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Description

Figure 1.1: Scheme of an optimization project
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3.2 LP

’ i IVE * 3 Mosel W
model "Portfolio optimization with LP"
uses "mmxprs" ! Use Xpress-Optimizer
declarations
SHARES = 1..10 ! Set of shares
RISK = {2,3,4,9,10} ! Set of high-risk values among shares
NA = {1,2,3,4} ! Set of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment
frac: array (SHARES) of mpvar ! Fraction of capital used per share

end-declaratiocns
RET:: [5,17,26,12,8,9,7,6,31,21]

! Objective: total return
Return:= sum(s in SHARES) RET (s)xfrac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= 1/3

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= 0.5

! Spend all the capital
sum(s in SHARES) fraci(s) =1

! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= 0.3

! Solve the problem
maximize (Return)

! Solution printing
writeln("Total return: ", getobjval)

forall(s in SHARES) writeln(s, ": ", getsol(frac(s))«100,

end-model

S B
3.2.1 Mosel J
Mosel model e) v
Mosel end-model
declarations 0

Return:= sum(s in SHARES) RET (s)+~frac(s)

Return « y 4 B Ko 1 »

MSI Copy right©2015 All rights reserved
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sum(s in SHARES) RET(s)+frac(s)

SHARES range set
10 )
RISK NA g .
RET SHARES " 0
declarations 1|, »
frac SHARES B mpvar
oW
2 D dz 4 w 41 d
W A [ 74 0
' | SHARES - forall
3.22W
maximize « Return | Y &
Xpress Optimizer A Mosel
a3 Xpress Optimizer ’ T
mMmxprs Mosel

uses "mmxprs"

Return 0

maximize (sum(s in SHARES) RET(s)=*fraci(s))

3.2.3 X Y
Mosel v 2 W I
K 4 argument writeln

writeln write

3.24
K "Hd3

Mosel

& "

RISK = {2,3,4,9,10}; NA = {1,2,3,4}

MSI Copy right©2015 All rights reserved
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az Mosel

H3 0 0 : aw
B Build >>Run 1 runbutton k4
A “Compilation failed. Please check for errors.'

i Fidgire 3.2 TR0 ¢ Mosel

w8 Xpress-IVE - [foliolperr,mos]

File Edit Wew Buld Debug Deploy Modules ‘Wizards wWindow Optimizer Help -F X

BYE =] BTl oc clthm e s ik Postion: [FERAE ]
B0t W BRSO A DR SBaIl0 nEE a0
| Project Explorer 5 [ fokiolperr.mos | 4 b x Run 7
V] frac v SrrrrarrAARaniranrAnasrininiansarinirinansinsiriniir ||l Tekoup [ VwlEdi
Entities | 4 >Z‘ model "Portfolio optimization with LP™ =
Current Solution:
declarations
SHARES = 1..10 ! Set of shares
RISK = {2,3,4,9,10} ! Set of high-:
HNA = {1,2,3,4} ! Set of shares
RET: array|[SHARES) of real ! Estimated ret
frac: array(SHARES) of mpvar ! Fraction of ¢
end-declarations
RET:: [5,17,26,12,8,9,7,6,31,21
! Objective: total return
Return = sumis in SHARES) RET(s) *frac(s)
! Limazt the percentage of high-risk values
sumi=s in RISK) frac(s) <= 1/3
! Minimum amount of North-American values -
sunis in NA) fraci(s) >= 0.5 3
! Spend all the capital < ‘ L
Sumis in SHARES) fracis) = 1 Type here:
! finnar bonnds on the investmant nar shara i M‘ stats | Matrx | schsions | Objectrre
< b MIP search | BB tree Usergraph‘ s ‘
7|
’ _-\E xam) oliolperm mos|(Ling: i No matrix is available
| Build |"Frac"lo:at\nns‘ Debug Watch Copy to clipboard
Ready Idle Free Memory: 2887 MB  Line: 26/S1 Col: 32 OWR

Figure 3.2: Info bar with error messages

A 3
H3 H3 & . RET v ]
H3 A i

o
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d3

error 100: syntax error

RET:: [5,17,26,12,8,9,7,6,31,21

e d k RET 0 ©

warning 121: Statement with no effect

Eeturn = sumis i1n SHAPEE)] BET(s) ~fracis)

warning 0 [ Mosel
¢ w
= ! Return .
T AD
0 [
i
error 123: 'maximize’ is not defined

MSI Copy right©2015 All rights reserved
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| I’ |Representation of matiix to be optimized. Zoom in or out when av. | Auta Hide

Sketchl Column viewl Row view Graphical original |Gra|:|hica| plesolvedl
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Dutput.v'lnpull Stats  Matrix |D|:-ieu:live| MIP &Ball:hl BE treel Uger graphl

Figure 3.3: LP matrix display
oz B

maximize (Return)

maximize Y mmXxprs 0 Mosel
A a3 H z K

uses "mmxprs"

o q
b4 Modules >>List available modules i
&3 J
Xpress & 'H Mosel K
0
H3 Mosel | S 71 i
IVE ‘Qdode completion) ’ CRTL
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3.3.1

.
Mosel

S i p
button =2 a3
matrix Apply
0 & IVE workspace |

Entities I A7 |

[C:AGS \Mozel\foliolp. me

% Parameters
+ Constants
=l-#3 Primitives
B[] araps:
el RET
=-{} sets
{i} NA
-{i} RISK
.{i} SHARES
¢4 Decision Variables
B[] aravs:
[v] rac
3 Constraints
- » scalars:
“¢ Return
13 Subroutines

[

4 | »]
Figure 3.4: Entity display
oz " d
|
vy 4
| A Optimizer
maximize (Return) a3
K w v 4

Optimize A ()

> Mosel /A
w

Build >>Options 1 run options

setparam("XPRS_LOADNAMES", true)

Pause view
o« 0
run bar
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- o _
3 v A4 ¢
0 ) B
Mosel s wo| A '
Optimize A ()
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File Edit View Buld Debug Deploy Modules Wizards ‘Window Optimizer Help -8 X
REELISC M@ s T C—
L BD £ 9RSsBAI0E3EGE
s v Dfolioln.mns 4 b x Run s
3 model "Portfolio optimization with LP™ ~ Q\Ta«routm [V\eMEﬂ
" "
uses "mwxprs ! Use Xpress—0Op Total return: 14.0667 a
1: 30% ml
— declarations 2. 0%
SHARES = 1..10 ! Set of shares 3: z0%
RISK = {2,3,4,9,10} ! Set of high-i 4: 0%
NA = {1,2,3,4} ! Set of shares 5: 6B.66667%
= M_alnProblem RET: array(SHARES) of real ! Estimated ret 6: 30%
st Patameters 7 0%
Constants frac: array(SHARES]) of mpvar ! Fraction of ¢ g: 0%
Prirnitives end-declarations 2: 13.3333%
=11 amaye 10: 0%
Irel RET RET:: [5,17,26,12,8,8,7,6,31,21] =
=) sets
{i} na ! Objectiver total return
{i} RISK Return:= sum(s in SHARES) RET(s) *frac(s) =
{i} SHARES
= Decision Variables ! Limit the percentage of high-risk values
[1 aaps: sumis in RISE) frac(s) <= 1/3
1¥] frac
. ’
g Constiaints ! Minimum amount of North-American values
+  gralars sum{s in Ni) frac(s) >= 0.5
“ Return
- ~
b Subroutines ¢ Spemd a1l the capital & | I
3t Userdefined Types sum{s in SHARES] frac(s) = 1 — =
Type here:
! Upper bounds on the investment per share - .
forallis in SHARES| fracisl <= 0.3 || Cutputfinput | stats | matrix | sohstons | objectve
3 | [P search [ BB tree | sergraph | 15 |
Information 2|

C:AExamplesiGS \Woselvfoliolp.mos compiled successfully,
Mosel versior: 3.0.2

les\GS \Mosel\foliol

Started runni “\Ewar

Modue(s) in use: mmaprs version 2 0.2, manive version 1 205

cal ns‘" Debug Watch

Idle Free Memory: 28581 MB

No matrix is available

Line: 162 Col: D

Figure 3.5: Display after model execution
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| " |Current optimization statistics. [~ AutaHide

M atrix: Presolved:
A ows{constraints): 3 Rows(constraints]: 3
Calumns(variables) 10 Columns{variables): 10
Monzero elements: 19 Monzero elements: i)
Global entibies: 0 Global entbies: 1]
Sets: ] Sets: a
Set members: 0 Set members: 1}

Overall status: Finished LP relaxation.

LP relaxation:

Algonthm: Simplex dual
Simplex iterations: 5

Objective: 14.0667
Statuz: LP Optimal
Time: O01s

Time overheads:

Piogress graphs: 0.0s
Wwriting autput: 0.0s
Pausing: 0.0s
Updating status: 0.0s

Output/lnput  Stats |Malrix | Dhieclivel MIP sealchl BB tleel User graphl

Figure 3.6: LP status display

341 "HA h

SHARES = 1..10
RISK = {2,3,4,9,10}
NA = {1,2,3,4}

@

SHARES = {"treasury", "hardware", "theater",

"highways", "cars", "bank", "software",
RISK = {"hardware", "theater", "telecom", "software",
NA = {"treasury", "hardware", "theater", "telecom"}

'‘RET A A @&

RET:: (["treasury", "hardware", "theater", "telecom",
"highways", "cars", "bank", "software",

5,17,26,12,8,9,7,6,31,21]

Tz W
foliolps.mos

a3
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"telecom", "brewery",
"electronics"}

"electronics"}

"brewery",

"electronics"]) [
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Total return: 14.0667
treasury: 30%
hardware: 0%

theater: 20%

telecom: 0%

brewery: 6.66667%
highways: 30%
cars: 0%

bank: 0%

software: 13.3333%
electronics: 0%

"HA

3 Xpress-IVE - [foliolps.mos]

El= Edt View Buld Debug Deploy Modules ‘Wizards Window Optimizer  Help -ax
OBl e Ea il o ed th M@ sad: Flepostion: [
e s B TR0 A 53 #B0I0RIEG 5
IP“:’MEWH l’l //Dfnlinlp;mng‘ 4 b x Run *
[[v] fae v| A |0 Testoutout  (iomiede
- model "Portfolio optimization with LP" N
Entities [a~>7| N . Total return: 14.0667 V]
uses "mmxprs ! Use Xpress-op bank: 0% —
Current Solution: £7%
| e | declars
B Tert view| Table vi b
able view
~ [C\Examples\GS\Moseloliolps mos) S | L=
= Main Problem Search: v | []regexp [use 2. % + [1 [\ = esc char]
s Parameters 333%
~s} Constants RISK = {"} SHARES [ fac 1
= Frimitives hank!" 0
1 amays: HNL = ¢ “breweny”  .OFEGEET
[rel RET “ears” 0
a {} sefs RET: ai Meleckonics” 0
{"I} NA hardwars” 0
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User-defined Types ¢ Limit 3
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|
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Figure 3.7: Entity display
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Mosel H
Mosel u Initialization
| w4 a parameterization
4.1
Mosel W i
0  Mosel
oDBC ’ 1 A
) J [
} =B

folio.dat ‘i3 Kw

! Data file for ‘foliox.mos’

RET: [("treasury") 5 ("hardware") 17 ("theater") 26 ("telecom") 12
("brewery") 8 ("highways") 9 ("cars") 7 ("bank") 6

("software") 31 ("electronics") 21 ]
RISK: ["hardware" "theater" "telecom" "software" "electronics"]
NA: ["treasury" "hardware" "theater" "telecom"]
A (&) 94
X b S Y s
(label) blank tabulation linebreak comma W

y 3 Mosel

declarations

SHARES: set of string ! Set of shares

RISK: set of string ! Set of high-risk values among shares

NA: set of string ! Set of shares issued in N.-America

RET: array (SHARES) of real ! Estimated return in investment
end-declarations

initializations from "folio.dat"

RISK RET NA

end-initializations

declarations

frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations
) foliolp.mos A dynamic object
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/ /[ A v
folio.dat 0 A
v v U

) A 1) ) X
| out of range - Mosel

finalize (SHAREZ2); filnalize (RIZK); finalize (HA)

SHARES 0 ' d3 RETA
X e A 0 v
v Vdeclare ) a3
4.2 XpressIVE X 1
(6] initializations from = Mosel initializations to
T IVE
i N .
A fopen A fclose  call !

fopen("result.dat", F_OUTPUT)

writeln("Total return: ", getobjval)

forall (s in SHARES) writeln(s, ": ", getsol(frac(s))=*100, "%")

fclose (F_OUTPUT)

fopen A | yao)

“H K w "K a3

fopen ("result.dat", F_OUTPUT+F_APPEND)

_ I . &
forall(s in SHARES)
writeln (strfmt(s,-12), ": \t", strfmt(getsol(frac(s))=*100,5,2), "%")
strfmt "H h
2 | xy ! T 3
H v S0
&5
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Total return: 14.0667

treasury : 30.00%

hardware : 0.00%

theater : 20.00%

telecom : 0.00%

brewery : 6.67%

highways : 30.00%

cars : 0.00%

bank : 0.00%

software : 13.33%

electronics : 0.00%
4.3
d /A H ]
0 W

’ ® © _ v
Mosel ) | "H 0 « 0
’ | AK 0
. / 0
0 ( RHS:right hand side ) ) 0
AUSEeS v w

parameters

DATAFILE= "folio.dat" ! File with problem data

OUTFILE= "result.dat" ! Output file

MAXRISK = 1/3 ! Max. investment into high-risk values

MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment into N.-American values
end-parameters
H 4 ) M |

IVE 0 0
Build >>Run i run bu tton “2. o3
Usemodelparameters H

H3 . Figure4.1 i3 | & W MAXRISK

MAXVAL |
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~ Draw progress graphs
¥ Simplex
v Newtan barier
V¥ Glabal search

r~ Branch and Bound tree

~
v Diaw tree { f\\
¥ Enable node highlighting

 CP search tree [max 131,072 nodes)

[# Draw CP seatch tree

™ Store all domains for up to |1E|IJ nodes.

 Pause
[~ At every Simplex log entry
[ At every Newton barier log entry
[~ At every Global search log entry

[~ Matrix visualization

¥ Show original matrix [T T]
'
™ Show presolved matriz ]
¥ Enable sketch view

™ Enable thumbnail view

[~ Stochastic models

/'
N &

[ Pause to prune scenario iee manually

¥ Use Model parameters [e.q. param]

=valuel param2=valueZ etc.}

IEIUT FILE =result2. dat MAXRISK=0.4 M4 =0.25

| Apply I Cancel

Figure 4.1: Changing model parameter settings

IVE o)

mosel A

mosel exec foliodata
mosel exec foliodata
mosel exec foliodata
mosel exec foliodata

d

MSI

q 0

A @

foliodata.mos V]

[

i Mosel 0
MAXRISK=0.1 OUTFILE='resultl.dat’
MAXRISK=0.2 OUTFILE='result2.dat’
MAXRISK=0.3 OUTFILE='result3.dat’
MAXRISKE=0.4 QOUTFILE='"result4.dat’
* BIM portable, compiled Binary Model files
A h

foliodata.mos
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model "Portfolioc optimization with LP"

uses "mmxXprs" ! Use Xpress-Optimizer
parameters

DATAFILE= "folio.dat" ! File with problem data

OUTIFILE= "result.dat" ! Output file

MAXRISK = 1/3 ! Max. investment into high-risk values
MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment intoc N.-American values

end-parameters

declarations

SHARES: set of string ! Set of shares

RISK: set of string ! Set of high-risk values among shares
NA: set of string ! Set of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

end-declarations

initializations from DATAFILE
RISK RET NA
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET(s)*frac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= MAXRISK

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) frac(s) =1

! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= MAXVAL

! Solve the prcblem
maximize (Return)

! Solution printing to a file
fopen (OUTFILE, F_OUTPUT)

writeln("Total return: ", getobjval)

forall(s in SHARES)

writeln (strfmt(s,-12), ": \t", strfmt(getsol (frac(s))=100,2,3), "&")
fclose (F_QUTPUT)

end-model
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IVE °
0
A a3 - Mosel
v o4 0
a
"L hH
0
Yy /4 1
5.1WwW 5 I
[ 2
. af (VN A b
Table 5.1 a & K L
a LP 0
QL af A

Table 5.1: Estimated deviations

Number Description Deviation

1 treasury 0.1

2 hardware 19

3 theater 28

4 telecom 22

5 brewery 4

6 highways 3.5

7 cars 5

8 bank 0.5

9 software 25

10 electronics 16
5.2 a

A foliodata.mos
W a
E_ o ]
1 dzZW h "
2 | ‘A
| A\

MSI Copy right©2015 All rights reserved

33



) 5
3.
H a v a [ . 0af
2 A D
declarations
SOLRET: array(range) of real ! Solution values (total return)
SOLDEV: array(range) of real ! Solution values (average deviation)
end—-declarations
o &z v v o4 0 w
0 "HH (oI B
v 4 Risk | &~ v 4 | C 0
| v 4 K "H v 4
ct:=0
forall(r in 0..20) do
! Limit the percentage of high-risk values
Risk:= sum(s in RISK) frac(s) <= r/20
maximize (Return) ! Solve the problem
if (getprobstat = XPRS_OPT) then ! Save the optimal solution value
ct+=1
SOLRET (ct) := getobjval
SOLDEV (ct) := getsol (sum(s in SHARES) DEV(s)=*frac(s))
else
writeln("No solution for high-risk values <= ", 100xr/20, "%")
end-1f
end-do
dz forall 2 foral do
_I. 1
end-do dz d ifithen/else/end - if
[N w I
getprobgat A
0 XPRS_OPT 1 ifithen/end - if
ifthen/elifithen/else/end -if 2 wood 7 elifthen
w . Mosel & ° 1
Mosel ' o3
5.3
w mmive
‘ Mosel '
A w B K
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uses "mmive"

d3

declarations
plotl: integer
end-declarations

plotl := IVEaddplot ("Solution values", IVE_BLACK)

forall(r in 1..ct) IVEdrawpolnt (plotl, SOLRET (r), SOLDEV(r));
forall(r in 2..ct)

IVEdrawline (plotl, SOLRET (r—1), SOLDEV(r-1), SOLRET(r), SOLDEV(r))

IVE workspace Usergraph
X & Az T
v 4 / .

Q Graph created using the “mmive’’ ibrary.

Click. far graph histary -
E [v M Solution values
2 e
DB~ e

User graph | IIS
Outputf/Tnput | Stats | Matrix | Solutions | Objective | MIP search | BB tree

Figure 5.1: Plot of the result graph

H3 " plot2
plot3

MSI Copy right©2015 All rights reserved

35



declarations
pleot2, plot3: integer
end-declarations

plot2 := IVEaddplot ("Low risk", IVE_YELLOW)

forall (s in SHARES - RISK) do

IVEdrawpoint (plotZ, RET(s), DEV(s))

IVEdrawlabel (plot2, RET(s)+3.4, 1.3%(DEV(s)-1), s)
end-do

plot3 := IVEaddplot ("High risk", IVE_RED)
forall (s in RISK) do
IVEdrawpolnt (plot3, RET(s), DEV(s))
IVEdrawlabel (plot3, RET(s)-2.5, DEV(s)-2, s)

end-do
SHARES RISK RISK T SHARES
B -

g Graph created uzsing the "'mmive" library.

Click for graph history v

[v M Solution valuss
v Lowrigk
[v M High risk

User graph | I1s
Qutput/Input | Stats | Matrix | Solutions | Objective | MIP search || BB tres

Figure 5.2: Plot of result graph and data
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2 mmxprs  mmive gj use

a3 af K

model "Portfolic optimization with LP"

uses "mmxprs", "mmive" ! Use Xpress-Optimizer with IVE graphing
parameters

DATAFILE= "fclio.dat"™ ! File with problem data

DEVDATA= "foliodev.dat" ! File with deviation data

MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment into N.-American values

end-parameters

declarations

SHARES: set of string ! Set of shares

RISK: set of string ! Sset of high-risk values among shares
NA: set of string ! Sset of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

DEV: array (SHARES) of real ! Standard deviation

SOLRET: array(range) of real ! Solution values (total return)
SOLDEV: array(range) of real ! Sclutien values (average deviation)

end-declarations

initializations from DATAFILE
RISK RET NA
end-initializations

initializations from DEVDATA
DEV
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
Return, Risk: linctr ! Constraint declaration (optional)

end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET(s)xfrac(s)

! Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) frac(s) =1

! Upper bounds on the investment per share
forall (s in SHARES) frac(s) <= MAXVAL

! Solve the problem for different limits on high-risk shares
ct:=0
forall(r in 0..20) do

! Limit the percentage of high-risk wvalues

Risk:= sum(s in RISK) frac(s) <= r/20
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maximize (Return) ! Solve the problem

if (getprobstat = XPRS_OPT) then ! Save the optimal solution value
ct+=1
SOLRET (ct) := getobjval
SOLDEV (ct) := getsol (sum(s in SHARES) DEV(s)*frac(s))
else
writeln("No solution for high-risk wvalues <= ", 100%r/20, "%")
end-if
end-do

! Drawing a graph to represent results (‘pletl’) and data (‘plot2’ & ‘plot3’)
declarations

plotl, plotZ, plot3: integer

end-declarations

plotl := IVEaddplot ("Solution values", IVE_BLACK)
plot2 := IVEaddplot("Low risk", IVE_YELLOW)
plot3 := IVEaddplot ("High risk", IVE_RED)

forall(r in 1..ct) IVEdrawpeint (plotl, SOLRET (r), SOLDEV(r));

forall(r in 2..ct)
IVEdrawline (plotl, SOLRET(r-1), SOLDEV(r—1), SOLRET(r), SOLDEV(r))

forall (s in SHARES-RISK) do

IVEdrawpoint (plot2, RET(s), DEV(s))

IVEdrawlabel (plot2, RET(s)+3.4, 1.3%(DEV(s)-1), s)
end-do

forall (s in RISK) do
IVEdrawpoint (plot3, RET(s), DEV(s))
IVEdrawlabel (plot3, RET(s)-2.5, DEV(s)-2, s)
end-do

end-model

w v dRisk "H |
No solution for high-risk values <= 0
No solution for high-risk values <= 5%

1
1

No solution for high-risk values <=
No solution for high-risk values <=

MSI Copy right©2015 All rights reserved
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3 /A . MIP s |} o3
W 0
IVE MIP ’
61w s |}
a o "H 4h woh
1. H 0
2 H h a bl !
&z 0 MINVAL a "H 10%
o3 - v o4 - w'H ’ 1
6.2 MIP 1 WV
a A Hs Y
2 [ 4 - buy
W "HHb W inditator variable
W (binary variable) W buys Hb I
H T. 0 | v 4 "Hh
MAXNUM W v 4 Wbuys ! Y  MAXNUM H
W buys I 1 ‘

> buy; < MAXNUM

sESHARES
'buy;
fracs w _
J o if fracs >0, then
oy =1 s dp 6da

Vs € SHARES : frac, < buy;

s frac. buy;

o
<

buy: 1 | buy: frac, ()

o

buys 1 | ‘ frac. ( | I a3
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w buys 1 I
fracs | h W T 3 -
6.2.1 Mosel
3 LP 4 “HH AU
w v 4 s |} W -0 0
I 1 | W Mosel ! is_ binary )
v 4P i W
(integer variable) W o3 dz I ’
W  Mosel ! is_ integer ) v 4 9 ’
MIP modeR J W 5 W

(semi continuous variable)

mocdel "Portfolio coptimization with MIP"
uses "mmxprs" ! Use Xpress-Optimizer
parameters
MAXRISK = 1/3 ! Max. investment into high-risk values
MAXVAL = 0.3 ! Max. investment per share
MINAM = 0.5 ! Min. investment into N.-American values
MAXNUM = 4 ! Max. number of different assets
end-parameters
declarations
SHARES: set of string ! Set of shares

RISK: set of string
NA: set of string
RET: array (SHARES) of real

end-declarations

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations
frac: array (SHARES) cof mpvar
buy: array (SHARES) of mpvar

end-declarations

! Objective: total return
Return:= sum(s 1n SHARES)

Set of high-risk values among shares
Set of shares issued in N.-ARmerica
Estimated return in investment

! Fraction of capital used per share
! 1 if asset is in portfolio, 0 otherwise

RET (s) xfrac(s)

! Limit the percentage of high-risk values

sum(s in RISK) frac(s) <=

MAXRISK

! Minimum amcunt of North-American wvalues

sum(s in NA) frac(s) >= MINAM
! Spend all the capital
sum(s in SHARES) frac(s) = 1

MSI

40
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!

Upper bounds on the investment per share

forall(s in SHARES) frac(s) <= MAXVAL

Limit the total number of assets
sum (s in SHARES) buy(s) <= MAXNUM

forall(s in SHARES) do
! Turn variables into

binaries

buy(s) is_binary
! Linking the variables

frac(s) <= buy(s)

end-do

! Solve the problem
maximize (Return)

! Solution printing
writeln("Total return: ", getobjval)
forall (s in SHARES)

writeln(s, ": ", getsol(frac(s))=100,

ng o(nm

o r

end-model

foliomipl.mos  forgl| 2 « d
a3

forall(s in SHARES) buy(s) 1s_binary
forall (s in SHARES) frac(s) <= buy(s)

Build >> Options

a o3 a

MSI Copy right©2015 All rights reserved

getsol(buy(s)), ")")

forall/do
] . w

run button '—n-?j'
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| |Representation of matrix to be optimized. Zaom i or out when av. [ Auto Hide
Sketch I Colurmn view I Rowve view  Graphical original I Graphical presolved I
Columns
T 1] 10 20
|
% [
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: -
926
g7
ocg
10
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e e e am am
123
8 B o 7 7 -
= ‘E o = =, >
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5= 5 £ £ z z v w E £ 2
L =» 5 ¥ & & ¥ 8 2 = I
L B o2 = &L 48 2 o = EoZ
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L N e it i Y Y i B D o i N S . Y i N S
0. _R1 I [ =0
i_FA2 =0
2. _R3| =
3. R4 =0
4, R =0
5. R =0
6. R7 =0
Dutput/lnput I State  Matrix I Objective I MIF seaich I BE tiee I User graph I

Figure 6.1: Matrix of the MIP problem

LP w \
frac < buy; w4 frac—buy =0 «d W
a3 ANV neg o
Mosel v o4 D h"H
0 T3 a information
Output/input
Total return: 13.1
treasury: 20% (1)
hardware: 0% (0)
Lheater: 30% (1)
telecom: 0% (0)
brewery: 20% (1)
highways: 30% (1)
cars: 0% (0)
bank: 0% (0)
software: 0% (0)
electronics: 0% (0)
A Y LP w "H
4 ¥ 4 /
L Stats
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Fgf \I:urrenl optimization statistics. [~ Auto Hide

M atriz: Presolved:
Rows{constramts): 14 Rows[constiants): 14
Colurnnz[wariables] 20 Columns{variables]: 20
Monzero elements 49 MNonzero elements: 43
Global entities: 10 Global entities: 10
Sets: 0 Sets: 0
Set members: n Set members: a

Overall status: Finished global search.

LP relaxation: Global search:

Algorithm: Simplex dual Current node; 1

Simplex iterations: 14 Depth: ]

Objective: 14,0667 Active nodes: -1

Status: LF Optimal Best bound: 131

Time: 0.0z Best solution: 131
Gap: 0%
Status: Solution is opt
Time: 025

Time overheads:

Progress graphs: 0.0s
‘Wiiting autput: 0.0z
Pausing: 0.0z
Updating status: 0.0z

Output/input  Stats |Matri:-: | Dbieclivel MIP sealchl BB tleel User graph

Figure 6.2: Detailed MIP solution information

Global search MIP-w "L T4 T
W S LR MIP
W @ MIP
MIP W 1 _ UPw
A o WP LP E
A W W (074
K W | LP ' node
W K v 4
A " 0 Branch- and-Bound tree "
C w M 0 w
w 1'H w
Xpress Optimizer MIP i 0
0 Optimizer Reference Manual MIP
H P 0 H X v o4 K
X T w ¢ “H (¥
w d o maximize A no A
R K MIP  Cul X, A
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setparam ("XPRS_CUTSTRATEGY", 0)
setparam ("XPRS_HEURSTRATEGY", 0)
setparam ("XPRS_PRESCOLVE", 0)

\ w T a
| T [Curent optimization statistics. [ AutoHide
M atrix: Presolved:
Rows{constraints): 14 Rows(constraints): 14
Columnz[wvariabl 20 Columns[vanables]: 20
MNonzera elem 49 Maonzero slements: 49
Global entities: 10 Global entities: 10
Sets 0 Sets: o
Set members: 0 Set members: 1]
Ovverall status: Finizhed global search.
LP relaxation: Global search:
Algonthm: Simplex dual Current node: 9
Simplex iterations 14 Depth: 3
Objective: 14.0667 Active nodes: 0
Status LP Optirnal Best bound: 131
Time: 01s Best salution: 131
Gap: 0%
Status: Solution is opt
Time: 0.2s
Time overheads:
Progress graphs: 0.0s
“whiting output: 0.0s
Pausing: 0.0¢
Updating status: 00s
Output/nput  Srats | bl atriz | Objective | MIP search | EE tree | Uszer graph |

25H

Figure 6.3: Detailed MIP solution information (after disabling cuts)

! BB tree i "
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Figure 6.4: Branch-and-Bound tree

i Y i "H LP E
0 da dz X

W K
Branch-and Bound

et

Build >> Options i run options button 3 global search
entry Apply a3 0 0
. 0 pause
button Il i 0 1 I .  stop button@
6.3 MIP 2 _a R
2 MIP od & n 2 3 LP
0 04 a v o4 !
"H h a bl . C oz
MINVAL a "H  10% "l fracdy/
q 0 MAXVAL | ’ W h MINVAL
MAXVAL [ 0 [ v W
3 W (semicontinuous variable) A fracs
45
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& W A
Vs € SHARES : frac, = 0 or MINVAL < frac, < MAXVAL

6.3.1 MOSEL ¥

a3 feliomips .mos 3 LP 4 "HHb
A 0 w v {4 s |} MIP 2 0
K W is_semcont W 4 ¥

MOSEL d , WO [ s o3
dz I W W 5 W  semi continuous
integer A K W is_semint W 4

3 " W (partial integer) s o3 I

[ I W is_partint W 4 0

model "Portfolio optimization with MIP"
uses "mmxprs" ! Use Xpress-Optimizer

parameters

MAXRISK = 1/3 ! Max. investment into high-risk values
MINAM = 0.5 ! Min. investment into N.-American values
MAXVAL = 0.3 ! Max. investment per share

MINVAL = 0.1 ! Min. investment per share
end-parameters

declarations

SHARES: set of string
RISK: set of string

NA: set of string

RET: array (SHARES) of real
end-declarations

Set of shares

Set of high-risk values among shares
Set of shares issued in N.-America
Estimated return in investment

initializations from "folio.dat"
RISK RET NA
end-initializations

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET (s)=x*frac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= MAXRISK
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! Minimum amount of North-American values

sum(s 1in NA) frac(s) >= MINAM
! Spend all the capital
sum(s 1n SHARES) frac(s) = 1

! Upper and lower bounds on the investment per share

forall(s in SHARES) do

frac(s) <= MAXVAL
frac(s) 1is_ semcont MINVAL
end—-do

! Solve the problem
maximize (Return)

! Solution printing

writeln("Total return: ", getobjval)
forall(s in SHARES) writeln(s, ": ",
end-model
0 o 4
Output/input i o3
Total return: 14.0333
treasury: 30%
hardware: 0%
theater: 20%
telecom: 0%
brewery: 10%
highways: 26.6667%
cars: 0%
bank: 0%
software: 13.3333%
electronics: 0%
5
K v

MSI

"%ll)

getsol (frac(s)) *100,

A solution information

a 10%

MIP I !
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3 /A - (Quadratic Programming)
6 A MIP . - (Mixed Integer Quadratic Programming)

W H ) W

IVE MIP optimization display

12 BCL ’ . vda 17 QP
w Xpress Optimizer
7.1W
a o A ! T w
. Y & a moow
Ha @ ea . /B i
(V| A Markowitz ' T
. . X i .
ri I
d ; T e =
0 A rl Y& WX .
B wn &

Table T.1: Variancefoovariance matrix
trezsury hanrdw. theater telecom brewery highways cars bank softw. elactr

traqsyme 01 0 0 ] ] o o ] ] 0
hardw ara ] 19 -2 4 1 1 1 0.5 10 5
theater ] -2 28 1 2 1 1 ] -2 -1
telecom ] 4 1 22 ] 1 2 ] E] 4
braweme ] 1 2 ] 4 -1.5 -2 -1 1 1
hig harays ] 1 1 1 -1.5 25 2 05 1 1.5
cars ] 1 1 2 -2 2 5 05 1 2.5
bank ] 0.5 0 ] -1 0.5 nh 1 ns 0.5
software ] 10 -2 E] 1 1 1 05 25 &
eledronics ] 5 -1 4 1 1.5 25 05 a 16
w1 0 H % 7 h) M Ha
d
w2 0 “H R 7 A v & & 4y
Hoa T a A W
w - w - ° v 4 j v 4
w 2 w W  Hhb w

MSI Copy right©2015 All rights reserved



A
7.2 QP
2 /A w d3 W w
. #A(maanvariance)
. v 4
%! \\) 4 K
a3 A
Z VAR,; - frac, - frac;
s,teSHARES
VARst n /Bn ”
~ W i JﬁE‘C% ¥ W . § fracy - fracs
%! \) :I d3

> RET-frac, > TARGET

ScSHARES

yis a ! a ' a oz

&

minimize Z VAR;,: - fracs - frac

s,tESHARES

Z frac, > MINAM
scNA

Z frac, = 1

SCSHARES

Z RET, - frac, > TARGET
sc SHARES

Vs € SHARES : 0 < frac, < MAXVAL

7.2.1 Mosel 0
0 Xpress Optimizer mmxprs QP mmquad
w QP mmaquad v oad w Mosel
K mmquad Mosel ' Mosel Language
Reference Manual ' QP mmaquad oA
a maximize minimize
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(foliogp.dat) -

! trs haw thr tel brw hgw car bnk sof elc

RET: [ (1) 5 17 26 12 8 9 7 6 31 21]
VAR: [ (1 1) 0.1 0 0 0 0 0 0 0 0 0 ! treasury
(2 1) 0 19 -2 4 1 1 1 0.5 10 5 ! hardware
(3 1) 0 -2 28 1 2 1 1 0 -2 -1 ! theater
(4 1) 0 4 1 22 0 1 2 0 3 4 | telecom
(5 1) 0 1 2 0 4 -1.5 -2 -1 1 1 ! brewery
(6 1) 0 1 1 1 -1.5 3.5 2 0.5 1 1.5 ! highways
(7 1) 0 1 1 2 -2 2 5 0.5 1 2.5 ! cars
(8 1) 0 0.5 0 0 -1 0.5 0.5 1 0.5 0.5 ! bank
(9 1) 0 10 -2 3 1 1 1 0.5 25 8 ! software
(10 1) 0 5 -1 4 1 1.5 2.5 0.5 8 16 ! electronics
]
RISK: [2 3 4 9 10]
NA: [1 2 3 4]
(string index [ "HA ) "H
’ SHARES 0¥
w
A
model "Portfolio optimization with QP/MIQP"
uses "mmxprs", "mmguad" ! Use Xpress-Optimizer with QP solver
parameters
MAXVAL = 0.3 ! Max. investment per share
MINAM = 0.5 ! Min. investment into N.-American values
MAXNUM = 4 ! Max. number of different assets
TARGET = 9.0 ! Minimum target yield
end-parameters
declarations
SHARES = 1..10 ! Set of shares
RISK: set of integer ! Set of high-risk wvalues among shares
NA: set of integer ! Set of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

VAR: array (SHARES, SHARES) of real ! Variance/covariance matrix of
! estimated returns
end-declarations

initializations from "folicgp.dat"
RISK RET NA VAR
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations
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! Objective: mean variance
Variance:= sum(s,t in SHARES) VAR(s,t)=xfrac(s)=+frac(t)

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) fraci(s) =1

! Target yield
sum(s in SHARES) RET(s)*frac(s) »>= TARGET

! Upper bounds on the investment per share
forall (s in SHARES) frac(s) <= MAXVAL

! Solve the problem
minimize (Variance)

! Scolution printing
writeln ("With a target of ", TARGET, " minimum variance is ", getobjval)
forall (s in SHARES) writeln(s, ": ", getsol(frac(s))=100, "%")

end-model

T3 dolution information
window  Output/input

With a target of 9 minimum variance is 0.557393
: 30%
7.15391%
7.38246%
5.46363%
12.6554%
5.91228%
0.332458%
30%
1.09983%
0: 0%

o =d o U s W N

5 ’ TARGET I 0 W l
/ af My
Unodeif”efolioquraph.mbsy

51
MSI Copy right©2015 All rights reserved



File Edit ‘“ew Buld Debug Deploy Modules Wigards Window Optimizer Help -8 X

BAUF LS €l M| T @ s Fie postion: [
B S0 sloksBQll0 BIEEPS
L3 /[ folioapgraph.mos 4 I x| Run *
‘[V] frac V| ! Minimum smount of North-American values #|||/Dl[Graph created using the “mmive brary.
—_— sum(s in Ni) frac(s) >= NINAH
Entities | 4 ->7| Click for graph history b
Current Solution: B Spend.dll the capital
[W] sum(s in SHARES) fracis) = 1 ¥ W Salution values
 [C\Ermen\BSHosehidiopa & ! Upper bounds on the investment per shars & M Low ik
= MainFicblem forall(s in SHARES) frac(s) <= MAXVAL [ W High isk
#-33 Parameters
CT“’"‘S ¢ Solve the problem for a range of returns a0 F
Primitives target:= min(s in SHARES) RET(s)
+ scalars RMAX:= wax (S in SHARES) RET(s) i
i et :
i plotl while{target < RMAX) do
i plot2 Return:= sum(s in SHARES) RET(s) *frac(z | :
i plot3 minimize (Variance) ! Sol f
e RHAX
re target if (getprokstat = ZPRS_OPT) then ! Sav
i ] amaps ct4=1
wof) st SOLDEY (ct] := getobival
= #¥ Decision Variables SOLRET{ct) 1= target
(] attays: else
=g} Constiaints writeln("No solution f£or Carget returr
=+ scalars break
“ Retumn end-if
. 4, variance L target += 1
3 Subroutines end-do
st User-defined Types ™~ v User graph | IS
< | 2 & ] Cutput/Input | Stats | Matrix | Solutions Obiactive‘ MIP search | BB tree
Information e
CAEsampleshGS \Moselfoliogparaph.mes compiled successfully. No matrix is available
tosel versior: 3.0,
Modulefs] in use: mmauad version 1.2.5, mmuprs version 20,2, mmive version 1.205
Copy to clipboard

Ready Idle Fres Memory; 2867 ME  Line; 1f105 Coli 0 R

Figure 7.1: Graph of the efficient frontier

7.3 MIQP
AQP v 4 & Y MAXNUM
T Ho 6

Vs € SHARES : frac, < buy;

fracs >0 fracs

buy. 1 buy. 0 fracs 0

> buys; < MAXNUM

SESHARES
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7.3.1 Mosel

A~

A QP ' e oep K
v w 10 QP MIQP
declarations
buy: array (SHARES) of mpvar ! 1 if asset 1is in portfolio, 0 otherwise

end-declarations

! Limit the total number of assets
sum(s in SHARES) buy (s) <= MAXNUM

forall (s in SHARES) do
buy(s) is_binary
frac(s) <= buy(s)
end—do

! Solve the problem
minimize (Variance)

writeln("With a target of ", TARGET," and at most ", MAXNUM,
" assets, minimum variance is ", getobjval)
forall(s in SHARES) writeln(s, ": ", getsol(frac(s))=100, "3")

MIQP 6 & I

With a target of 9 and at most 4 assets,
minimum variance 1is 1.24876

30%

20%

0%

0%

23.8095%

26.1905%

o

C]
[

]

o

Cl

W oo~ oy U WD

y vodoox "HInQPW
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7.3.2 n

Stats
"L
[T [Cumment optimization statistics. [ Auto Hide

M atrix: Presolved:
Rows[constraints): 14 Rows{constraints): 14
Columnsvariables): 20 Columns{variables): 20
Monzero elements: 54 Nonzeno elements: 53
Global entities: 10 Global entities: 10
Sets 0 Sets: i}
Set members 0 Set members: 1]

Overall status: Fimished global search.

LP relaxation: Global gsearch:
Algorithm: Hewton Barrier Current node: 55
Iterations: 10 Depth: 5
Primnal objective; 0.557333 Active nodes: 0
Dual objective: 0557333 Best bound: 1.24876
Status: LF Optirnal Best solution: 1.24876
Time 0.0s Gap: 0%

Status: Solutian is opt
Tirne: 0.5s

Time overheads:
Progress graphs: O1s
Witing output: 0.0z
Pausing: 0.0s
Updating status: 01s

Output/lnput  Stats I I atrix I Objective I MIP search I BE tree I User araph I
Figure 7.2: Detailed MIQP solution information
LP MIP ¢
w LP E Newton Barrier algorithm

Branch-and- Bound
BB tree
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Figure 7.4
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W\Progess of the MIP search. Hover for info when available. [~ Auto Hide

IEIick for graph history ;I
MIP gap
i ; : —4—5 |V +Gap
‘ ‘ 4 ¥ B Integer solution
o I S ¥ | |~ &Depth
2 : : : N Ei=
G} 1 ] , o
3 i : - 2=
Al
01k : 2 = Ap
0 01 02 03 04
Time
L Accept cunent best solution and continue I
MIP Objective
[V =+ Best solution
¥ Bestbound
= ¥ @ Integer solutions
3
=
(=

Dutputr’lnpull Stats I Matrix | Objective  MIP search IBB treel User graphl

Figure 7.4: MIQP solutions

dz3 n a MIP LP E
B35 n Al

optimality

—_
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W w o b
I o - T
Mosel a
0 H % A W (bound)
Xpress Optimizer
/
13 BCL U
8.1 W  uwp
d3 w
1. LP E
2.y (rounding heuristic) A Wfrac | 0
W buy 0 wo A Wrac | Y
W buy 1 wo
b7 MIP W
o I 1
W w
6 MIP W
| :
(074 2
. W frac 0.3 &z Y | 0.2
J H W T—e
10>, ¢ H oI
6
| 0 T | -
LP E |
y P i 0
LP E
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8.2 Mosel 0

MSI

2 /A (file folioheur.mos) w
w
6 MP1 ’ Woow
¥ proedure «d 0
) "H W A forward
’ A 0 maximization AT w
v X W

w

model "Portfolio optimization solved heuristically"

uses "mmxprs" !

parameters

MAXRISK = 1/3 !
MAXVAL = 0.3 !
MINAM = 0.5 !
MAXNUM = 4 !
end-parameters

forward procedure solve_heur !

declarations
SHARES: set of string !
RISK: set of string !
NA: set of string !
RET: array (SHARES) of real !
end-declarations

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations

frac: array (SHARES) of mpvar !
buy: array (SHARES) of mpvar !
end-declarations

Use Xpress-Optimizer

Max. investment into high-risk values
Max. investment per share

Min. investment into N.-American values
Max. number of assets

Heuristic solution procedure

Set of shares

Set of high-risk values among shares
Set of shares 1issued in N.-America
Estimated return in investment

Fraction of capital used per share
1 if asset 1s 1n portfolio, 0 otherwise

Copy right©2015 All rights reserved
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! Objective: total return
Return:= sum(s in SHARES) RET (s)xfrac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= MAXRISK

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) fraci(s) = 1

! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= MAXVAL

! Limit the total number of assets
sum(s in SHARES) buy(s) <= MAXNUM

forall(s in SHARES) do
buy (s) is_binary
frac(s) <= buy(s)
end—-do

! Solve problem heuristically
solve_heur

! Solve the problem
maximize (Return)

! Solution printing
if getprobstat=XPRS_OFPT then

writeln ("Exact solution: Total return: ", getobjval)
forall(s in SHARES) writeln(s, ": ", getsol(frac(s))=+100,
else

writeln ("Heuristic solution is optimal.")
end-if

MSI Copy right©2015 All rights reserved
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procedure sclve_heur
declarations
TOL: real !
fsol: array (SHARES) of real !
bas: basis !
end-declarations

setparam("XPRS_VERBOSE", true) !
setparam("XPRS_CUTSTRATEGY", 0) !
setparam("XPRS_HEURSTRATEGY", 0) !
setparam("XPRS_PRESOLVE", 0) !
TOL:=getparam("XPRS_FEASTOL") !
setparam("ZEROTOL", TOL) !

maximize (XPRS_LPSTOP, Return) !
savebasis (bas) !
! Fix all wvariables for which
! large value
forall(s in SHARES) do
fsol(s):= getsol(frac(s)) !
if (fsol(s) = 0) then
setub (buy (s), 0)
elif (fsol(s) >
setlb (buy(s),
end-if
end-do

\buyr

0.2) then

1)

Solution feasibkility tolerance
Solution values for ‘frac’ wvariables
LP basis

Enable message printing in mmxprs
Disable automatic cuts

Disable automatic MIP heuristics
Switch off presolve

Get feasibility tolerance

Set comparison tolerance

Solve the LP problem
Save the current basis

‘frac’ is at 0 or at a relatively

Get the solution values of ‘frac’

! Reset variables to their original bounds

forall(s in SHARES)
if ((fsol(s) = 0) or
setlb(buy(s), 0)
setub (buy(s), 1)
end-if

(fsol (s) >=

loadbasis (bas) !

if ifgscl then

0.2)) then

Load the saved basis

! Set cutoff to the best known solution

setparam("XPRS_MIPABSCUTOFF", solval+TOL)
end-1if
end-procedure
end-model
w
8.2.1
Mosel ) . ) procedure
procedure O v  procedure | & end- procedure
’ function O v function | O
MSI Copy right©2015 All rights reserved
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end-function

h

function T . return type
function myfunc(myint: integer, myarray: array(range) of string): real
integer )
array(range)ofstring real az
1 declarations ) 0
oy
verloaded qj .
Mosel 0
0 "H 1 "H 0
overloaded 0 Mosel User Guide
B
8.2.2 Optimizer
Xpress Optimizer o 0
IVE module browser
A o3 Modules >> List available modules 1
button: d3 Optimizer Optimizer
Reference Manual d3 Mosel setparam
getparam . A mmxpr X Y
Output/input window
L Optimizer LP
n MIP  n
X A XPRS_CUTSTRATGY
XPRS HEURSTRATEGY y w presolve
XPRS_PRESOLVE K (¥
8 !
Optimizer + W Optimizer W
0 K XpressOptimizer w
I . Xpress Optimizer
105 |
61
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XPRS_LPSTOP K “maximization procedure

I A

! i & LP E

MIP W  F_ Bl a

XPRS_CONT ' over

loadedsubroutine 0

LPW

\'
w

loadprob

Manual

MSI

K LR E v w W K
K
v I MIP
A (fromscratch) MIP
\
Optimizer . optimization statement 0
AT v setlb setub W Optimizer
v 4w K oy W . w M
Optimize Mosel Language Reference
mmxp ' &3
62
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i Xpress-IVE

Fle Edit Wiew Buld Debug Deploy Modules Wizards Window Optimizer Help & X
O M BTl S el M @ sea: Fie Posttion: [
B O s 9@ aBalo RsEa33
n m 4 b x| Run ks
"'| -~ 9 Test output from Mosel/0ptimize [V\eWEﬁ
r— procedure solve heur
Entities A—>2| dec larat ions - Starting root cutting & heuristics A
Current Solution: TOL: real ¢ Sol Its Type BestSoln BestBound  Sols Ad
Tool: array(SHARES) of real ! 5ol * 13.100000 14.066667 1
has: basis $LP **% Search completed 7% Time: 0 Nodes
end-declarations Number of integer feasible solutions found is 1
- Best integer solution found is 13.100000
=3i Patameters setparam("¥PRS_VERBOSE", true) : Ena Best bound iz 13.100000
- i MAXNUM setparam("XPRS_CUTSTRATEGY",O) ! Dis Heuristic solution: Total return: 13.1
-re. MAXRISK setparam("XPRS_HEURSTRATEGY",0) / Dis treasury: 20%
e MAXYAL setparam("XPRS_PRESOLVE", 0} ) Swi hardware: 0%
re MINAM TOL: =getparan ("XPRS_FEASTOL") ! Get theater: 30% =
Constants setparam (" ZEROTOL", TOL) 4 Sat telecom: 0%
Erimitives brewery: 20%
:]} aaps: maximize (EPRS_TOP, Return) ! 50l ]:;3:'?3?: a0
sets savebasis (bas) ! Sav e
Decision Variables bank: 0%
11 amaps: . . . . software: 0%
g ! Fix all variables ‘buy' for which ‘fr electronics: 0%
{¥] buy ! large value
V] frac forall(s in SHARES) do Its b3 Value 5 Ninf Hneg
melfa{ﬂls fsol(s) := getsol(fracis)) ] 14. 066667 D 1] 1]
Subroutines if (fsol{s) = 0) then Optimal solution found
procedures: setub (buy(s), 0) 432 Coaval smfindohad SE% Timae A /]
. F()fnlve_helll elif (fsol(s) »>= 0.2) then ¢ )
3t Userdefined Types setlbibuy(s), 1) Type heie:
end-if T — - T T T
end—do + ||| OutputiInput | Stats | Matrix |Su\Lt|ons Objectwe‘ MIP search | BB tree
= — < 3 || Usergraph | 15

Information

Mosel version: 3.0.2
Modulefs] in

CAExampleshG SYMoselfolioheur. mos compiled successfully.

mmprs version 2.0.2, mmive version 1.20.5.

lioheur.mos)” locations | Debug Watch

Figure 8.1: Optimizer output display

8.2.3
Optimizer

|

TOL TOL

G

¢
Optimizer

“H

.

G

MSI

wl A v Mosel

fsol(s)>=0.2

Mo matriz is avallable

—

Ide Free Memory: 2684 ME  Line: 1/138 Col: 0

Comparison tolerance(ZEROTOL) TOL
fsol(s)=0

fsol(s) |

Mosel

Copy right©2015 All rights reserved

A A
H

fsol(s)
0.2=TOL

Mosel Optimizer
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9 Mosel
Mosel ' y
&3
deployment A
BIM n
a BIM
Mosel IVE
Optimization Modeler
Mosel ' y
&3
9.1 deployment
Deploy = Deploy i deploy
Figure9.1 Run Mosel a3 Visual Basic
X /

I

The candidate file for deployment is:

CAGSYMozelvolindata mos

How would you like to use this Mosel model in your application?

Save .BIM file
” ‘with debug info

&l names stipped

Save BIM file...

To directly create a
‘windows executable
that runz a .BIM file:

i Run Mosel model from |
-

T Java

* Visusl Basic

" WB.NET

O CH

 Optimize matrix file from;
o

€ Java

€ Yisug Basic
€ YBHET
(e

1. Copy C:\*pressMPibinmrun.exe to the same folder as the .BIM file;
2 Rename miun.exe to match the name of the BIM file, but with EXE instead.

E |

Cancel |

Figure 9.1: Choosing the deployment type

Next
9.2

MSI Copy right©2015 All rights reserved
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64



Compile and run Mosel model from VB x|

e | Add as a module to a VB project, Escel worksheet, Access database etc.
Alzo include the module ZxPRESSDIRZ\includet\sprm.bas in the project.

Rem VB code generated by the Xpress-IVE deployment wizard

| »

Sub Main()
Dim result, err As Long

result = run mosel (err) b
Select Case err
Case 0
MsgBox "Model execution returned: "™ & result
Case 1
MagBox "Initialisation of Mosel failed"
Case 2
MsgBox "Mosel could not load the model™
Case 3
MsgBox "Error during execution”
End Select
End Sub

4

Function run mosel (ByRef err &s Long) As Long 'I
»

< Back I Done.

Figure 9.2: Code preview

Saveas ! | (foliorun.bas) I i

Visual Basic Project MS Excel worksheet K Visual
Basic Project | . xprm.bas T

Mosel deployment /[ 14 C Java

9.2 BIM
" / Mosel BIM « d
Blnary Model file  BIM Mosel '’ T
.mos W

"BIM ' 0
. 9@8.2 '
BIM A Build >>Conpile 1 button “&=".
& BIM Mosel ) . mos
s i bim /A deployment ’
A Produce standalone .BIM filgwith debug information) Produce
standalone .BIM file (all namesstripped) w0 I

LI

IVE 2 T n

65
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h
CB

9.3 ’
9.3.1 Mosel 0

Sub Main()
Dim result As Long
Dim model

' Initialize Mosel
XPRMinit

’ Load compiled model
model = XPREMloadmod("foliodata.bim",

' Run the model
¥XPRMrunmod model, result, ""
' Unload the model
¥PRMunloadmod (model)

End Sub

BIM w4

foliodata.mos

Mosel

Sub Main ()
Dim result As Long
Dim model

' Initialize Mosel
XPRMinit

! Execute = compile/load/run a model
XPRMexecmod "", "foliodata.mos", "",

' Unload the model
¥XPRMunloadmod (model)
End Sub

9.3.2
4 IVE Mosel

BIM e

MSI

result,

n ll)

mode 1

Copy right©2015 All rights reserved

.mos O
2l w
" i
5
I
Mosel
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foliodata.mos | &2 numerical

K o "0

Sub Main ()

Dim result As Long
Dim model

! Tnitialize Mosel
XPRMinit

" Execute model with changed parameters

XPRMexecmod "", "foliodata.mos", "OUTFILE=result2.dat,MAXRISK=0.4,MAXVAL=0.25",
result, model

Export problem to matrix file X|
Format : .
- Hame of linear constraint
" LP format, minimization 1epresenting objective funchion
&+ P format, maximization IF\etum j
" MPS format

[~ Scramble names

covs|

Figure 9.3: Matrix export window

' Unload the model
XPRMunloadmod (model)
End Sub

BIM 0 W 0 ¥un' function call
K

XPREMrunmod model, result, "OUTFILE=resultZ.dat,MAXRISK=0.4,MAXVAL=0.25"

9.3.3VB T3p
Visual Basic T3 Mosel VB "’ Mosel
i3

folioout.txt Mosel 0 (the execution of theMosel
model) o4 J

’ Redirect all output to the file "foliocout.txt"
XPRMsetdefstream vpbNull, XPRM_F_OQUTPUT, "folioout.txt"

fecliodata.mos result.dat

Mosel /A

2 oz XPRM_F_ouTrpuT XPRM F ERROR

67
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9.4
94.1
Mosel K Xpress Optimizer a 0 I.
Mosel e d
K
I
Xpress 2 1
extendedMPS extended LP format v v o4 i
\ .
Mosel IVE 4
IVE ’
0 v  Build >> Export matrix file 1 button
a3 i matrix export window 1
:
2. 1 matrix generation statement ’ w MPS
@ K
exportprob (EP_MAX, "folio", Return)
A Y a o3 H

exportprob (EP_MAX, "folio", Return)
optimization statement h) optimization statement
modelfile 0 v [ C

9.4.2
Build >>Optimize matrix file
button — o3 e

MSI Copy right©2015 All rights reserved
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Optimize a mat

x from a file

M atrix filename:

C:AExamplesh\GS\Moseloliolp

EARPRIMALSTOP

[ Load directives file [<filenames.dir)
[ Load solution file [<filenames. slx]

Browse...
Solution options

(®) Find best solution ) Find 5

Algorithm Sense Dptimization [ Analyze i infeasible

O Primal (%) Minimize: O Relaxed LP.OF) [[] REPAIR /Relax if infeasible

® Dual O Masimize & Pertoim global search [MIP. MIGP) Wiite solution summary to screen

O Barrier O NONE - only load matix []'wirite solution to formatted ASCII file

O Metwoark Check one or more strategies to run. A strategy is a set of integer and double control parameter settings.

best solutions

IVE Qptions... | B

A
Parameters (F1 for Help) DETERMINISTIC=0 -
ACTIVESET
ALGAFTERCROSSC ~
'SKEE'FFEEEIEHB (MIP: aggressive root cuts) -~
BACKTRACKTIE —| ] CUTSTRATEGY=3 3
BARCRASH GOMCUTS=5 {or 10)
BARDUALSTOP 3
BARGAPSTOP
BARINDEFLIMIT {(MIP: aggressive in-tree cuts) ~
BARITERLIMIT O CUTFREQ=2 {or 5] 3
gﬁggﬁ?gﬁ.r CUTDEPTH=1000 (large nurmber)
BARPRESOLVEOPS (for overall aggressive cutting, also add CUTSTRATEGY=3, GOMCUTS=5) -

(MIP: low overhead - decrease time to first solution)

BARSTART =
BARSTEPSTOP O COVERCUTS=4 {limited cutting}
BARTHREADS LNPITERLIMIT=0 (turn off lift-and-project cuts)
BIGM SBBEST=0 (turn off strong branching) -
BIGMMETHOD
ERANCHCHOICE {Try other settings here) -~
BRANCHDIS) {(or use as scratch pad - uncheck box to prevent from running)
BRANCHSTRUCTU I:l (You must click on "Start" to save sStrategies)
BREADTHFIRST e
CACHESIZE 5
CHOLESKYALG %
Figure 9.4: Matrix import window
) ), , -
IVE Mosel Oh L
op , — y o
A’ L U

4

Q Text output from Mozel/Optimizer. [ View/Edit ] [ Clearl

5

FICO Xpress Optimizer 32-bit w20.00.11 (Hyper ca
(c) Copyright Fair Isaac Corporation 2009 b
Reading Problem Yfolio

Problem Statistics

3o 0 spare)] rows
10 i 0 spare)] structural columns
19 i 0 spare)] non-zero slemnsnts
Global Statistics
0 entities 0 sets 0 set
Presolved problem has: 3 rows 10 cols
Its 0Obj Value 3 Ninf Nneg
1] 42.600000 D 2 ul
5 14.066652 D 1] il B

Uncrunching matrix

Optimal solution found

14.066659 D o i}

Solution Reduced

Name

frac (brewery) 0.066667

frac (highways) 0.3

frac (software) 0.133333
frac(theater) 0.2

frac (treasury) 0.3 Py

< 2
ITypE here: ‘

115

Output{Input |Stats Matrix | Solutions || Objective | MIF search | BE tree

Figure 9.5: Matrix optimization output

MSI
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9.5 Optimization Modeler
Xpressclient- server
K Optimization Modeler

a3

9.5.1 p
Optimization ModeleK
Optimization Modder

Mosel

mminsight
0 A
p O.
’ W
N H Optimization Modeler

a @] AT

felioinsight.mos p

Optimization Modeler GUI

< Mosel
Optimization Modeler
A
Mosel (] Mosel
A 0 w K ‘

Optimization Modeler
Optimization Modeler

R insight_use_original_data

insight end initializations

« 4

insight_minimize/insight _maximize

foliodata.mos

a3

! Use Xpress-Optimizer
! Use Optimization Modeler

model "Portfolio optimization with LE"
usas "mmxprs"
uses "mminsight”
parameters

DATAFILE= "folio.dat"”

MAXRISKE = 1/3
MAXVAL 0.3
MINAM = (0.5

end-parameteaers

declarations

SHARES: set of string
RISK: set of string
N&: set of string
RET: array (SH&RES)
end-declarations

of real

if insight use original data then
initializations from DATAFILE
EISK REET MNA

end—-initializations

end-1if

MSI

! File with preoblem data

Masx. ilnvestment into high-risk values
Max. ilnvestment per share

Min. investment into W.-American wvalue
Set of shares

Set of high-risk values among shares
Set of shares issued 1n W.-America
Estimated return in investment

Data for baseline
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declarations

frac: array (SHARES) of mpvar ! Fraction of capital used per share
Return, LimitRisk, LimitAM, TotalOne: linctr ! Constraints
end-declarations

! Input data inijection point for all scenarios other than baseline
insight_end_initializations

! Objective: total return
FEeturn:= sumis 1n SHARES) REET(s)+fracis)

! Limit the percentage of high-risk walues
LimitRisk:= sum(s in RISK) frac(s) <= MAXRISK

! Minimum amount of North-American values
LimitAM:= sum(s 1in NA) frac(s) »= MINAM

! Spend all the capital
TotalOne:= sumi{s in SHARES) fraci(s) = 1

! Upper beounds on the investment per share
forallis in SHAERES) fraciszs) <= MARMVAL

! Solve the problem through Optimization Modeler
insight_maximize (Return)

end-model

h oy
Optimization Modeler ’
95.1.1
Optimization Modeler Oh  « ‘ 9.2 BIM
BIM 4 Optimization Modeler n
Mosel 0
Optimization Modeler project archiveK '
T A BIM
nodel_resources client_rescurcas  custom view definitions)
source Mosel ZIP Xpress |
folioinsight.bim  Z|P archivefolicinsight.zip model resources.
K folio.dat ¢

9.5.2 Optimization Modeler GUI X
Optimization Modeler Analyst Client  Windows

X Windows client X Start>>FICO
>>Xpress>Optimization Modeler Analyst Client | client X
Xpressinstallation bin H
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@3 H3

Optimization Modeler Analyst Client
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Optimization Modeler server | » Server
. n X Optimization Modeler Analyst Client 0
[ - DHtimization
Modeler
(&) Optimization Modeler Analyst Client =8 o ===
File Edit Run Dashboards Admin Developer Help
o8 ~ iz
[ Repesitery = =8 =8
== Entities T =0
&) Job Queue | Run Log| [/ Client Log| = Progress v =8
Project Scenario Status Job Owner Solver Status  Opt. Service  Bxec. Time Objective Gap # Solutions
Logged in as user gs
Figure 9.6: Optimization Modeler entry screen
Optimization ModelerMenu  Tool ¢
Repository pane Entities pane &3  Run pane
" "L [N
: /o T [omm] i
( b A
9.5.2.1 Optimization Modeler
_ (-f) p folioinsight.zip
Repositorypane
' menu File>New>>New Project |
folicinsight.zlip T Open
M 'Yes 1 /
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@) Load scenario 22 |
Do you wish to load the new scenario?
] l Mo
W |7| 0
insight_end_ initializations,
(1) Run scenario @
) L Do youwish to run the new scenario?
} l No
scenario run O
B
d3 Job Queuepane  Mosel 0 Optimization
Modeler 0 p ©. a3 W
= RunlLog | [£ Client Log | =3 Progress | ) Job Queue ¥ =0
Project Scenario Status’ Job Owner Opt. Service  Exec. Time  Objective Gap £ Solutions
folioinsight Scenario 1 Completed g5 localhost 0:00:00 14.067 1
Figure 9.7: Optimization Modeler job queue pane
9.5.2.2 Optimization Modeler
(014 L Repositorypane I
| Repository ¥ =0
4 98 folioinsight
4 E Scenario 1
| input
¥ model
[=5 results
Figure 9.8: Optimization Modeler repository pane
I [ . Entities pane Iz
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== Entities ¥ =08
] input
|®] parameters
[#] RET
¥ model
@ (scalars)
EQ results
@ (scalars)

[\] frac

Figure 9.9: Optimization Modeler entities pane

VI Optimization Modeler string
integer real p npvar linctr
dz Repository Entities panes
W View pane built - in default view
RepositoyK Entities paneK
DeletédRenam® XXX ~  Open folioinsight
o3 ' entitiespane &3 view A
input>>Parameters d I
0 : 0 | NB: | 0
W w
results>>scalars J v o4
L -
results>>frac T 7 frac |
K ARET | Optimization Modeler X 0
] B A K
results>>frac V] Chart >>Settings 1|
& Chart type select "Pie"
i>>0K 0 A 0 view Table frac
i New Chart 1
oz Thview K K
view p [ 0 view 1 view X
I A( ) view frac 1
view X 1A Optimization Modeler
/ o3 W
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() Optimization Modeler Analyst Client ol e =]
File Edit Run Dashboards Admin Developer Chart Help
=~ JEXE® IQ & ®
[t Repository ™ ¥ = O[3 Table: parameters I3 [ Table: (scalars) £3 . |[ ) Chart:frac £3 =0
folioinsight arameter-names | parameters Names Values Chart: frac
[&] Scenario1 1 [DATARLE falio.dat ET—
] input 2 | MAXRISK 0333333333333 Gap
X model 3 MAXVAL 03 LimitAM.act 0.5
|3 results 7| MINAM 05 LimitAM.dual -5
F LimitAM.rhs 05
S LimitAMtype >=
LimitRiskact 0333
Showing 4 rows LimitRick.dual 23 SHARES
9 LimitRiskohs 0333 o138 . B bk
73 Table frac 2N eEeet el <= % W brewery
- Objective 14067 0 M as
SHARES | frac [RET | Retumact 14067 0067 |l electronics
1 bank 0 6 Retum.dual 0 0— ~0
o B hardware
z brewery 0.067 8 Return.rhs 0
. 5 B highways
3 cars 0 7 Retumtype  obj
4 electronics 0 b1 Run-Time 0017 B software
— IS | hardware 0 7 SolverStatus  Optimal W telecom
<22 Entities O = highways 03 B TotalOneact 1 02~ [0 theater
[ input 7 software 0133 21 TotalOne.dual 8 W treasury
[#] parameters 8 |telecom 0 12 S
[s] RET 9 |thester 02 % liotelOne vype) =
X model 10 |treasury 03 5
@ (scalars) -
[ results
@ (scalars) Showing 10 rows frac
V] frac
&) Job Queue .5 Run Log| 5| Client Log | = Progress v =0
Project Scenario Statu; Job Owner Solver Status  Opt. Service  Exec. Time Objective Gap # Solutions
folioinsight Scenario1 Completed  gs Optimal localhost 00000 14067 1
‘ Logged in as user gs
Figure 9.10; Optimization Modeler application window for the ‘folicinsight’ project
’
9.5.2.3
view / dz
, .
/ p O. 4 N
Optimization Modeler 0 view
eV :
| =5 view &

Edit>>Edit 1

A data K d3 A view
Table: parameter& MAXVALI Run

run @ W
SHARES newone | A RET | H3 view Table frac

d3 K frac

Optimization ModeleK File >>Save

A~

470 Y | & -
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9524
no /4
built -in multi - scenario table chart views
/4 /4 | New
Scenario 1 T Clone 1
/A N /4
A MAXVAL 0.2 W . MAXVAL 0.4 0
v Run 1
Repository pane folioinsight T Open with Multi
ScenarioTable 1 ' I Iz
K table view MS Table Add
1 o 0 Wrac I K 1
Remove 1 | oy
chartview 4 ks Charttype Bar |
Chart Settings 8 H3 Use default
title H v B
Depth effect
(. MAXVAL view A’ MS
Table Add 1 -
4 | 7 amulti-scenario chart 4 multi - scenario table
Objective New Multi Scenario Chart 1 d3
9.5.2.2 'H Arac A chart view
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(@) Optimization Modeler Analyst Client

File Edit Run Dashboards Admin Developer Help
S B E®IQ
(7 Repository ™. = B[ Ms Table: folicinsight 23 . (illa Portfolio composition per scenario 23 =g
= :
= ;s:enarmjl -1"M_,I oajmmete's(MAXVAL Portfolio compesition per scenario
licinsight [ =cenano
[&] Scenariol [2]Scenario 2 128 02 05 racoank) Ptrac(software)
D input |3 | Scenario 3 [14.233 04 so4 @ Fracibrewery) frac(telecom)
fl pd | ElN @ Facicars) (Fractheater)
model 502 .
= @@Prracielectronics) @Eractreasury
|2 results 00
Scenario 2 Scenario 1 Scenario 2 Scenario 3 -"“c[h?'dw"'ﬂ
[ input [ —— @ racihighways)
model
é esults [ MS Table: folicinsight &3 . _
Scenario 3
) input ‘ " ' ||[1]Scenario1 0 0.067 0 0 03 0433 0
L model il Estimated total return perscenari 53 EEFIRNEY O 02 0.067 0 01 02 0033 o
3 results ~— [3] scenario3 0 0 0 0 0 0267 0233 0
Estimated total return per scenario 4 m ] »
| @ Scenariol 52 €D Scenario2 52
= Eniities = 14
22 Entities _ m] p Scenario 1 Scenario 2
(S imput g 0 SHARES 0 067 SHARES
(@] parameters =z 8 .
H :FI’ = @onjectie 0133 ‘(é 0 W bank 0 Zn.l YG“/W B bank
4 o1 0 W brewery : “ — B brewery
I model 0.067 0033 ~ 2~
@ (scalars) : - 0 W an [ 0.2 W cn
B resuts OS . 0.2 03 W clectronics 02 - W clectronics
cenario -
@ (scalars) Scenarios frac W hardware frac B hardware
[V] frac -
& Job Queue . | RunLog| [ Client Log| =3 Progress =0
Project Scenario Status Job Owner Solver Status  Opt. Service  Exec. Time Objective  Ga # Solutions
- Lo J P
folicinsight Scenario 1 Completed g Optimal localhost 0:00:00 14067 1
folicinsight Scenario 3 Completed  gs Optimal localhost 0:00:00 14233 1
folicinsight Scenario 2 Completed g5 Optimal localhost 0:00:00 123 1

| [ e

Figure 9.11: Multi-scenario comparison with Optimization Modeler
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Getting started with BCL

10 © W b3
2 04 a woo BCL 0
E_ 2 / s |« '’ BCL
BCL LP
BCL
W
3 Mosel ’ T VERE
15 Xpress Optimizer ’ w H3
10.1 BCL
"HH 1 BCL , C++ C++
; 4 o
¢ ' = ’ BCL C Java Visual Basic
’ 0 " dBCL 2 LP W 0

#include <iocstream>
#include "xprb_cpp.h”

uslng namespace std;

using namespace ::dashoptimization;

#define NSHARES 10 // Number of shares

#define WRISK 5 // Number of high-risk shares

#define NNAE 4 // Number of North-Zmerican shares
double RET[] = {5,17,26,12,8,92,7,6,31,21}; // Estimated return in investment
int RISK[] = {1,2,3,8,9}; // High-risk wvalues among shares

int N&[] = {0,1,2,3}; // Shares issued in N.-2merica

int main({int argc, char *+argv)
{

int =;
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¥PREBprob p("FoliolP"); // Initialize a new problem in BCL
XPRBexpr Risk,Na,Return, Cap;

¥PRBvar frac [NSHARES]; // Fraction of capital used per share

// Create the decision wvariables
for (s=0; s<NSHARES;s++] fracl[s] = p.newVar("frac");

/{ Objective: total return
for{s=0; 3<NSHARFS;s+4+) Return += RET[=s]+fracls];
p.setObi (Return) ; // Set the objective function

// Limit the percentage of high-risk wvalues
for(s=0; s<NRISK;s++) Risk += frac[RISK[s]];
p.newCtr ("Risk", Risk <= 1.0/3);

// Minimum amount of North-American values
for{s=0; a<NMNA; s++) Na += frac[NA[=z]];
p.newCtr ("NA", Na »= 0.5);

[/ Spend all the capital
for (s=0;s<NSHARES;s++] Cap += frac[s];
p.newCtr ("Cap", Cap == 1};

// Upper bounds on the investment per share
for{s=0; a<NSHARFS;=z++) fraclz].zetUB(0.3);

// Solve the problem
p.setSense (XPREB_MAXTIM) ;
p.lpCptimize ("") ;

// Solution printing

cout << "Total return: " << p.getobjval() << endl;
for (s=0; s<NSHARES; s++)
count << 5 << ": " << frac[s] . .getsSoli)+x100 << "H" << endl;

return O0;

i

dz

10.1.1A &
BCL C++ ’ xprb_cpp-h. g BCL
namespace U A 4 !
AW Y BCL X A 4

XPEBprob p({"FoliolP");

O
s
AN

‘FolioLP |

) ) oW A newvar O )
v o4 0 C++ Java v o4 « 4
v o4 J w(ermwise ) 4
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¥PEBctr CRisk;

CRisk = p.newCtr ("Risk");

for(s=0; s<NRISK;s++) CRisk.addTerm(frac[RISK[=]], 1);
CEisk.setType (XPRB_L);

CRisk.addTerm(1.0/3);

2 v 4 9 BCL B
’ C VB 2 v o4 0 v o4
K4
4 v 4 ) ' 4 v . =
4 v = w " R setUB W frac
upper bound 0 ’ w'H
W A bounds " U . o
name variable type W APRE_PL  pounds dz o5 T oORh -~
w
for (s=0; s<NSHARES; s++) frac[s] = p.newVar("frac", XPRE_PL, 0, 0.3);
oW w4 HA | &
| & o BCL |
0 | & Optimizer /
@
10.1.3
0 A a” o OW setSense. A i ’ Y a 0
lpOptimize 0 W A setOb] 0
Return Y & Xpress Optimizer A
lpOptimize "HA |If LP )
' |  primal "p" dual Simplex "d" Newton Barrier "b"
10.1.4 X P
v W I
10.2 0
/ 1 XpressOptimizer  BCL Windows
0 e /] MD
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cl /MD /ISXPRESSDIR%V\include %XPRESSDIR%%1lib\xprb.lib foliolp.cpp

Linux  Sdaris |

. @ %

cc -D_REENTRANT -IS${¥PRESSDIR}/include -L3{¥PRESSDIR}/lib foliolp.C -o foliolp -lxprb

! corresponding distribution

A 0 a3

Reading Problem FoliolP
Problem Statistics

3 0 spare) rows
10 1 0 spare) structural columns
19 | 0 spare) non-zero elements
Global Statistics
0 entities 0 sets

Maximizing LP FoliolP
Original problem has:

MSI Copy right©2015 All rights reserved

makefile

0 set members

20%

3 rows 10 cols 1% elaments
Presclved problem has:
3 rows 10 cols 1% elements
Its Obj Value S Ninf Nneq Sum Inf Time
0 42.,600000 D 2 0 L000000
5 14.066667 D ] 4] LGooQoo
Uncrunching matrix
5 14.066667 D 0 0 L000000
Optimal solution found
Problem status: optimal
Total return: 14.0667
0: 30%
1: 0%
2: 20%
3: 0%
4: 6.666607%
5: 30%
6: 0%
7 0%
8: 13.3333%
9: 0%
d&z 35 n Xpress Optimizer
v o4 10 W LP
dual Symplex B3 3n
Y 14.0667 | 1356
J0% 1 6
13.3333% 9  6.6667% 5 ad3 Tz
o O v 4 A
= 50% 1 3 aH  33.33%
3 9 a O O " &

B

3

@3
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Xpress Optimizer X W

p.setiMsglevel (1) ;

0 BQL Xpress Optimizer
o5

Xy 0 4 [ 13

h Optimizer

10.3

q W 2 )

w foliocpplp.dat
foliocoprle.dat

! Return

"treasury"™ 5

"hardware™ 17

"theater" 26

"telecom"™ 12

"brewery" 8

"highways"™ &

"cars"™ 7

"bank"™ &

"software"™ 31

"electronics"”™ 21

' &
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#include <iostream:>
#include "xprb_cpp.h”

using namespace std;
using namespace ::dashoptimization;

#define DATAFILE "foliocpplp.dat”

#define NSHARES 10 // Number of shares

#define NRISK 5 // Number of high-risk shares

#define NNZ 4 // Number of North-&merican shares

double RET[W3HARES]; // Estimated return in investment

char RISKI[][100] = {"hardware", "theater", "telecom", "software",
"electronics"}; // High-risk values among shares

char WA[] [100] = {"treasury", "hardware", "theater", "telecom"};

// Shares issued in W.-America
¥PRBindexSet SHARES; // Set of shares
¥PRBprob p("FaoliolP"); // Initialize a new problem in BCL

vold readData (void)
{

double value;

int s;

FILE *datafile;
char name[100];

SHARES=p.newIndexSet ("Shares",NSHARES); // Create the “SHARES’ index set

// Read YRET’ data from file

datafile=fopen (DATAFILE, "r");

fori{s=0; s<NSHARES;s++)

{
XPRBreadlinech (XPRB_FGETS, datafile, 200, "T g", name, &value);
EFET [SHAEES+=name ]=value;

}
folose (datafile);

SHARES .print(}); // Print out the set contents
}

int main({int argc, char ++argv)

{

int s;
¥XPRBexpr Risk,Na,Return,Cap;
¥PRBvar frac |[NSHARES]; // Fraction of capital used per share

// Read data from file
readDatal();

// Create the decision variables
for (s=0; s<NSHARES;s5++) frac([s] = p.newvar("frac");

/{ Objective: total return

for(s=0; s<NSHREES;s++) Return += RET[s]+frac([s];
p.setObj (Return) ; // Set the objective function
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// Limit the percentage of high-risk wvalues
fori{s=0;s<NRISK;s++) Risk += frac[SHARES[RISKI[=z]11]1r
p.newCtr{"Risk", Risk <= 1.0/3);

[/ Minimum amount of North-American values

for(s=0;s<NN&;s++) Na += frac[SHARES[NA[s]]11]1;
p.newCtr ("NA", Na >= 0.5);

// Spend all the capital
for(s=0; s<NSHARES;s++) Cap += frac([sl;
p.newCtr ("Cap", Cap == 1);

/{ Upper bounds on the investment per share
for({s=0; s<NSHRARES;s+4+) frac([s].setUB(0.3);

/{ Solve the problem
p.setSense (XPRB_MAXIM) ;
p.lpOptimize ("");

//{ Solution printing

cout << "Total return: " << p.getObjVal() << endl;
fori{s=0; s<NSHARES; 5++)
cout << SHARES[s] << ": " << frac[s].getSol()+100 << "%" << endl;

return 0;

1

A RISK NA "HA hSHARES
K SHARES ROI | ° RET
0 0
A N> w  H3
Y A Y 0 w 0
getSize 75 XPRBreadlinech
) P S
HT 9 0 v T
| "HA
HA 0O T ny
, WA .
W & . T.g s (Risk Na g
’ W n Xy
g | &
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Total return: 14.0667
treasury: 30%
hardware: 0%

theater: 20%
telecom: 0%
brewery: 6.66667%
highways: 30%
cars: 0%

bank: 0%

software: 13.3333%
electronics: 0%

104 4
BCL XPRBprob, XPRBvar, XPRBctr, XPRE=zos,
XPRBindexSet print = W print A
. I maximization
3
frac[2].printi();
Ho W
frac2: [0,0.3]
w v 4 I
frac2: 0.2
BCL T T 0
@ ' I w BCL
Y e . T3 explicit
initialization
1£1¥PRB: :init () != 0)

{

cout << "Initialization failed." << endl;
return 1;

getLPStatt LPW ' LPW az/
I. BCL 7 | A Q
char +«LPSTATUS[] = {"not loaded", "optimal®”, "infeasible",

"worse than cutoff”, "unfinished", "unbounded”,
"cutoff in dual", "unsolved", "nonconvex"};

cout << "Problem status: " << LPSTATUS[p.getLPStat()] << endl;y
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10.5

Xpress Optimizer a BCL lpOptimize
¥PRBprob mipOptimize 1 9] W
[N / w1
Xpress 2 1 MPS s |}
s P v (U 4 4 3
MPS optimization statement
() optimization statement ~ BCL L K
/ Folio.mat /| 4

p.axportProb (XPRB_MPS, "Folio");

LP [ a3 ’

p.setSense (XPRB_MAXTIM) ;
p.exportProb (XFRB_LF, "Folio");

LP a "Ha Y & serise T
"Ha Ya 1. w
Y Folio.lp | e I0i
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11

10 . MIP W s ] T3
W 0
MIP Xpress Optimizer [ 4 MIP a
6 o Mosel VER!
16 Xpress Optimizer w H3
11.1s v
a & "H nh Y VERE! & N v
1 T W
2 b "H 10 a
A 4 2 v A
11.2 MIP 1 h WV
a N 2 1 LP W buys
) R ~ T W W W shares
T 0 W . Whuys 1 ° . Y
MAXNUM. v SR W "HHb Whuys vy MAXNUM.
1 1 ’ WV
Y buy; < MAXNUM
SESHARES
\buys W fracs( i h ) )
W fracs>0 buy.=1 H . DR
i T . frac.>(Q buys=1
w
T dz A 0da

s © SHARES : frac; < buy;

s frac. buy; 0 Y
buy, 1 | buys 0 fracc
h B I buy;yp 4
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1 [ fracs ( [

buy. 1
fracs 0 | h W i B3
11.21 BCL

10 oda P w w4 s ||
-0 ‘on
XPRE_BV A W
As dz o | W BCL
XPRB_UI ~ MIP2
W 3 W semi continuousvariable
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