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Determining the product mix in environments with multiple constraints,
considering the priority of constraints

F. Tanhaie, (corresponding author), fahimeh.tanhaie@kub.ac.ir

Industrial Engineering Department, Kosar university of Bojnord, Bojnord,

Abstract

One of the problems in the production line is determining the product mix with attention to resources
and customer demands. The theory of constraints is a philosophy that is decisive in determining the
product mix according to the constraints of the system and productivity of them. This theory gives an
optimal solution in environments that have one constraint, but in systems with more constraints, there
is a possibility of the solution becoming impossible. In the present research, the problem of
determining the product mix in environments with more than one constraint is examined. It is
necessary to pay attention to the opinions of the decision maker regarding the priority of the
bottlenecks in the environments with more constrains.

Three states for the theory of constraints method are envisioned according to the number and type of
bottlenecks: the first is the state where the system has only one bottleneck and the solution of the
theory of constraints is identical to the optimal method of linear programming. The second is the case
where the system has more than one bottleneck and the theory of constraints maintains its efficiency
and produces an optimal solution. The third is the case where the system has more than one bottleneck
and the theory of constraints produces an impossible solution. It is worth noting that in all the three
cases considered for the theory of constraints, the opinions of the decision makers have been ignored,
which is considered in the proposed method. To prove the efficiency of the proposed model, various
examples have been solved with the help of goal programming and winQSB software. The
computation results and the processing time show the efficiency of the proposed model to reach to
the optimal solution in the environments with multiple constraints, by considering the opinions of the
decision maker.

Keywords: Theory of constraints, product mix, constraints, decision maker ideas
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Decision ;| Solution  Unit Cost or Total Reduced  Basis
_ Variab Value Profit ¢fj] = Contribution Cost Status
al = 31.0000  90.0000 | 2.790.0000 0 basic
2 X2 75.0000 100.0000 & 7.500.0000 0 basic
3 X3 100.0000 | 70.0000 | 7.000.0000 0 basic
1 X4 75.0000  G0.0D00 | 4,500.0000 0 basic
5| =8 80.0000 110.0000 & 8.800.0000 0 basic
|| Dbiective | Function | (Max.)= |30,590.0000
_ Left Hand Right Hand | Slack | Shadow
_ Constraint Side Direction Side of Surplus Price
O] o 31.0000 <= 50.0000 | 19.0000 0
2| cz 75.0000 <= 75.0000 0 100.0000
3 c3 100.0000 <= 100.0000 0 70.0000
4 c4 75.0000 <= 75.0000 0 60.0000
5 C5 80.0000 <= 80.0000 0 110.0000
6 C6 | 2,145.0000 <= 2,400.0000  255.0000 0
7| cf 18000000 <= 2.400.0000 = 600.0000 0
8| ©8 1.765.0000 <= 2.400.0000 ' 635.0000 0
8| ca 23300000 <= 2.400.0000 | 10.0000 0
10| ci10 22800000 <= 2.400.0000 ' 120.0000 0
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Decision i Solution | Unit Cost or Total Reduced Basis

Yariable VYalue Profit cfj] = Contribution Cost Status
N X1 31.0000 0 0 0 basic
T2 X2 75.0000 0 0 0 basic
3| X3 100.0000 1] 1] 1] basic
Tq X4 75.0000 0 0 0 basic
5| Xb 80.0000 0 0 0 basic
B | X6 1.710.0000 2.0000 3.420.0000 0 basic
7| x7 0 0 0 2.0000 | at bound
8| X8 10.0000 2.0000 20.0000 0 basic
8| xio 2550000 1.0000 2550000 0 basic
1 Objective  Function [Min] = 3.695.0000
o Left Hand Right Hand Slack Shadow

Constraint Side Direction Side or Surplus Price

N C1 31.0000 <= 50.0000 19.0000 0
T2 [d 75.0000 <= 75.0000 0 -240.0000
T3 C3 100.0000 <= 100.0000 0 -140.0000
1| C4 75.0000 <= 75.0000 0 -125.0000
5| Ch 80.0000 <= 80.0000 0 -245.0000
B | C6 2.400.0000 = 2.400.0000 0 1.0000
7 Cc? 1.800.0000 <= 2.400.0000  600.0000 0
8| c8 1,765.0000 <= 2,400.0000  635.0000 0
9 ca 2.390.0000 <= 2.400.0000 10.0000 0
10| cio 2.400.0000 = 2.400.0000 0 2.0000
1| con 32,300.0000 = 32,300.0000 0 2.0000
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Daoision | Holution Urik Cost or Total Heduoad Hane i ' -
| Vaiiable aluie Piotit ol | Contiibution . Coat fitatii i ] -
A o= 28,0000 1 0 i bawio | ) -
2| =2 F.0000 1] 1] 1] basio ,' \ -
a| #a 100, 0000 1] 0 0 basio . . ' ' “ P
A M4 #0000 o 0 0 basio . - < o ‘ = s
| ®h i NN 1} [} 1} hagin v " “ -
| =i A anon 1} L1} 1} hasin :;ﬁ‘, - - ’: . X .l
7| o= 40,0000 ] 1] 1] basie = - » ¥ o I~ - -
i ®il 20000000 BODDO | 8,270.0000 i baie L T R TR ey ——
W =m [ 1 0 L0000 | at bound
| X B.0000 20000 15,0000 1] basio 18l o5 o oLy low 7 IS
1| =n 2650000 1.0000 265, 0000 ] basio SO S J
2] w2 1] 2.0000 1] 26,0000 | at bound
: Ubjsotive  Tunotion IMirs. | [IREHTRTITII]
o Laft Haml Fight Hanid filack fihadow 0,5 > 8 W Lo li8le 5 Jawes allucs AR
| Gomstrain fiitln Rimmution fitiln o furplus Privm - )S JAD J‘i‘d a2 )Jsﬁf‘ ¥ J> J :
z (B 290000 i= il Diin 21,0000 i =l
2 (&) 73,0000 g= %, 0000 20000 1]
a| ea 100, 0000 <= 100, 0000 n n
Al ca 7450000 = 750000 i 1000000
B ©n 1, DUD0 0= 10, DUGO i 6. D000
6| e 40,0000 = 20,0000 1] 1260000 23:46:45 | | Friday | Mach | 02 | 108
d L7 40,0000 i= 40, bonn n 200,000 Decision | Solution | Unit Cost or Total Reduced Basis
ol co 2.400, D000 - 2.400.0000 0 2.0000 v, it Value Piofit ¢fj] | Contiibution | Cost Stalus
B ea | 29200000 <= 2,400,0000 | 00,0000 0 i SA.0000 | B0.0000 | Z.510,0000 3 batlo
m G 2. 400, 0000 = 2. 400, 0000 1} 1. 00010 o %3 77,0000 100.0000  7.300.0000 0 basic
| (S 1] 2,950, 0000 g= 24000000 70,0000 i 5] oy 1nr-| LT T -I'II'II'II1 7-r.nn-nnnn 5 T Tc
2 oz 2,400, D000 - 2,400, 0000 0 23,0000 = y : - -
@ cia [ana o000 - 49,174, 0000 1] 2, 0000 B 76.0000 | E6.0000 | 4.876.0000 0 basio
— . . . . . 5| x8 BO.0D0D | 110.0000 | 8.800,0000 n basic
[ f1H 30,0000 /00000 2.400.0000 1] basio
ol a5 eoloiins  luw 210 15 7| =7 40.0000 | 50.0000 | 3.600.0000 0 basin
SEerS = J 77 7| Objsctive  Function | [Max] = | 37.085 0000
] Left Hand Right Hand  Slack | Shadow
| Constraint Gide Dirsction Gide orf Surplus | Price
| ol 29.0000 = 50.0000 | 21.0000 0
2| cz 73.0000 = 45,0000 2.0000 n
oS 29, dwlxe sl @] 3 100.0000 <= 100.0000 ] 75.0000
- : CTa ca 75,0000 <= 75,0000 [ 65,0000
39175-2090=37085 [&| ¢cs £0.0000 <= £0.0000 0 110.0000
. . . 6| B 30,0000 2= 30,0000 n #0.0000
obgy Az Jle ol e WS oo odalin a5 sboles T o 40.0000 <= 40.0000 0 90.0000
_ B ca 23950000 <= 2.400.0000  5.0000 0
00,5 (SO age Ole b solpaiy 8] ca 1200000 <= 2,400.0000  880.0000 O
i o cin 2.135.0000 {m 24000000 265 0000 L1}
1| c11 2,330.0000 = 2,400.0000 | 70,0000 1]
A2| €12 24000000 <= | 24000000 0O 0
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