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5.2.5 Ben-

The second case suggested by Ben-Tal et al. (1994) consists offive feeds, three 
pools and five products. The quality of two components is monitored. The 
following restrietions are imposed on the problem: feeds 1, 2, 4 and 5 can be 
sent to the pool and feed 3 cannot. Thus, there are twelve q variables, and 
three z variables. The corresponding flowsheet is shown in Figure 5.4. 

Feeds Products 

Figure 5.4: Second instance of the Ben-Tal et al. (1994) pooling problems 



5.2. POOLING PROBLEMS 

Formulation 

Objective function 

Constraints 

max (18 - 6qn - 16q21 - 15q41 - 12q5t}Yll 
q,y,z 

+(18 - 6q12 - 16q22 - 15q42 - 12q52)Y21 
+(18 - 6q13 - 16q23 - 15q43 - 12q53)Y31 
+(15 - 6qn - 16q21 - 15q41 - 12q5t}Y12 
+(15 - 6q12 - 16q22 - 15q42 - 12q52)Y22 
+(15 - 6q13 - 16q23 - 15q43 - 12q53)Y32 
+(19 - 6qn - 16q21 - 15q41 - 12q5t}Y13 
+(19 - 6q12 - 16q22 - 15q42 - 12q52)Y23 
+(19 - 6q13 - 16q23 - 15q43 - 12q53)Y33 
+(16 - 6qn - 16q21 - 15q41 - 12q5t}Y14 
+(16 - 6q12 - 16q22 - 15q42 - 12q52)Y24 
+(16 - 6q13 - 16q23 - 15q43 - 12q53)Y34 
+(14 - 6qn - 16q21 - 15q41 - 12q5t}Y15 
+(14 - 6q12 - 16q22 - 15q42 - 12q52)Y25 
+(14 - 6q13 - 16q23 - 15q43 - 12q53)Y35 
+8Z31 + 5Z32 + 9Z33 + 6Z34 + 4Z35 

q4IYn + q41Y12 + q41Y13 + q41Y14 + q41Y15 + q42Y21 + q42Y22 + q42Y23 

41 

+q42Y24 + q42Y25 + q43Y31 + q43Y32 + q43Y33 + q43Y34 + q43Y35 ~ 50 
Yll + Y21 + Y31 + Z31 ~ 100 
Y12 + Y22 + Y32 + Z32 ~ 200 
Y13 + Y23 + Y33 + Z33 ~ 100 
Y14 + Y24 + Y34 + Z34 ~ 100 

Y15 + Y25 + Y35 + Z35 ~ 100 
(3qll + q21 + q41 + 1.5q51 - 2.5)Yll 

+(3q12 + q22 + q42 + 1.5q52 - 2.5)Y21 
+(3q13 + q23 + q43 + 1.5q53 - 2.5)Y31 - 0.5Z31 ~ 0 

(qn + 3q21 + 2.5q41 + 2.5q51 - 2)Yn 
+(q12 + 3q22 + 2.5q42 + 2.5q52 - 2)Y21 
+(q13 + 3q23 + 2.5q43 + 2.5q53 - 2)Y31 + 0.5Z31 ~ 0 

(3qn + q21 + q41 + 1.5q51 - 1.5)Y12 
+(3q12 + q22 + q42 + 1.5q52 - 1.5)Y22 
+(3q13 + q23 + q43 + 1.5q53 - 1.5)Y32 + 0.5Z32 ~ 0 

(qn + 3q21 + 2.5q41 + 2.5q51 - 2.5)Y12 
+(q12 + 3q22 + 2.5q42 + 2.5q52 - 2.5)Y22 
+(q13 + 3q23 + 2.5q43 + 2.5q53 - 2.5)Y32 ~ 0 

(3qll + q21 + q41 + 1.5q51 - 2)Y13 
+(3q12 + q22 + q42 + 1.5q52 - 2)Y23 
+(3q13 + q23 + q43 + 1.5q53 - 2)Y33 ~ 0 
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(qll + 3q21 + 2.5q4
+(q12 + 3q22 + 
+(q13 + 3q23 + 2.5q43 + 2.5q53 - 2.6)Y33 - 0.lz33 ~ 0 

(3qll + q21 + q41 + 1.5q51 - 2)Y14 
+(3q12 + q22 + q42 + 1.5q52 - 2)Y24 
+(3q13 + q23 + q43 + 1.5q53 - 2)Y34 ~ 0 

(qll + 3q21 + 2.5q41 + 2.5q51 - 2)Y14 
+(q12 + 3q22 + 2.5q42 + 2.5q52 - 2)Y24 
+(q13 + 3q23 + 2.5q43 + 2.5q53 - 2)Y34 + 0.5Z34 ~ 0 

(3qn + q21 + q41 + 1.5q51 - 2)Y15 
+(3q12 + q22 + q42 + 1.5q52 - 2)Y25 
+(3q13 + q23 + q43 + 1.5q53 - 2)Y35 ~ 0 

(qn + 3q21 + 2.5q41 + 2.5q51 - 2)Y15 
+(q12 + 3q22 + 2.5q42 + 2.5q52 - 2)Y25 
+(q13 + 3q23 + 2.5q43 + 2.5q53 - 2)Y35 + 0.5Z35 ~ 0 

qn + q21 + q41 + q51 = 1 
q12 + q22 + q42 + q52 = 1 
q13 + q23 + q43 + q53 = 1 

Variable bounds 

o ~ qn ~ 1 
o ~ q21 ~ 1 
o ~ q41 ~ 1 
o ~ q51 ~ 1 
o ~ Yn ~ 100 
o ~ Y12 ~ 200 
o ~ Y13 ~ 100 
o ~ Y14 ~ 100 
o ~ Y15 ~ 100 
o ~ Z31 ~ 100 
o ~ Z34 ~ 100 

Data 

A = (00, 00, 00, 50,oof 
c= (6, 16, 10, 15, 12)T 

o ~ q12 ~ 1 
0~q22~1 
o ~ q42 ~ 1 
0:::; q52 :::; 1 

o ~ Y21 ~ 100 
o ~ Y22 ~ 200 
o ~ Y23 ~ 100 
o ~ Y24 ~ 100 
o ~ Y25 ~ 100 
o ~ Z32 ~ 200 
o ~ Z35 ~ 100 

o ~ q13 ~ 1 
o ~ q23 ~ 1 
o ~ q43 ~ 1 
0:::; q53 :::; 1 

o ~ Y31 ~ 100 
o ~ Y32 ~ 200 
o ~ Y33 :::; 100 
o ~ Y34 ~ 100 
o ~ Y35 ~ 100 
o ~ Z33 ~ 100 

D = (100,200,100,100, 100)T 
d= (18, 15, 19, 16, 14)T 

S = (00, 00, oo)T 

( 

3 0 1 0 

) ( 

2.5 2.0 1 .. 15 25 
C = 1.0 3.0 P = 2:0 2:6 

2.0 2.5 2 0 2 0 
1.5 2.5 2:0 2:0 
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Global Solution 

No. of linear equalities 3 
No. of convex inequalities 5 
No. of nonconvex inequalities 11 
No. of known solutions 40 

• Objective function: 3500 

• Continuous variables: the variable values at the solution with the greatest 
objective function are reported here. The next best solution is very elose, 
with a relative difference of only 1.5 x 10-8 . 

qn = 1 q21 = 0 q41 = 0 q51 = 0 
q12 = 0 q22 = 0 q42 = 0 q52 = 1 
q13 = 0.2757 q23 = 0 q43 = 0 q53 = 0.7243 
Yn = 51.5527 Y12 = 0 Y13 = 0 Y14 = 7.9609 Y15 = 15.7866 
Y21 = 0 Y22 = 200 Y23 = 0 Y24 = 0 Y25 = 20.5622 
Y31 = 17.9504 Y32 = 0 Y33 = 0 Y34 = 92.0391 Y35 = 63.6512 
Z31 = 30.4969 Z32 = 0 Z33 = 100 Z34 = 0 Z35 = 0 

5.3 Distillation Column Sequencing Problems 
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