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Mixed-Integer Programming Model for Scheduling of
Steelmaking Processes
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Absiract © This paper presents a short-term scheduwling algorithm for the operation of steelmaking processes.
The scope of the problem covers refining of the hot iron translerred from a blast furnace, ladle treatment,
continmuous casting, hot-rolling, and coiling Jor the final products that should salisfy the given demand. The
processing time at each unit depends on how much the batch amount is treated, and the dedicated ntermediate
storage with finife capacity between the units 1s considered. Resource constraints and inital amounl o each
slate are incorporated into the presented scheduling model for the algorithm of on-line scheduling,. We propose
anized integer linear programming (MILF) medel with two objectives for the scheduling. The firsl is to
maximize the total prolit while satisfying the due date constraint lor each product. And the second is o
minimize the total processing time, makespan, while satisfying the demand lor each product, Lspecially, we
cbserve the effect of penalizing the mtermediate storage and the wventory level of the {inal product on the
scheduling results.

Keywords : steelmalang, scheduling, mixed-integer programming
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Table 1. Processing time for unit volume for
performing each task i at umit J.

LJ02 03 j02 jeE 05 07 08
101 45
02 30
103 15
0 15
b3} 2.0
108 20
07 17
108 ) 17
109 1.5
110 1.9
11 2.1
112 21
i13 14
G 14
% 2. 4949 AHa) ZA
Table 2. Optimization results for example.
0-1 , Continu .
. Constaints n.m ous Prafic |CPU[s]| Tterations
variables variables
127 2149 1020 1063 | 273.28 7906
IvV. oAl

Aurdela Aalgt @%@#—ﬂ]@} Belg o)) YA
AE ARE TFIEDRA $h 22F WA U hot
iron& BOF{(j01), LMF(j02)= :ﬂ?d T el aF71G0s,
04) & E BIelA 2yl 37 —Hoﬂt roller
(jos, 0817 fow, A=A F eojler(j07, JOBIE EH)
AR whAA do 015E i14e FAA dehle
295 YuEle AL® oed 2 (basic oxygen
furnacing: 101, ladle treatment: i02, castings at caster
1: 108, 104, castings at caster 2¢ 105, 106, hot rollings
at raller 10 107, 108, hot rollings at roller 1: 109, 010,
coilings at coiler 10 il1, 112, coilings at ceiler 2 il3,
ild}. s017s15€ WollAd AW S A, FHHS o}
Elgitd Zb2he obg-3 2t {hot iron' sOL, refined
steel: s02, treated steel’ s03, slab [rom caster 10 =04,
505, slah [rom caster 20 806, s07, rolled slab [rom
roller 1 s08, s09, rolled slab from roller 2 s10, sli,
products- s127s15}. oo ed dolye vl Atk
™ 7 A AAlg state-task networke] WEe Ha
3 deolHE ohgg 2ok Fxe] Ho Rds B e
(jO1 100, 302 75, j03 50, j04 40, ;05 50, 06 40, 07 50,
j08 4oyelgt shi, FHAF B™E Qelglm Foh zZ
state?] FHtH £2R2 {s01 10000, s027s11 100, s127s15
10000} o] Eba &tm 27) %ke {501 500, s027s15 0}, 2t
stated] W7} A= {s017s11 0.0, s12 2.0, s13 2.3, s14
17, 515 Loy &) 2Elm 2 A Ze g &4 8
T2 {s017s11 0.0, s127s15 3004 o] Fo|HLk &

of

HO- 2S5t - NAEEES =2A H5# Me& 1998
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Fig. 6. Scheduling results to maximize the profit
satisfying due date.
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Table 4. Assigniment of unit to event slot.
n0l nd2 n03 nH 005 ndS nl7 w08 n08 ol all
101 1 1 1 1 1
102 1 1 1 1 1
03 1 1
104 il 1 1
105 1 1
106 1 1 1
07 1 1 1
108 1 1 1
ion 1 1
110 1 ] 1
il 1 1 1
il2 1 1 1
113 1 1 1
114 1 1 1

x 4. A=]2] event slotel] o @3z,
Table 4. Assignment of unit to event slot

n0l n02 n03 nf4d n0S nl6 n07?7 08 oG9 ol0 nll
joL 1 1 1 i 1
02 i 1 1 1 1
133 1 1 1 1 1
j04 1 1 1 1 1
105 1 1 1 1 1 1
j06 1 1 1 1 1 1
107 1 1 1 1 1 1
108 1 1 1 1 1 1
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¥ 6. ALk # AR MY =Y
Tahle 5. Batch amount at each umit.

nfl n02 n03 n04 nl5 n06 nO7 o0R 0@ nll
01501 7134 485 326 217 145
i2,j02 734 489 326 217 145
i03,i03 188 111
04,703 311 207 89
105,104 400 306
106,104 237 6.2
107,305 185 111
103,05 311 207 89
109,06 400 306
110106 229 07 82
111,07 188 ILL
112,j07 311 207 89
113,08 406 306
114,08 228 07 863

i 6. ZF state® intermediate inventory.
Table 6. Intermediate inventory of each state.

n0l 002 wl3 n0d nd5 006 nb7 nd8 nl9 nid
s0l (1179 G689 362 145
(12
=03 2.3 28
s07 0.7
§12 188 303
sl3 311 518 G607 607 607
s14 400 706 706 706 706
sl5 229 237 300

Zr taskv} @} A AN GEe|UE FHEe] g 2
state®] k2 X 52} 6o e
}] AR Alabere A 1ol 47R] 7 {300,
7, 7.8, 00122 FEFES FYUE AAE AR
3’“% 13} 29] 4% AF 19 A4 gy a7FHe 053
AM Fuizpdo] =& 2o Ageke] AFEHE IS B
gl AFE 37 4—4 AL
U ge = F
< ReFErh 7 AEE AHdEr
HAgERz ol 4879 ﬂ"ﬁoﬂ A EmE 4 T &
& 2 gy Az 035 E 8L 12 FEA 2z
BepolAd i dHAY mde] &3 i,

1%7& ”Eﬂ‘jﬂ ;-‘% 7k
[

ok

x 7. A aEke] WEew 038 F9 A
Table 7. Penalizing the inventory by 0.3.

ndl n02 n03 n0d n05 n06 w07 n08 o089 nl0

s0L 1181 689 361 199

502 85

s03 11

s05 47

=09 16.1 246

E B AT EgEo=z 1S
Table 8. Penalizing the inventory by 1

8 4

n0l n02 n03 nld w05 nd6 nd7 w03 n0d nl0
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Fig 7. Schedu]ing results to munimize malkespan
satisfying demand amount.
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Nomenclature

Indices

i= task



722

] = unit

n = event slot

5 = state

Sets

I = set of task

I = set of task that performed by unit j
Is = set of task that related to state s
J = set of unit

Ji = set of unit that performing task i
N = get of event slot

5 = set of state

Sp = set of final state

Parameters

&7 = maximum volume of unit j
EM = minimum volume of unit
H =

SIV, =

due date

mitial inventory of state s

ST = maximum inventory for state s

R, = demand amount [or state s

@, = processing time for unit volume [or task 1 at
unit j

#, = penalty term in order to consider the invento
ry cost for state s

#% = proportion of state s consumed by task 1

02 = proportion of state s produced by task i

A, = price for state s

U/ = upper bound in big-M constraints

Variables

@, = amount of state s heing delivered to the

market at event point n
B, = hatch processing amount ol task 1 at unit j
8T, = amount of state s al event slot n
TE,, = end lime of task i at unit j
78, =

Wy = 0-1 variable that denote whether task i is

start time of rask [ at wiit |

assigned to slot i or not
Y. = 0-1 variable that denote whether unit j isg
assigned to slot n or not
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