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1 Starting LPLW

Iplw can be started just by clicking on its icon ({8F Iplw.exd. An empty LPL environment
(without a model) is opened.

An alternative to open Iplw is to drag and drop an LPL-modelfile on to the executable
Iplw.exe in which case the corresponding LPL model is loaded (in Figure 1 the model
alloy.lpl was dragged and dropped to Iplw.exe.

@ LPL-- Modeling System

File Edit Search Wew Tools Run Help
DeEe = #AEsSo>PO?
@ VieHnec® R% || ENTITY | TABLE | GRAPH | INSTANCE | DR&W | SearchFiles | LOG  allowpl
Tres lList ]Files ] MODEL ALLOYING "& simple blending problem™:
- @) ALLOVING SET
0 rmskals [m] metals ALIAS m := / A,B,C1,C2,D /;
0 ores [o] ores ARLIAS o := / orel ore2 ore3 ore4 oreS oreé /;
0 bourd PARAMETER
Dmies bound{o} "availability of ore"
0 purity 1= [1000 3000 2000 800 2600 1700]1:
0 alloy
0 obtain price {o} := 25 10 20 i3 22 1z
1 quiantity () purityi{o} := 0.8 0.4 0.7 0.6 0.7 0.4
. AMOUNT [X) alloy{m} =1 0.18 -0.30 -0.40 0.60 0.02
. cbtain{o,m} := /
% 3 metieq : I B cl cz D
= maeh orel 0.20 -0.20 -0.40 0.40 0©0.00
ored .15 -0.00 -0.20 0.20 ©0.05
ore3 0.00 -0.40 -0.30 0.30 0.00
ored .10 -0.20 -0.30 0©0.30 0.00
ores .10 -0.25 -0.25 0.25 0.10
oreg 0.05 -0.08 -0.17 ©.17 0.10 /:
guantity ALIAS @ := 3000;
VARIAELE
BMOUNT{o} ALIAS X [0,bound]:
CONSTRAINT
quaredq: 5UM{o} purity*X = Q "Quantity teo produce™;
metregim}: SUM{o} (alloy*purity-obtain)*¥X >= 0 "Metal regquirements";
MINIMIZE cost: 5UM{o} price*X "Minimize costs™;
WRITE cost, X:
END
JModel Status: Model parsed Solver Status: NOT SOLVED

Figure 1: Model alloy.jp/ is opened

Exercice 1. Open Iplw.exe with model alloy.Ipl :
On the file explorer drag the file alloy.Ipl to the file Iplw.exe then drop it.

The menu item <File/New Model>also generates an empty LPL desktop; or a model can be
opened through the menu item <File/Open Model>.

Exercice 2: Open alloy.lpl from the Open menu item:
In the menu click <File/New Model> (an empty model is opened).
Now click <File/lOpen Model> and open alloy.Ipl.




2 Main Structure

The LPL desktop consists of

(1) The quick access button bar at the top (all functions are found in the menus too). This
toolbar can be dragged off from the top:

Quick Buttons

D o

(2) The Inspector (the left part of the window): lists the model entities in a tree view and
the files in a list box,

(3) The Browser (the right part of the window (displays various views of the model
elements).

A The slider in the middle can be moved to the right and to the left. a

Exercice 1: Click repeatedly on %:
The Inspector is alternatively hidden and shown, while the Browser is alternatively
expanded and shrunk.

The Inspectorcontains the three tabs: I Tree l List | Files |
(1) Tree: It displays all (selected) entities of the model in a hierachical way.
(2) List : It displays all entities of the model in a linear list and alphabethically sorted.
(3) Files: It lists all files involved in the model.

Opening a model directly generates a Tree-view of all entities defined in the model in the
Tree tab. The same list of entities is found in Tab List. The Tab Files shows a list of all files
involved in the model specification (actually there are two entries: alloy.lpl and cfglpl.Ipl).

At the top of the Inspector, a list of buttons (@ W s @l BE) is placed. These buttons
selects/unselects various entities shown in the tree.

Exercice 2: Click repeatedly on @ in the Inspector:
The Tree view collapses/expands.
Now click repeatedly on W the Tree expands/collapses with the Set entities.
Repeat this with the other buttons.

The Browser contains a variable number of tabs depending of how many files are open for
editing. The first permanent tabs are :

(1) ENTITY : It displays the information (found in the model source code) of a specific
entity of the model.

(2) TABLE : It displays the values of a (multi-dimensional) entity in tabular (grid) form,
as a pivot table.

(3) GRAPH: It displays a graphcal view of the relations between the model entities (not
shown in the Free Package).




(4) INSTANCE: It displays a graphical view of the relations between single model
objects (not shown in the Free Package).

(5) DRAW: It displays the results of the models in a picture form (not shown in the Free
Package).

(6) SerachFiles It displays all occurrences of an identifier in all source files.

(7) LOG: It lists the messages and diagnostic text after a model run.

(8) alloy.lpl : It shows the main source code file of the model which is editable (here the
alloy.Ipl file).

(9) ¢ Mo r bs: ThEyadisplay more editable files if opened.

Exercice 3: Double-click the entry B AMOUNT (X) within the Tab Tree:
The cursor in the editor Tab alloy.Ipl jumps to the definition of AMOUNT in the
source file.
Double-click on various Entries in the Tree: each time the cursor jumps in the
source code to the specific definition.

Exercice 4: Click on the Files tab in the Inspector, then click the file entry Iplcfg.lpl:
The file Iplcfg.lpl is open in a new tab in the Browser (right part with new tab

Iplcfg.ipl).

Exercice 5: Click on 4 at the top on the Inspector (make sure that the six parameters
of the model are listed in the Tree). Now click on € 0bound, and finally click the
TABLE tab:

You will see the 6 values of the parameter called bound. Compare these values with
the values defined within the model source on switching back and forth between
the TABLE and the alloy.Ipl tab.

3 Running the model
Till now, we have done just some browsing manipulations. We now want to run the model.

Click the Run button P+ . The results are written to a new file alloy.nomwhich is opened on a
new tab in the Browser automatically after running.

Exercice 1: Run the model by clicking P in the Toolbar at the top:
The model is run and solved (if the solver has been configured correctly), a new tab
open in the Browser (alloy.nom) which displays the solution.

The resulting LPL window after the previous exercise is shown in Figure 2.

If the resulting screen is not as shown in Figure 2, then something went wrong with the
solver. In this case go to the Iplcfg.lpl tab, which will open the Iplcfg.lpl file in an editor, go at
the end of the editor by scrolling down until the end of the file. Now make sure that the line

OPTION solver := IplSol; -- this is the solver which is ac tive now

is the last active instruction. (All lines following it, must be comments, that means, they begin
with two dashes. | f it i's not the case,
active.) Then run the model again by clicking P+ again. LPL will ask you to save the Iplcfg.Ipl
file first, since you have modified it. Click OK to save.



% LPL -- Modeling System
File Edit Search Wiew Tools Run Help

D=Bsk NESS >0 7
® VO ©® Rt | enmiTy| TABLE | GRAPH | INSTANCE | DRAW | SearchFies | LOG | allopil | Iplcigpl  alloy.nom
Tee | Lt | Fies ||[cost
EI--@ ALLOYING 86400.00
..... 0 metals [m) LMOUNTY o}
; 0 ores [o] orel ored ored ored
0 bound S00, 00 1200.00 2000.00 S00.00
0 price
A 0 purity
o O allay

0 obtain

Figure 2: After a model run

4 Viewing the Tables

Besides of the model results in tab alloy.nomwhich only reflects the WRITE instructions
within the model source, one can see all data and variables in tabular form.

Clicking in the tree view on different items (Ordered, Robots, etc. displays the corresponding
table.

Exercice 1: Click on the TABLE tab, now click the Tree tab, then click in the list on the

entry !0 bound once again:
You should see the Window as shown in Figure 3.

‘ ‘ orel ‘ are2 ‘ are3 ‘ ared oares ‘ areb ‘

|1EIEIEI.EIEI 3000.00 2000.00 800.00 2600.00 1700.00

Figure 3: Open the Table fiboundo

The first line (see Figure 4 on the left) in the grid table displays the index over which boundis
def i neated .i tThies nfie xt d élel ebogndotiTheseddnddima display$
the list of all elements of thesetores( ior el1 6, Aore20, ¢é , Aore6o0) .

line the corresponding values are displayed.

orel 1000.00
ore2 3000.00
are3 2000.00
ore4 800.00

ared 2600.00
arel ore2 ore3 are4 ores ored areg 1700.00

|IDDU.UD 3000.00 2000.00 800.00 2600.00 1700.00

Figure 4: Open the Table fiboundo



Exercice 2: Withinthetableiboundo <c¢l| i ckoumdn t he <cel |
You should see the Figure 4 (on the right). Click again on bound. The table switches
from a horizontal to a vertival view and vice versa.

Clicking on the cell Aboundo wit hiamswitche t ab
between horizontally and vertically display by clicking repeatedly on the same cell.

One-dimensional tables are simple: They only can be displayed as a horizontal or vertical
vector list. Let us see what happens with higher dimensional tables.

Exercice 3: click on the entry 20 obtain:
You will see one of the three layouts in Figure 5. Clicking on the cell obtain will
generate these three layouts one after the other.

In the first | ayout both i ndex éickingpniemntes o and
cell obtain wi | | switch the | ast i ndex (fAmetal so)
Another click on cell obtains wi t ches the first index (fAoresa

we can go through these steps repeatedly. Clicking on the cell obtain and dragging the mouse
left will go through these steps in an inverse way.

ores metals obtain
orel A 0.20
B 0.20 el O Lo O Up r i o " i [v Int
€l -0.40 oras metals  |obtain
cz 0.40 A B [a [c2 o
ore2 A 0.15 orel 0.20 -0.20 -0.40 0.40
1 -0.20 ore2 0.15 -0.20 0.20 0.05
c2 0.20 ore3 -0.40 -0.30 0.30
D 0.05 ore4 0.10 -0.20 -0.30 0.20
ore3 B -0.40 ores 0.10 -0.25 -0.25 0.25 0.10
Ci -0.30 oreé 0.05 -0.08 -0.17 0.17 0.10
c2 0.30
ore4 A 0.10
B -0.20
C1l -0.30
c2 0.30 , ‘ ‘ , , o
ores A 0.10 o %al O la CUp O e e e e e [# Index [+ Sparse | Mames Remowe
B -0.25 ores | [obtain
c1 -0.25 orel | ore | ore3
c2 0.25 A [8 [ct cz [ cl [c2 [o [s [c1
D 0.10 0.20 -0.20 0.40 0.40 0.15 0.20 0.20 0.05 0.40 0.30
oreé A 0.05
B -0.08
C1l -0.17
c2 0.17
D 0.10
Figure 5: Three different | ayouts of the table fiobtai

Note that the table are layout on a sparsity mode, that is, if a column or a row has no data (or
all are zero) then these columns/rows are eliminated form the view. To see the complete data

table, jJjust remove the check ASparseo on the
F SparseF Inu:le:-ﬁ
By default the repeated el ements of the ind:

switch all elements to be displayed (this is important, if the table must be exported to an Excel
worksheet for example, see below.)

Another option in the table is to define the sequence of the indexes.



@ Val O Lo O Up O r O ‘" » ‘ [v Ine

ores ‘ohta'm | -
= B [cL = B | | metals ores |0IJtal1 |

arel 0.20 0.20 0.40 0.40 orel | ore2 ore3 ore4 ores ore6 |
ore2 0.15 -0.20 0.20 0. 0.20 0.15 0.10 0.10 0.05
ore3 -0.40 -0.30 0.30 -0.20 -0.40 -0.20 -0.25 -0.08
L 0.10 -0.20 -0.30 0.30 c1 040 -0.20 0.30 0.30 0.25 0.17

PETEE— C.10 -0.25 -0.25 0.25 g.10 cz 0.40 0.20 0.30 0.30 0.25 0.17
ared 0.05 -0.08 -0.17 0.17 0.10
0.05 0.10 0.10

=}
o
=

-]

=]

Figure 6: Switching indexes

This can be done by the following exercise.

Exercice 4: Click on the cell metals and drag it to the cell ores:

The effect is that the two indexes are exchanged and the whole table is transposed
(columns become row and vice versa).

Of course, this can be combined with the previous layouts by clicking repeatedly on the cell
obtain. For two-dimensional table, these manipulations generate 6 different layouts of the
table. If the tables are of higher dimensions then one can generate even more layouts. Any
permutation of the indexes combined with any number of vertical/horizontal layout is
possible. (This gives 24*4=96 layouts for a 4-dimensional table, for example.)

Another possibility is to fApr o] enctalsara dray
it up outside of the table. The result is shown in Figure 7: The index metals is dimmed and the
projection is done on metals, that is, all numbers are summed up over the index metals. To
remove the projection just click the projected index and drag it down to the next line in the
table.
v e g R

ores obtain

orel ore2 ore3 | ore4 ores oreg

0.00 0.20 -0.40 -0.10 -0.05 0.07
Figure 7: Projection on  metals
Exercice 5: Click on the cell metals and drag it up outside the table, then click again

on the dimmed cell metals and drag it down to the next line within the table.

The effect is that the dimension metals disappears and reappears again.
Anot her | ayout is to show vertical and

context menu by right clicking the mouse within the table (popup menu).

hor i



A B [c1 |c2 D
orel 0.20 -0.20 nAan n.An ]
ore? 0.15 Format... 5
ore3 -0.40 | Aggreg Op...
ore4 0.10 -0.20 . .
ore5 0.10 0.5 Save Table to 'grid.bd 0
p— 0.05 0.08 Save To LaTex 'grid.tex’ 0

Save Table To Clipboard

Figure 8: Context menu of the table

Click on AAggr eg AGMD darhee aclresad t i s shown

ores metals obtain

A B |c1 |c2 o | sum
orel 0.20 -0.20 -0.40 0.40 0.00
ore2 0.15 -0.20 0.20 0.05 0.20
ore3 -0.40 -0.30 0.30 -0.40
ored 0.10 -0.20 -0.30 0.30 -0.10
ore5 0.10 -0.25 0.25 0.25 0.10 -0.05
ore6 0.05 -0.08 0.17 0.17 0.10 0.07
SUM 0.60 S5 -1.62 162 0.25 -0.28

Figure 9: Added SUM aggregates to the table

One can conbine all these operations to obtain various layouts of the table. Using the
AFor mat €0 menu item, one can customi ze

One can also export a table to Excel:

Exercice 6: Export a table layout to Excel:
Right-cl i ck t he mouse within in the table.
Table to clipboardd. Then open Excel and

A

The two other popup entries generate a file on disk: grid.txt a tabulated text grid and grid.tex
atable in LaTeX format.

Another option is to select elements from a set list.

Exercice 7: Selection:
Left-click the mouse on top left-most cell ores. A popup menu appears with the list
of elements of ores (Figure 10). Click the checkbox orel then click the check box
SELECT INVERSE. Then click outside the pop-up. A sub-table of obtain opens as
shown in Figure 11.
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B L2l (S e | L 1

Rk || ENTITY TABLE | GRAPH | INSTANCE | DR&W | SearchFies | LOG | alloy.ipl]
l f« Wali Lo O Up o f'“ » o - v Index v Sp
OrEs metals obtain
W SELECT ALL/NOME [t [ o
orel | [~ SELECT INVERSE -0.40 0,40
orez | | SELECT EXPR -0.20 0.20 0.05
ore3 v orel -0.30 0,30
ared | v ore? -0,30 0,30
v ore3 )
ares | = oy 0,25 0,25 0,10
ared | [ oref -0.17 .17 0,10
v oref
Figure 10: Added SUM aggregates to the table
ystem =1

Tools Run  Help

@ < [= P K
Bl | ENTITY TABLE | GRAPH | INSTANCE | DR&w | SearchFies | LOG | alloypl| iplcfalpl| aloy.nom]
|

les (o Wal i Lo O Up { i 0 i i v Index v Sparse | Mames | Callect Default =0
ores metals obtain
A B [ [=
orel 0.z0 -0.20 -0.40 0.40

Figure 11: A subtabe of table obtain

5 Searching and Selecting Views

LPLW contains several ways of searching entities, jumping around in the model and selecting
different parts of the model. In the Tree tab, one can select or deselect different types of
entities as we have seen already. Clicking on 4 will show/hide the parameter entities,
clicking on @ will hide/show the constraint entities, clicking on @ will show/hide all
declaration entities. By default, at the beginning all declaration entities are shown.

If the name of an entity is searched, the user enters the name in the Find/Searchbox within
the Toolbar and types the name. Then pressing the key <return>, the cursor jumps to the
entity within the Tree. An Alias-name defined for an entity is also found in this way.

Exercice 1: Searching AAMOUNTDO
Click the TABLE tab. Then click the Find/Search box, and type AAMOU

cursor jumps to the AMOUNT table. Double clicking the entry B AMOUNT (X) lets

the cursor jump to the definition in the source code as we have seen already.

NTO

(T



Anotherwaytofindaloccurrences of AAMOUNTO in the al

or clicking on # or the menu <Search>.

Exercice 2: Searching AAMOUNTO in al/l sou

Click the Find/Search box,andt ype A AMOUNTO, t her cTha ¢ k
cursor open the tab SearchFiles (Figure 12).

In the list of the SearchFiles tab all occurrences of AMOUNT are shown, line by line.
Clickihngonceon a | i ne | et 6 s lineimée scurce ced@ €losgd filew pre
automatically opened in a new tab in the Browser. The search is a substring search. And in the
menu Search, one can choose of whether only whole words are search or whether case
sensitivity matters or not.

G LP L — Modeling System
File Edit Search View Tools Run Help

= = N Y @< > 7
@ Voo ® RE || ENTITY | TABLE | GRAPH | INSTANCE | DRaw  Searchfiles | LOG | alloplol]

chTtanphploutputsalop pi@@25:  quareq SUM{a} purity® =0 "Quantity to produce’’;

Tree ]List ]Files ] c:ATtorybphoutputsalloy pI@@23:  AMOUNT{o} ALLAS ¥ [0 bound];
= (W) ALLOYING c:hTtorppfoutputialloy pl@@2E:  metreqim}: SUM {o}{alloy"purity-obtain)?: >= 0 "Metal requirements";
0 metals (m) c:ATtorghphoutputsallow Il@@27: MINIMIZE cost: SUM{o) price® "Minimize costs";
0 ores (o) o\ Ttaryhlplhoutputhalloy. [plEE28: WRITE cost, X;
A Ao '
Figurel2: Search AAMOUNTO in all source files

Figure 12s hows t hat (@ AM® KM Dtimes in the source code all in file
alloy.Ipl. This searching capability is of particular interest when the model is large and
complex and built on many files.

Another way to search and replace strings in a single file is to activate the popup menu within
an editor by right clicking the mouse in the source file editor (Figure 13).

The menu allows the user to search/replace text within a particular file. It also allows the user
to open / close / save / etc. a edited text or to select the font and other options for the editor.

I f a wuser wor ks with amentitera can be usad to eeload thet
file from disk. Here is also the menu item to encrypt or decrypt the Ipl source code. After
clicking the en/decrypt item, the user must enter a password and the file is immediately
en/decrypted.

All entries in the popup menu are also found in the different main menus.

Exercice 3: Sear cHiengiad AMQUNTpd oi:n f i
Click the alloy.Ipl tab to display the source code, and right-click the mouse within
the editor, choose the popup menu item Eind. A find dialog opens where the string
AAMOUNTO is to be entered, then cl i ccurremnck .
within this single file.
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@ LPL- Modeling System

CEX

Figure 13 : Popup menu in the editor by right clicking the mouse

tfl File Edit Search View Tools Run Help
Dok #F80/>r07?
® VieoHe® B% ||| ENTITY | TABLE | GR&PH | INSTANCE | DR&w | SearchFiles | LOG  allavlpl
A Tree lth ] Filez ] MODEL ALLOYING "A simple blending problem™:
S ALLOYING SET
0 metals m) metals ALIAS m := / A&,B,C1,C2,D /:
0 ores [o] ares ALIZ= r:— £ ""“"Ch_'l“;:'- ~re3 ored4 oreS oreé /;
0 bound PLRAMETER e
e bound{o} ms OPen Cirl+0
@ gy 1= [100{ Reload 2600 1700]:
0 alloy
T alsfici price {o} ;| SaveAs 18 22 12
1 quantity (] purity{o} | ) J.8 0.7 0.4
. AMOUNT ) alloy{m} .40 0.60 0.02
Yaperes obtain{o,m]
H o2 D
%g:;;eq orel ( Paste Ctrl+y 40 0.00
orez  ( SelectAl 20 0.05
ore3 { 30 0.00
ored ¢ Font... 30 0.00
ores 0 Wrap text 25 0.10
ored 0 _ 17 0.10 /
gquantity AI Find Cirl+F
Find MNext F3
VARIABLE Replace
AMOUNT{o} J Encrypt File
CONSTRAINT
guaregq: 5L "Quantity to produce”;
metreg{m}: SUM{o} (alloy*purity-obtain)*¥ >= 0 "Metal requirementsz";
MINIMIZE cost: 5UM{o} price*X "Minimize costs";
WRITE cost, X;
END

Another way to select and display entities in the Tree tab can be obtained by the popup menu
within the Tree itself. Right clicking the mouse in the Tree will open it, where the user can
expand / shrink the tree (see Figure 14). This feature is interesting if the model is complex and

consists of several hierachical levels of models and submodels.

{'"lq_ L P L -- Modeling System
il File Edit Search View Tools Run Help

=g = N i B > K
| ® viend® Bl ENTITY | TABLE | GRAPH | INSTANCE | DR&W | SearchFiles | LOG  slloyIpl

Tree ]List ]Files ] MODEL ALLOYING "L simple blending problem":
SET
metals ALIAS m := / &,B,C1,C2,D /:
ares ALIAS o := / orel ore2 ore3 ored ores
~~ T RMETER
und{o} "awvailability of oxre"
= [1000 3000 2000 800 2600 1700]:

0 metals [m)
0 arez o]
0bc  Full Expand (all levels)
Op Cnedevel Expand
0Py Tywodevels Expand

gz::l Submodell: Full Expand ice {o} := [ 2% 10 20 18 2
1l Save To File rity{o} = [ 0.8 0.2 0.7 0.6
H s lov{m} = [ 0.12 -0.30 -0.40 0.&0
3 quareq stain{o,m} =/
I mekreq H i B c1 Cc2 o
) el orel 0.20 -0.20 -0.40 0.40 0.00
orel 0.15 -0.00 -0.20 0.20 0.05
orel 0.00 -0.40 -0.30 0.30 0.00
ored 0.10 -0.20 -0.30 0.30 0.00
ares 0.10 -0.25 -0.25 0.25 0.10
ore6 0.05 -0.08 -0.17 0.17 0.10 /!
gquantity ALIAS @ := 3000;
VARILELE
IMOUNT {0} ALIAS X (0.boundl:

Figure 14 : Popup menu in the Tree by right clicking the mouse

orek /:
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ASave To f il drée.txtransising o thedree entmies.f i | e

6 Options
Options and parameters can be enteredbytheA LPL Opti ons o Wi ndow (Fi gt

L P L : Options

l Erwiru:unment] Su:ulvers] Fu:urmat] Snapshnts]

All compiler parameters {options) : Enter the options :

a : The NOM-files are never overwritten (append mode) |
b : Run only declarative READ=s and assignment statements
¢ : The solver is not called

d.dd : The BUGHile iz generated |, (dd: more info)

u : no model instance is generated (not soled)

x : The LPLCFG.LPL file iz ignored

w,ww : Generate more output during compilation/run

v o Write the output to the LOGiles (Ipllog tt, |plStat.td)

e : The EQLile i= generated

i ThelMNT-ile is generated

| - The LPOHile is generated

m : The MPS-ile is generated

t : The TEXAile iz generated

q : The 3SCL-file is generated

g : Generate a number of random problems and run them

Enter the AFPL parameter :

Ok [Close] ||

Figure 15 : The Option dialog

The option dialog is open by using the menu item <Tools/Options>. The dialog has five tabs:

Compiler where the compiler options can be chosen, Environment, Solvers Format, and

Snapshots

The different compiler optionscorrespond to the compiler options described in the reference

manual. The user enters a string consisting of all chosen options. For example, if one wants to

run the model without solving it, but nevertheless creatinga MPS-f | | e, onemoc cawsl d u
option. At the bottom, APL parameters can be added, they are effective for the next run.

The tab Environment actually just shows the directory list. This list is used in all file search
routines by LPL. A file lookup traverses this list until it finds an entry on the disk. Another
useful option is to choose how the Database has to be created (only in the Enterprise
Package).

The tab Solvers is reserved for future use and has no function in the present version.
The tab Format is for formatting tables as explained above.
The tab Snapshots is useful when loading various snapshots (even multiple once).

12



7 Advaned functions (ot in the Free Package

Depemding on the package, several tabs and menu items are not available. In the Enterprise

Package all buttons are visible and accessible.

Clicking the GRAPH tab opens a graphical view of the model. It shows the dependences of
the different entities (Figure 16). Moving the mouse over a box displays the dependencies of

that particular entity.

CEX

@ LPL-- Modeling System
File Edit Search View Tools Run Help

O = & g aMOuNT M e 7
® Vol c&® Bl || ENTITY| TABLE GRAPH | INSTANCE | DR&W | SearchFies | LOG | allopil]

Tee |List | Files |
= (M) ALLOYING
0 metals [m)
0 ores [o]
0 bound
0 price
0 purity
0 alloy
0 obtain
1 quantity (0]
AMOUNT [%)
3 quareq
3 metreq
J oozt

-

8

v inExpr v inCord|v inlFlw infindeslfiv in lindes]Jv in UNIT v in flo,up] s

Solver Status: NOT SOLVED

Model Status: Model parsed

Figure18: The Dependencies of AAMOUNTO

i AMOUNTO
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Exercice 1: AGRAPHO:
Click on tab GRAPH. Within the Tree click on entry B AMOUNT (X). The graph as
displayed in Figure 18 appears.
Move the mouse
appear.
Click

pointer

on this box sAimet megwod.A mehea efgdc  see

Nowrthdedbpandemrdci

egoof

Figure
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@ LPL-- Modeling System |Z||E|[Z|
File Edit Search WView Tools Run Help

D& g ||mete el I el ?
® Veome™ ENTITY | TABLE GRAPH | INSTANCE | DR&w | SearchFiies | LOG | alloylpl |
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Model Status: Model parsed

Figure19 : The Dependencies of f@Ametreqo

The graph can also be copied to the clipboard by right-clicking the mouse. The graph can also
be moved by drag and drop just press down the left mouse button and drag. The different
checkboxes on the top of the graph can be used to select various dependencies.

The fourth tab is INSTANCE. A model instance must exist before anything can be shown,
that is, the model must have been run. The INSTANCE tab shows the graphical dependencies
between the variables and the constraints in the same way as the GRAPH, but on an
instantiated level (Figure 20).

@ L P L -- Modeling System |'-_||’E|D__(|
File Edit Search Wiew Tools Run Help
DEEcm=  AE8>F0 7
oe earchFiles allog Ipl | allay nomm
[v] REll| ENTITY | TABLE | GRaPH INSTAMCE | DRAW | SearchFiles | LOG | alloylpl | al
Tree lList ] Files ] ||7 Sparse ||_ Namesl‘ ’-
- @) ALLOYING
0 metals [m] 0 cost [ <=
0 ores [o] 36400 0
0 bovnd 0 |metreqg|<=
0 . / 120 |[A] o
0 puirity ) 0 |metreg|<=
0 alloy ___J_,_f”' 220|[B] ]
[ obtain 1000 | AMOUNT | 800 0  |metreg|<=
1 quantity 1] 0 |[ore] Jo + 00([C1y o
| B AMOUNT () T o meteal<=
o * 400|[c2] |0
3 quareg +\
3 metreq 0|metreg| <=
3 cost 9][e] 50
-3000 (quareq (<=
3000 30.25
Model Status: Model ranjfinstance created Solver Status:

Figure20: The Dependencies of AAMOUNT[orel]o
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Figure 20, for example, shows the variable [AMOUNT[orel], the first instance of
AAMOUNTO, and displays the constraints in w
displays also four values: the upper and lower bound of the variable (on the left), the value

and the dual value (on the right). Furthermore a larger line above or below shows that the

value of the variable is on the upper or on the lower bound.

The constraint boxes also display four values: the right.hand side and the left-hand side value
of the constraint (on the left), the relational operator and the reduced price (on the right).

Moving the mouse over a constraint box (p.e. metreq[D]) displays their dependencies and
displays all variables that occur in this constraint. Clicking on the constaint box makes it the
focus (Figure 21).

@ L P L -- Modeling System |Z| |E| E|
File Edit Search Wiew Tools Run Help
0 = & g ||meteg M EH > 7

@ ¥ ol © ™ % | ENTITY| TABLE | GRaPH INSTANCE IDHAW] SearchFiles | LOG | alloplpl | alloy.nom |
e Jus JF || [Tpesn [ iones] < I

- @ AL % 1000 | AMOUMT (300
0 metals [m] 0 [orel] |0
0 ores [o] /BE'E'E' AMOUNT [ 1200
0 bu:.uund +__,_f"f 0 [oreZ] |0
0 price 0[metreq|<= ) 2000 [AMOUNT [2000
[ purity ol[o] 50 + 0 [ore3]  |-1.875
0 allay +R"&
. 300 (AMOUNT (300
0 obtain = 0 |[ored] |-0.75
1 quantity (3]
| § AMOUNT [€)
i€ 3 quareq v
Model Status: Model ranjfinstance created Solver Status: |
Figure21: The Dependencies of fAmetreq[ D] O

Figure 21 shows the variable that occur in the constraint instance metreq[D], but only the
variable with a nonzero value. (Uncheck @ASp
shows that the values of the two variables i
upper bound.

Exercice 2: INSTANCE dependencies:
Run the model then click on tab INSTANCE. Move the mouse over the box
Ametreq[ D] dmedeswtlisiskokvn in Figure 21.

The tab DRAW shows the result of the drawing instructions in an LPL model (see Reference
Manual 10.8).
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Figure 22 : The optimal solution of a 200 -city TSP problem

You can draw with LPL. For example, the instructions in LPL (where i is a set of 200
elements, x,y; are vector of (x,y)-coordinates in a two-dimensional space, and X; is a binary
variable of a TSP problem:

FOR({i} DO Ellipse(x -1y -.1x+.1,y+.1,0); END;
FOR({i} DO TextOut(i&' ',x -.3)y -.3,0); END;
FOR({i,j|X} DO Line(x [iLy[i1,x01,y0],3); END;

will generate the picture of Figure 22 shown in tab DRAW .

8 Other advanced menu itemgedt in the Free Package

Menu <File / Save Snapshot>saves a data (inclusive variable values) in a file called
snapshot.

Exercice 1. Save Snapshot:
Run the model then click on menu item <File / Save Snapshot>. Then enter the
name &B. sm the f il enSaweAf fittisgyénergted. Cl i c k

(Note that snapshot file n ames must hasvoe ienx toerndseiro ntso oOb.es pr e a «

After you have saved the snapshot, we want to modify just one data and save a second
snapshot.

Exercice 2. Save another Snapshot:
Double click on € bound (in the Tree). Then change the second entry (3000) to
1000. Then run the model. Now save anew snapshot wi th t he $01I1 en

Thefile62s épi s al most i dent i cwaththeexceptibn oftthe B00f i r st

We want to load the first snapshot now.
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Exercice 3: Load a snapshot:
Click menu item <file / Load Snapshot> and at the filename di al og eidt e
Click OK.

If you look now at the bound table, you see that the first value is restored to 3000. This was
just an exercise. You can store various snapshots at various moments. Loading one will
restore the LPL data store to that particular state.

Various snapshots can be compared in this way. If thesnap s hot files
02s6p 063. s uaslEshowa in zlist bytoperang <Files/Load all snapShots>. Select
1.sps and 2.sps, then click Load selected. They can be loaded at once using the menu item
<File / Load All SnapShots>.

Exercice 4: Load all snapshots:
Click menu item <file / Load All Snapshots> and then open the table bound.

The result is shown in Figure 23 (left). The table is now a two-dimensional table with a
further index _SNAP_. The table can be transposed as other two-dimensional tables (see
Figure 23 (right)).

& LPL-- Modeling System M=
File Edit Search View Tools Run  Help
L= = e e 7
@ VIO EE® Rt | EnTiTy TABLE | GRAPH | INSTANCE | DRaw | <]
Tee |List | Files | e e e vl bl e ol e
-1 () ALLOYING o ores _SNAP_ bound
_SNAP_ T 5
Umeizls orel 1000.00 1000.00
0 ores [o]
s ore2 3000.00 3000.00
0 price ore3 2000.00 2000.00
0 purity are4 d00.00 d00.00
0 allay ores 2600.00 2600.00
0 obtain ore6 1700.00 1700.00
A Avzetibo 1011 b
Model Status: Model parsed

Figure 23 : Two snapshots tables  bound compared

The two tables differ only in the first value (1000 against 3000), corresponding to the two
snapshots.

Click on menu item <Run / Parse Model>now to restore the initial state of the model.

Run the model again by clicking the menu item <Run / Run Model>. Then we will generate
a database.

Exercice 5: Generate a SQL-File:
Click on menu item <Tools / Create SQL-file.

The browser opens two new tabs: alloy.sqgland alloy.sg2 The function has created two files.
The first of which is a complete SQL-script for the model data. It is as shown in Figure 24.
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CREATE DATABASE alloy;
CREATE TABLE metalsTable (
metals VARCHAR(30) NOT NULL,
alloy DOUBLE,
metreq DOUBLE,
CONSTRAINT Pkey PRIMARY KEY (metals));

COMMIT;

INSERT INTO metalsTable VALUES ('A',0.18,0);

INSERT INTO metalsTable VALUES ('B', -0.3,0);
INSERT INTO metalsTable VALUES ('C1', -0.4,0);

INSERT INTO metalsTable VALUES ('C2',0.6,0);
INSERT INTO metalsTable VALUES ('D',0.02,0);
COMMIT;
CREATE TABLE oresTable (

ores VARCHAR(30) NOT NULL,

bound DOUBLE,

price DOUBLE,

purity DOUBLE,

AMOUNT DOUBLE,

CONSTRAINT Pkey PRIMARY KEY (ores));
COMMIT
INSERT INTO oresTable VALUES (‘orel',1000,25,0.8,800);
INSERT INTO oresTable VALUES (‘ore2',3000,10,0.4,1200);
INSERT INTO oresTable VALUES (‘ore3',2000,20,0.7,2000);
INSERT INTO oresTable VALUES (‘ore4',800,18,0.6,800);

INSERT INTO oresTable VALUES (‘or e5',2600,22,0.7,0);
INSERT INTO oresTable VALUES (‘ore6',1700,12,0.4,0);
COMMIT;

CREATE TABLE obtainTable (
ores VARCHAR(30) NOT NULL,
metals VARCHAR(30) NOT NULL,
obtain DOUBLE,
CONSTRAINT R1 FOREIGN KEY (ores) REFERENCES oresTable (ores),
CONSRAINT R2 FOREIGN KEY (metals) REFERENCES metalsTable (metals));
COMMIT;
INSERT INTO obtainTable VALUES (‘orel','A',0.2);

INSERT INTO obtainTable VALUES (‘orel','B', -0.2);
INSERT INTO obtainTable VALUES (‘orel','C1', -0.4);
INSERT INTO obtainTable VALUES (‘o rel','C2',0.4);
INSERT INTO obtainTable VALUES (‘ore2','A',0.15);

INSERT INTO obtainTable VALUES (‘ore2','C1', -0.2);

INSERT INTO obtainTable VALUES (‘ore2','C2',0.2);

INSERT INTO obtainTable VALUES (‘ore2','D',0.05);

INSERT INTO obtainTable VALUES (‘ore3', ‘B, -0.4);
INSERT INTO obtainTable VALUES (‘ore3','C1', -0.3);
INSERT INTO obtainTable VALUES (‘ore3','C2',0.3);

INSERT INTO obtainTable VALUES (‘ore4','A',0.1);

INSERT INTO obtainTable VALUES (‘ore4','B', -0.2);
INSERT INTO obtainTable VALUES (‘ore4','C1', -0.3);
INSERT INTO obtainTable VALUES (‘ore4','C2',0.3);

INSERT INTO obtainTable VALUES (‘ore5','A',0.1);

INSERT INTO obtainTable VALUES (‘ore5','B', - 0.25);
INSERT INTO obtainTable VALUES (‘ore5','C1', - 0.25);
INSERT INTO obtainTable VALUES (‘ore5','C2',0.25 );

INSERT INTO obtainTable VALUES (‘ore5','D',0.1);
INSERT INTO obtainTable VALUES (‘ore6','A',0.05);
INSERT INTO obtainTable VALUES (‘ore6','B', -0.08);
INSERT INTO obtainTable VALUES (‘ore6','C1’, -0.17);
INSERT INTO obtainTable VALUES (‘ore6','C2',0.17);
INSERT INTO obtainTable VALUES (‘ore6','D',0.1);
COMMIT;
CREATE TABLE quantityTable (
quantity DOUBLE,
quareq DOUBLE);
COMMIT;
INSERT INTO quantityTable VALUES (3000,0);
COMMIT;

Figure 24 : The first SQL -file
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If you are a database expert, you can see that the file can be executed by any SQL-Server to
generate a database.

This can be done with the menu item <Tools / Access DB> do generate automatically a

Microsoft Access database named alloy.mdb Opening the database using Microsoft Access
will show you the tables and the relationships created (see Figure 25).

J F— EJ Microsaoft

Jm T JEiIe Edit Wiew Relationships Tools Window Help

mekals
obtain

[l
Deld 0 1B 1 1200 BI

Figure 25 : The Reationships of the created database

The second file created (alloy.sqd is a complete submodel in LPL syntax which can

read/write the data/variables now from/to this database (see Figure 26). This can be integrated
within your model now.

MODELdata ;

STRING PARAMETER db:="alloy.mdb’;

READ {metals} FROM 'db,metalsTable" :
metals='metals’,
alloy="alloy',

READ {ores} FROM 'db,oresTable" :
ores='ores’,
bound="'bound’,
price="price’,
purity="purity’,

WRITE {ores} TO 'db,oresTable" :
‘ores'=ores,
'"AMOUNT'=AMOUNT;

READ {ores,metals} FROM 'db,obtainTable" :
ores='ores’,
metals='metals’,
obtain='obtain’;

READ FROM ‘db,quantityTable' :
guantity="quantity’,

END

Figure 26 : Submodel in LPL for reading the data from the DB

LPL can just be used to generate databases !

The context menu of the editor (tab alloy.Ipl) also contains an entry that allows you to encrypt
the model source file, so nobody except the LPL compiler itself can read it.

Exercice 6: Encrypt the model:

Click on menu item <Encrypt File> in the popup menu of the editor. Enter a (secret)

key (a password), that you should remember for decrypting. Click ok. The source
code has disappeared.
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