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Note: the GUI part is a shortened version of the actual User's Manual, which is written in
Swedish. This is the reason for the Swedish text in some of the images.

1. Description of the application
The Ovako problem is mainly divided into two parts:

1. allocation of charges to orders
2. planning the furnaces

This division is reflected in the application. The main window is concerned with the furnace
planning and there is another window where the allocation of charges is done.

The normal way of working with the application is

1. Get data (from Ovako's production systems or from files)

2. Do the allocation
e Do the important details by hand
e Complete the rest using the automatic allocation function
e If needed, modify the automatic allocation by hand

3. Add or modify planned stops

4. Make a plan

If the plan looks okay then it is used as a basis for the production. If it is not okay then the
user can modify the allocation or add planned stops and then make a new plan.

It is sometimes useful to experiment with the allocations, planned stops or the charge queue. It
then useful to store a set of different situations to be able to compare them. This is supported
in the application through the use of flan list In this case, the steps above is augmented

with

5. Add plan to plan list if it is interesting.

6. Compare the latest plan with the others in the list. If none of them is acceptable, go back
to 2 or 3.
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2. Introduction to the GUI
Three windows are shown when the system is started:

The main window, where the plans are visualised:

This is where plans are generated, states loaded and saved, plans are compared and breaks for
the rolling flows and the furnaces are set. When the application is used at Ovako's Hofors
facility, data is imported from the production systems by pressintfa#iedata”button but

this is obviously not possible without the connection to their databases. So, when testing the
application the data has to be imported from files instead (described later).

The next window is the allocation window that shows the charge queue, the orders and the
allocations between them:

Allocations can be done manually or automatically
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The third window shows the current status of the pit furnaces:

Pit furnace status [_[0]x]

Fun Temp. Const. Factor Phase Chaige Ingots
1 900 0015 0787 uEm G120 24
00 0015 0724 tom - -
300 0015 0634 ufEm  GIIFF 24
900 0015 0702 uppvda  GE1FE 24
900 0015 0706 nedsds  GO182 17
300 0015 085 ujEm  GIIFE 23
900 0015 OESF  uhEm  GHIFE 21
900 0015 0588 uiEm  GH174 5
& 300 0015 0747 uppvs G181 e
10 900 0015 0822 uppva  GEIE0D 23
1 900 0015 0732 uiEm GHIFI 24
12 300 0015 085  uppwd  GAITE A

Make plan

These three windows will now be briefly described.

@ o e e ra

3. The main window

A Gantt chart covers the largest part of this window. The resources are the furnaces (the
brighter grey lines are empty positions between the furnaces so that the chart gives visual
clues about the actual spatial distance between the furnaces).

Main window [_ O[]

File “iew Tools 259.13'

Get data

11 = ‘l_ Mudify| Marker: 199708131230 |

Make plan

The colours of the tasks represent different furnace phases: green is charging, yellow heating,
blue soaking (constant temperature), pink is waiting. Decharging is a grey area where one line
for each ingot that is decharged is drawn (the colour of the line depends on which roller line
the ingot is scheduled for). These lines are also drawn below the furnace chart, where we have
a separate Gantt chart for the rolling lines.

The chart contains two vertical blue lines, the lighter one is the current time while the other
one is a marker. The marker can be set by right-clicking in the chart or by moving it with the
left mouse button pressed.
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At the bottom of the window there is a histogram that shows how many furnaces there are that
we could start decharging from.

4

Pressing the left mouse button on an ingot's decharging line shows information about it:

Dimension is given as a pair of a shape and a measure. In the example abovesgelbave
which means square-shaped with 150mm side. We alsaméier round andyot for whole
ingots that should not be rolled at all.

Breaks or stops (a time interval when the resource is unavailable) can be given for each
furnace or rolling line independently, by first making sure thaMbdify-button is marked,

and then dragging with the mouse in the Gantt chart. For the furnaces, the mouse must be in a
position such that the furnace is marked with a light grey background when the drag is started.

A break is removed by clicking on it or by choosiRgmove all stopis theToolsmenu.
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3.1. Menus
The most important menu entries will now be described.

The Filemern 0 =—omooooooooooo

e Print, Microsoft Windows :"”t'M":'tDSEf”tW'”dDWS
(Under Unix this entry is called Print Postscript) S
Prints the Gantt chart to a printer. This requires Ghostscript Load state
to be installed. Currently the path to the Ghostscript Quicklaad history
executable is hardwired in the code, so the recommended | qad situation
way to create a printout is to save the chart as a postscript fil&ye situation
and print that file using e.g. Ghostview.

Settingz L4

e Save postscript

e it
Save the Gantt chart as a postscript file. -

e Load state
Used to load different problem scenarios into the system. The application is delivered with
several state files (see section 6).

e Quickload history
Shows history data in the Gantt chart. The history supplied is from a 4-week period in the
autumn of 1997.

e Load and Save situation
Loads and saves the entire state of the system. Very useful for debugging and discussions
about the behaviour of the systemsifuationcontains more information than a state, for
example planned stops, more allocations (a state contains allocations only for charges in
the furnaces).

o Exit
Exits from the system.
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The View menu

e Plan in text format
Shows the plan in text format. This is useful if the user
wants detailed timing information. Each operation is
listed on one line and the lines are sorted in chronologicaf!an in test-famat

order. Legend
S == The start of the diagram...
02:00 dragning, ugn 11, 24 got mot =sdgd, order 211137 e _
03:12 dragning, ugn 1, 24 got mot =fdgd, order 211137 Tll'l'lE grade r
04:24 dragning, ugn 7, 21 got mot =axd, order Z01584
04:56 utjémning, ugn 4 W ShDW Chang Id
05:03 nedsattning, ugn 2, 2183
05:03 uppvarmning, ugn 2 v Show flaw calours
05:27 dragning, ugn 6, 23 gst mot saxd, order 201584 i
05:31 utjéamning, ugn 12
05:35 dragning, ugn 8, 5 g6t mot =8gd, order 211093
05:49 utjamning, ugn &
06:15 utjéamning, ugn 9
06:47 utjémning, ugn 10
06:53 dragning, ugn 3, 24 goét mot saxd, order 201584
08:31 dragning, ugn 12, 5 got mot sfgd, order 211138
08:46 dragning, ugn 12, 9 g6t mot =8gd4, order 211138
08:46 nedsattning, ugn 7, <9184
08:46 uppvarmning, ugn 7
08:59% utjémning, ugn 2
09:13 dragning, ugn 12, 10 g6t mot saxd, order 201591
09: 33 dragning, ugn 5, 4 got mot sfgd, order 211067 |
Stang | Uppdatera

e Legend
Show a window that describes the colour coding of the Gantt chart.

Gantt-chart legend =]

Charging | |
Waiting | |
Heating | |
Soaking | |
| |
| |

Dechardging

Stop

Cloze |
e Show charge id

If enabled, draw the charge id next to the charging phase in the Gantt chart.

e Show flow colours
If enabled, the decharging lines have different colours depending on which roller line the
ingots will go to. If disabled, all lines are black.
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The Tools menu

e Make plan
Creates a new plan. Clicking on any of Make plan Make plan S
buttons in the other windows has the same result. Create state from historical data

e Clear chart Clear chart

Clears everything from the Gantt chart. Note that
although the chart is empty stops that were created are Stat plan lst

still stored internally. To remove them uRemove all Add ta plan list
Stops Cloze plan list

Remove all stops

¢ Remove all stops
Deletes all planned stops, both in the chart and from the internal database.

e Start plan list, Add to plan list, Close plan list
Open, add to, and close the plan list. The plan list is used for comparing different plans.

To use it, make a plan (including planned breaks and the allocation) and then/Atidose
to plan listto add this situation to the list. Then modify the plan by changing the
allocation or the breaks and add the new plan to the list.

The plan list contains a simple cost measure that helps when compasiss
(it's essentially the total time spent in a furnace, including waiting timé&:
The smaller this value is the better the plan (in some sense). The cost 230,98 ] |
measure for the latest plan can always be found in the upper right co
of the main window.

Planlist [_ (O]

20913 The hirst atkernpt
27363 With stops
26253 Stops + new allocation

-

Cloze | Addplan | Chooge plan

To choose a plan from the list, double-click on it.

What-if analyses
The plan list can be used for what-if analyses by modifying the premises (allocation,
breaks) together with the plan list functions.

For example, it is possible to compare the outcome of shutting down a furnace at different
times (for maintenance for example). One could also see if there would be different results
if another furnace was shut down instead.

Or maybe one wants to see if a furnace can be switched off without lowering production?
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Or why not experiment with different allocations so that the problems with turning off
furnaces or rolling lines can be minimised or eliminated?

If the charges are coming in too quickly so that the rolling mill cannot keep up, then the
user can experiment with delays in the charge queue to see how it affects the plans. When
suitable delays (which charges and how much too delay) have been found, these can be
requested from the steel works.

The whole idea with these what-if analyses is that we can foresee problems and also solve
them before they occur.

4. The allocation window

This is where the allocations are made. There are two lists of charges and orders respectively,
and lines connecting entries in the two lists. The number in the middle of the line is the
number of ingots.

Allocation [_ O] <]
e Drders

|| Charge Grade Ing. PB Mrk Order  Grade Ing. Cust. Due Dim Soak PB

G172 8031 0 6 7
G173 805
9174 8248
G175 805
G176 805
GHFT 805
G9178 8258

201633 3824 0 extern
2MM36 8030 0 extern
201603 B37R 24 exern
201622 8375 24 ring
201613 8030 0 rir
201615 8030 170 extern
201598 BO3M 120 extern
201610 4858 9 ring
201616 3824 24 rdr
201643 B37R 24 rdr
HMM37 8030 0 extern
201609 2530 10 extern
201623 B37R 22 ring
201638 8258 24 rdr
21093 8248 4 extern

5q150
rnd 110

B

5q150
5q150
5q150
5q150
5q150
5q150
5q150
5q150
rnd 110
5q150
5q150
5q150
rnd 110

a

a

a

a

a

a
G9179 8050 0
G180 134E 0O
G181 #0310
G182 256G 0
G183 8030 0
G184 8030 0
G185 327A 0
G186 803FZ 0
G187 8258 0
G188 8030 1
G189 382K 0
39180 803M 0O
G192 8030 24
39193 803N 24

211138 803 0 extern
211075 139 1 ring

211067 256G 0  ring

201585 803J 169 rir

201621 803J 169 extern
201626 803J 170 extern
201593 803F 72 sting
201633 837R 24  sting
201642 8258 24 extern
201647 280T 24 extern
211808 2566 0  sting

rnd 110
rnd 140
rnd 95
5q150
5q150
5q150
5q150
5q150
5q150
5q150
rnd 95

M= R WM DG W® =R @
A = - - - R R
e = = = N T )
0L @ L ) L LD L) LD LI O DD LD L) LD G0 LD L) L LD L) LD G L G
SN DWW DD DN W WD DB WS R DWW WS

I Make plan | Operations — IEhoose order or right-click in the allocation area to cancel |EE193

The blue lines are for charges in the furnaces (those charges are also blue), redficeeds are
allocations that should not be changed, and the rest are black.

Each charge and order show how mangllocatedingots they contain. An allocation should
only be between a charge and order that have the same steel grade and the PB code for the
charge should be than the PB code for the order.

Charges with darker background have a mark of 9 and have to be treated manually, i.e. they
are not automatically allocated.

The orders are sorted w.r.t. their due dates (given in days from today) and the charges are
listed in the incoming order.

To create an allocation manually, right-click on a charge and ciidlosate to orderfrom

the appearing popup menu. The compatible orders are then marked with red markers. Click on
an order to create the allocation. There might be warning messages complaining about illegal
combinations of charge and order and these warnings can be overridden for flexibility

reasons.

An allocation can be removed by right-clicking on a line and cho@atetefrom the popup
menu. One can remove entire subsets of the allocations usi@gpénationsmenu in the
bottom of the window.
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An allocation can be changed by dragging one of the endpoints of a line to a new
charge/order. An allocation can also be modified by right-clicking on it and chdédiing
from the popup menu.

Clicking on a charge or order shows all compatible entries in the other list.

It has already been mentioned that a popupanzs o & 2 |M\ ' | 201609
menu is shown when right-clickingona 303 0 3 B 201623

charge. This menu contains the following 2228 ~—— S
commands: oy | oo ik 211138
303 Remove allocations to G3185 211075

e Allocate to order 382K Put away ingats 211067
Create an allocation for the charge. 303N Delay G9185 and the following charges | 201595
03] = | — 201621

¢ Remove allocations to X 3038 24 2 4 m\m\ 201626

Removes all allocations that involve the charge.

e Put away ingots
If some ingots of a charge should not be charged into a furnace but rather put away for
future use, then this command should be used.

e Delay X and the following charges
Charges are assumed to arrive with approximately 65-minute intervals. This command can
be used to adjust the interval between the current charge and the previous one.

TheOperationsmenu contains actions relatedto - -~ —— - — - — -
allocations. Some useful commands in the menu wil  Show allacations

now be described. 4dd allocation
Autamatic allocatian

e Show allocations
Opens a textual list with all allocations. This is
useful if the graphical representation becomes tc
cluttered.

Remove an allocation

Remove all manual allocations
Remove all automatic allocations
Remove all furnace allocations

krodiiaal BEE Remawve all allacation
G817z 211137 2d infurnace =
G3173 211137 24 infurnace
=9174 211083 5 infurnace
G3175 201584 ik infurnace
G176 201584 23 infurnace
G177 201584 2 infurnace

G9178 211055 (4] infurnace
=3178 211101 12 infurnace
=9178 211185 (=] infurnace
G91782 201581 10 infurnace
G9179 2111386 9 infurnace
G9179 211138 5 infurnace

3180 211075 23 infurnace =
=5181 201584 12 infurnace
G9181 2015891 12 infurnace
=9182 211067 4 infurnace
G9182 211068
G918z2 211302
=8182 211a08
9182 211824

Sting | Uppdatera

e Add allocation
Can be used to add an allocation although it is mostly more convenient to use the popup
menu of the charges.

infurnace
infurnace
infurnace
infurnace =l

Lo L

e Automatic allocation
This command completes the allocation automatically. This is useful since allocations can
be tedious to do manually. Automatic allocations can of course be modified afterwards, in
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the normal way. Note that an automatic allocation is always done when planing, so it is
often not necessary to execute this command manually.

e Remove an allocation, etc.
Removes different subsets of allocations.

All allocations are removed when a new state is loaded from file, except those of the manual
ones that have their charge and order also in the new state. This is useful since if the
allocation was done manually, it was probably important in some way, so it should be saved.

The system does not schedule unallocated ingots. However, when scheduling is initiated, the
user is warned if any of the charges contain such ingots:

\ Varning
& Fuliands charger har oknutna gat:
G3188 5152 G91433
Observera att oknutna gat inte kommer att schemalaggas.

Planera nu?

Note that the rest of the ingots in a charge are scheduled even if some ingots are unallocated.

5. Furnace status window

This window simply shows some data about each furnace, such as it's current phase,
temperature, and charge.

Pit furnace status [ O[]

Fui Temp. Const Fator Phase Chargs Ingots
190 0006 0787 ufEm G372 24
2 900 005 0724 lom - -
3 900 005 063 uEm  GIIT7 24
4 90 005 0703 uppvd GIITE 24
5 900 0015 0705 nedss GIEE 17
6 900 005 085 uEm  GII7E 23
7900 0005 0857 ufm G375 21
8 90 0015 06 uiEm G314 6
9 900 005 0747 uppvd GIIEL 24
10 900 0015 0822 uppvd  GI1E0 23
180 0015 0732 ujEm 69173 24
12 900 005 085 uppvd  G9I7S 24

Make plan

10
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6. The scenarios

Together with the application we include a few example data files. These can be loaded using
theFile/Load statemenu entry of the main window.

Filename Description Tips

no_sol.pl, Mostly small round dimensions The round flow is a bottleneck

no_sol2.pl and some square. The small | so we should try to replace Sof

- round flow is a bottleneck. of the round orders with squarg.

However, there is very little
square orders at this time so o
can use the orders with whole
ingots (dimension got) or try
to replace several small
allocations to one charge with
larger ones.

ovakol.pl, Only small round dimensions, | Here too there are very little

ovako2.pl tight schedule, much waiting | square orders to use. One can

to replace several small
allocations with larger ones, by
in fact, this plan is so tight that
requests to the steel works to
stop for a while might be
motivated. For example try to
delay charge P4672 ovakol.pl
with 60 minutes and observe tf
improvement in the cost
measure.

try

—

e

ovako_980602.pl

About equal amounts of round
and square, relatively tight
schedule

Only minor improvements can
be made since the allocation
already is rather balanced. The

are some square orders that cgn

replace a few of the round one
but one must remember to
respect the due dates.

re

-

D

history/*

These files are derived from
historical data. Due to the lack
of some information in the
historical data, some
information has to be
randomised. This means that
these files are not entirely
realistic but they may be
interesting to try out
nonetheless.

These files are rather different
nature so no general tips can [
given.

e

To try them out, just load the respective files and pyésse plan Say yes to any warning
messages that may show up. Inspect the generated plan to see if there are any obvious

11
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improvements that could be made, or simply follow the tips in the table above. Make a new
plan to see if it has improved.

7. The end
In the event that you have problems or questions with the application, please contact

Emil Astrom, SICS

emil@sics.se
+46-8-752 15 87
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