
P5 1.60 [ 2.10 1.80 | 5.50 n
A 4.80 | 5.90 | 4.80 | 4.08 | 3.50 | 23.03 o HlEAlA U
B L ey 0 2GS WEAZ, 2o o dE
Annual borrowablel 4 g0 | 6,00 | 4.80 | 4.20 | 3.50 | 23.30 2 i e
Carry over funds [ 0.00|0.10 [ 0.00 | 0.12]0.00| 0.22 9 cqﬂ_xl_.: (o] e 2 2 (D)3} QO] “AUT o|dE +F
: U FAR-TEE 20018708 ANslolop .
upgba] o] Age sk = gl (b)) A-9E dldolo)-FAt
Table 3. Result of selected projects using linear programming
AfAE = 99 FAF-gdkE H§
! L Expected &F5 SHZF AQH[E Net | Expected
Project Desaription benefit Vi 2 V3 V4 V5 Sum Profit | Benefit
1 Expand assembly line - - - - - - - - -
2 Recognize the main shop - - - - - - - - -
3 New painting facilities 320 1.20 1.00 0.00 048 0.00 268 052 320
4 Research for a new concept car 444 140 140 120 120 1.20 640 -1.96 444
5 Reorganize the logistics chain 12.25 1.60 2.10 2.50 200 1.80 10.00 2.25 12.25
Funds TXP& 480 6.00 480 420 350 2330
Azt *TXrHI 420 450 370 368 3.00 19,08 0.81 19.89
OH':* oz O f )§|':L 0.60 1.50 1.10 0.52 0.50 4.22
ol EAT=AIE ol AT +FIE FAT—FIE H§
. . Expected &k 57 AQHE Net | Expected
Project Description benefit Y1 Y2 3 Y4 V5 Sum Profit | Benefit
1 Expand assembly line - - - - - - - -
2 Recognize the main shop - - - - - - - - -
3 New painting facilities 320 1.20 1.00 0.00 048 0.00 268 0.52 320
4 Research for a new concept car 444 140 140 120 120 1.20 6.40 -1.96 444
5 Reorganize the Iogistics chain 12.25 1.60 2.10 2.50 200 1.80 10.00 225 12.25
Funds _gz_ 480 6.00 480 420 350 2330
skl ’C_,_Xftﬂ 420 450 3.70 368 3.00 19.08 0.81 19.89
0|°JX|—_L 0.60 2.10 3.20 3.72 4.22 13.84
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[1l. Minimum Real Profit Project Delete
Algorithm

54 3AfelA APdFEAE hH RkEA] Sdd el 2k8- 7t
T 7HEAE S vlellA T alloRt gt of7]A ] ThE
drtoldd g AUE A drme] o] ojdaws X g
o]l
¥ AollX= FEPCPO #H4 & -6l7] #fell 7l o
S(cost-benefit)S SHEA7I= FA 42[9,10]s 483k
=, JAEA v 40 7HE WS el vl o & FAE A
G =019} p, 7k A7 HE=F Sk

1318]- AR 92L& A gslo] B Ao|A= $ol9)
o]
-

tlo

AR QA)EE Ha& rol] ZRAE A AalelS(minimum
real profit project delete algorithm, MPPDA)e|2} &bH, t}&-3}
o] e},

Step 1. 7 Z2AE pe] A o] p=b- ¢, & T

j—1

[+ 58 BRE 0 O(mlogm) #/

m

Step 3. 57/l e @1t F AQHE ¢ =Y ¢, B
i=1

o A (9] olWAE r=r, 5~ Dle, &
o} /x 8 BAT 0 o>m) #/

3

73

Step 4. V1,2 07b D WA |, ERAEES ASHOR

N
—_
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Qo

o fm 2

¥Q o Ml > oo

AltE MPPDAE 3 1°] HloJ¥dl

’E}Xﬂ??}‘:‘r. [+ T BRE L O(m) #/

obd da2]EL Guéret et al.[1]19] 570d9] & d
Farl W) Yo &3l T2 AEENS MAS =

I dE FAAH H Wk o]dq7hA] st =
S Adss WHS H83te] Guéret et al.[1]9] A
of Hla] ®r} FEAQl Olmlogm) 3= 1H4S

o

IV. Applications and Evaluation

A

TH

o

ru1o "

M

1

=

2
2 L

w0

AlA8FIH.

571 ZRAES] gole] p, & ARNE, QAR AU

= A9 A WixeE) HMH H5og 1 Aoxs H
5o] Guéret et al.[1]0] A3 & 1
e daElFe] A3t 5

o] tlo|Efol] thajA et A

PPy, Py, P, P, & 490t} 57l Z2AE g AAsh= 2] 4

xR BRE D O(m) #/ d
o212~ 0 5 - -
Step 2. p, SFARESR HHU. ol thal ¥ iy <0 2 Aok $5H) Faigin
Table 4. Result of selected projects using MPPDA
’ - Expected g2 5EZE AQH|I Net Expected
Project Description benefit Y1 Y2 Y3 Y4 Y5 Sum Profit Benefit
I Research for a new concept car 444 140 140 120 1.20 1.20 640 -1.96
P, Recognize the main shop 480 120 1.80 240 0.60 0.50 6.50 -1.70
P New painting facilities 320 120 1.00 000 048 000 268 052
P, Expand assembly line 10.80 1.80 240 240 1.80 1.50 9.90 0.90
B, Reorganize the logistics chain 1225 1.60 210 250 2.00 1.80 10.00 225
Funds (Rt SXI=) 480 6.00 480 420 350 23.30
=53 *EXkHIQ 720 870 850 6.08 500 3548
N -2.40 -5.10 -8.80 | -10.68 | -12.18 -39.16
AH &M 4-2-3-1-5
' - Expected &S 547t 29|18 Net | Expected
Project Description benefit Y1 Y2 Y3 Y4 Y5 Sum Profit Benefit
P, Research for a new concept car - - - - - - - 0.00 0.00
P, Recognize the main shop 480 120 1.80 240 0.60 0.50 6.50 -1.70 480
P, New painting facilities 320 120 1.00 0.00 048 0.00 2.68 0.52 320
P, Expand assembly line 10.80 1.80 240 240 1.80 1.50 9.90 0.90 10.80
P, Reorganize the logistics chain 1225 1.60 210 2.50 2.00 1.80 10.00 225 1225
Funds (Rt SXI=) 480 6.00 480 420 350 23.30
=2t *EXFHIR 5.80 730 730 4.88 3.80 29.08 197 31.05
O|Ex= -1.00 -2.30 —4.80 —-5.48 -5.78 -19.36
! - Expected o2 5E7t 2QHIE Net | Expected
Project Description benefit Y1 Y2 Y3 Y4 Y5 Sum Profit Benefit
B Research for a new concept car - - - - - - - 0.00 0.00
P, Recognize the main shop - - - - - - - 0.00 0.00
P, New painting facilities 320 1.20 1.00 0.00 048 0.00 268 0.52 320
P, Expand assembly line 10.80 1.80 240 240 1.80 1.50 9.90 0.90 10.80
P Reorganize the logistics chain 12.25 1.60 210 250 200 1.80 10.00 225 1225
Funds (XF®] =XH3) 480 6.00 480 420 350 2330
=53 *EX}HIR 460 5.50 490 428 330 2258 3.67 26.25
OI%XE‘ 0.20 0.70 0.60 0.52 0.72 2.74
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Table 5. Compare with algorithm performance

EXRE 9] €1,000,000
el
W4 [oTe [ o=] A | ol | ol
LP
1 | BePeb | 13.84 19.89 19.08 0.81 4.2453 %
o(m*)
l\gP(PTS? P.P.Fy | 274 2625 | 2258 3.67 [16.2533 %
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o o] 5 AT
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Table 6. Modified facility improving projects plan

57 A Faoy B o=

ERAE xtxe[xs[xa[xs] A |

P1 1.80 [ 2.40 | 2.40 | 1.80 | 1.50 | 9.90 [10.80| 0.90

P2 1.20 | 1.80 | 2.40 | 0.60 | 0.50 | 6.50 | 6.70 | 0.20

P3 1.20 [ 1.00 | 0.00 | 0.48 | 0.00 | 2.68 | 3.20 | 0.52

P4 140 | 1.40 [ 1.20 | 1.20 | 1.20 | 6.40 | 7.00 | 0.60

P5 1.60 | 2.10 [ 250 | 2.00 | 1.80 | 10.00 [12.25| 2.25

Al 7.20 | 8.70 | 8.50 | 6.08 | 5.00 | 35.48 |39.95| 4.47
Am 219] 75 B | 4.80 | 6.00 | 4.20 | 3.80 | 3.50 | 23.30
ol dT —2.40|-2.70|—4.30|—2.28|—1.50| —13.18

3% 60l ohel ARk LarelEE dehs w3 7ol A

e o5 o8

= -
= b 2Rk e ojlel)-Al

Table 7. Result of modified facility
plan using MPPDA

Aoz gPA7)aL v diee)

T 228H]8>00] &
ELE] 2bsls wo g P2, P39} P4 4A
o= P13} P5 U&ﬂﬂl 5101 l

2 3.75

improving projects

. Future 5 years annual investing cost | Expected .
Project REBCEBS X1 5 A |advantages Profit
P2 1.20 | 1.80 | 2.40 | 0.60 | 0.50 | 6.50 6.70 0.20
P3 1.20 [ 1.00 | 0.00 | 0.48 | 0.00 | 2.68 3.20 0.52
P4 1.40 [ 1.40 | 1.20 | 1.20 | 1.20 | 6.40 7.00 0.60
P1 1.80 | 2.40 | 2.40 | 1.80 | 1.50 | 9.90 10.80 | 0.90
P5 1.60 | 2.10 [ 2.50 | 2.00 | 1.80 | 10.00 | 12.25 |2.25
Total 7.20 [ 8.70 | 850 | 6.08 | 5.00 | 28.98 | 33.25 |4.27
Annual borrowable| 4 g0 | 600 | 4.20 | 3.80 | 3.50 | 23.30
funds
Carry over funds |—2.40(—2.70|—4.30| —2.28 | —1.50 | —13.18
Net carry over |_5 40| 5 10|-9.40|-11.68(-13.18
funds
. Future 5 years annual investing cost | Expected .
Project REBCABABTEEE A |advantages Profit
P2
P3
P4 1.40 [ 1.40 | 1.20 | 1.20 | 1.20 | 6.40 7.00 0.60
P1 1.80 | 2.40 | 2.40 | 1.80 | 1.50 | 9.90 10.80 | 0.90
P5 1.60 | 2.10 [ 2.50 | 2.00 [ 1.80 | 10.00 | 12.25 |2.25
Total 4.80 1 5.90 | 6.10 | 5.00 | 4.50 | 26.30 | 30.05 |3.75
Annual borrowablel 4 g0 | 6,00 | 4.20 | 3.80 | 3.50 | 23.30
unds
Carry over funds | 0.00 | 0.10 |—1.90|—1.20|—1.00] —4.00
Net carry over _ _ _
funds 0.00 | 0.10 |~1.80[—3.00|—4.00
. Future 5 years annual investing cost | Expected .
Project S T lo il G A |advantages Profit
P2
P3
P4
P1 1.80 | 2.40 | 2.40 | 1.80 | 1.50 | 9.90 | 10.80 | 0.90
P5 1.60 | 2.10 | 2.50 | 2.00 | 1.80 ]10.00 12.25 2.25
Total 3.40 | 4.50 | 4.90 | 3.80 | 3.30 |19.90] 23.05 3.15
Annual borrowable
funds 4.80 | 6.00 | 4.20 | 3.80 | 3.50 |23.30
Carry over funds | 1.40 | 1.50 [—0.70| 0.00 | 0.20 | 2.40
Net carry over
funds 1.40 | 2.90 | 2.20 | 2.20 | 2.40
Azqow, A dnelEe BastuAE Qe iy
o= Ao o5& WA & = maAE A4 PHe At
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