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Abstract

The advantaga of PEI techneledsy in Emxcel simulation is that it reduces simulation
axacution times kv using peolvmorphic wector-like cotmputation, which prevents mpetitiva
interpretations of Esxcel fortmula and functions and prevents repetitive readings and
writinds from and inte <ell Wa introduced and showsed by esxamplss the use of PSI
tachnelody in Emxcel medeling, simulaton and coptitmization, We alse showed that PSI
tachnelody enables us to use conventional Seolwer Add-ins in simulation eoptitnizations,
We found a case where PEL technolody lbads to an erroneous results in IF tests in
comparing uncertain computations to 0(Zere) when many uncertain variables are added
and subtractad, We showed a FERT simulation case from Albright's text swhere PSI

tachnalogy gave wrongd rasules,
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250 3tk 54, WA (Solver) 7|52 TE HAH zPEC 3T AHe 3
2o W FEaC

e BH7F BE4HTE W tuncertain variables)® ETEF 2ot Add M A B ol
A2 F9ad 1 JthE s 2238 H2 F o H32ds Addd JBeloldE €A
W F RS AYNFE LZEHoEo] 2251 ok tiEhe nzpq oM H™H&D
2l EHYU dE @RiskDE CrystalBalldE € F 2 tHGrossman, 2003

<M AESZ TAEERSHAS 2O £ g4 A Befold 2ZEHAHE H A A
TE EHHEo 3ok HAls ABefold R HE JMFHE HAlMdE UE ME
o BlesllE WEe HEE ZFETD O HEEE MEZH =ddof ot Holth o

AW BH e FEE HHEo|th 3, A HFEHAM 2H, Ao A Beold
£ 2ot 1 28Tk LA Ao HEoT GddS HE
F#o| A7 (nterpreter)E THMA o FTHA 2| HEH JrEH Mo gPEHE A Beold
A= SET FHMEE BT WE AR FHEad ST CrystalBalle] F&
£ Cprauwest HAS 2ol EUEA AT 7| E2 7| (SolverdH 8|FHAH O AHE
ol MFHHolckMgtzH e EHo U A=A EdY Ho o= Holoh) oty 7
£2 HAH TP (ESolverd)H A Al BRlolH nYE vtE HEY F 3 E 750 Eaasi
0|5k 87H 2S5+H Frontline Systemit= 2 Risk Sclver Engdine(VINS S ET3
. 2 EEHAME Risk Solver Engine® AJatn AEBoldz HAR Exde HEd
ek ZHHRE 2908 3 TS, Risk Solver Engine?] AHS4e EHEE wade 29M8tn
b gk

IL. PSI 7] =3 Risk Solver Engine 274
1 AlEH o8 A

£ EHAM U= dEMEs 22 82y 2 ZHF 220 HAE User Guids p31
HA FHH S-S ®Held 9222 E7H PSS Oz AEH9S)0 A3 871 HE 0

1) @Risk= PalisadeKhttey fwranar palisade cotn) 2] AlZE01d =2 758

£} CrystalBall= Decisioneering A} httpdf wiarer decisioneer ing com) 2] AJEH0]4 =2 JH

31 0] AHE San Savege(ORYVE Today, February and Apcil, 2006)2] AI2HZ 9183t Risk Solver Engne
User Guidet] A 2HH3E,
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(Low Demand)= THIZFA $1000H 600000071 Beld, A&+£7F =& M(High Demand)
THORZE Fso0d 100000007F oD FHESFCE O ZHEE dHbo|oh A E 9 2HUnit

—

—

Cospe A 3600, HU 39.000H FRIH=Z(most likely) 37500 TH 1-EH| (Fized
Costs)E 33000022 ZHEgtch
ol B4 2 EoH H-M4aH 0l Wet Profine T2t FCh
Frofit = Salas » (Price - Unit Cost) - Fixed Costs
= 80,0007 » ¢39.00 - $7.50) - $30,000
= 350,000
=0y ZeetldlscolEol- Tisolag] 2ok sro|elealby
= 5 = = i = i = =
1
2 Financial Results Market Scenarios
| 3 Low Demand High Demand  Awverage
| 4 Sales in units 80,000 Sales units 60,000 100,000 80,000
5 Price per unit $9.00 Price per unit $10.00 $8.00
6 Unit cost $7.50
| 7 Fixed Costs $30,000 Unit Cost Scenarios
8 Low High Average
| 9 INetProfit [ $90.000] $6.00 $9.00 $7.50
10
75U oS Monte carlo A Bflo|dez Hqtatd ChE FoE do oS <J¥2>
L ode A Beold 2otk Thee YHH 4ot
Bl13 = Band { 3
213 = [F(Bl13<=03, IE34, 3F3D
D13 = IFB13<=03, 3E33. 3F3m
El3 = Band ¢ 3
Ell = (35 - E9) / (F8-ES
F13 = 3E39 +(3F39 - 1E39 » [F(E13=3E311,

SQRT(E13+3E311), 1-SQRT ((1-E13)»(1-3EF110D
313 = C13 » (D13 - F13) - $B37
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<O" 3> A4 A Edoldd 2t ol Al

A | B ¢ | b | E [ F G

1

2 Financial Results Market Scenarios

3 Low Demand High Demand Average

4 | Sales in units 80,000 Sales unil 60,000 100,000 80,000

5 |Price per unit £9.00 Price per $10.00 $8.00

6 | Unit cost $7.50

7 Fixed Costs $30,000 Timer Unit Cost Scenarios

: Low High  Average

9 Met Profit $90,000 wa gimoosvemseois-os 2 meeun ($6.00 $9.00 $7.50

10

11 0.50

12 = ch e R E ES=o e

13 1 0.075493143 60000 10 0570181949 7.60925156 113444.91

14 2 0.564282951 100000 8 0.726392253 789038977 -19038.977

15 3 0.768990579 100000 £ 0.352455416 8.18516834 -48516.834

16 4 0.50790376 100000 8 0.733545402 7.90499074 -20499.074
1010 098 0.610703983 100000 £ 0592139954 7.64524164 54758357
1011 a4ag9 0.970179079 100000 8 0.320419222 7.20078578 490921422
1012 1000 0.008222835 60000 10 0.7320688772 7.9019606 $95,882
1013 = $69,581.00

4 B13:GI3E B1012:G10127t7] BA5t O2l1 G1013 = AVERAGE(GIZGIOIZDE
Ptk OEH O Fab 2ol HF2 4695519, ol M BRem EI ol
AR thETh mehd, ofzfgh IHHEE BT ABeloldo] EeaH, ABlodE A
sHIE 2= 7Y F S o F lthv

Jzuk ofgb ol ABelolda7 e DR2HA A formulayE 2F 60008 -4
T Gnterpret) Htatd Ao LYot ol O AHLAEHS B~GES L000H H-Mat
og) = d2dMe JBzlold 2 F4E ddds ATz HMdaE M H
°'%14 e AZtez ZRECD #2 ABelold BHAM 28FH AT 931107(E)

2 Bleall) L2 4 HFD, EHAH S Yoz H4+ZHE A EAT

™ A ZHo| TheAl B=lold S 1008 FF ARe FEE PEElS 3 He 9o

000 2 dhEHAE 3hy J™AM "Timer” HHHES D8 Timer 5T 0299
NI E &35 fa £715 vBA Z203H 23k Holoh oE2d 2MatE PSI 7

) 2] 0T 2 Re = M2 T H TR TS SRE HaE Aot IR 2oin
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= gt A BeoldE A FHo| Bo| TEH HE E F 3lTh
2 PSI 7l & (&% #H47)

P3l 7|2 ~AZ2|EMES 42 dddy Hodts €22 47| (nterpreteryo| T, 4
HHd s Hab2 T iotth 3 42 dHdE djof &35 PSI 7| &2 $HHL 45 44
1 O3S k= AEde 7lEolth He A E8elolddd EoH PSI 72 B~GE Y
Habg #Ha27F 1000002 602 W (rector) HSotn Higtd =, Hg f29 A
of 5t HabE 1000 dhEEtE O3S A= sAE 2y &R ¢#10 AFH HoEl
oM s 2ol i=1, 2 3 .. 1,000

o

<% 4> PSI Zlz= o Bt AlEdHoldd 2Tk =0l A4

L A _ B L C | D _ E F G
1
| 2 | Financial Results Market Scenarios
| 3 | Low DemandHigh Demand Average
| 4 |Sales in units 60,000 Sales units 60,000 100,000 80,000
| 5 Price per unit $10.00 Price per unit $10.00 $8.00
' 6 Unit cost $B.65 0.352791108
| 7 |Fixed Costs 530,000 Unit Cost Scenarios
|8 | Low High Average
9 Net Profit 550,713 Timer $6.00 $9.00 $7.50

|10 True Average  $69,045.96

b

W27 EI25001 1641532604 & SR SLICH

13
|14 |
|15
F3l ?l&< o237 A BzlodE sk ol ddshet pal A BEold TS A A
AETTH
D6 = Psillhiform(0,1) © (0102 FEWE WA ZITH
(HAE AlBold 9 HFUhE HE R HAAZITH

Bd = [F(D&<=025 3E34, JFIdH

Le]Eh W
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ES = [F(DA<=0,5, 3E33, IFID
Bf = PeiTriangular(3E39, 3G39, 3F39 422 g e W2 whl 7o
B9 = B4 » (BS - B8) - BY?

B10 = FsilMean(B10) : Bas| HFZE H4bgoh

M 7|4 Psillniform( ), PsiTriangular )= %+ ZFE HEFT Hdo= FSI 2230
1, Psifdeant 32 ZEH3Hstatistic)S o= P3SI THIHEo| T

FSl 7|2 H7|MH 25 5,00000s HRzE|lE AHESTHDE B4, BS, B&, BSH ZH2- 1,00004
A) Timer TFE oSl SHFH 2 PSD:H] 2 gk AlBH o4 2RATFE 7814107 F 0
Atk ol YA Y ABo|AE ot ALY A 108y 1:Ee7 a4k Aol
FSL 7l&< o2 A% 28A7k EHE‘-%% A H4HRE 2AA7 2o/t Pl Al
72 SEaR U FREH HRzeE ol AT Jz5u FREH2 DRaM Ho| FAA 2
SHHA PSI 7|&#& B et AbE3 & Sloh

ol-dHA «FH 2 Uz AZCAEHA ABoldS EA EFdT Fol =3HE
| B AIEH]OIJH@I HEEZhE 1 2| £2 A= HERE Ato| =4E g0
e e oot 2o HolgE ¢ HM4RE A=A E Ao b ¥ aE o A7
ol G| Eo =y PSI 7&2 ol E8H olzgt HulAIE HE = Tk Hod HFE
HHAM = 2F 17102 &% oL}, PSI7|&H THRt Risk Solver Engine AF22F Z0|EE HH
100w #E= &M Ak 248 5 Slotn Baatn ¢ thUser Guide p,40),

IO PSI 7l &€& ol &7 Aedeldnt 535

1, PSI 7| && o] &% A& o4

HaAu dEgnit g iy A 2B gysem)s A BEod n3 ez FEAE »FHE
<O 4=zt ol "BEY — A BYold 2 — AE o2 UYEPE S 2lh

r{:

=186 =
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<34 5> Pl 7l ol &5 Al Edlold 7= 2

C oo s + FES
TE (PS] 2241 =) (] AFE B
l [ 10 [
A BHo]4 2| 2HlTo
7 (A1 B0l d)
| ,,
AAE A 2F
- i
(PS] EA|8H==)

2 dod Z2UR, Fa¥I TrE 2 EUHSH fFEn, 2ol JEEH AL

B HTHH S (srate variable)H SERTH WY 4SS MRS WO 4£8 R
e dEIOE, A A AR A T4 AL

AW AT AAEFHH

= it EE A BEod HAEAS S O oM =2arz g

FSl 7l&< oS0t AEelold 2dE =1 EE <Y 4esb Fo| 3] ZEER
<48 F o H HA REE FUHFGmpur dawst A EEH S (uncertain
variables)® Y= ZEo|T o of EFHHHE EE
ZF2 Agelold 2P FUHSE 2 DFHGEE) el E A
=45k H 3 (uncartain variables)= PSI = FdHEFZ UERAT of
FSl 22 PSI £ETF(PSI Diswibutions)2t 1T THTH

Pl 2235 74 2 PSI $-43T(PSI property functions)?t AHSE & 8l
o PSI 43 BEEHSE The 4@ ddolu EFdH S ol F HH 58
i AEEHW, <E 2> HAH TR0 2k
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<R 1> PS] EEX%(Usng P31 Distribution Functions)

ot = L
PeiBinomialln, p, .0 ne AYHSE, pe d2HE
PziPoigson(h, ) ME FobEEES Hg B 24

PsiGeameatriclp, .0

pt 4EFHE A {3 4R A A F

FsiHyperGeain, D, M, .0

nl F DI 2 W o B EHZEIEAH NS

PsilntUniformta, b, .0

EEZE TEHAM a, b Aol HE WA, a8t bE HE

FsiBetaleel, @2, .0

wl1=1, @3=1 o|™ Uniformd, 1) 44

FeiBataGanlol, @2, a, b, .0

[a, b] Ato|2] HEIEZE Ao

FsiBetaSubifa, <, 0 b, .0

a: minimum, ¢! most lkely, 10 mean, b maximum

PsiChiSquare(df, ...0

AR FDlabE R

FPziExponantial(B, .0

Fdol B A>3 44

PsiGammate, B, .0

a=10|H Z|FEE, a=dffs, B=20|H Z{Tdfel Flo|a}
A4

o el TH
=Tt

Psiloglarmalfl @, .0

HF o EFWHE A AFEAEE

Feillormaly @ .0

HP o EFHA A FREE 4

FeiPertia, < b ...}

FPERT=4H 2 ZEAIFHS(  HA4, ¢ =HH, b Hy

PsiStudent(df, ,...)

AEEAfe 2R EHE ALY

<#® 2= P3l

2= T (TTsng Pl Property Functions)

T4+

.

FsiCorrMatrizimatriz cell randa,

position, instance)

Bfibe] BHAHFL OE EHUAFIT A0l
AT 4

FsiCorrDapanfcorrnamea,coefficiant)

ke EFEH S o E ST Abolg
oA €7

=YdTY eRAHSe E5Ud OE 2E4A

FsiCaorrIndepleorrname) == op o) "&!‘-?_4'-?_4'3:] A

Psil.ock{valua) EEdHSE HAEHcE 17

Psillama(nama) AT o F A

PsiShift(shift) FEH 2HdH T 2 H4E9E olE
PsiTruncate (mmin,max) Ha~H Ao|lo Sl B S E2ZE A3

=128 =
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T HE nEE YHE HSEE FIR D A ARe FAEEE piees DEODH o IE
HAH = e A ~2Re AEzEE 94 ~=g|EAME et FHIH
H H7E zg£ Ageold 22 P3I EHESE Zeds BEO T PSI EHTEE

PSI 2 T uncertain function)®2 & 22 #HEH F 3 TFES <F =2 Frh

<H® 3= P3l EH|Tr5=(Usdng P2 Statistics Functions)

Theeeri] Thmd] =
Psibdeant ) AEE e Bak o=
PsziVariance( ) AEH A 24 4bE
PsiStdDav( ) AHEH 22 BEHF 4 E
PziPercentilafcell, percentile, simulation) | 22 22 5 el AE
PsiBVaR( ) AEE A2 JF7AVaRE 2
PsiCVaR( ) AEE A2 2380 AF AR VAR § &3

ol H77 2EE FEH AEEleld Y FHI S PSI A A E2lold HE
(Enabl Interactive Simulation HE, 94 A E4be HRuld AR(YY 2k S HE)
= =28aty A Efolds dWatY, PSI THTEHE Algelold 227 LEHTE o2
A Evke PSI EPHE(PSI Simulaton Option, 3¥)E FE2H A Befold Fab 93 S,

= FE 2330 #Y
Zro| Halld <lo™, Random
SeedE 022 #FEHM 2T H7|AH Random Seed 30l 022 =W 1§ AlE=foldot
o O W57 AdEE 2ot B oees AlgeloldS dfHataat o Number
of Simulations to Buns HEAZ|D, 28 Ag2fo|d¥E A 95 SUA7 D2 3OHH
WNumber of Trials Per Simulation® S7HFAZ|IH FEoh E3F otube] A g2fol-d2 T AE
2olde Fzt Fto| HFASE HICHH, Random Seedd 00| ofd S UTHSte 2ZH AE
gdoldd 2= H5§ AHEE F th

- 129 -
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<" &> P5I Simulation Option 2 3H

MNumber of Trials Per Simulation: L1000

Mumber of Simulations o Fun: I 1
Random Sesd: I o

Random Mumber Generator Sampling Method
" Park=Miller generator * Monte Carlo

¥ CMRG generaktor " Latin Hypercube
{~ WELL generator i Sobol ROME

i Mersennea Twister
W Use Correlations

Fandom Mumber Streams
{* Single Stream For all Uncertain Yariables

™ Independent Stream for each Uncertain variable

* Lse PSI Interpreker ¢ Use Excel Interpreter

OK | i Cancel |

BEe Agefoldd s HebEe W Adtte® SEaT Oy oSk 2FEE S
£ EidTte SEETE F2 ABEoddd s & O oedsh U ddE ERE 3T 0
5k Ecd TE} Risk Solver Endine= <13 7=2 Random Number GeneratorHAd 47}
7 dAdEbd 2 duE H49EE = 2o Park-Milsr Gensrater® F7|7F 22
Combinad Multiple Recursive Gensrator(CMERGE F2|7F 2™, Wall Equidistributad
Long-peried Linear(WELL) generators Z27F 2" Mersenne Twisteres F7|74 2'¥9-1
9 HaE ARtk WY Fr| W ASE FE W WS el WEA =5
Heoe® 8T olZ3E 477 A4 F AEeloldd o fE3 AR E Botd
T}
222 Monte Carlo A E2lold =7 0ZF 1Ao|HH T ABAREE H3E
Azttt o] F& AdE s Aold TS OBt HE2HA S F YeUGiEeR
| 285 = 25, €8k Ageolddds 3H G 0/HA ek "y
= FE2x= AEElolde o U2 F2E Hd Y52 AgA7 EREE FAR

'
L=

|3

oj
urJ S
o

=
=)
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=Ha7 2t mekY Risk Solrer Engines Sindle Steam for all Uncertain Variablas2h
Independsnt Stream for sach Uncertain Variables2| 2717 42 HZ291 2ok

E3F Risk Seolver Engine= EEZSEWH© T Monte Carle sampling®|H 0zF 140 &
Fitez y5xn 273N Z2E55H YFE +FETE Latin Hypercube2t 2 HEE A
FEH 2 ABefloldd HE8E Scbol RAMC(Randomized GMCIE F2FE2 AM=Swtn )
o B WaEo| HREHE FHAHA fYEH HAdor ¥ Tl= Use CaorrelationsE A

& Hoh
J2| 1 ofR|% e 2 Risk Solver Endines AlBEo/ddM PSI 7|&& HEF A2z of
o dde BhHS Hagk 29z Hd=T £ 2l 3oh Use PSI Interpreters BT A

FE A2y ABelold ¥ o] Hob 2f 1oow]) FE o sl=H Hagoh a3 u pal
fH 77 AR 5 e FFENT HAZZ &) Use Excel Interpretars A 3AFICH

Ageloldd e A2 dH E& 2499 HHEE JMFFHSFA BT 0ol <O
Ha=lq HEH 222 # DE(parameter)d dFdE E2og 1 FHAH EH7ST
BEo AAEFHSo Bk HES fAEFHSe 3E YUz AFyr s, O 3 F&
o FHEate ABEloldE FUIT F, AARe A SEAE ST AAEE
Hyd |y ZhA o5t 38 A RS O € £33 FAEEEE F JAZEHS
e HAHe AE dEaH AAEE dHAAU 2493 g H2d = olHF FE
EE Al Belolde HHEH s FHEE ABHold HHF 758 IHE
of 2l W& %, @RiskHHE @Risk Eviovedt @RiskCptimizerZts T8 134
1, CrystalBalls QptQuestPets ETIME ArgnadlH & OptouestE HE291 2

olZ{Ft EraAWEL AEelolH z‘sl?ﬂzhﬂl Atz 7 BEE T A EEH = At
FEHSFs Mtz E g0 ofd W #HFM €Y1 m¥HaHok &2 HE
ol ot mekd Ade a7 (Solver) 7|5 5T Hdb AE2HHAE UE AME7|(Solver)
75E dge AEBefold nYA F HE2ak ST & SI7IE HAUYESITH o/ FHE F
£d ES5H Frontline Systams AHE PSI 7&8 MWEESIth S PSI 7|&8 o/ 23 AE
o4 B FHEH, H2A vtz A4 AME7(Sclvery s FHEF F Uk

B) httpy fweraropttel comy'®] Scatter Search ¥ Taba Search £ 0125 22 =273

S o
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Frontline Svstemsit 2 Premium Solver Platform2he H 20| EF Sclvers # X o PSI
£ ol 25k A 8elolde HAEE £ F STk

o2 dHs 3HEE dides oofsh =2 HE ¢k st FaRbE d=Es At
o st Al gelold H3EH ZHolch d=2F A tisk FEo FHAH d24 32 &
SH gt ZFEo| FHI g7kE T2HEE FETT HEHA FEE 2dH 2 Z2HEN

FEa 20| t<0% §=2 Initial Investment 2F3) 8 E2HE nZd EISHCHHA
| 292 F gaso00000|ch ©A 3 PR A2 $1,50000000 T oERY SO
of tof BEEo Hoje 7o 2 @ F S8 87R ZERHE F HEE A=A 7
B3

pal

O e 2o
k|

<" 9> Premium SclverE 0] Z%F PSI AlEd|0] A 2] 3= o

El Microgoft Expol - Pro)
'.'ﬂ IEr =3Ik =EAN a MNEHE EFIy UNCED A0 ZESGH EaP. I3
DFl s SRF L hE-o - WE-F s -m@,

Aral = = FREEAN Y R ES | AR

i ] - & <
A B = b E F 5 [ H =
1 Project Selection with a Budget Constraint
2
Project Cash Flow if Chance of  Expected Inltial Expected Declslon to

3 Number Successful Success Cash Flow Investment Cash - Include

4 1 3794, 740 100% 5794 740 325,000 F460, 740 1

5 2 671,762 100% S571,763 F450,000 $221,763 1

[ 3 574,238 100% S574,238 F550,000 524,238 1

7 4 $615,502 1005%, 515,502 $2300,000 $315,502 i

3 g $519,515 1005%, $519,515 $150,000 369,515 1

9 & 541,436 100% £541,428 $250,000 $291,436 1

10 7 £459 541 100% 2459 64 $£150,000 308,541 1

11 : 490,758 100% 490, TBE $325,000 $165,788 1

12

13 Total Investment 2,500,000

14 Budget Constraint 1,500,000

15

16 Total Cash Flow 2,167,522

17 Expected Total CF 1,083,358 I
e O s A ] e ] e |4 I wllT

FH

dZA H2EEH ik 82 RGP HEH Cash Flow If Successful E(CEIH
PsiTriangular( ) & gttt HE EH A C4 =PsiTriangulart400000, 500000, 3000000

E) 2 M= Premivm Solver Platform®] free tripld] 2EE o=,

wilgs w
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7 HHET ER HE2EES REYH? HAM Chance of SuccessE(DEIM =
FsiBinomial(10.9)F HHTH o o ofEx+ W AHHA g0 ZEE 18 3L 102
HE2E 08 3ol Hx= MECY OFH oS Ojehd 2thE = e E2ESE HA4EHT H
il c¥2 DEE 3% 2 Expectad Cash Flow(E¥)H U=H 1, ChA Expected Cash
FlowH A Initial Investment(FE)E =rA3t S Expected Cash(GE)H LI & 0O/
o H-M5ITE Decision to Include(HE)E ZE2HEE HHaH 1, OHA #2H 0
L2 YEsttt oE[Per 2 HIESE UERHes 2 F168 Total Cash Flowe
SUMPRCDUCT 58 23tk ol ZF 22 HEW g3 HE IHES 34 2F
gaiF= Fe®, € Fl16 =SUMPRODUCT(G4G11LHAHID+PsiCutput! 37k EHoh 171
A Fntﬂl% =PsiMean(F18)2 YUt 2|t A3 ES £Me HaE =7t

ol o2t ol R I oS PR ofo|Eolu FeE EXAH o=FH H4E 1,000
HE gh=A £ glon 1f o002 A BEoldotch BagFiee HEEHE &

T+ o

of M HE B2 2t 22 £9Y F162 Total Cash Flows JWHats Aol
o O30 Y MEHHEE Decision to Include?t HH Z2HES] HA®2 1 HEE Q0| g
E=2 SE binary(o| 508 HET A Fl13E Z2AHEZ A8 He O HEH =¥
Esg 27| BEif £M o =SUMFRODUCT(F4F11LH4AHIDZ HH H Fi4g FAHA o
3150000020k AU Zotok ok mebM P2 Premium Solverg A& o2 <10

Y gngt Zro| TS T solveE EESHDH
Solve® ST aHHZ|7F 2HE o H oz Adbel U afEF7F 2un HAHWME
FE0 oS <33 102 F& g st oedsh 345 H=8 £ Sl 924 F
£3F Raports® HE<= Satn 23 aEte| ez AFHSD| Ha Keep Solver
Solutions HMAF = CEE 2
aﬂl%?ﬂi; CEH Alﬁal

(g}

il
fogs)
I"|I"

i

[

gl

)

=

H

I"|I"

v

gl

up R
=

ol &
H
il
)
L
re
it
o
iu
e
'3'|'“' g
12

FoH HH e =2
= 46216897+ T of

<13 10>2 Solver Results®| Reports
& ﬂﬂSWErUr Population% A8iate abdE d4E 8 F 2ol O e oftl <1% 123
<3 15=3} T
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<" 10> Premium Salver& 0] E%F PSI Al Ed|o]H =z A=}

Solver Parameters V7.0

Sex Cell: [$F3L7 (=]

EqualTe: & Max © Mo vValseoR b Chata
By Changing Variable Cells: :
|$H$+:$H$u L@ Mixdel | Oiptions |
Subjack bothe Constraints: [standard Evolutionary =]
TEiis <= 1rkia z
fHE EHELL = bnary Hdd | Yariahlas |
Change | Reset Al ]
Delete | tep |

<33 11> PEIE o] 2%t A E Zolver Results

Solver Besulls

Sobser cannok improve the current solution, Al
conskraints are satisfied.

= Keep Soheer Sclition

™ Restore Criginal Yalues Zoltlons
[T Return to Solver Paramaters Dialog [ outine Reports
Cancel | Sawe SCcenario.. . | Help |

<1 12>2 Answer Beport® EWH 2 ABeo/dE£ AFLNYSHEAA <08 S8
AEET, £ ABEoldd AHEEH AR 1E 43 0|H, 287902 S EHE B SEE

2 % % ol g ABeolds BEAD WA, Mol séU=E oW HY HE
23 Ushol Zr

S a1 e



Pzl ?l&&= ol=% A2al|lo|dnt Hst

<19 12> PSIZE o] E23 2 A3Ee Aot

-'i_] TEEr =QIEF ALy &SRO NSHD: B30I CINEKD G0 EEEGD
CEFESS BRY BT e wor-Ba A a3,

arsl S -inra | EEAE N R, EE ER 2 (R
K12 = &=
|[a| B | c =] E F G | H | I Bx
1 Project Selection with a Budget Constraint
2
Project Cash Flow if Chance of Expected Initial Expected Decision to

3 Number Successful Success Cash Flow Investment Cash - Include

4 1 511,878 100% 511,878 $325,000 $286,878 1

5 2 565,873 100% $585 873 $450,000 $135,873 0

5} 3 31,227 157 100% 51,227,137 $550,000 $ETT AT 0

7 4 F560,901 100% F560,901 F300,000 $260,50 1

& 5 F369,620 100% £369 620 $150,000 $215,620 i

9 6 496,043 100% S496 043 250,000 $246,043 o

10 7 F497,153 100% $497 153 $150,000 5347153 1

11 8 £501,499 100% 501,455 £325,000 176,459 o

12

13 Tatal Investmant 525,000

14 Budget Constraint 1,500,000

15

16 Total Cash Flow 1,114,552

17 Expected Total CF 521,559 It
.;;'. il dngwel Farot | JForubion Fepo 1 {5calng Fenor 1% Sheell SShests feheata f 141 | Li |

<% 13> psIE ol 25 HAH Answer Raport

El Micrnogoft EXcol - Pro|

H] MEEr BEGE BRI0N JED MESD) SFCD CIED) S EEwH
D Bl W[5 | X By v~ - (e BB 2 R0 - T,

frlyl =0 iyl |EEWE LR, HAAEDE w2 P
al - & Microsolt Excel 10.0 answer Report
Al B (5 [&] | E | F | G| H

1 [Mlerosaft Excel 10.0 Answar Rapart

Warkshaet: [ProjaceSalace sla]Shaer]

Report Created: 112802006 012050 == &

Rasull Selvar cannst improve the current selutisn. All constraints are setisfed.
Engine: Standard Evoluticnary

Selution Time: 01 Minutes, 04 Seconds

Herations: 0

Subproblems: 2672

Incumbent Salutions; T949

Gogl Bt R )

12 Target Ceall (M)
13 [ ] Parme Drgnal Walue Firnal Waliae
14| FFE1T Esgwctad Total CF Iniftial bvees iant SOEIAA 1073 621663 036

17 Aduztable Calls
18 ol Mame Oiriginal value Final Walue
19 FiFa  Oecmsion o Include
20 | FHES  Decision to Include
21 FHEE Decesion o ncluede
22 | FHET  Decision b nclude
23 THER  Dlecesion o nclede
24 | FHES  Decision ta Include
25 FHEID Decezion 0 nchade
26 EFHENL Decssion o nclude

=1 - ERP R

=1 - R e - EE

28 [Constraints

EL _eed  Mame Lelivalue  Formula  ststus | slack

a0 £FE12  Tomal Investment Inbal imeestment 925,000 FRET3==FFE19  MotEindmg 1705000

a1

woa e el Answer Recon 1 Fapulation Reesn 1 5caling Fapan 1.0Sheetd L Sheat? f Shaars 1]
FHI

Lilgh w
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T3 <33 132 £ A8elo/d2 Population Reporto|T FZ ¢ne|E£ gh Ho 4
A% Population® 37[&t 53 Foty Hdld 37| H T2t Populations WHatH A
dghch dh=g AlB2fold F2 £L PopulationP 4TS ©H = £ Population Reports
HE ez d¥ME Z 2 Populationd st FEE A, B2, EFHA} 508 £
oo 2o ECk

<% 14> psIE o 25 A H Population Beport

E* Microush Exenl - 1'rojn et
B O BEE S0 o M0 ST MOERD S SEH
O Ras SR ERB-< - % x-@ sl Hm
il =l -l A EwEE e e, EEiEeE T QA
AL - £ Micmeodt Excel 10,0 Fopulsion Pepot
a B [ D E F =} H
Az crosoft Excel 10.0 Population Report
2 rksheet: [ProjectSelectxls]Sheat1
3 Report Created: 11/28/2006 01:21:50 25
4
&
& |Adjustable Ceolls
7 Bast Mean Standard Maximmurn  MEnimum
8 Cell Mame Walue Walue Dreviation Walue Walue
-] tHS4 Decision to Includo 1 04376 0489208234 1 a
10 FHES Decision to Include o] 0375 04871773562 1 a
11 FHEE  Decigion o Include o 0.175 0382364388 1 a
12 THET Dacizion to Include 1 04628 0501737487 1 [a]
13 tHE2 Decision to Includo 1 0.3876 0480263089 1 a
14 FHED Decision to Include v] 041 0301892763 1 a
15 FHE1D Deeigion o nclude 1 036825 048375508 1 aQ
16 THE11 Dacizion to Include %] 0,38 0473578502 1 [a]
17
18 Constraints
1% Bask Meaan Etamdard Masdmnurn  Nanirnum
20 Cell Mama Walue Walue Creviation Walue Walua
21 EF313 Tofal Invastmeant |nitial Investmant G285, 000 VA7 128 38T420.7504 1475000 4]
=2
25
24
W1 b W At Feno 1 Popuiation Feport | S Scaing Repon 14 Sheet] JSheets foheeta 4]
=

H1N 2 Frontline Systemmt & H3FAH =2 1-E 4MaH o
A H3, Solver(fHZH7|)E DO|AZRAZE Add HEZRA
H dFFHERHE Y EHE & 5 3tk
H

b

dlo

g g

=Ha gle=d. d49, vl

il

i
afl

ofl

T H3, Premiun Solver= not-stooth problam (SIS avelutionary solver(S 3 2} 4l
WA ayE HE40, smooth nonlinear problm(NLEYHE GRG solverg I E2dlM, HF
40000, MefA 20000 m=l & & ok dEHE s HE 200090, MR 100070 AR
HEF & ST Evolutionary solvers “-dH A [F, CHOOSE, LODEUPH 522 EHH
non-smooth T8 HEl® = Stk & A HEHAHE all different F3 2 MU 23
T E & 2tk o/ TPS(Traveling Salssman Problam)@h ZHo| M2 EHZE E +
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alth HE viodAME 948 Excel 2007HAM 1638400 e H43AMEZ HElf &+ 4loH,
Eisk Salver Engdina® A BElo]d H=23H EHE & &+ 20k

A HA, Premium solver Platform ¥V7.02 Frontline SystemAlb2] JHERE2] 45 E 4] of
ot H7|HE LP/Quadratic solver(d% W 23HY DY EAMDE 20000 HEAR 2 EHE
£ F Stk A3 A il e ?[E4 solverH H|aiAM 1000842 #FE % =HE

Er} o HHE nonlinear GRG Salve, Evolutionary Solver, Interval Grokal solver, ST
Barrier solvers+= HMS3Mch ol =d sk A3 WEE Risk Sclver Engine Use Guide
pp.14-1804 £ F 3oh REGgE SF3G JAE pal 722 o 2 EAolze £4
(2,400%FH —r??|'1|)§ o #EH & 5 3ich= 2ot

W H2, Premium Solver(u-§E2)= W=hel =HRst FEti=tg MBA) D2HA A=
A=ty uHH ugE2e® HE2sts ALE Premium Solver Platform2t =€3h 45
(HZat Aol Zo] Wk A2 MeE 0 itk 2000 et Mefd 1000 2R E A
e 5 it

g

HA ooz WHo| AEold HAHE Hall WS 2ZESH HAEo| ORSRE F|H=E
= HME281 stk tE <E 45 1 AN Ude FHHZ|(Solver)2t Premium Solver
Platform, @Risk® Evalutionary Search(Evlovery® Bl 2FF Holoh ™

71 bt fmarwr pelisade comaw’ 2 Premiom Solver Platform User CoideS 274

welgy w
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<E 4> Y4 Salver, @Risk Evlover, Pramium Solver Platform=2| H| 1

Exael Salvar @Risk2 Evolver Pramium Solwvar Platform
linear / nonlinear 5
& fadar
combinatariald 7 T i
nonlinedr
L ordar/permutation () e
fiadar _ quadratic
=HZ5 schaduling (4 7 HH= )
Tr simpls neon-linear . _ E.E = quadratically constrained
roupin

_ sacond arder cone
mixed types .

custotmised

Evolutionary{Genetic
Algorithm) IF, CHOCEE,

Simplex Method or . .
e LOCE UP 22 3H:3 2]

Eranch & Bound IMethod

HHE t ; Genetic Aldarithn 7=
tiear .
_ GEGhon-smoath SHFe
GRGE(hon-linear) EEIN
Eranch & Bound MMethod
W 200 30-unlimitad 400-2,000

A= 2| Sower)?t MIE ZHH HFHEY WREE MAstes Y @Risk
Evloverst Premium 3Solver Pladorme & O CFRF 23d 20 L2 WHEES HAoto
SACh O U @Risk Evievers % WHEC &£da €12/E #tuel ¥ Premium
Solver Platform+ CHS3H WRHES HAlstn e, o ob?t <E 4d HAEH A o0&
¥ Large-Scale?| ZHE €% + UZF ot ok AT WES User Guide® 2
Tt7| viErCk

IV. PSI 7| 2& <[ &7 A &dHedy 7o F
PEI 7|& € ol 2otd AB2o|dS ¥ o, EFdH 3+ (uncertain variables)® Tk O A
|

LM A2eE ZERla a0 R FAEeUd 2820 Bl fe AL ofAE

d A w7 Yald PERT WEHIAE 71210 @kisk A B2lol-d kel pal A EH o4 2o

S 1
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£ vlaal] 22kth of HAE Albright(200502] HH G, S0TE B4 Jtiz AEdsich

=" 15> YEH3 A= % 2 FEA7HE FERT =%

Activities a b o
Fis 1:5 a5 8.5
B 3 4 5
C 7 10 19
O 2 2.5 )
E 3 Jib 7
F 2 2.5 )
G 7 4 )
H 2.5 d 4.5
[ 0.5 1 15
] 15 z 2.5

Z- #E¢ TS£ Ho UEHIst ol 2 Yo gk AZHE [a, ¢] Aol PERT
2 2oty FHEETh 4 tolEE vtees oL FEo FREEUR HotE7| 4
<4 @RiskE ol EatH 1000H 2 A BefoldE «Hasich

Fé 2H =RiskPert(B8, C6 D&E U oD F15E€7R BAstez A PERT 220 23t
Z ZF54 ApAite HHAZT d=l0 F € ol &8 dEAI 0¥ HE 1R E
Hatn, JfA kel 02T 3W 028 FEHEGSICH =, G2l Ad =[F@EF21=0, 1, O) TS
291, H21HE =RiskMean(G21)E AFE2aF2 Th

F6H = =RiskPert(B&, 6, D8), FT:F157A SAbate ALE,

F21HE = E21-B21, F22F30 7k Balate ARE

Gz1HE = [F(F21 = 0, 1, 0), G2ZGF30 77| SAEH AHE,

H21H & =RiskMean(G21), H2ZH3I0 7tR| BAlatd ARE,

wilag w
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<" 16> @RiskE 0| 2%t PERT WEH 3 A8aold Fat

_ A E] C _ D E F B ] H
1
z
3 | Parameters of PERT distributions
4 Label Min|  host likely Max Implied mean Durafion
5 Stan |
(5] A 1.5 35 85 4] 4.0000
7 | B 3 4 5 4] 4.000!
g [ Fil 10 19 i1y 11.000
a | 8] 2 25 5] 3 3.0000
10| E 3 35 7 4 4000,
11 F 2 25 (] 31 3.000)
12| = 2 4 & 4]  4.000}
13| H 25 3 35 3| 3000
14 | | 0.5 1 15 1: 1.0007
15 J 1.5 2 25 2 _ 2000
16 Finish 0
17
13 :A,cﬂvh}r start and finish times
19 | Activity Earliest start lime 251 finish lime Latest finish limBest start time.  SlackKeritical path?® Probicritical)
20 | Stan 0.00 0.00 0.00 0.00
21 A 0.ao 4.00 4.00 0.ao 000 1 0963
27 | B 4.00 B.00 B.00 4000 000 1 0963
23 C 0.00 11.00 12.00 .00 .00 0 0.001
24 [u] .00 11.00 11.00 8.00 0.00 1 0995
75 | E r 11.00 15.00 15.00 11.00 0.00 1 0.447
26 F 11.00 14.00 15.00 12.00 1.00 0 0.071
77 | G 11.00 15.00" 15.00 11.00 0.00 1 0451
28 H 15.00 18.00 18.00 15.00 0.00 1 0953
29 I 11.00 12.00 20.00 19.00 8.00 0 0.001
30 | J 18.00 20.00 20,00 18.00 0.00 1 0993
31 Finish 20.00 20.00 20.00 20.00

HE =2 #E A3 THEarliest Start Time)2t 2 A ZFA| ZHLatast Start Time) ZF
2 w3 H{HKAZHElack Time)o| 0o/ 1 FE£ FEF S (critical activites)o| H T 1000
Hel Algdold E¢ GorGieE %—EOI FaEeEol =HH 10 fa, a7 BHA
(RiskMean)dl H21H30S ZF 50 FEEE0 2 ¥ 3t &4 50 FaES0 ¥
< 1= Ha1:H302 2ol —E—_*Tifﬂ-iitl'. 5 A B D H]JES FREESUE € F

R HER As A EE0 FRES B HES BHEHY

o

21 Ik

fu}
vl
ro
o
&
e %

bt 7

*““HI Algeolde HE mate A J\I‘EHIOIJEOI GH—J% =753

ol S PL 7l&E ol Eakd Ao/l 2T <3 18>2 PSL 7| & o[ E3F AE
o8 :’E'EJ-C'I CHOEEE 1000812 jh=50| d7)

=140 =
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<" 17> pSIE2 o/ 2% PERT WESH 3 A Belol-d FEal &2l AFR)

| A =] | [ | ] | E | F [E] H ]

1

2 |

3 FParameters of PERT distributions

4 Label Min Most likely Mla Implied mean Duration

5 Start o]

B A, 18 35 BE 33290

7 B 5 4 g 4 ae35]

8 C 7 10 19 111_ 15,359

9 3] 2 25 B 3 _2.049]

10 E 3 35 7 4 _5.3001

11 F 2 24 B 3~ 356!

12 e 2 4 B 4 51061

i3 H 25 3 35 3 _326]

14 | 0s 1 15 11 10461

15 J 1.5 2 2.5 2l 2oesE!

16 | Finizh D

(|

16 Activity start and finish times

19 | Aty Earliest starl time atliest finish time Latest finish lirm@est stan ime SlacKcrilical pathPProbcritical)
a0 Start 0.00 0.00 0.00 0.00
21 A 0.00 323 3.23 0.00 .00 1 0.171
123 B 3.23 7.75 775 323 000 1 071
23 | C 0.0 15.36 18.39 403 4.03 a 0001
24 | u] 75 980 5,80 7.75 0.00 1 0374
25 E [ 980 1510 15.10 9.50 0.00 1 0216
26 | F 980 13.73 15.10 11.17 1.37 0 0.035
27 G 9.80 149 15.10 999 0.19 0 0.236
28 | H 15.10 18.37 18.37 15.10 .00 1 067y
29| 1 15.36 16.41 20.44 19.39 4.032 u} 0.001
30 J 18.37 20.44 20.44 18.37 0,00 1 0942
31 Finish 20,44 20,44 20,44 20 44

wol 4 U

LT
aj
I-._I_

U FHg atlE AEaE, o2 T 70 3 el

F& = PsiPart(B8, C8, D6), F157L7| ZBAbate] ARE
G321 = IF(F21 = 0, 1, @ G30 7R SBAad AHEEE
Hz1 PzildeantG21), HIOAR| ZAbate AR

F3IE oS3t A 8eleld 2z JZEU 14 7iote FEESLE UEGCH, OE F8
Z2=o ZRauz 2a=ith o] FE @RiskE o/ 23 ABHold Faksl 3H UEE
HHFAL F2F EW PERT UEHIHAM PSP|&< FEEES 7= WA E6tn
SACHHZ1H30E #2E). PSRIFE olEotdH, SddAd B3l sfdakzt ofd 42 afd af
(Excel Interprater <1 EHE 0|5t Al B2ol-d2 SESITHEST Al Belold SHHA €3
T3 els dey IE <O 7= #HE) 0 e thed «3¥ 173 Pk

=14l =
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<" 18> psIE 0|23 PERT U EH 3 ABefol-d Foed all &) AFR)

A B C D E F | H

1

2

ZHl Farameters of PERT distributions

P Label Ilin Most likely Wax Implied mean Duration

g Start .

B A 15 35 a5 442158

7 B 3 4 5 4 3653

g b 7 10 19 11)_ 13,139

g | 3] 2 25 B 3__2.90]

10 E 3 35 7 4 5312

11 F 2 25 B 8 27

12 G 2 4 B 4 37141
EEN H 25 3 35 S 31| 1

14 I 0.5 1 1.5 11 “I:I'_.vEEldI

15 J 1.5 3 25 2l "7

16 Finigh o

17|

18 Activity start and finish times

19 Actwily Earliest start time arliest finish lime Latest finish lim@ast start time.  SlackKcritical pathTProbicritical)
20 Start 0.00 0.00 0.00 0.00

21 A 0.0o 4.22 4.22 0.00 0.00 1 0.853
22| B 4322 787 787 427 0D 1 0 G5
23 [ 0.a0 13.14 2010 555 596 0 0
24 D 7.87 10.85 10.85 7.67 0.00 1 0959
25 E £ 10.85 1616 16,16 10.B5 0.00 1 0453
26 F 10.85 13.57 1E.16 13.44 2.58 o 0.054
7 G 10.85 14567 1E.16 12.45 1,60 0 0423
28 H 16.16 19.36 19,36 16.16 0.00 1 ]
29 I 13.14 14.13 21.10 2010 596 0 0
30 J 19.36 21.10 21.10 19.56 0.0o 1 1
3 Finish 21.10 21.10 21.10 21.10

Ad HHALE ol 25 PSL A B0 e FF A B D H 17 14 i 23R F
REELE UENT ol @RiskE ol E% ABelold &bt E¢SCH

ol PSI 427t S B o) oA AL afE of Az FEEAN O3 22
otz FEaA 267 HE2 Ao THEHAC AT, Gole IFSE ohE3t 3ol

FOIE o2 oz E HE9E |HE EE EE 5 Ao

321 = IFCABS(F21) <= 00001, 1, ), G30 7R ZAbge A=,

H ABold 2 25 RUEH 28 <E 5>k 0k

S
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<® 5> PERT WEH3 A Bold Fztgsf

s @RiskE o] Esh PSIE o] &% F3IE o] E&h
R Al Ed|o] A Algglo] A(PSINE 2L (Al Edleld (2ds)H 3
b 0,963 0,171 0959

B 0,963 0,171 0959

C 0,001 0,001 0

D 0,999 0,374 0999

E 0,447 0,216 0.453

F 0,071 0,035 0.054

G 0.4&1 0,236 0.493

H 0,999 067 1

[ 0,001 0,001 0

] 0,999 0,942 1

FREE A B D HJ ] N = 3 b O -

@FRisket PSI+ 25 A AZ|TAE AN ABodE 2ol HFe =F0A
oF O FEE OE YE Bt O dfHAE o/ 25 PSI A BElod e I @Risk
Agefold Frbet BYEA ustR(TE psSI #HAFE o &3 PSI A BRlold R IE @Risk
2 ChE E2E Hioh mebtd ps 2|&S o/ Edld ABzlodE ¥ 0. IF 24 0
1R MAste A& O30 PSI EFEE E3Et0 Slod yro A A4g ffHAE o=

ot Al BEoldE 2ok 3ok

V.3 2

2 =2HME PSI 7&E ol 25 94E JgeoldE 2T IFHE AHE S Al

ol (Monte Carle Simulation)o| BR3FE H3lon, dddd ABod mPE 2 H
£ A2 Pl 2|&E ol Edd ABelold BYE =HEE S 24U ABeo

HlafleE o O 28 Ao 2F 17102 EHE AS HYESITh

3HH, PSL ?|&2 o/ 2% Agelold 2EE NE7| (Soverd F HEF HAZE EY

Lk Frontline Systemsit 2 a3H?] E2 ML LMFSTH B3I 2|2 o 2a4 A EE
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13 Albright, A C, W, L, Winston, Spreadshest Modeling and Applications’ Essentials
af Practical Management Science, Thomson, 2003

2) Figk Solver Engine Dser Guide (3006)

3) Premium Solver Platform Uszer Guide (2008)

4) Grossman, T., "Spreadshest ADD-INS for QE/MMSY, ORMS Today, Audust 2002,
pp.d46-31
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