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Exact dynamic programming algorithm for green single machine
scheduling problem

YANG Ai', QIAN Bin™?t, HU Rong"?, ZHU Xiao-hong', XIANG Feng—hong1

(1. School of Information Engineering and Automation, Kunming University of Science and Technology, Kunming
650500, China; 2. School of Mechanical and Electronic Engineering, Kunming University of Science and Technology,
Kunming 650500, China)

Abstract: An exact dynamic programming algorithm (EDPA) is proposed for a kind of green single-machine scheduling
problems, i.e., the low-carbon single-machine scheduling problem with release times and due dates. The first and second
optimization objectives are the maximum tardiness and the total carbon emissions, respectively. Firstly, the permutation-
based model of the considered problem is built. This model can be described by triplet 1|agr(r;, d; )| TCE/Tmax, which
is an NP-hard problem. Secondly, an earliest due date (EDD) rule based on job permutation and selection of machine
state is presented by analysing the properties of the permutation-based model. Thirdly, the state recurrence equation
is constructed via the presented rule, and then an EDPA is designed by using the constructed equation to execute the
state-tree search in solution space. This algorithm is an exact algorithm with pseudo-polynomial time, which can obtain
the optimal solution of the considered problem. Finally, the simulation experiments on the testing and real-world instances
manifest that the proposed algorithm can not only minimize the maximum tardiness, but also reduce the total carbon
emissions effectively.
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BHEFENE (aj —c; — 1).

THOL2: M a; — ¢; > Ton + Tom, HEf(a; — ¢j) >
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2) for j = 1ton do
3) Y, =0
4) for (5, &;,€;, Tmax, TCES™) € 0, do
5)ifa; — (zj_1 +p;j—1) > 0 then
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7) Thax = max(d; — (a; + p;),0), TCES** =
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else
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TS = Tiot, TCES® =0, 0; =

(xj—l + Pj-1, 007 0’ T'rjlélax7 TCEEXt)
8) end
9) end

10) if 0 < a; — (zj_1 +pj—1) < T, then

1) T3, = Ti ) TCES™ = vE(a;—
(zj-1+pi-1)), U5 = (a;,11, 05—
(€1 +Pj-1); Thax, TCEF)

12) end

13) if aj — (zj-1 + pj—1) > T, then

14) T = Thas TCET = 5(Eon + Eorr),
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Pj-1); Thaxs TCEF)

15) end

16) end

17) end

18) for j = 1ton do

9 k=1 B,=92,l,=0,i=0

20) if £ = 00 then

21) j=1b}, By = B +{bx}, lx =l +1
else
kE=k+1

22) end

23) end

24) fori = 1to k do

25) ey = b}, ey = bi*

26) if max(Te,,...,Te,) + €ept1 < Tmax then

27) for m = e; to e5 do

28) Ty = Tyn + €ent1

29) end

30) &, = 00, e., =0, TCEC" =0

31) if zo, — (Xe,—1 + pe, — 1) < T, then
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else
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TCEZ" = 7(Bon + Fott)

33) end

34) end

35) end
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