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1  Su mma r y 

We  hav e de v elo ped a s o ftw a r e s y s te m fo r  pl anni ng s eque nc es  in a s t eel plan t -  this 
in c lud es  r ough  tim e s c hedu ling .

T h e fo llow ing r es o ur c e s  c a n be  tak en i nto ac c o unt:  c on v er t er s ,  s ec onda r y  s teel mak i ng
eq uipm ent,  c on tinu ous  s lab  c as ter s .

T h e de s ign  of the s tee l pl ant,  pla nnin g s t r ate gies , s o ft c ons t r ain ts  w hic h  s ho uld be f ulfi lled 
as  w el l as  har d c o ns tr aint s  w h ic h mus t  be fulf ille d ar e r e ad f r om a da taba s e. H enc e, o ur 
s y s tem  c an  eas ily  be a dapt ed t o di ffer ent s tee l pl ants .

T h e pl anni ng h or iz on f or   " det aile d ( o n li ne)  plan ning “  is  one  day .

O u r  s y s tem  C C S P  i s  pa r t o f th e BR O N ER  s y s tem ( Br o ner  G r ou p Lt d., Watf or d, 
En glan d)   w hic h is  a p r odu c tio n pl anni ng s y s te m fo r  th e w h ole s tee l pl ant. 
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2  De s c ri p t i o n  of  a s t e e l  pl a n t 

In  F ig .1 w e ha v e g iv en  a s c hem atic  v ie w  of  a t r adi tion al s teel  pla nt. T he foll ow in g
pr oduc tion  s te ps  a r e p er fo r med :

• H o t me tal is  p r odu c ed in a  fur nac e .

• T h e c o nv er ter s  tr a ns fo r m  „ hot  met al +  s c r ap +  add itio ns “   to hot s tee l. T he c onte nt o f
on e c o nv er ter  is  n amed  hea t.

• T h e he at i s  po ur ed  int o an  emp ty  l adle .

• T h e la dles  ar e  tr a ns po r ted  on c ar s  and  c r a nes  to t he s ec on dar y  met allu r gy 
eq uipm ent,  e.g . la dle tr ea tmen t s t atio n ( L T S)  and v ac u um d egas s ing  ( VD ) .

• T h e la dles  ar e  tr a ns po r ted  to the c ont inuo us  s lab c as t er s ,  w he r e h ot s teel  is 
c o nv er ted to s tr an ds , w hic h ar e c o oled  w it h w a ter  unti l  t he s tr an ds  a r e c ompl etel y 
s o lidi fied . At  the  end  of the c as t ing pr oc es s  the s oli difi ed s tr an d is  c ut  int o s l abs . 

• In  the  mil l c o ils  ar e made  out  of s lab s .
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 F i g.1:  Sc h emat ic  v iew  of a  tr a diti onal  s te el p lant .
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3  Wh a t  d o  we  wa n t  to  pl a n ? 

We  w an t to  pla n  t he p r odu c tio n pr oc es s  fr om t he c onv e r ter s  to  the  c on tinu ous  s lab 
c a s ter s . T his  plan ning  inc lude s  " r ough  tim e s c hedu ling " , i .e. s c he duli ng w itho ut t ak in g in to
ac c oun t th e c a r s  a nd c r ane s .

O n e in put for  our  s y s t em a r e s lab or de r s . In F ig.2  w e hav e  dis play ed a  qui te s impl ifie d
s i tuat ion w her e w e  hav e 16  dif fer e nt o r der s . T he c olor s  -  i.e.  v io let,  blu e, a nd y ello w  - 
in dic a te, that  the  s la bs  a r e m ade fr om  dif fer e nt s teel  gr a des .  N ow  w e hav e  to find  out 
ho w  th es e s lab s  c a n be  pr o duc e d, i .e. w e  hav e  to buil d up  s tr ands  and  hea ts . Mor e ov er 
w e  hav e to  mak e s u r e t hat r es o ur c e s  ar e av aila ble for  pr od uc in g th e he ats . 

T h e fi nal plan ning  has  to fulf ill s ev e r al c ons tr ai nts .  We dis t ingu is h betw een four  dif fer e nt
ty pes : 

• T e ch n i cal co n s t rai n t s d ue t o th e te c hni c al equi pmen t, e .g. a he at h as  a  w ei ght of 2 20
t,  the  w id th o f th e s t r and  on c as t er  2  has  to be i n th e do main  [2. 0,5. 0] m .

• H e u ris t ic co n s t rai n t s w hic h  s ho uld be f ulfi lled  to r eac h a r eas onab le p lann ing,  e.g .
s l abs  w ith  an ear l y  du e da te s houl d be  c as t fi r s t,  if pos s ible .

• R o u g h  sch e d u li n g  c o n st rain t s d ue t o c a pac i ty  r es tr ic ti ons . 
• C u st o m er c o n st rain t s g iv en  by  the or de r  da ta, i.e.  the  w id th  of s lab SO 47 11 h as  t o

be  in the doma in [ 3.0,  3.2 ] m,  the  pr o duc t ion gr ad e s h ould  be of v er y  high  qua lity .

Mo r eov er  w e w a nt t o mi nimi z e c er ta in c os t func tion s .
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In  the  fol low i ng w e di s c us s  th e pl anni ng r es ul ts  w hic h  ar e  dis play ed i n F i g.2. 

• Al l s l abs  ar e plan ned,  w e get four  hea ts . T w o y ell ow  h eats , on e v i olet  hea t, a nd o ne
bl ue h eat. 

• T h e gr een s lab s  ar e un c omm is s i oned , th ey  a r e i ntr o duc e d fo r  fi llin g up  the  hea t ( a 
he at c ons i s ts  of a  c er tain  amo unt of h ot s teel , e. g. 2 20 t ) . M or eo v er  the gr ee n w e dges 
ma k e s ur e that  the  s tr and w idt h is  a c onti nuou s  fu nc ti on w ith r es p ec t to l engt h. T he
am ount  of " gr e en m ater ial“  s ho uld be a s  s m all as  p os s i ble. 

• O n e v i olet  s la b is  put  int o th e bl ue h eat.  H en c e t he c us to mer  w ho has  or de r ed this 
v i olet  s la b w i ll g et a  blu e on e, i ns te ad. T his  is  pos s ible  bec aus e  in our  ex am ple the
bl ue p r odu c tio n gr ade has  a be tter  s te el q uali ty  a nd i t is  an allo w ed s ubs titu te. T he
al ter n ativ e w o uld hav e  bee n to  int r odu c e a  s ec ond v iol et h eat.  H ow ev er , it  w ou ld
c o ntai n on ly  o ne o r der ed s lab,  and  w e w oul d ha v e t o fi ll u p th e he at w ith
un c omm is s i oned  s la bs . T hus , it  is  c hea per  for  the s tee l pl ant to d eliv er  t his  s lab  w it h a
be tter  qua lity .

• T h e he ats  ar e or de r ed in t w o s eque nc es . Se quen c e 1  is  c as t  on c as t er  1  w hi c h h as 
tw o s t r and s  an d s e quen c e 2  is  c as t  on c as t er  2 , a one s tr a nd c as te r .

• In  tab le 1  w e hav e  dis play ed a  hea t s c hedu ling  pla n.

C o n v 1 C o n v 2 C o n v 3  L T S  V D C a st er  1 C a st er  2

H e at  1   13:0 0

  13:4 5

 1 4:00 

 1 4:15 

14 :20

15 :20

15 :30

16 :30

H e at  2   14:1 4

  15:0 0

15 :20

16 :20

 1 6:30 

 1 7:30 

H e at  3  1 3:00 

 1 3:40 

 1 3:45 

 1 3:55 

 1 4:10 

 1 5:00 

H e at  4 14 :05

14 :45

14 :45

14 :55

 1 5:00 

 1 5:45 

T a ble 1: R ough  s c h edul ing of 4  hea ts . We h av e ente r ed s tar t an d en d ti me.
             C r ane s  an d c a r s  a r e n ot i nc lu ded. 
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Sequence 1

16 slab orders
of 3 different
grades

2 strands on
caster 1

1 strand on caster 2

Sequence 2

4 heats in 2 sequences

violet blue

yellow yellow

F i g.2:  H ow  to buil d up  s tr ands , he ats ,  and  s eq uenc es  ( s imp le e x amp le) . 
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4  Sh o rt  de s c ri p t i o n  of  CCSP

C C SP ( c on tinu ous  c as ter  s eq uenc e pla nner )  is  a p r odu c tio n pl anni ng s y s te m fo r  a  s te el
pl ant ( tak ing into  ac c ount  the  pr o c es s  fr o m th e c o nv er ter  to t he c onti nuou s  s l ab c as te r ) .
T h e pl anni ng h or iz on f or  " deta iled  ( on  lin e)  p lann ing“  is  one day . 

T h e s y s tem  w as  dev elop ed u s ing  obj ec t or ie nted  met hods , C + +, a nd t he l ibr a r ies   IL O G 
SO LVER  3.0  and  ILO G  SC H ED U LER  2.0. 

T h er e ar e tw o mec h anis ms  f or  a dapt ing the s y s t em t o a s pec ific  s te el p lant  ( s e e F i g.3) .

1. T h e de s ign  of the s tee l pl ant,  c er tain  s tr ateg ies ,  the  dif fer e nt c ons t r ain ts , and the
at tr ib utes  of the plan ning  obj ec ts  ar e  s pe c ifi ed i n a data bas e .

2. A " s tr ateg y  fr amew or k “  c an  be us ed  for  imp leme ntin g s t eel plan t s p ec if ic  " ex pe r t
k n ow le dge“ .

 

 

 

      D atab as e

 Design of steel plant.
 Planning objects.

 Attributes of planning objects.
 Constraints.
 Strategies.

 

 

 Framework for implementing expert knowledge

 In her i t fr om t he f r ame w or k  and  imp leme nt
 th e pr edef ined  met hods 

 

 

 F i g.3:  T he  tw o  c om pone nts  w hic h gi v e f lex i bili ty  t o C C SP.
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5  M a p p i n g  th e  st e e l  pl a n t  to  an  ob j e c t  s t ru c t u re 

In  the  fol low i ng w e w i ll d is c u s s  t hos e  fiv e mo dule s  of  our  s y s tem w her e w e  hav e us ed
IL O G  ( s ee F ig. 4) .

Plant Planning

Objects

Assignments

StrategiesConstraints

F i g.4:  T he  fiv e mo dule s  of  C C S P w h er e ILO G  w as  us e d.

• Pl an t : C ont ains  the  s c h edul ing par t  of C C SP . R e s our c es  and ac ti v iti es  c an b e en ter e d
he r e.

• Pl an n i n g  O b jec t s: Slab s , h eats , an d s e quen c es  ar e ex am ples  for  pla nnin g ob jec t s .

• C o n st r ain t s: T he attr ibut es  o f th e pl anni ng o bjec ts  a r e r elat ed b y  c o ns tr aint s  to  eac h
ot her . 

• A s sig n m en t s: Plan ning  obj ec ts  hav e to  be as s i gned  to eac h  oth er , e.g.  s la bs  h av e to
be  as s igne d to  hea ts , heat s  to  s eq uenc es , and s equ enc e s  to  c as ter s . T h e mo dule 
As s ign ment s  us es  t he m odul e St r ate gies .

• St rat e g ies : H er e  w e fix  how  the as s i gnme nts  ar e buil t up .

We  s ho w  w h er e w e h av e us ed  the  ILO G  c l as s  libr ar ie s , a nd w her e  w e had pr ob lems  in
do ing s o. ILO G  c la s s es  ar e  gr e y ed ( R em ar k :  T hi s  is  an impr oper  us e  of the Booc h
no tati on, w her e me tac l as s e s  ar e gr ey ed ) .
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5 . 1  Pl a n t 

T h is  m odul e is  r es pons ible  for  r ou gh s c hed ulin g. T he c las s  Pla ntH a ndle r  ( s ee F ig.5 )  ha s 
tw o c o ntai ner s . In  the  fir s t o ne y ou c an f ind all s tee l pl ant r es o ur c e s  ( c as te r , c onv e r ter ,
s e c ond ar y  meta llur gy  e quip ment , .. .)  a nd i n th e s e c ond  one  the  pos s ibl e r o utin gs  f or  a ll
pr oduc tion  gr a des .  R ou ting  its elf has  a c o ntai ner  in w hic h  all  ac t iv it ies  ar e s tor ed.
St eelP lant R es o ur c e  inh er it s  fr om t he I LO G  c las s  Il c R es our c e.

T h e Pl antH andl er  h as  a  met hod tr y S c hed ule( ...) . If  s c h edul ing is  p os s i ble T R U E  is 
r e tur n ed, othe r w is e F A LSE.  T he  us e  of ILO G  w as  qui te n atur al h er e. 

SteelPlant

Resource

IlcResource

PlantHandler

n

Routing

n

IlcActivity

F i g.5:  T he  Pla ntH a ndle r  is  r es pons ible  for  r ou gh s c hed ulin g.
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5 . 2  Pl a n n i n g  O b j e c t s 

In  F ig .6 w e ha v e d is pl ay ed  the  s tr uc tu r e o f ou r  pl anni ng o bjec ts . T h e at tr ib utes  ar e  r ea d
fr om a  dat abas e.

 

PlanningObject

Slab Heat Sequence CasterStrand

Attribute IlogAttribute
n

 F i g.6:  T he  pla nnin g ob jec t s  us ed i n C C SP.

 

A Slab  c ou ld h av e the attr ibut es   { len gth,  thi c k ne s s , w eig ht, pr od uc ti onG r ade,  ... }   -  the 
at tr ib ute pr od uc ti onG r ade c ont ains  inf or ma tion  abo ut c hemi c al c omp os it ion and phy s ic al 
pr oper ties .

A C as t er  c ould  hav e th e at tr ib utes  { c a s ter Id, c as t ingS tar t T ime , c a s tin gEnd T ime ,
no O fSt r and s , m inim umSt r and Widt h, m ax im umSt r and Widt h, . ..} . 

Sl abs  ar e c oll ec te d in  H ea ts . A H e at c ould  hav e th e at tr ib utes  { w e ight , no O fSl abs , 
c a s tin gSta r tT i me, c as t ingE ndT i me, ... } 



C C SP / MD V- Er ro r!  A u t o T ex t  en t ry n o t  d ef i n ed . 
 C onti nuou s  C a s ter  Seq uenc e Pl anne r 17 . J u ni 1 996

 

5 . 3  Co n s t r a i n t s 

We  hav e tw o fu ndam enta l ty pes  of c ons t r ain ts , i.e.  C on s tr u c tor C ons tr ai nt( s )  an d
As s ign ment C ons tr ai nt( s ) , s ee F ig.7 .

 

IlcConstraint

Constraint

Constructor

Constraint

Assignment

Constraint

 F i g.7:  C on s tr a ints  us e d in  C C S P.

T h e c o ns tr aint s  ar e r e ad f r om a da taba s e. T hey  loo k  li k e f ollo w s :

C o ns tr uc to r  C o ns tr aint s :
• Sl ab.w eigh t = Slab .len gth * Sl ab.t hic k nes s  * S lab. w idt h * Slab .den s ity .
• H e at.n oO fS labs   > 10
• H e at.w eigh t  =  220  t
 

 As s ign ment  C on s tr a ints :
• F o r  th e fi r s t H eat  on a C a s ter : H e at.c as ti ngSt ar tT ime = C a s ter .c as ting Star tT im e
• If   th e fi r s t thr e e H e ats  fulf ill H eat .X- c onte nt > =  0 .2, then  the  fol low i ng H eats  s ho uld

fu lfil l H e at.X - c on tent  <  0.2. 
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5 . 4  As s i g n me n t s  an d  st ra t e g i e s 

In  F ig .9 y ou c an f ind a qu ite s imp lifi ed s itua tion . We  hav e di s pla y ed a s e t of  s la bs , heat s ,
an d c a s ter s , r es pe c tiv ely .  Bui ldin g up  a p r odu c tio n pl an i s  eq uiv a lent  to per f or mi ng t he
fo llow ing tw o s tep s :

• Bu ild up t he a s s ig nmen ts  b etw e en t hes e  s et s .
• In s tan tiat e th e do main s  of  the  att r ibu tes  ( i.e . of  s la b::g r ade , s l ab:: leng th, heat ::gr ade, 

he at:: r ank , .. .) .

T h e s l abs  hav e  to be a s s ig ned to h eats , an d th e he ats  hav e  to be a s s ig ned to c as te r s .
T h e nu mber  of s lab s  an d th e nu mber  of c as t er s  ar e fix e d, h ow ev er , the numb er  o f he ats 
is  unk ow n.  T he  As s ignm entF r ame w or k   is  a g ener al f r ame w or k  w hi c h i s  c a pabl e of 
bu ildi ng u p th es e as s i gnme nts  by  u s ing  s tr ateg ies ,  s ee  F ig .8. T h e qu alit y  of  the  r es ult
de pend s  v e r y  m uc h on t he q uali ty  o f th es e s tr a tegi es . Mor e ov er , th ey  i nflu enc e  v er y 
mu c h t he t ime and memo r y  b ehav iour  of ILO G .

 .

Assignment
Framework

Instantiation
Framework

Assignment
Strategies

Instantiation 
Strategies

 F i g.8:  As s ignm ent  fr a mew o r k  a nd s ome us e r ela tion s hip s .

 In  an ear l y  v e r s io n of  our  pr o gr am  w e fir s t bu ilt up a ll a s s ig nmen ts ; s imu ltan eous ly  a ll
c o ns tr aint s  be c ame  pos ted.  T he n w e  s ta r ted  to ins t anti ate the attr ibut es . H ow e v er ,  tw o 
pr oble ms  a r os e :

• T h e in s tan tiat ion pr oc es s  tak e s  to  muc h ti me a nd m emor y .

• As  s oo n as  non  lin ear  c ons tr ai nts  ar e inc l uded  w e hav e  to figh t w i th i nc on s is t enc i es ,
i. e. I LO G  does  not  r ec ogni z e t hat s ome  of the pos t ed c ons t r ain ts  c anno t be  ful fill ed.
( R emar k : T o us e th e IL O G   meth od I lc So lv eB ound s ( )  is  n ot a n op tion  her e, b ec au s e
of  per for m anc e  pr o blem s ) .

 As  a c ons e quen c e w e s t ar te d to  c om bine  the  tw o  s te ps  a s s ig ning  and  ins tant iati ng.
H o w ev e r , s tar t ing w ith  the  ins tant iati on p r oc e s s  t oo e ar ly  dim inis hes  the qual ity  of t he
pl anni ng r es ul ts . It t ook  us  q uite  s om e ti me t o fi nd a  s ol utio n fo r  th is  p r obl em w hic h  at
le as t s olv ed t he i nc on s is t enc y  pr o blem . Bu t w e  s ti ll h ad p er fo r man c e p r obl ems .  F or 
s o lv in g th es e w e h ad t o ad apt the ins t anti atio n pr oc es s  to  our  s pe c ifi c  s i tuat ion. 
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 In  s um mar y  w e c an s ay  that  the  ILO G  c l as s  libr ar ie s  w e r e q uite  us e ful for  s olv ing our 
pr oble ms . H ow e v er ,  the  us e  of ILO G  SO L VER  is  q uite  non  tr i v ial . Ma ny  p r obl ems 
ar os e w hic h w e  did  not  ex p ec t,  and  it took  us  quit e s o me t ime to s olv e  the s e
pr oble ms .
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6  Po rt a b i l i t y  Pr o b l e ms 

We  hav e de v elo ped  our  s y s tem on a  H P U N IX  w or k s ta tion  ( 32  bit  ar c hite c tur e, 1 28MB 
ma in m emor y ) . C han ging  to a D E C  U N IX w or k s tati on ( 64 b it a r c hi tec t ur e,  256 MB m ain
me mor y )  w a s  a majo r  pr oble m. D ue t o th e di ffer ent ar c h itec tur e  w e ex pe c ted  tha t ou r 
pr ogr a m w o uld need  abo ut t w o t imes  as  muc h  mem or y  on t he D EC  t han on t he H P.
H o w ev e r , t his  fac t or  w as  b etw e en 3  and  5. Es pe c ial ly  t he I LO G  s olv er  h eap gr ew 
ex c es s iv el y .

 

 


