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1 Summary

We hav e developed a software s ystem for planning s equences in a steel plant - this
includes r ough time sc heduling.

The follow ing resources can be tak en into account: converters, sec ondary s teelmaking
equipment, continuous slab cas ters.

The design of the steel plant, planning strategies , soft ¢ onstraints w hich should be fulfilled
as well as har d constr aints which must be fulfilled ar e read from a database. Henc e, our
sy stem can eas ily be adapted to differ ent steel plants .

The planning horiz on for "detailed (on line) planning“is one day .

Our sy stem CCSP is part of the BR ONER sys tem (Broner Group Ltd., Watford,
England) whic his a production planning s ystem for the whole steel plant.
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2 Description of a steel plant

In Fig.1 w e have given a s chematic view of a traditional s teel plant. The following
pr oduc tion steps are performed:

Hot metal is produced in a fur nace.

The conver ters transform ,hot metal + scr ap + additions® to hot steel. T he ¢ ontent of
one conver ter is named heat.

The heat is poured into an empty ladle.

The ladles are transported on cars and cranes to the s econdary metallurgy
equipment, e.g. ladle treatment station (LTS) and vacuum degas sing (VD).

The ladles are transported to the continuous s lab casters, where hot s teel is
conver ted to s trands, whic h ar e cooled with water until the s trands are c ompletely
solidified. At the end of the casting proc ess the solidified s trand is cut into slabs.

In the mill coils are made out of slabs.
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Fig.1l: Schematic v iew of a traditional steel plant.
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3 What do we want to plan?

We want to plan the production pr oces s fr om the c onverter s to the continuous slab
casters. T his planning inc ludes "r ough time sc heduling”, i.e. scheduling w ithout taking into
ac count the cars and c ranes.

One input for our system are s lab orders. In Fig.2 we have dis play ed a quite s implified
situation wher e we hav e 16 different order s. T he c olor s - i.e. violet, blue, and y ellow -
indicate, that the slabs are made from different s teel grades. Now we have to find out
how these slabs can be produced, i.e. we have to build up strands and heats. Moreover
we hav e to mak e sure that resources ar e av ailable for producing the heats.

The final planning has to fulfill several cons traints. We distinguish betw een four different
ty pes:

Technical constraints due to the technical equipment, e.g. a heat has a weight of 220
t, the width of the strand on caster 2 has to be in the domain [2.0,5.0] m.

Heuristic constraints w hich should be fulfilled to reac h a reas onable planning, e.g.
slabs with an early due date s hould be cas tfirst, if possible.

Ro ugh scheduling constrain ts due to capacity r estrictions.

Cu stom er constrain ts given by the order data, i.e. the width of slab SO4711 has to
be in the domain [3.0, 3.2] m, the production grade should be of v ery high quality .

Moreov er w e want to minimize c ertain c ost func tions.
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In the following w e discus s the planning r esults w hich are dis play ed in Fig.2.

All slabs are planned, we get four heats. Two yellow heats, one violet heat, and one
blue heat.

The gr een slabs ar e uncommissioned, they are introduced for filling up the heat (a
heat c onsists of a cer tain amount of hot s teel, e.g. 220 t). Moreover the green wedges
make s ure that the strand width is a c ontinuous function w ith respect to length. T he
amount of "green mater ial* should be as small as possible.

One violet slab is put into the blue heat. Hence the c ustomer who has ordered this
violet slab will get a blue one, instead. This is poss ible bec ause in our example the
blue production gr ade has a better steel quality and itis an allowed subs titute. The
alternativ e would have been to introduce a sec ond violet heat. How ever , it would
contain only one order ed s lab, and we would have to fill up the heat w ith
uncommissioned slabs. Thus, it is cheaper for the steel plant to deliv er this slab with a
better quality .

The heats are ordered in two s equences . Sequence 1 is cast on caster 1 which has
tw o strands and sequence 2 is cast on caster 2, a one strand c aster.

In table 1 we have dis play ed a heat sc heduling plan.

Convl [Conv2 [Conv3 [LTS | VD Caster 1 [Caster 2
Heat 1 13:00 14:00 | 14:20 | 15:30
13:45 14:15 [15:20 [16:30
Heat 2 14:14 15:20 | 16:30
15:00 16:20 | 17:30
Heat 3 13:00 13:45 14:10
13:40 13:55 15:00
Heat 4 14:05 14:45 15:00
14:45 14:55 15:45

Table 1: R ough scheduling of 4 heats. We have entered star t and end time.
Cranes and cars are not included.
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Fig.2: How to build up str ands, heats, and sequenc es ( simple example).
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4 Short description of CCSP

CC SP (continuous cas ter sequenc e planner ) is a production planning s ystem for a steel
plant (tak ing into acc ount the process from the conver ter to the ¢ ontinuous slab c aster).
The planning horiz on for " detailed (on line) planning“ is one day.

The sy stem was dev eloped using object oriented methods , C++, and the libraries ILOG
SO LVER 3.0 and ILO G SC HEDU LER 2.0.

There are two mechanis ms for adapting the system to a specific steel plant (see Fig.3).

1. The design of the steel plant, cer tain str ategies, the different ¢ onstraints, and the
attributes of the planning objects are specified in a database.

2. A "str ategy fr amew ork” can be used for implementing steel plant specific " expert
knowledge”.

D atabase

Design of steel plant.
Planning objects.
Attributes of planning objects.
Constraints.
Strategies.

Framework for implementing expert knowledge

Inherit fr om the framework and implement
the pr edefined methods

N A o
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5 Mapping the steel plant to an object structure

In the following w e will discuss those fiv e modules of our system wher e we hav e us ed

ILOG (see Fig.4).

Plant

Fig.4: The fiv e modules of CCSP where ILOG was used.

Planning
Objects

Assignments

Constraints

Strategies

Plant: Contains the scheduling part of CCSP. Resour ces and activities ¢ an be entered

here.

Planning O bjects: Slabs, heats, and sequences are examples for planning objects.

Constraints: The attr ibutes of the planning objec ts are r elated by constr aints to eac h

other.

Assign ments: Planning objects hav e to be assigned to each other, e.g. slabs have to
be assigned to heats, heats to sequenc es, and sequences to cas ters. The module
As signments us es the module Strategies .

St rategies: Here we fix how the assignments are built up.

We show where we have used the ILO G class libr aries, and w here we had problems in
doing so. ILOG classes are greyed (Remark: This is an impr oper use of the Booc h
notation, wher e metaclasses ar e gr eyed).
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5.1 Plant

This module is res pons ible for rough s cheduling. T he c lass PlantHandler (s ee Fig.5) has
tw o0 containers . In the fir st one y ou c an find all steel plant resources (c aster, ¢ onverter,
secondary metallur gy equipment, ...) and in the second one the pos sible routings for all
pr oduc tion grades. Routing its elf has a container inw hich all activities are stor ed.
SteelPlantResource inherits from the ILOG clas s lIcRes ourc e.

The PlantH andler has a method trySchedule( ...) . If scheduling is possible TRUE is
returned, otherwis e FALSE. The use of ILOG was quite natur al here.

PlantHandler

SteelPlant Routing

Resource

lIcActivity

Fig.5: The PlantHandler is res pons ible for rough s cheduling.
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5.2 Planning Objects

In Fig.6 w e have displayed the str ucture of our planning objec ts. The attributes are read
fr om a databas e.

PlanningObject llogAttribute

CIITITITS

Fig.6: The planning objects us ed in CC SP.

A Slab could have the attr ibutes {length, thickness, weight, productionGr ade, ...} - the
attribute productionGr ade contains information about ¢ hemical composition and phys ical
pr oper ties .

A Caster c ould hav e the attributes {caster Id, castingStartTime, castingEndTime,
noOfStrands, minimumStrandWidth, maximumsStrandWidth, ...}.

Slabs are collected in Heats. A Heat c ould hav e the attributes {weight, noOfSlabs,
castingStartTime, castingEndTime, ... }
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5.3 Constraints

We hav e tw o fundamental ty pes of ¢ onstraints, i.e. Constructor Cons traint(s ) and
As signmentCons traint(s ), s ee Fig.7.

Constructor Assignment

Constraint Constraint

Fig.7: Constraints used in CCSP.

The constraints ar e read from a database. They look like follows:

Constr uctor Constr aints:
Slab.w eight = Slab.length * Slab.thick ness * Slab.width * Slab.density .
Heat.noOfSlabs > 10
Heat.w eight = 220t

As signment Constraints :
For the first Heat on a Caster : Heat.c astingStartT ime = Caster .cas tingStar tTime
If the first three Heats fulfill Heat.X-c ontent >= 0.2, then the following H eats should
fulfill Heat.X-content < 0.2.
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5.4 Assignments and strategies

In Fig.9 y ou ¢ an find a quite simplified s ituation. We hav e displayed a set of slabs, heats,
and caster s, r espectiv ely. Building up a production plan is equivalent to performing the
follow ing two steps:

Build up the assignments between these sets.
Instantiate the domains of the attributes (i.e. of slab::grade, slab::length, heat::gr ade,
heat::rank, ...).

The slabs have to be assigned to heats , and the heats have to be assigned to c asters.
The number of slabs and the number of casters are fixed, howev er, the number of heats
is unk own. The AssignmentF ramework is agener al framework which is capable of
building up these assignments by using str ategies, see Fig.8. The quality of the res ult
depends very much on the quality of these strategies. Moreover , they influence very
much the time and memory behav iour of ILOG.

Assignment Assignment

Framework Strategies
[€

Instantiation Instantiation

Framework B Strategies

Fig.8: Assignment framework and s ome use relationships.

In an early version of our program we firs t built up all assignments; simultaneous ly all
constr aints became pos ted. Then we started to instantiate the attr ibutes. However, two
pr oblems arose:

The instantiation proc ess takes to muc h time and memory.

As soon as non linear cons traints are included we have to fight with inconsistencies,
i.e. ILOG does not rec ognize that some of the posted c onstraints ¢ annot be fulfilled.
(Remark: Tousethe ILOG method llcSolveBounds() is not an option her e, because
of per formance problems).

As aconsequence w e started to combine the two steps assigning and ins tantiating.
However, s tarting with the ins tantiation process too early diminis hes the quality of the
planning r esults. It took us quite some time to find a solution for this problem w hich at
least solv ed the inconsistency problem. But we still had performance problems. For
solving these we had to adapt the instantiation pr oces s to our specific situation.
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In summary we can say that the ILO G class libr aries were quite useful for solving our
pr oblems. However, the use of ILOG SOLVER is quite non trivial. Many problems
ar ose whic h we did not expect, and it took us quite some time to s olve these

pr oblems.
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6 Portability Problems

We hav e developed our system on a HP UNIX wor kstation (32 bit arc hitectur e, 128MB
main memor y). Changing to a DEC UN IX w orks tation ( 64 bit architecture, 256 MB main
memory ) was a major pr oblem. D ue to the differ ent architec ture we expected that our
pr ogram would need about two times as much memory on the D EC than on the H P.
However, this factor w as between 3 and 5. Especially the ILOG solv er heap grew

ex cess ively.



