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(MINLP, mixed integer nonlinear
programming) [1] .
Catalan 4 C/Cra=

(4n—6)/n.
(3]
. (4]
[5-9]
if-then
Sugeno!'®
2
2.1
(implication)
He (y) = max min[z, (X), i (% Y)] = v, [0 () A g1 (X V)]
and or aso
and or dso
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(1963-) ( ).
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And:(min ) g (X Y) = mMin{u, (X), 15 (Y} (prod ) g (X Y) = (X 125 (Y),

Or (max ) tpg(Xy) =max{,(X), 115 (Y}, (probor ) a5 (XY) = s (X) + 15 (Y) = 114 (X) 125 (Y),

Also(Aggregation): (max ) g (X, Y) = Max{ 11, (X, 55 (V)} , (Probor ) 24,5 (X V) =26 (¥) + (V) —£6 (XN (Y),
(um ) g (X Y) = min{L, z, (X) + 25 (Y)} -

2.2
3 (if-then)
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z %‘ (weighted
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Fig.1 Sugeno-type fuzzy logic inference system

3.1 if-then
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(M)
(D) ® (©)

C2

r f.

n-1 .
Qin =% leai,nl’ G+ hia = |)§ — X /(Xmax - Xmm), X
=

xmn . f,,=min(DW, W/D), D W

Sugeno
(1) if (aislarge) and (r islarge) and (f is superior) then (order is 0.00)[1].
(2) if (aislarge) and (r islarge) and (f isinferior) then (order is 0.25)[1].
(3) if (aislarge) and (r issmall) and (f is superior) then (order is 0.50)[1].
(4) if (aissmall) and (r islarge) and (f is superior) then (order is 0.75)[1].
(5) if (aislarge) and (r issmall) and (f isinferior) then (order is 1.00)[1].
(6) if (aissmal) and (r islarge) and (f isinferior) then (order is 1.25)[1].
(7) if (aissmal) and (r issmall) and (f is superior) then (order is 1.50)[1].
(8) if (aissmall) and (r issmall) and (f isinferior) then (order is 1.75)[1].
3.2 Sugeno

Gauss ( o

-(x-0)?
2

e o

() =—
= o
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Fig 2 Curve forms of input membership functions of Sugeno-type fuzzy logic inference system
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Fig.3 Sugeno-type fuzzy logic inference process of C/DE DIE]. Sugeno
distillation separation sequence synthesis 3
1 2
Tablel The basic data of five-component distillation Table2 Theresult summary of every splitting step
aration sequence synthesis problem
P = V! P Separation point Inp:Jt - %urtd%:t
Seq;ence Cc;:;f;?::]t Moltzf;z;ctlon Relative volatility A/BCDE 01900 02000 03333 14890
) ‘ 1.003 AB/CDE 0.3237  0.8000 0.6667 0.9118
B i-Propanol 0.15 1862 ABC/DE 02345 10000 03333 10413
C n-Propanol 0.35 1.349 ABCDIE 0.2519 02000 01765 1.5245
D i-Butanol 0.10 1449 C/DE 0.4821  1.0000 07143 0.6367
E n-Butanol 0.15 ) CD/E 05419  0.2000 0.3333 1.2385
2 3 4 [ABC/DE AB/C A/B
D/E].
3 4
Table3 The basic data of five-component distillation Table4 Theresult summary of every splitting step
aration sequence synthesis problem
P 9 W. b - — Separation point Input Output
Sequence Component  Molefraction ~ Relative volatility r f Order
A Propane 0.05 200 A/BCDE 02759  0.3333 00526 15147
B i-Butane 015 133 AB/CDE 0.1834 03333 02500 1.5357
: . ABC/DE 0.3310 0.1667 08182  1.2507
c n-Butane 0.25 2.40 ABCD/E 02097 05000 05385 1.3451
D i-Pentane 0.20 152 AIBC 0.6006 05000 01250 1.1291
E n-Pentane 0.35 ABI/C 0.3994 05000  0.8000  1.0864
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3 5 6. [AB/CDE A/B C/DE
D/E].
5 6

Table5 The basic data of five-component distillation Table6 Theresult summary of every splitting step
separation sequence ynthess prqblem _ Separation ot outpt

Sequence  Component  Molefraction  Relative volatility point a r F order
A n-Pentane 0.15 2 462 AIBCDE 0.1924 03333 01765 15476

B n-Hexane 0.20 2'398 AB/CDE 0.1874 0.6667 05385 11975

: ABC/DE 0.1858 0.6667 05385 11986

c r-Heptane 030 2.377 ABCD/E 0.4344 03333 01765 13562

D n-Octane 020 5.558 C/IDE 02995 06667 08571 10026

E n-Decane 0.15 CDIE 0.7005 03333 0.3000 10653

if-then Sugeno
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Optimization Synthesis of Distillation Separation Sequence
Based on Fuzzy Logic Inference

DONG Hong-guang, QIN Li-min, WANG Tao, SHAO Qi-hong, YAO Ping-jing
(Res. Inst. Proc. Sys. Eng., Sch. Chem. Eng., Dalian University of Technology, Dalian, Liaoning 116012, China)

Abstract: Fuzzy logic inference can reflect the information transmission characteristic of key elements of the natural
language. Fuzzy if-then logic interface rules have been induced by the way of abstracting valid parameters, and
according to the numerical characteristics of distillation separation sequence synthesis problem, Sugeno fuzzy logic
inference has been established. The optimization synthesis method of distillation separation sequence based on fuzzy
logic inference has been put forward.

Key words: fuzzy logic inference; fuzzy rule base; membership function base; distillation separation sequence



