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Problem definition

Order acceptance and scheduling problem

@ Make-to-order systems
@ Limitations: Capacity and time

o Customer preferences: Acceptable date and deadline
due date deadline

| |
E—

Time horizon

Tardiness cost

@ Integration of two decision:

o Order Acceptance :  Which orders to be accepted?
o Scheduling Problem :  How to schedule them?
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Literature review

@ Wester et al. (1992), Slotnick and Morton (1996), Rom and Slotnick (2009),
Lewis and Slotnick (2002): No deadline

@ Charnsirisakskul et al. (2004): Due date and deadline distinction

@ Oguz et al. (2010): Extension by sequence dependent setup time and release time

(GOAS)

MILP model formulation
Simulated annealing based heuristic and two constructive heuristics

@ Studies following Oguz et al. (2010):

Cesaret et al. (2012): Tabu search

Park et al. (2013): Genetic algorithm

Lin and Ying (2013): Artificial bee colony

Chaurasia and Singh (2016):Two hybrid metaheuristics

Nguyen (2016): Hyper-heuristic using genetic algorithm

Silva et al. (2018): Branch & price and iterated local search algorithm
He et al. (2019): Memetic algorithm

de Weerdt et al. (2021): Heuristic algorithms based on dynamic
programming

@ Exact algorithms for similar problems: Slotnick and Morton (2007), Mestry et al.
(2009), Nobibon and Leus (2011), Geramipour et al. (2017), Cordone et al.
(2017) and de Weerdt et al. (2021)
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MILP Model
GOAS

Indices, sets and parameters

n : the number of orders

O ={1,...,n}: the set of orders

O’ = O0U{0,n+ 1} : the set of orders including dummies
i,je o
sij : Setup time between order jand order

p; : Processing time of order /

e; : Revenue of order

r; : Release time of order i

d; : Due date of orderi

d; : Deadline of order i

w; : Unit tardiness cost of order i
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MILP Model
GOAS

Decision variables

li: 1 if order i is accepted, 0 otherwise, Vi € O’

yij: 1if order j is processed immediately after order i, O otherwise,
Vie O'\{n+1},j € O'\ {0}

gij: Completion time of order j if order i immediately precedes it, 0
otherwise, Vi € O’ \ {n+1},j € O"\ {0}

T; j: Tardiness of order j if order i immediately precedes it, 0 otherwise,
Vie O'\{n+1},j€ 0"\ {0}
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MILP Model

GOAS Problem

Maximize ZE,'/,'— Z Ti,jWJ'

i€eo ijeo’

s.t.

n+1

ST ovij=1h vieo' \{n+1}
J=1i

n

S oyi=1h vie o'\ {0}
j=0,j#i

n+1 n+1

n
doaii— D g =D (sij+pyij+
j=1 j=o j=1

gij > g,-’f’jy/‘,j

gij < g,-";y;,j

Tij 2= &ij— dyij

Tij &, €RY, I,y €{0,1}

where

o= max(r; + min
&ij (i kek<n, ki

n+1

>

J=1,d;<rj

i — )i

Vie o

vie O'\ {n+1},j€ 0\ {0}
vie 0’ \{n+1},j € 0"\ {0}
vie O'\ {n+1},j€ 0"\ {0}
vie 0 ,je o

Sk,i +PitSij P+ si ) Vi€ O\ {n+1},j € 0\ {0}

8" = min(dj, max(d;, rj) + s; +pj) Vi€ O\ {n+1},je 0\ {0}
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Matheuristic algorithm GOAS_I2PM

@ The GOAS problem is NP-hard

o Performance of the commercial solvers significantly deteriorates as the
number of orders increases

@ Motivation: Decompose the original problem into subproblems having
manageable number of orders

@ Proposed algorithm is a matheuristic comprising of two different MILP
models (ASSIGN and SCHEDULE) running in an iterative manner
o ASSIGN: Assign orders to particular segments of the planning horizon
by excluding sequence dependent setup times
e SCHEDULE: Solve the GOAS problem under the restrictions provided
by ASSIGN

C. Oguz, Kog¢ University A Matheuristic for the GOAS problem Scheduling Seminar Series



Matheuristic algorithm GOAS_I2PM

General scheme

Assignment of orders to the segments in S

Start ASSIGN | | ————— SCHEDULE

New solution x

Terminate

Figure 1: Flow chart of the matheuristic algorithm
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Matheuristic algorithm GOAS_I2PM

ASSIGN — A Relaxed Time-Bucket Model

@ ASSIGN is based on a time index set T' = {to, t1, ..., tir}

@ Intervals between adjacent two indices are denoted by index k such
that kth interval starts from t,_; + 1 and ends at t, where
ke K={1,..,|T'|} and to = 0 w.l.o.g.

@ Time indices are generated such that if an order is started in kth
interval, it must be completed in k + 1st interval at the latest for any

ke K
Option 1 Option 2
| I R ]
t,=0 t. £ g tr
0 l—‘(—J -1 Lo + L
k=1 k=l k=l+1 k=|T'|

Figure 2: Planning horizon T with time indices
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Matheuristic algorithm GOAS_I2PM

ASSIGN — A Relaxed Time-Bucket Model

@ Original planning horizon T is decomposed into a set of segments S

@ The end points of the segments, 1,2, ..,S|s|, in set S is chosen from
the set of time indices T’

@ Time segments are denoted by index s such that sth segment spans
the time period from ¢s_;1 to ¢s where s € S = {1,2,..,|S|}.

Option1  Option 2

s=1 s=2 s=|S|

Figure 3: Decomposing the planning horizon T into time segments
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Matheuristic algorithm GOAS_I2PM
ASSIGN: Model GOAS_RTBM

Decision variables

uj k: 1 if order i has started and completed in interval k, 0 otherwise,
Vie O,ke K

uka: 1 if order i has started in interval k — 1 and completed in interval k,
0 otherwise, Vi € O,k € K\ {0}

ajs: 1 if the completion time of order i lies in time segment s, 0
otherwise, Vi € O,s € S

gi.k: Amount of order i processed in interval k if v}, =1, 0 otherwise,
Vie O,ke K\ {0}

T;: Tardiness of order i, Vi€ O
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Matheuristic algorithm GOAS_I2PM

ASSIGN: Model GOAS_RTBM

Maximize Z (uj k + u,{,k)e,- — Z Tiw; (9)
ic0,kek ico
s.t.
S ik + ] )P + dik — k1) < B — 1 vk € K (10)
ic0,keK
Doul <1 vk € K (1)
ico
D aik < ujypt Vk € K 12)
i€o
(uik + ) = ais Vi€ 0,s € S\{0} (13)
kEK:isg_1 <t <=ss
Dais=1 vie O (14)
ses
T > > (u] f(tky — di) + aik
kek
+ uj gmax{max{ty_1, r;} + p; — d;, 0}) Vi€ o (15)
Cut set (16)
(17)
Ui U € 10,1], 355 € {0,1} 05,4, Ty € Rt Vie O,ke K,seS (18)
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Matheuristic algorithm GOAS_I2PM
ASSIGN

Algorithm 1 ASSIGN
Input: Model GOAS_RTBM, pl,i € O
if First iteration of the GOAS_RTBM then
Solve model GOAS_RTBM (p’)

else
Solve model GOAS_RTBM (p’) with cuts derived by SCHEDULE

end if
Output: a;5, 1€ O,s€ S
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Matheuristic algorithm GOAS_I2PM

SCHEDULE

@ ASSIGN gives a new assignment of orders to time segments in each
iteration

@ SCHEDULE handles each time segment separately (i.e. |S|
subproblems are solved sequentially by the MILP model)

@ Os denotes the set of orders assigned to time segment s

@ Each time segment s € S has a beginning and end point. Thus,
release times and deadlines of the orders in set Os are modified as:

r? = max{ss_1, i} Vie O,seS
df = min{c, d;} Vie O,s€$S

o MILP(Os, r*, d%): The MILP model considering the orders in set Os
with their modified r and d parameters
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Matheuristic algorithm GOAS_I2PM

SCHEDULE

Algorithm 2 SCHEDULE

Input: Os,r°,d*,s€ S
Initialize: s =1,x =0
while s < |5| do
s < MILP(Os, r*, d°)
Xs < Xs—1 H Ts
if s < |S| then
Create x. by adding rejected orders so far to the partial solution xs
Xs  VNS(x{)
end if
s+ +
end while
OUtpLItZ X|s|
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Matheuristic algorithm GOAS_I2PM

Local search algorithm: Multi-start granular tabu search (GOAS_MSGTS)

@ Short term memory to avoid reversal of moves and cycling: Recency
based tabu list

@ Local search algorithm / Move: Variable neighborhood descent using

swap and insertion moves

Evaluation of a move: Objective value and makespan

Tabu move: An order that is swapped or inserted is tabu

Tabu Tenure: 5 iterations

Aspiration criteria: Best objective value

Generation of initial solution for the new start: Via path relinking

X J PN AN
" v v S
2 K xKk
PN XS pLixk)-A IPLGKI
exlude solutions for which the objective exlude solutions for which the objective
function value is less than or equal to f(x*) function value is less than or equal to f(x?)
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Matheuristic algorithm GOAS_I2PM

ASSIGN and SCHEDULE communication

@ ASSIGN sets assignment of orders to time segments
e SCHEDULE
e generates cuts to avoid ASSIGN generating same assignment of orders

o If there is at least one s € S : O; Z As where A is the set of accepted
orders in set Os

S s ONAsl + 3D ane < AS|O\A|  Vs€S: O, £ A..

i€As i€ 05\ As
o else
E ai,sS Zlos‘_]-
s€S,i€0s seS

o modifies parameter p’ (input of ASSIGN):

o st/: Estimation of the setup time before order i in the optimal solution
(initially, it is set to the minimum setup time that can be observed
before order i, Vi € O)

e st/ = 0.9st/ + 0.1s* where s* denotes the setup time executed before
order i in solution x

o p/ =pi+st,VieO.
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Computational results
Design

@ Computational performance of GOAS_I2PM is compared with that of
both the proposed mathematical model and the state-of-the-art
algorithms SSP (Silva et al., 2018), SPARROW (He et al., 2019),
FPTAS and BALAS (de Weerdt et al., 2021) for the GOAS problem.

o Instances generated by Cesaret et al. (2012) are used as previous

studies.

method
UBinstance - LBinstance

UBinstance

e Gap =
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Computational results

Comparison of the proposed MILP and SSP for small size instances

Gap (%) NO NF CPU time (s)
n SSP MILP SSP  MILP SSP  MILP
Min  Avg Max Min  Avg Max
10 0.000 0.000 0.000 0.000 0.000 0.000 250 250 250 0.41 0.13
15 0.000 0.001 0.007 0.000 0.000 0.000 250 249 250 98.84 0.73
20 0.000 0.001 0.011 0.000 0.000 0.000 250 249 250 360.02  5.07
25 0.000 0.004 0.043 0.000 0.000 0.000 250 248 250 762.91 158.84
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Computational results

Comparison of GOAS_I2PM with the proposed MILP for n = 50

Gap (%) NO NF Solution time (s)
n T R MILP GOAS_I2PM MILP GOAS_I12PM MILP  GOAS_I2PM
Min Avg Max Min Avg Max
50 01 01 0.00 0.00 0.00 0.00 0.02 0.19 10.00 = 10.00 9.00 145.04 900.00
03 0.00 0.00 0.00 0.00 0.02 0.17 10.00 = 10.00 9.00 166.12 900.00
0.5 0.00 0.36 2.03 0.00 0.00 0.00 10.00 | 5.00 10.00 2762.04 900.00
0.7 0.00 0.14 056 0.00 0.00 0.00 10.00 | 7.00 10.00 2372.16 900.00
0.9 0.00 121 413 0.00 0.00 0.00 10.00 | 2.00 10.00 3568.20 900.00
05 0.1 0.00 2.89 584 0.00 048 1.03 2.00 1.00 2.00 3600.00 900.00
03 0.56 2.67 4.73 0.00 0.69 127 2.00 0.00 2.00 3600.00 900.00
0.5 147 5.02 10.08 0.00 1.05 226 1.00 0.00 1.00 3600.00 900.00
0.7 246 4.06 7.46 0.00 0.79 1.87 2.00 0.00 2.00 3600.00 900.00
0.9 3.68 5.87 8.00 0.00 1.01 245 2.00 0.00 2.00 3600.00 900.00
09 0.1 0.00 0.00 0.00 0.00 0.00 0.00 10.00 = 10.00 10.00 541.82 900.00
03 0.00 0.07 0.65 0.00 0.02 024 10.00 | 9.00 9.00 1682.76 900.00
0.5 0.00 054 215 0.00 0.00 0.00 10.00 | 6.00 10.00 3346.96 900.00
0.7 0.00 030 084 0.00 0.10 056 10.00 | 3.00 8.00 3600.00 900.00
0.9 0.00 0.85 247 0.00 0.00 0.00 10.00 | 3.00 10.00 3600.00 900.00
Avg: 050 1.80 3.53 0.00 057 131 109.00 66.00 104.00 2869.91 900.00
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Computational results

Comparison of GOAS_I2PM with the proposed MILP for n = 100

Gap (%) NO NF Solution time (s)
n T R MILP GOAS_I2PM MILP GOAS_I2PM MILP GOAS_I2PM
Min  Avg Max Min Avg Max

100 0.1 0.1 0.00 0.00 0.00 0.00 0.04 026 10.00 | 10.00 8.00 1817.58 900.00
0.3 0.00 045 186 0.00 0.07 0.19 3.00 1.00 3.00 3561.59 900.00

0.5 244 691 11.04 0.00 0.00 0.00 10.00 | 0.00 10.00 3600.00 900.00

0.7 575 934 1295 0.00 0.00 0.00 10.00 | 0.00 10.00 3600.00 900.00

0.9 1234 16.27 25.68 0.00 0.00 0.00 10.00 | 0.00 10.00 3600.00 900.00

05 0.1 17.43 2338 36.90 034 052 088 0.00 ' 0.00 0.00 3600.00 900.00

0.3 18.03 23.94 30.46 033 0.68 0.96 0.00 ' 0.00 0.00 3600.00 900.00

0.5 18.70 31.26 45.03 0.28 0.56 0.80 0.00 ' 0.00 0.00 3600.00 900.00

0.7 27.06 34.75 44.86 0.00 051 0.99 1.00 = 0.00 1.00 3600.00 900.00

0.9 20.26 30.53 42.12 0.00 034 147 4.00 = 0.00 4.00 3600.00 900.00

09 01 058 134 213 0.00 022 052 10.00 | 0.00 2.00 3600.00 900.00

0.3 079 218 292 0.00 0.17 0.40 10.00 | 0.00 3.00 3600.00 900.00

0.5 142  6.23 10.02 0.10 283 5.68 5.00 | 0.00 0.00 3600.00 900.00

0.7 853 11.67 14.83 474 6.99 10.34 0.00 ' 0.00 0.00 3600.00 900.00

0.9 9.81 14.68 21.46 268 6.64 10.27 0.00 | 0.00 0.00 3600.00 900.00

Avg 10.70 16.22 23.03 053 1.23 208 73.00 11.00 51.00 3527.17 900.00
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Computational results

Comparison of the number of optimal solutions found in the literature and in this study

n=25 n=50 n=100
T R Literature This study Literature This study Literature This study
0.1 0.1 3 10 0 10 0 10
0.3 4 10 0 10 0 3
0.5 7 10 3 10 6 10
0.7 10 10 10 10 10 10
0.9 10 10 10 10 10 10
0.3 0.1 6 10 0 9 0 0
0.3 3 10 0 9 0 0
0.5 3 10 1 8 0 0
0.7 9 10 6 9 5 7
0.9 8 10 8 9 8 10
0.5 0.1 10 10 0 2 0 0
0.3 8 10 1 2 0 0
0.5 8 10 0 1 0 0
0.7 9 10 0 2 0 1
0.9 9 10 1 2 1 4
0.7 0.1 10 10 0 0 0 0
0.3 10 10 1 0 0 0
0.5 10 10 1 0 0 0
0.7 10 10 7 38 0 0
0.9 10 10 7 4 0 0
0.9 0.1 10 10 10 10 10 2
0.3 10 10 10 10 10 4
0.5 10 10 10 10 5 0
0.7 10 10 10 10 0 0
0.9 10 10 10 10 0 0
Sum: 207 250 106 160 65 71
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Computational results

Comparison of GOAS_I2PM and heuristic approaches by de Weerdt et al. (2021)

Gap (%) CPU time (s)
n T R (:';T[ﬁ) ((F:T(]’_‘(]S5) Balas (5)  Balas (12) GOAS_I2PM (:F;T:_i) ((F:T(]’_‘(]S5) B’:;;‘s Ba"z’;s GOAS_I12PM
Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max
50 0.90.1 0.42240 421 0.401.12 1.95 0.00 0.85 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.96 1.09 0.27 0.48 900.00
0.3 0.90 2.64 6.05 0.451.23 2.19 0.48 3.00 6.52 0.00 0.11 1.09 0.00 0.02 0.24 1.87 2.15 0.30 1.05 900.00
0.5 0.922.39 3.61 0.23 1.29 3.04 0.60 5.76 9.37 0.00 0.56 1.49 0.00 0.00 0.00 9.04 11.00 0.59 5.91 900.00

0.7 1.802.88 4.30 0.55 1.22 1.85 2.05 6.30 10.70 0.08 1.19 2.99 0.00 0.10 0.56 30.00 33.00 0.81 7.50 900.00
0.9 035244 410 0.90 1.33 2.11 3.33 6.28 12.30 0.00 1.33 3.50 0.00 0.00 0.00  269.00 325.00 120 29.30 900.00
100 0.9 0.1 0.63 1.82 3.27 0.32 0.92 1.80 1.652.50 3.45 0.00 0.15 0.40 0.00 0.22 0.52  358.00 453.00 10.10  134.00 900.00
03 142194 - 053080 1.31 4986.73 9.47 0.311.49 225 0.00 0.17 0.40 1230.00 1130.00 4.72 104.00 900.00
05 088161 - 073096 - 497673 9.99 079 2.12 3.77 0.10 0.40 0.75 1690.00 2000.00 539  200.00 900.00
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Computational results
Comparison of GOAS_I2PM with the state-of-the-art algorithms SSP and SPARROW for

n =50

Gap (%) CPU time (s)
SPARROW* GOAS_I2PM SSP GOAS_I2PM
Min Avg Max Min Avg Max Min Avg Max
50 01 0.1 120 224 3.00 051 0.79 1.27 0.00 0.29 0.60 3415.80 900
0.3 139 244 392 0.60 1.00 1.53 030 0.53 0.78 3600.00 900
0.5 112 161 2.10 0.00 0.42 0.96 0.00 0.04 042 3217.10 900
0.7 0.00 245 16.39 0.00 1.66 16.38 0.00 1.64 16.39 2661.80 900
0.9 0.00 0.54 1.90 0.00 0.00 0.00 0.00 0.00 0.00 2139.00 900
03 0.1 052 235 3.48 0.63 1.59 2.86 0.41 1.02 1.72 3600.00 900
0.3 266 3.54 5.05 140 181 2.69 0.77 1.28 2.15 3600.00 900
0.5 133 349 11.87 0.18 1.44 3.64 0.00 1.01 3.10 3600.00 900
0.7 0.00 1.40 3.44 0.00 0.39 1.16 0.00 0.07 0.35 3312.10 900
0.9 040 1.35 2.85 0.00 0.27 1.32 0.00 0.06 0.61 3250.10 900
05 0.1 057 432 1376 111 201 2.64 056 1.42 2.15 3558.70 900
0.3 237 4383 7.80 1.97 330 5.44 1.64 268 477 3017.60 900
0.5 155 384 801 1.03 3.00 6.49 034 241 5.52 3600.00 900
0.7 151 2091 5.16 037 197 414 0.00 1.43 331 3600.00 900
0.9 035 225 420 0.00 1.94 4.04 0.00 131 3.64 3484.60 900
0.7 0.1 242 393 5.20 224 388 474 1.67 344 445 3600.00 900
0.3 250 427 7.60 275 4.82 8.40 248 417 7.42 3160.50 900
0.5 455 6.16 10.32 474 6.46 1091 455 6.07 10.32 3356.50 900
0.7 1.03 655 1431 173 713 15.50 1.19 656 14.31 1971.70 900
0.9 252 7.16 13.00 326 7.63 13.02 252 716 13.00 1374.30 900
09 0.1 6.55 10.88 16.77 6.55 10.98 16.77 6.55 10.88 16.77 304.60 900
0.3 9.28 1325 17.40 9.28 1343 17.80 9.28 13.27 17.60 15.70 900
0.5 263 12.15 16.52 3.05 1231 16.78 263 1215 16.52 76.10 900
0.7 562 11.13 17.64 562 11.50 18.42 562 11.21 17.64 54.00 900
0.9 9.26 12.09 15.85 9.74 1249 16.30 9.26 12.09 15.85 238.00 900
Avg: 245 5.09 9.10 227 4.49 7.73 1.99 4.09 7.18 2552.33 900

* He et al. (2019) do not share the run time of SPARROW, just state that it is under a minute on average for n = 50.
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Computational results
Comparison of GOAS_I2PM with the state-of-the-art algorithms SSP and SPARROW for

n =100

Gap (%) CPU time (s)

SPARROW* GOAS_I12PM SSP GOAS_I12PM

Min Avg Max Min Avg Max Min Avg Max

100 01 0.1 118 244 328 039 057 080 009 024 043 3600.00 900
0.3 151 210 3.06 034 061 0.88 009 026 0.53 3600.00 900
0.5 0.36 139 274 0.00 0.13 028 0.00 0.00 0.00 3423.00 900
0.7 0.00 043 0.80 0.00 0.00 0.00 0.00 0.00 0.00 2243.60 900
0.9 0.00 022 0.89 0.00 0.00 0.00 0.00 0.00 0.00 2354.80 900
03 0.1 147 265 3.96 0.53  0.99 1.44 020 058 1.26 3600.00 900
0.3 194 294 539 057 124 249 037 077 193 3600.00 900
0.5 114 221 381 0.65 1.07 1.75 036 0.62 1.02 3600.00 900
0.7 0.37 1.65 2.75 0.00 030 079 0.00 0.08 0.36 3515.40 900
0.9 0.19 091 2.41 0.00 0.11 0.42 0.00 0.00 0.00 2788.30 900
05 0.1 249 396 527 1.07 179 271 049 123 212 3600.00 900
0.3 268 3.95 599 149 216 263 086 157  2.09 3600.00 900
0.5 257 354 453 131 233 335 070 169 2.66 3600.00 900
0.7 1.61 271  4.04 035 149 238 0.00 0.82 1.80 3600.00 900
0.9 0.67 210 465 019 092 240 0.00 041 1.79 3600.00 900
07 0.1 270 498 6.42 1.69 247 321 127 195 274 3600.00 900
0.3 3.93 6.66 10.83 135 3.66 5.80 097 3.04 5.17 3600.00 900
0.5 404 645 1285 223 434 10.65 1.60 3.78 10.03 3600.00 900
0.7 3.36 736 13.20 1.92 481 7.33 1.60 428 6.72 3600.00 900
0.9 530 840 12.95 297 507 6.55 262 452 6.05 3600.00 900
09 01 459 870 11.95 3.44 546 847 345 527 829 3600.00 900
0.3 568 1245 17.41 490 8.65 11.20 453 825 10.77 3600.00 900
0.5 10.80 15.15 18.38 790 10.76 15.67 7.48 10.58 1552 3600.00 900
0.7 10.70 1497 19.95 7.38 10.73 13.02 7.03 10.53 1257 3600.00 900
0.9 11.23 1495 20.47 332 10.67 16.53 336 10.54 16.32 3600.00 900
Avg 3.22 5.53 7.92 176  3.21 4.83 148 284 441 3453.00 900

* He et al. (2019) do not share the run time of SPARROW, just state that it is under a minute on average for n = 100.
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Conclusion

@ New MILP model for the GOAS problem

A new relaxed time-bucket formulation

@ A generic matheuristic approach based on parameter relaxation
(relaxation of setup times in our problem)

A multi-start granular tabu search algorithm with a new
diversification approach

Future research:
o New relaxed models including setup times for ASSIGN

e Branch and bound algorithm through assignment variables

C. Oguz, Kog¢ University A Matheuristic for the GOAS problem Scheduling Seminar Series



	Title page
	Agenda
	Conclusion

