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Applying Multi-objective Mathematical Programming Model for
Business Planning of Eco-friendly Agrifood Processing
Enterprise in Korea

Cho, Wan-Hyung

Most of eco-friendly agrifood processing enterprises in Korean rural area are small
and medium-sized business. For this reason, it’s hard for eco-friendly agrifood pro-
cessing enterprises to neither analyze business performance for efficient business
management nor establish their own business plan for rational decision-making.
Therefore it’s necessary to design effective mathematical programming model and
to make practical application which can support rational management decision-
making ensuring the stable business activity of eco-friendly agrifood processing
enterprises. Accordingly this paper focuses on the designing and its application of
multi-objective mathematical programming model using goal programming to
support rational decision-making of eco-friendly agrifood processing enterprise.
Hansalimanseongmachum Food Inc. which runs soy bean processing business
making tofu based on regional-based soybean farms around Anseong City will be
the specific case to apply multi-objective mathematical programming model in
practice. And it will suggest measures to support rational management decision-
making of other eco-friendly agrifood processing enterprises.

Key words : multi-objective mathematical programming model, goal programming,
business planning, management decision-making, eco-friendly agrifood
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T gle A A AR 2l o3 FAEe FAE HAsksto] FElF <l B
E duAl = A o) tH(Fushimi et al,, 2011). B2 HAYEx 2ol tis] FFJA2A
A7) @Ast] dote 87 ES Hallwal Jhes 4 AEEFIEY SFFEE UEA =
s e A ot dax FYAYEY S FINEBATL B HAIERE T
850 met $AEHE AT N U HEE 22T F e B4 Byt B
A& " (goal programming)e 2-83 AWHAQl O FAYRY S w0 w A2 g)s}
A otge} 2y HEAGHS FEe R FYAYEYE S YAPEA M (decision vari-
ables), &% g}F<=(objective function), A 2FZ7(constraints) S T4 LA Z ST} AT OH&E%

FUHAGRFAAN Fs8le FEE BHYTE T Zo] ol I Ut BolBg
A WS B3l Az FuHE itk o5 s AR 433 HAd
“=(deviation variables)®] & FHA3lst= FE|o|th
Minimize : Z = P, Z(w; d + wy d;)
i=1
Subject to the linear constraints:
goal constraints (F-3EA| 2FZ7)
YaX; — df + d;f = b, fori=1,--.m
Jj=i
system constraints (YA 2FZ27)
T g
2 a; X; |=| b, fori=m+1, -, m+p
i=1 >
d;“, d;, , x; =20, fori=1, ---,m; forj=1,---,n

zZ : EBHYF
a; @ SFIEACF Bl dnkAlerel] g AR TlEAF
X; oA

b, STFEEETE)T A oFF

d %] BAWMH(EIDA)

d; 5o AR

Py : 3 HAF Ao A

wy, + FI EO AAAS] FabE A

2) Charnes and Cooper (1977)3} Nabendu and Manishi (2012)14 4%, <183
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A7 VA 2y a, & Fe] AR, 0, (i =1,m) (= 1) E 2,9 o7

& A bol ST AHEFE Bl ZIeAlsolth SxA k2] b= A FA

< 7MY df = ko] xS (positive deviation variables)ZFil 3HH, 7 = &9 HabA
“*(negative deviation variables)Z}1 T},

283 pe g HAESF] SMEAE, wys SRS YERT w ot wy s A

7VsA= 713 8] &(opportunity cost) S 7 E(regret)E WERATE
53 FHAYRY S 8o EN AFAEZAE B BITRE 245t=T
a3 FYL8AE 2T  don, FoAX ALA Y stollA B HAYEEE 245}
= AEE ot 5 Atk mEtA HFHOoR Foll FA st B HGHIE slollA
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o Table 13+ UTh AYBEE iE 37 BE, Aol B¢ ZHE(BYIYE /1E A
8), 9ol 37 BEQIYCINE /1F A§), B2 jE/h Y BE, S8,
Fvjul 5oz LW AGREE $HEE EY 37 BE, Aol 37 B¥
(3018 71 A8), B0l F0) BEQIYOIE /1F &g, B2 wEbs D
4 B, SulEE, TN 5o S0 HRUT AYREE Y dAle AYelAa

Table 1. Priority of the goals in goal programming

Classification Priority Management goals

First goal (P)) | Increase or decrease of sales

Total sales and . .
Second goal (P,) | Increase or decrease of ordinary income
profit goal

Third goal (P;) | Increase or decrease of operating income

Forth goal (P;) | Increase or decrease of sales in marketing channel 1

Sales goal of each Fifth goal (P;) | Increase or decrease of sales in marketing channel 2
marketing channel Sixth goal | (7)) | Increase or decrease of sales in marketing channel 3
Expense and
other goals kth goal (P,) | Increase or decrease of expense k

Note : The priority of management goals can be changed depends on CEO’s decision.

oo} 2e AYEE A} AYBEE SHEE Leshe] THe} L TEE 5

Min Z = P,dy + Pyd; + Pyd; + Pyd; + Pyd; + Pydy - Pyd”
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5 FYAYRE S F7] f8l oln At = 4 1A ‘KAMP (Korean Agri-
business Management Program)E €83} % Th(Kim, 2002). KAMP #4] 37]%]& DFD(Data
Flow Diagram)E &3t 7/fZH o= AW EHA Fig. 137 ZTHKim, 2002).

O3 FYAG R FUT doly, & AAHTgd du g E A=t ol & 3§

B4R WAZFFAA ] G AIAY AL AR5 AT o
3
q

3to] BAGTE FelHQl AGYAEH AU 9T HRE FeARRYe oA ol
o) e we Fedth GEE sUAYRF FYSE volelst YasiA o
A2 Ash B ] Uk B =Rl s FAAANEAE] 0179 £0
AA AR delElE a2 2 gskel FelH AYINEY AS A% OHEE 7
9w Pg FAFTA ek
The result of business simulation analysis
User .
The results of business performance analysis
Error output statement Stored data
Accounting data { 1 | 3 - -
4] Data file =
r Business
| Data I performance
input Processed data Renewed analysis
processing data ;
— Stcared The results of
ata .
analysis and
4 3 accounting datag

Marketing
networks

simulation
analysis

Business
simulation
analysis

Fig. 1. General structure of ‘'KAMP’ analysis program package.
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Table 2. Analysis data status of Hansalimanseongmachum Food Inc.
(Unit : 1000 won)

Ascounting e AUt | 10150 con 06|l 1| sl 3 | hamne | hamne 3

Sales Ratio 100% 93.00 1.00 5.00 1.00
Sales Commission Ratio 100% 0 0 0 0
1. Sales 3,636,205 3,381,671 36,362 | 181,810 36,362
2. Cost of goods sold 2,996,666 12 88
3. Selling and administrative expenses

(Administrative Expenses) 161,304 80 20

1) Salaries 44,327 | 44,327

2) Retirement allowance 5,519 5,519

3) Other employee benefits 4,257 1,277 2,980

4) Rent 2,858 2,858

5) Entertainment 6,390 6,390

6) Depreciation 10,436 | 10,436

7) Amortization of intangible assets

8) Taxes and dues 54,190 | 54,190

9) Development expenses

10) Ordinary research expenses

11) Other administrative expenses 33,327 9,998 | 23,329

(Selling Exepnse) 132,623 30 70 | 110,214 1,960 18,489 1,960
5. Operating income 345,538
6. Non-operating income 4,815

1) Interest income 226

2) Dividend income 0

3) Rental income 0

5) EHFAAER FEAASAFAS] 394 Axdn] 81 FR¥] BEF 80007 U& Aebstih



e
ok
ol
off
1>
o
N
ok
in'd
2
o
o
of?
-y
oy
4
iy
tlo
fo
e
o)
I
=]
9
A
N
oy
b
oftt
o
2L
o
oZ
22

191

Accounting il At | (0| ooy |<hamel | shamnl 3 | hamnl 3 | chame 3
4) Gain on foreign currency transactions 0
5) Gain on foreign currency translation 0
6) Other non-operating income 4,589
7. Non-operating expenses 60,308 100 0
1) Interest expenses 41,767 | 100.00 0.00
2) Loss on foreign currency transactions 0 0.00 0.00
3) Loss on foreign currency translation 0 0.00 0.00
4) Other non-operating expenses 18,541 | 100.00 0.00
8. Ordinary income 290,045
9. Extraordinary income 0
10. Extraordinary losses 0
11. Income before income taxes 290,120
12. Income tax expense 19,432
13. Net income 270,688
(Selling expenses) 132,623 110,214 1,960 18,489 1,960
*Fixed costs (%) 30
*Variable costs (%) 70
1. Salesperson salary 118,055 98,107 1,745 16,458 1,745
**Fixed costs (%) 30 | 35,417 30 30 30 30
**Variable costs (%) 70 | 82,638 70 70 70 70
2. Shipping expenses 702 584 10 98 10
**Fixed costs (%) 0.00 0 0 0 0 0
**Variable costs (%) 100.00 702 100 100 100 100
3. Advertising expense 13,866 11,523 205 1,933 205
**Fixed costs (%) 30 4,160 30 30 30 30
**Variable costs (%) 70 9,706 70 70 70 70
4. Sales commission 0 0 0 0 0
5. Bad debt expense 0 0 0 0 0
**Bad debt expense ratio (%) 0 0 0 0 0
Annual production amount (ton) 1,532
Production for the current year 1,016

Note : The colored boxes are the cells to be filled up regarding data entry form of analysis program package
(KAMP).
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Table 3. Sales status for each marketing channel in Hansalimanseongmachum Food Inc.
(Unit : 1000 won, %)

Classification Dealer Sales Ratio

. Hansalim cooperative federation
Marketing channel 1 . 3,381,671 93
(23 local consumer’s cooperatives)

. Nonghyup market and local food direct
Marketing channel 2 . . 36,362 1
market in Anseong city

. Soybean food project (advertisement) of
Marketing channel 3 . 181,810 5
Hansalimanseogmachum Food Corp.

Marketing channel 4 School meal in Anseong city and nearby area 36,362 1

Total 3,636,205 100

KAMP %}ﬁﬂ]ﬂxw SHAQIA mLE A F o] A4 A HolHES Y€ &
A3}= Table 49} 2T SHE b npE2] 20 &R 7] nf
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Table 4. Business analysis result of Hansalimanseongmachum Food Inc.

Management index Resulting value (1000 won)

Break-even point sales 2,420,961

Total fixed cost 588,527

Total variable cost 2,762,374
Break-even point ratio 61%
Operating ratio 76%

Annual production amount 1,532 tons

Production for the current year 1,164 tons
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Table 5. Management decision-making scenario setup of Hansalimanseongmachum Food Inc.

Classification Management decision-making scenario

o 3 existing marketing channels and add 1 new marketing channel

Analysis data o Reflect the cost of material (reduction of soybean purchase price to 8.51%) in
reestablishment the cost of sales

o Reflect the operating income ratio, 4.5% and ordinary income ratio, 2.8%

O Increase sales of marketing channel 1 (Hansalim) by 4%, marketing channel 2
(Nonghyup Market and Local Food Direct Market in Anseong City) by 10%
and maintain the sales status of marketing channel 3 (Soybean Food Project of
Hansalimanseogmachum Food Corp.). Increase sales of marketing channel 4

Management X . .

L (School meal in Anseong city and nearby area) by approximately 400,000,000

decision issue . . .
won (10% of total sales). This results to 5% increase in total sales.

o In condition of reestablish the analysis data reflecting both Hansalim’s optimal
operation income rate 4.5% and optimal ordinary income rate 2.8%, increase

the operation income by 9% and ordinariy income by 10%.

Note : Analysis program data indicates income statement of Hansalimanseongmachum Food Inc. in year 2017.
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Table 6. Reestablished analysis data status of Hansalimanseongmachum Food Inc.

(Unit : 1000 won)

Accounting title Amount Fixed | Variable |Marketing|Marketing | Marketing | Marketing
costs (%) | costs (%) | channel 1 |channel 2 |channel 3|channel 4
Sales Ratio 100% 93.00 1.00 5.00 1.00
Sales Commission Ratio 100% 0 0 0 0
1. Sales 3,294,577 3,063,957 | 32,946 | 164,729 | 32,946
2. Cost of goods sold 2,851,344 12 88
3. Selling and administrative expenses 293,927
(Administrative Expenses) 161,304 80 20
1) Salaries 44,327 | 44,327
2) Retirement allowance 5,519 5,519
3) Other employee benefits 4,257 1,277 2,980
4) Rent 2,858 2,858
5) Entertainment 6,390 6,390
6) Depreciation 10,436 | 10,436
7) Amortization of intangible assets
8) Taxes and dues 54,190 | 54,190
9) Development expenses
10) Ordinary research expenses
11) Other administrative expenses 33,327 9,998 23,329
(Selling Exepnse) 132,623 30 70 | 110,214 1,960 18,489 1,960
5. Operating income 345,538
6. Non-operating income 4,815
1) Interest income 226
2) Dividend income 0
3) Rental income 0
4) Gain on foreign currency transactions 0
5) Gain on foreign currency translation 0
6) Other non-operating income 4,589
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Accouning e Amount | [0 | constoy |hanmel 1 |shamnl 3| chamel 3| hannel
7. Non-operating expenses 60,308 100 0
1) Interest expenses 41,767 | 100.00 0.00
2) Loss on foreign currency transactions 0 0.00 0.00
3) Loss on foreign currency translation 0 0.00 0.00
4) Other non-operating expenses 18,541 | 100.00 0.00
8. Ordinary income 290,045
9. Extraordinary income 0
10. Extraordinary losses 0
11. Income before income taxes 290,120
12. Income tax expense 19,432
13. Net income 270,688
(Selling expenses) 132,623 110,214 1,960 18,489 1,960
*Fixed costs (%) 30
*Variable costs (%) 70
1. Salesperson salary 118,055 98,107 1,745 16,458 1,745
**Fixed costs (%) 30| 35,417 30 30 30 30
**Variable costs (%) 70 | 82,638 70 70 70 70
2. Shipping expenses 702 584 10 98 10
**Fixed costs (%) 0.00 0 0 0 0 0
**Variable costs (%) 100.00 702 100 100 100 100
3. Advertising expense 13,866 11,523 205 1,933 205
**Fixed costs (%) 30 4,160 30 30 30 30
**Variable costs (%) 70 9,706 70 70 70 70
4. Sales commission 0 0 0 0 0
5. Bad debt expense 0 0 0 0 0
**Bad debt expense ratio (%) 0 0 0 0 0
Annual production amount (ton) 1,532
Production for the current year 1,016

Note : The colored boxes are the cells to be filled up regarding data entry form of analysis program package

(KAMP).
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Table 7. Management goal setting on management decision-making scenario

(Unit : 1000 won)

Management goal
Priority | Goal item Note
Figure Grounds
. 10% increase from existing total sales
10% increase from . .
1 Total sales | 3,624,035 o reflect the sales increase from Marketing
existing total sales .
channel 1 and Marketing channel 4.
. Apply optimal The goal set by applying optimal
Operating . . . . .
2 . 164,248 | operation income ratio | operating income ratio of Hansalim
income
to 4.5% Cooperative Federation, 4.5%.
. . . The goal, 2.8% of ordinary income ratio
Ordinary Apply optimal ordinary . L
3 . 102,268 . . set based on optimal operating income
income income ratio to 2.8% . . . .
ratio of Hansalim Cooperative Federation.
Marketing . It reflects the sales increase ratio in
4% increase from . .
5 channel 1 3,186,515 o accordance with consumption plan of
existing sales . . .
sales Hansaim Cooperative Federation.
Marketing . 10% of sales increase from Nonghyup
10% increase from . .
6 channel 2 36,240 . Market and Local Food Direct Market in
existing sales .
sales Anseong City has set as a goal.
The reason targeted on maintaining the
. sales status of Hansalimanseogmachum
Marketing L . .
Maintain the s status of | Food Corp.’s Soybean Food Project is
7 channel 3 164,729 . . . .
i existing sales because of the reduction on policy project
sales
operating expenses.
*1t could be lower in practice.
Marketing Increase sales by Sales target for school meal in Anseong
8 channel 4 395,020 approximately City and nearby area is over 400,000,000
sales 400,000,000 won won.

3. A AAR Avele B4 Az

AYAAEA A 259 &4 AAE A ESHH Table 8 ¥ Table 97 o] AR
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Table 8. Analysis result on management decision-making scenario

2017 2018
Classificati Variation |Exceeded| Below
assification Result | Reestablish [Management| Estimation | (B-A) goal goal
(A) ment Goal B)

Sales 3,636,205 | 3,294,577 | 3,624,035 | 3,624,035 -12,170 0 0
Operating income 345,538 149,316 164,248 218,767 -126,771 54,519 0
Ordinary income 290,046 93,824 102,268 163,274 | -126,772 | 61,006 0
Marketing channel

3,381,591 | 3,063,957 | 3,186,515 | 3,186,515 | -195,076 0 0

1 sales

Marketing channel
36,402 32,946 36,240 36,240 -162 0 0

2 sales

Marketing channel
181,810 164,729 164,729 6,260 | -175,550 0| 158,469

3 sales
Marketing channel

4 sal 36,402 32,946 395,020 395,020 358,618 0 0

sales

Note : Estimation (B) is calculated by adding up management goal and either exceeded goal or below goal.
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Table 9. Profit ratio comparison on management decision-making scenario

2017 2018
Classsification . A
Result Adjustment Management goal Estimation
(Before analysis) | (Before analysis) | (After analysis)

Operating income ratio 9.48% 4.53% 4.53% 6.04%

Ordinary income ratio 7.94% 2.85% 2.82% 4.51%

Break-even point ratio 67.0% 78.0%
Break-even point sales |2,411,331,000 won 2,812,971,000 won

Operating ratio 66.0% 76.0%
ARgAAA AdEl e e &4 Ads B4 w2 wjE 24 7]Q1% Aot
24 AREs %imﬂd, T2 WAL 3,385,389 Aol Al 3,186,515% Yo=
198,874% AWHg Zrashal, B2 AW FEAE 2 2RFEAm A= 36,4027
el Al 36,2407 % 719 HisRh et REI(FAHMIvE T AFARYGE 52
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Table 10. Cost estimation result of management decision-making scenario
(Unit : 1000 won, %)

Marketing Cost of | Profit Selling Adm}ms— Entertain- Non.- Non‘-
Sales . trative operating | operating
channel sales margin | expense ment .

expense income | expense
1 3,381,671 | 2,788,976 | 592,695 | 110,214 | 150,013 | 260,227 4478 | 56,086
2 36,362 29,670 6,692 1,960 1,613 3,573 48 603

Before
analysis 3 181,810 | 148,350 | 33,460 18,489 8,065 | 26,554 241 3,015
(A) 4 36362 29,670 6692 1,960 1613 3,573 48.15 603
Total 3,636,205 | 2,996,666 | 639,539 | 130,662 | 161,304 | 291,966 4815 | 60,308
1 3,186,515 | 2,727,725 | 458,790 | 27,360 | 144,667 | 172,027 7,010 | 53,027
2 36,240 31,022 5218 | 29,263 1,645 | 30,908 80 603

After
analysis 3 6,260 5,359 901 28,372 284 | 28,656 14 104
(B) 4 395,050 | 338,171 56,879 | 171,255 17,935 | 189,190 869 6,574
Total 3,624,035 | 3,102,251 | 521,784 | 256,250 | 164,530 | 420,780 7,973 | 60,308
1 -195,156 -61,251 | -133,905 | -82,854 -5,346 | -88,200 2,532 -3,059
2 -122 1,352 -1,474 | 27,303 32| 27335 32 0

Sales
variation 3 -175,550 | -142,991 | -32,559 9,883 7,781 2,102 =227 -2.911
(B-A) 4 358,688 | 308,501 50,187 | 169,295 16,322 | 185,617 821 5,971
Total -12,170 | 105,585 | -117,755 | 125,588 3,226 | 128,814 3,158 0
1 5.8 2.2 -22.6 =752 3.6 -33.9 56.5 5.5
_r 2 -0.3 4.6 -22.0 1393.0 2.0 765.0 66.1 0.0

Variation
ratio 3 -96.6 -96.4 -97.3 53.5 -96.5 7.9 -94.2 -96.6
(B/A) 4 986.4 1039.8 750.0 | 8637.5 1011.9 | 5195.0 1704.8 990.1
Total -0.3 3.5 -184 96.1 2.0 44.1 65.6 0.0

H-g 49 TAZR A3E AHEd b3 2o v, vEdv), dujH 2
H 5ol 7M. ol MEdE 5% SUh8kE, & S
ExE AR ety mEde] 5% 78k Fdoleol 12.76% 77
EU7IE 2,966,996 ol A 3,079,844 YOZ 3.80% S7HFoH, BHHE 2.07% 713
ok Fdegole S oy Fdeul gL FYsith B gAAA AvE 9] HE 54
A, F wjEd, A7 wiEele], dufn] B dejH], FHelFe, e g £4 A

(20179 A= B4 520189 F4)o HES vnstH Fig 29} 2
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Fig. 2. Total cost estimation and comparison on management decision-making scenario.
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