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Dynamic Programming and Goal Programming

¢ INTRODUCTION TO DYNAMIC PROGRAMMING
o Dynamic Programming = Divide and Conquer + Memorization
o No Specific Forms or Formulations=> Principle of Optimality
o Terminology: Stage, State, Decision, Return, Recursive Equation
o Dynamic programming is a technique for solving problems with a recursive structure
with the following characteristics:

= Optimal substructure (principle of optimality): An optimal solution to a problem can be
decomposed into optimal solutions for sub-problems.

= A small number of sub-problems: The total number of sub-instances to be solved is small.
= Overlapping sub-problems: During the computation same instances are referred to repeatedly.
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0 An Example of Dynamic Programming: The Shortest Path Problem
= Divide the problem into 4 subproblems (Stages)
= Find the optimal solution in the stage i and ‘pass’ into stage i+1.
= Formulate the recursive equation between stages.
= Backward vs. Forward => Can find the same optimal solution under deterministic conditions




e GOAL PROGRAMMING
o Criteria for Decision-Making: Attribute, Objective, Target, and Goal
= The UN SDGs: Goals, Targets, and Indicators
o Multiple Criteria Decision Making: Multiple Attribute and Multiobjective
o Classification of Goal Programming: Non-Preemptive vs. Preemptive
o Non-Preemptive Goal Programming
= Complementary relationship
= One-sided vs. Two-sided
o Preemptive Goal Programming or Lexicographic GP
o Drawbacks: Normalization and Weighting; Pareto Optimality?
o An Example of Goal Programming: Expansion of Production Lines
= Deviational variables => slack vs. surplus => Minimize penalty weighted deviations
= Maximize the profit => allow overshooting and penalty on undershooting
= Remain employee level => penalty on both sides (may have different weights)
= Minimize the investment => penalty on overshooting and allow undershooting
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F&£1 (Stage 1):
f(Sla dl) +g*(S0) * S) dl*
Sl dl f(Sl ] dl ) S(): T, g*(SO) :g*(T) — O g ( 1
C, T 7 7+0 7 T
G, T 9 9+0 9 T
(0N T 8 8+0 8 T
Fg¢ B2 (Stage 2):
f(SZ’ d2) + g*(Sl) * *
S, d, fS:, dy) S, = d> g%(S,) d>
B, C 2 2+9 11 C
Cs 4 4+8
B, Ci 2 2+7 9 Ci
Cs 3 3+8
B C 4 4+9
’ Cs 5 4+8 12 Cs
F& B3 (Stage 3):
f(SS H d3) + g*(SZ) *, *
AY ds fSs, ds) S, = ds g*(S3) ds
A B 4 4+ 11
1 B> 3 3+9 12 B>
A B1 6 6+ 11
’ B> 5 5+9 14 B>
B3 8 8+ 12
A; | B 5 5+9 14 B>
B3 3 3+12
F& B4 (Stage 4):
ﬂS4 ’ d4) + g*(SS) * *
S, d, S8y, dy) S, = dy g*(S4) da
S A 5 5+12 17 A4
As 4 4+ 14
Aj 4 4+ 14

S2>A2B:>Ci>T
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FEE1 (Stage 1):
g*(SO) +ﬂSl s dl) * *
Sl dl ﬂSl > dl ) S(): S, g*(SO) :g*(S) =0 g (Sl) dl
S | As 5 0+5 5 Al
Ao 4 0+4 4 Ao
A3 4 0+4 4 As
Fe £ 2 (Stage 2):
*S) +AS,, d «
S |d | As.d) O T ) s | d
1
Al Bl 4 5 + 4
B> 3 5+3 8 B
A2 Bl 6 4 + 6
B2 5 4+5 9 -
B3 8 4+8
A; | B2 5 4+5
Bs 3 4+3 7 B3
F& B3 (Stage 3):
*S,) + (S5, d «
Sold | fs.d) g T/ ) &) |
2
Bl C2 2 -
Cs 4 --
B, | Ci 2 8+2 10 C
Cs 3 8+3
B; | C 4 7+4 11 C
Cs 5 7+5
F& £ 4 (Stage 4):
*S5) + A8, d *
S, d, S8y, dy) gx( 3;3 fg: +) 2*(Sy) da
C, T 7 10 +7 17 T
G, | T 9 11+9 20 T
C; T 8 -- - -

T>C 2>B:2A >SS




