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Karn Kankanok 2009: VBA Spreadsheet Simulation Add-Ins for Microsoft Excel.
Master of Engineering (Industrial Engineering), Major Field: Industrial Engineering,
Department of Industrial Engineering. Thesis Advisor: Assistant Professor

Juta Pichitlamken, Ph.D. 131 pages.

We develop a VBA add-ins, SimXL, to do simulation on Microsoft Excel. This
software provides functions for generating random variates from 15 distributions, both discrete
and continuous. Our random number generator used for generating uniform(0,1) random
variables is Multiply with Carry Pseudorandom Number Generator (Couture and L'Ecuyer,
1997). SimXL can present detailed simulation results, statistical summary (e.g., means and
standard deviation), and graphical summary (such as histrogram). We verify our software by
checking statistical properties of the generated random variates against theoretical values. In
addition, we also compare the simulation resultes from SimXL with those from standard

software on two test problems: a queueing system and an inventory problem.
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With Selection.Interior
.ColorIndex = 44
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fx Example 2.1: Single-Channel Queue
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Example 2.1: Single-Channel Queue

Interarrival Times
{minutes)

Minimum
Maximum

1
8

Click the button, or hit the F9 key, to recalculate the spreadsheet and generate a new trial.

You may change the Example by changing any of
the values in green.

Seed for Random Humbers | 12385 | Resst Seed

Clock

Clock

Service
Time

4

B1 -

Al B | C D
o
2
5
% S_ﬁrr::;e Probability Cumulative
E (Minutes) Probability
Lz 1 010 0.10
8| - 0.20 0.30
9| 3 030 0.60
| 4 0.25 0.85
M 5 0.10 085
12 B 0.05 1.00
3]
14 Humber of Customers = | 100
5] Clock
16| Interarrival
B Time
18 Customer | (Minutes) Arrival Time (Minutes
18 1 0
20| 2 1 1
21] 3 1 )
3 4 6 8
23| : 3 11
24 6 L 18
25 7 5 23
26| g 2 25
7] 9 4 23
28| 10 1 30
29| 11 4 34
30| 12 4 £
3L 13 7 45
a3 14 5 51
33 12 3 4
34 16 8 62
35| 17 g 70
36| 18 2 72
37 139 7 79
33| 20 4 a3
39 21 3 £
40| 22 2 88
41 23 8 96
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- Aunumiideniuw 0.33 i3 oayaeniiy ($/paper) tazsmitelusini 0.50

q

MIeRyAORIU
o v Aa o o 1 v A A 4 A & o o 1w
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9
Y A ] I 1 ] I
ANUABDINITHD mmmﬂzgﬂu mammungﬂuazam
v A a egeg . . g,
NUITDOWUN (Probabilities) (Cumulative Probabilities)
(Demand) Good Fair Poor Good Fair Poor
40 0.03 0.10 0.44 0.03 0.10 0.44
50 0.05 0.18 0.22 0.08 0.28 0.66
60 0.15 0.40 0.16 0.23 0.68 0.82
70 0.20 0.20 0.12 0.43 0.88 0.94
80 0.35 0.08 0.06 0.78 0.96 1.00
90 0.15 0.04 0.00 0.93 1.00 1.00
100 0.07 0.00 0.00 1.00 1.00 1.00
B1 - /A Example 2.3: The News Dealer's Inventory Problem
Al B | | D =3 F G| H [ 1 J K L |
1] | Example 2.3: The News Dealer's Inventory Problem |
] Click the button to recalculate the spreadsheet and generate a new trial. Doidiaciien
3
Z Distribution of Newspapers Demanded Type of Newsday
' 5 | | Demand Demand Probabilities Cumulative Probabilities Type | Probability Cumulative
(6 | Good Fair Poor Good Fair Poor Probability
|7 40 0.03 0.10 0.44 0.03 0.10 0.44 Good 0.35 0.35
| 8 | 50 005 018 0.22 0.08 0.28 0.66 Fair 0.45 0.80
(3 60 0.15 0.40 0.16 0.23 0.68 0.82 Poor 0.20 1.00
10| 70 020 0.20 012 043 088 0.94
11| 80 035 0.8 0.06 0.78 0.96 1.00 General Parameters
12 | 90 0.15 004 0.00 0.93 1.00 1.00 Purchase Price $0.33
(13 ] 100 0.07 0.00 0.00 1.00 1.00 1.00 Selling Price $0.50
14 | Scrap Value $0.08
15| | Seed for Random Numbers | 12345 | Reset Seed Number Purchased
(16| Lost by News Dealer 70
| 17 | Profit
Revenue from Salvage
Type of from Excess from Sale Daily
18 Day Newsday = Demand Sales | Demand of Scrap | Daily Cost  Profit
19| 1 Fair 80 $35.00 $1.70 $0.00 $23.10 $10.20
20 | 2 Good 80 $35.00 $1.70 50.00 $23.10 $10.20
| 21| 3 Good 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 22 | 4 Fair 50 $25.00 $0.00 $1.00 $23.10 $2.90
123 | 5 Fair 80 $35.00 $1.70 50.00 523.10 $10.20
| 24 | 6 Fair 70 $35.00 $0.00 50.00 $23.10 $11.90
125 | 7 Good 90 $35.00 $3.40 50.00 $23.10 $8.50
| 26 | 8 Fair 60 $30.00 $0.00 $0.50 $23.10 $7.40
| 27 | 9 Poar 40 §20.00 $0.00 $1.50 523.10 -51.60
28 | 10 Good 40 $20.00 $0.00 $1.50 $23.10 -51.60
129 | 11 Poor 50 $25.00 $0.00 $1.00 $23.10 $2.90
30| 12 Fair 80 $35.00 $1.70 50.00 523.10 $10.20
3 13 Fair 60 $30.00 $0.00 50.50 523.10 $7.40
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SimXL 1.0

Spreadsheet Simulation refer algorithm to create the variable to random in many ways from Law, A. 2006.
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Paired T for PopTools - SimiL

H Hean Sthev SE Mean
FopTools 1808 3.560800 1.12285 a.11228
SimiL 1808 3.44080808 1.13991 a.11399
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)| Hean
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95% CI for mean difference:
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Paired T for PopTools - SimiL

H Mean Sthev SE Mean
FopTools 1088 5.1408088 2.33558 8.23356
SimsL 188 4.97000 2.22681 0.22268

Difference 188 8_.178008 3._143231 8.314323

95% CI for mean difference: (-0.453685, B.793685)
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Paired T for PopTools - SimiL

H MHean StDev SE Hean
PopTools 168 3.9090068 6.94383 g.089438
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Paired T for PopTools - SimiL
N Mean StDew  SE Mean
PopTools 1088 3.54658  0.98818  A.089981
simyL 1088 3.56545 B.89577  0.08958

Difference 188 -0.0818886 1.342828 B.13428072

9c% CI for mean difference: (-9.28%172, 0.247480)
T-Test of mean difference = 8 (us not = B): T-Ualue = -8.14 P-Value = B.888
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frualy oL =0.05

AUMIN (49) tag (50) LaAITUUATIUNNATOY

Paired T for PopTools - SimiL

H Hean Sthev SE HMean
PopTools 180 9.79520 2.85912 8.28591
SimiL 180 9.89515 1.7908087 8.179m

Difference 188 -8.899958 2.922112 8.292211

9c% CI for mean difference: {-8.679760, B.479861)
T-Test of mean difference = 8 (us not = 8): T-Ualue = -8.34% P-Ualue = B.733
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Paired T for PopTools - SimsL

H Hean StDev SE Hean
FopTools 188 0_.7838 0._40463 8.9496
SimsL 188 11.9318 104678 1.8468

Difference 188 -2.14882 13.88975 1.38897

-4 _BBE17, 8.59213)

95% CI for mean difference:
= @ {(us not = @8): T-Ualue = -1.5%6 P-Ualue = B8.123

T-Test of mean difference
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Paired T for PopTools - SimiL

H Hean Stheu SE Hean
PopTools 181 C.9600Y 2241087 B.22299
SimXL 181 C.92245 4.51439 B.449208

Difference 181 B8.837598 5.8562156 B.583112

95% CI for mean difference: {(-0.9608571, 1.835758)
T-Test of mean difference = 8 {vus not = B8): T-Ualue = 8.687 P-Ualue = 6.9431
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Paired T for PopTools - SimiL

H MHean StDevw SE Hean
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Paired T for PopTools - SimiL

H Mean Sthev SE Mean
PopTools 188 L _22485 1.29395 8.12939
Sim¥L 1688 L4 21876 1.368881 8.13688

Difference 188 0.814885 1._.983847 B_198385

95% CI for mean difference: {(-0.3795%54, B.487723)
T-Test of mean difference = 8 {(us not = A): T-Ualue = B.87 P-Value = B8.944
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Paired T for PopTools - SimiL

H Mean StDev SE Hean
FopTools 108 B.627491 B_187568 0O.018757
SimsL 188 B.566968 8_.296144 0.929614

Difference 188 08.860523 0_.368420 0_.036842

9c% CI for mean difference: {-8.812588, B8.133625)
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(Discrete Uniform Distribution)

UniformRV (min,max)

min 1

a d = ya .
mMsunszvaunas Inelyld Paired T-Test

fvualyd oL =0.05

quNATIU

' A Ayy o o o o Iy s @
H0 : ﬂ”ll,ﬂaﬂ‘ﬂulﬂﬁnﬂﬂTiﬁna@\‘lﬁﬂ?uﬂTﬁﬂ!ﬂl@Qﬂiy}ﬁWﬂﬂﬂ?ﬂﬂﬂ VBA %@T\I@LL')?

Tuuanaranu

v v
a A

(51

1 o 4 [y Y v 1Y 4 J
H,: mmaﬂm”lﬁ'ﬁnﬂmimamﬁmuﬂﬁmmmﬂmm@naﬂ"ﬁﬂu VBA sonAL03

HANAIAY

(52)




60

Paired T-Test and Cl: Queueing Systems, VBA Software

Paired T for Queueing Systems - UBA Software

H Mean Sthev SE Hean
Queueing Systems 400 1.48618 8.62385 a.83119
UBA Software 4o 1.40248 B.68492 0.83425
Difference 40 0.903700 B.906184 B.0645309

95% CI for mean difference: (-0.085375, 0.892775)
T-Test of mean difference = 8 {(vs not = 8): T-Value = B8.88 P-Ualue = 8.935
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U

One-Sample T: Avg Waiting Time in Queue

Test of mu = 32.5 vs not = 32.5%

Variable N Hean StDev SE Hean 95% CI T
Avg.Waiting Time 188 33.2479 21.2288 2.1229 (29.8357, 37.46082) 8.3%
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Paired T-Test and Cl: Inventory Systems, VBA Software

Paired T for Inuentory Systems - UBA Software

H Hean Sthev SE HMean
Inventory System 488 135488 19116 B.956
UBA Software Lae 135443 20.3088 1.081%
Difference LAB O0.044758 27 _164449 1_358222

9c% CI for mean difference: (-2.62%417, 2.714917)
T-Test of mean difference = 8 (us not = B): T-Value = B8.83 P-Ualue = B.974
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ms1¥au VBA seamnslaamsligasuululassevidenasa

J v A s a s
E‘IJLL‘]J‘]JWQﬂ“])'uﬂ"lill,%ﬂu%\‘]ﬂllalu VBA “lf’f)‘l/‘lml,’)i Tﬂﬂﬂ'HJTiﬂ‘WlJWq%iaﬂlluulhjﬂﬁcﬁﬂwmﬂﬂ

Y
1A 1N 15 Wil

1. msusnuasainavouuy lideiiie
a. UniformRV(min,max, Optional Seed)
b. min=AVBUUAAINGA

c. max=MYOUAGINGA

d. Optional Seed = MMUAA Seed 30 11A 1A

2. MSUANLIINIUIY
a. BinomialRV (number, Prob, Optional Seed)
Y [
b. number = 3IUIUATINIINTNADDI (Number of trials)

1 I ] g
c. Prob=anuuazluresnudnsa (Probability of success)

3. MSLINLANLTVIANA
a. GeometricRV (Prob, Optional Seed)

] S ]
b. PI‘Ob=ﬂ')’liJuWﬂZlﬂuGUfNﬂ'ﬂilﬁ'llﬁi]

4
4. ﬂWﬂlﬂﬂLL(ﬂ\ifﬂ?ﬁ"ﬁﬂfl
a. PoissonRV (Mean, Optional Seed)

1 { o C’ 1 ) 4 4
b. Mean = AuRavvIIUHAMIEIINATUMesTuvouaRau Ty

5. mananuasteyaaunuy liaeriie
a. DiscreteRV (Value, Prob Optional Seed)
b. Value = ¥29U0390YA

[ 1 <
c. Prob=3uanminziuvedoya
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6. ﬂ"lﬁllfﬂﬂllfﬂ\iﬁﬁTLﬁﬂJﬁJLLUU@]‘@Lﬁ@Q
a. UniformCRV (min, max, Optional Seed)
b. min=AVBUUAAINYA

c. max=MYOUIAGINGA

7. msuanuagna
a. NormalRV (Mean, std, Optional Seed)
b. Mean = AURABYDINGUTEHING

c. std=aanuuilsilsoiu

o =
8. ﬂ"li!ﬁ]ﬂ!lﬁ]\ilﬂﬂ"]fiﬂ!uulsﬁﬂﬂ
a. ExponentialRV (mean, Optional Seed)

1 { PEIPN dgl J ]
b. mean= mmﬁﬂmmma{]mimﬁmmuﬁmmnm (Scale parameter)

9. MITUINLLIILNNUN
a. GammaRV (beta,alpha, Optional Seed)
a 4
b. [3=amansiimes (Scale parameter)

c. O =wilmnines (Shape parameter)

10. ﬂ'lﬁllﬂﬂlli]\uﬂ@{!mﬁﬁ'
a. ErlangRV (beta,alpha, Optional Seed)
b. A =Rate parameter

c. m = Shape parameter

1. msuanuaahiyad
a. WeibullRV (beta,alpha, Optional Seed)
b. B = Scale parameter

c. Ol = Shape parameter
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12. ﬂ"lﬁllﬂﬂllﬂ\ul‘]fﬂﬁnllﬁa‘ﬂﬂ
a. TriangularRV (min, mode, max, Optional Seed)
b. min= ﬂlﬂﬂ!ﬂl@]@%?fiﬂﬂlﬂﬂ%}ﬂﬂga
c. mode = MAIMNINUDITOYA

d. max = YOUIUAFIGAVEITOYA

13. Msuanuadaening
a. LognormalRV (mean,std, Optional Seed)
1 d‘ U r{q‘/ a
b. LogMean = AURAgvaIngulszmnsvesilanduasnilng

c. LogStd = anuuisdsiuvesilansuasnini

14. ﬂ'lilli]ﬂlﬁ]\?!ﬂi?]}'l
a. BetaRV (beta,alpha, Optional Seed)
b. beta = 1¥WMINADTHIN 1 (shape parameterl)

c. alpha= s Eines AT 2 (shape parameter2)

15. MIUINUAITOYAAVLLUADITDS
a. ContinuousRV (value,prob)
b. Value = ¥29U0390YA

[} 1 <
c. Prob=¥wanuinziuvesdoya
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1. msdszmadn)sildnareilanduszalszmadaemds Public
Public MWC256 As Double (fmua ld s madion 1)
Public MWC256Seed As Double
Public iBeta As Double
Public iGramma As Double
Public iAlpha , iNormal As Double
Public inix As Integer (fmualiiauuiwAL)

Public numseed As Integer

Mdusonldesulumsadisdulsgu
Sub SetCriteria()
Random_Dist.Setup

End Sub

d' J . 1 ~ 9 J 4
MNHUINN V1 WOTUUDI Random_Dist ﬂam‘iaﬂhqm VBA woaLns
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mdasonlgesuues About
Sub SetAbout()
About.Setup

End Sub

. YBA Spreadsheet Simulation Add-In for Microsoft Excel is written by Karn
. Kankanok in Bangkok Thailand.

Acknowledgement

Spreadsheet Simulation refer algarithm to create the variable to randam in many

- ways fram Law, A 2006. Simulation Modeling & Analysis. 4th ed. McGram-Hill, Inc.- -

and Galassi, M., J. Davies, J. Theiler, B. Gaugh, G. Jungman, M. Baath, and F.
. Fossi. 2006. GMU Scientific Library Reference Manual, 2nd Ed., London:
Metwork Theory Ltd. Fram hitochasesn. gnu.orglsoftwarerg sl and MWC 2860,

algorithm that use to create the random of variable of Uniform(0, 1) is Multiplywithf

Carry Pseudorandaom Mumber Generatar presented by Marsaglia, 5. 1994
. Contact detail : E-mail k_kankanokahotmail.cam

- License : Freeware

ﬂ1WW‘H'Jﬂﬁ VU2 V‘I@{N"U’EN About
frdaionldleuues Run_ Setup
Sub SetRunsetup()
Run_Setup.Setup
End Sub
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- Result display {choose 1 cell} |

i Output Mame
. (Cell location of text strings)

* [ Keepresults

4 %
MWAUINT ¥3 Wo5uVod Run_Setup

2. Msasedus Q! YUYV Uniform(0,1) A07% Multiply with Carry Pseudorandom Number

Generator Ni38071 MWC256()

Static Function Random()

v
o @ o

. . . o Y T A A ~ =
Application.Volatile True (M Ingamdainulviweumsn)asunilasuuama)
Dim i As Integer
Dim j As Integer

Dim r As Integer

m3dszmaiaunsilFumssam
Dim init, inix As Integer
Dim xj, xa, xc, xcarry, ya, reg, upper, block As Double
Dim qv(1 To 256) As Double
Dim t, TU, tl, tld, tldu, xb, xd, U2, u3, u4 As Double
Dim xhu, x1 As Double



suamasivesiaulsieunissuan
If init = 0 Then

xj = 123456789#
xa = 69069#
xc = 12345#
xcarry = 362436#
ya = 809430660#
reg = 4294967296#
upper = 281474976710656#
block = 65536#

<] ° o
wuwansmuInTugiuuy array $109m 1 59256

Fori=1 To 256
xhu =xa * xj + xc
x1 =xhu/reg
xj = Fix(xhu - reg * Fix(x1))
qv(i) = x1
Next i
init=10
i=0

End If

If init > 0 Then
i=i+1
Ifi> 256 Then
i=1
End If
t=ya * qv(i) + xcarry
TU = Fix(t / reg)

80



If t > upper Then
tld=t-reg * TU
tldu = Fix(tld / block)
xb = ya - block * (Fix(ya / block))
xd = qv(i) - block * (Fix(qv(i) / block))
U2 =xd * xb + xcarry
u3 = Fix(U2 / block)
u4 = U2 - block * u3
tl = tldu * block + u4
Else
tl=t-reg* TU
End If
End If
xcarry = TU
qv(i) =tl
MWC256 =tl/reg

End Function

3. Mya3 9@l guuny Uniform(0,1) 14 5umsfmuaai Seed

Static Function Randomseed(Seed)
Application.Volatile True
Dim S As Long
Dim i As Integer
Dim j As Integer

Dim r As Integer

Dim xj1, xal, xcl, xcarryl, yal, regl, upperl, blockl As Double
Dim qv1(1 To 30000) As Double

Dim qv2(1 To 256) As Double
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Dim t1, TU1, tl1, tld1, tldul, xb1, xd1, U21, u31, u41 As Double

Dim xhul, x11 As Double

S = Seed
Y9 1 v ' £ g oA
f]ﬂﬁﬂ”l Seed HBUNIT 0 ICVUUADNIADU
If Seed < 0 Then
MsgBox "Please check parameter"

End If

If inix = 0 Then
xjl = 123456789
xal = 69069#
xcl = 12345#
xcarryl = 362436#
yal = 809430660#
regl = 4294967296#
upperl =281474976710656#
blockl = 65536#

WnsAnandiu$ i 30000 seuiieR A Seed
Forj=1 To 30000
xhul =xal * xj1 + xcl
x11 =xhul / regl

xjl = Fix(xhul - regl * Fix(x11))

qvl() =x11
Next j

inix = 10

j=0

End If
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If inix > 0 Then
If S > 30000 Then
S =S-29999

End If

tl =yal * qv1(S) + xcarryl

TUI = Fix(tl / regl)

If t1 > upperl Then
tld1 =tl - regl * TU1
tldul = Fix(tld1 / block1)
xbl =yal - blockl * (Fix(yal / block1))
xd1 = qv1(j) - block1 * (Fix(qv1(j) / block1))
U21 =xdl1 * xbl + xcarryl
u31 = Fix(U21 / block1)
u4l =U21 - blockl * u31

tl1 = tldul * blockl + u41

Else
tll =tl - regl * TU1
End If
End If
xcarryl = TU1

MWC256Seed = tl1 / regl

End Function

I 9 @ 1 ° 1 A
4. Wqﬂﬁvuclumiﬁiwmuﬂﬁqumm%mmﬁuumwwuu'lu@mum
Function UniformRV(min As Integer, max As Integer, Optional Seed As Integer) As Integer
Application.Volatile True

Dim r As Integer

If Seed = " Then (NFAIN 1UIMIMNUAAT Seed)
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Call Random

r = Int(min + ((max - min + 1) * MWC256))
Else (0381 fim3fmuanm Seed)
Call Randomseed(Seed)

r = Int(min + ((max - min + 1) * MWC256Seed))
End If
UniformRV =r

End Function

5. flafdulumseredudsgumsnonuaanIu

Function BinomialRV(number As Integer, Prob As Double, Optional Seed As Integer) As Integer
Application.Volatile True

Dim r As Double

Dim t, j As Integer

Dim x As Integer

On Error Resume Next

t=0
If Seed ="" Then
For j = 1 To number (¥117159% For 94AA1M131509195 number ﬁf‘imuﬂ)
Call Random
r=MWC256
If r <Prob Then
x=1
t=t+1
Else:x=0
End If
Next j
Else
Seed = Seed * 21
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For j =1 To number
Call Randomseed(Seed)
r=MWC256Seed
If r <Prob Then
x=1
t=t+1
Else:x=0
End If
Seed = Seed + 1
Next j

End If

BinomialRV =t

End Function

6. faddulumsadududsgumanenuasnada

Function GeometricRV(Prob As Double, Optional Seed As Integer) As Integer
Application.Volatile True

Dim r As Double

Dim t As Double

On Error Resume Next

If Seed ="" Then
Call Random
r=MWC256
If Prob =1 Then
t=1
Else: t = Int(Log(r) / Log(1 - Prob))
End If

Else



Call Randomseed(Seed)
r=MWC256Seed
If Prob =1 Then

t=1
Else: t = Int(Log(r) / Log(1 - Prob))
End If

End If

GeometricRV =t

End Function

7. Masdulumsadredudsgumannuasildves

Function PoissonRV(Mean As Double, Optional Seed As Integer) As Integer
Application.Volatile True

Dim a, b, j, r As Double

Dim t, Sum As Double

On Error Resume Next

If Seed ="" Then

a = Exp(-Mean)

b=1

1=0

Sum =0

Do
Call Random
r=MWC256
b=b*r
Ifb <a Then

Sum =

Else



j=i+1
End If

Loop Until Sum =

t=Sum
Else
a = Exp(-Mean)
b=1
j=0
Sum =0
Seed = Seed * 21
Do
Call Randomseed(Seed)
r=MWC256Seed
b=b*r
If b <a Then
Sum =j
Else
j=i+1
End If
Seed = Seed + 1
Loop Until Sum =
t= Sum
End If

PoissonRV =t

End Function

S v 9 [ 1 9 a [N A
8. 171@ﬂsvu“lum'iﬁinmuﬂi’quﬂmmmmm@gaﬂmmu"lmmum
Function DiscreteRV(Value As Range, Prob As Range, Optional Seed As Integer) As Integer

Dim IRow As Long, 1Col As Long, IRowLast As Long, row As Long
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Dim UpperLimit As Double, U As Double, Limit As Double
Dim i As Integer

Dim sum As Double

Dim 1CountCalls As Integer

Application.Volatile (True)

On Error Resume Next

sum = 0

If Seed ="" Then
Call Random
U=MWC256

Else
Call Randomseed(Seed)
U=MWC256Seed

End If

With Prob
IRow = .row
1Col = .Column
IRowLast = .Rows.Count
End With
Fori=1 To IRowLast
sum = sum + Prob.Cells(i, 1).Value
Next i
If sum = 1 Then

For row = 1 To IRowLast

UpperLimit = UpperLimit + Prob.Cells(row, 1).Value

If U <= UpperLimit Then
1CountCalls = 1CountCalls + 1

DiscreteRV = Value.Cells(row, 1).Value

88



Exit Function

End If

Next row
Else

End If

DiscreteRV =0

End Function

0. flafdulumseredudsgumsnnuasaivavenuuseiiios

Function UniformCRV(min As Double, max As Double, Optional Seed As Integer) As Double
Application.Volatile True

Dim mins As Double

Dim maxs As Double

Dim r As Double

On Error Resume Next

mins = min
maxs = max
If Seed = "" Then
Call Random
r = (mins + ((maxs - mins) * MWC256))
Else
Call Randomseed(Seed)
r = (mins + ((maxs - mins) * MWC256Seed))

End If

UniformCRV =r

End Function



10. flasdulumsadadudsgumsienuaand

Function NormalRV(Mean As Double, std As Double, Optional Seed As Integer) As Double
Application.Volatile True

Dim vl1, v2, w, y As Double

Dim r, d As Double

Dim t As Double

On Error Resume Next

If Seed ="" Then
Do
Call Random
r=MWC256
Call Random
d=MWC256
vi=Q2*r)-1
v2=02%*d)-1
w=w1"2)+(w2"2)
Loop Until w <=1
y=vl * Sqr(-2 * Log(w) / w)
t=Mean + (std * y)
Else
Seed = Seed * 21
Do
Call Randomseed(Seed)
r=MWC256Seed
Call Randomseed(Seed + 1)
d=MWC256Seed
vi=Q2*r)-1
v2=02*d)-1
w=Ww1"2)+(2"2)
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Seed = Seed + 1
Loop Until w <=1
y=vI * Sqr(-2 * Log(w) / w)
t = Mean + (std * y)

End If

NormalRV =t
iNormal =t

End Function

11, flafgulumsadududsqumsuenuasend Tuiea

Function ExponentialRV(Mean As Double, Optional Seed As Integer) As Double
Application.Volatile True

Dim r As Double

Dim t As Double

On Error Resume Next

If Seed ="" Then
Call Random
r=MWC256

t =-Mean * Log(r)

Else
Call Randomseed(Seed)
r=MWC256Seed
t=-Mean * Log(r)

End If

ExponentialRV =t

End Function
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12. flasFulumsadadudsgumsuenuoauninn

Function GammaRV(beta As Double, alpha As Double, Optional Seed As String) As Double
Application.Volatile True

Dim v, w, y, a, b, y3 As Double

Dim r, d As Double

Dim t As Double

Dim na As Integer

On Error Resume Next

na = Clnt(alpha)
If na = alpha Then
t = beta * Gammaint(alpha - 1, Seed)
Elself na = 0 Then
t = beta * Gammafrac(alpha, Seed)
Else
t = beta * Gammaint(alpha - 1, Seed) + Gammafrac(alpha - na, Seed)
End If
GammaRV =t
iGamma =t

End Function

Function Gammaint(alpha As Integer, Optional Seed As String) As Double
Application.Volatile True

Dim i As Integer

Dim prod As Double

Dim sqa, X, y, v As Double

If Seed = "" Then
If (alpha < 12) Then

prod =1



Fori=0 To alpha
Call Random

prod = prod * MWC256

Next i
Gammaint = -Log(prod)
Else
sqa = Sqr(2 * alpha - 1)
Do
Do
Call Random

y = Tan(3.142 * MWC256)
X =sqa *y +alpha - 1
Loop Until x <=0

Call Random

v=MWC256

Loop Until (v> (1 +y *y) * Exp((alpha - 1) * Log(x / (alpha - 1)) - sqa * y))

Gammaint = x
End If
Else
If (alpha < 12) Then
prod =1
For i=0 To alpha
Call Randomseed(Seed)
prod = prod * MWC256Seed
Next i
Gammaint = -Log(prod)
Else

sqa = Sqr(2 * alpha - 1)
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Call Randomseed(Seed)
y =Tan(3.142 * MWC256Seed)
X =sqa * y +alpha - 1
Loop Until x <=0
Call Randomseed(Seed)
v =MWC256Seed
Loop Until (v> (1 +y *y) * Exp((alpha - 1) * Log(x / (alpha - 1)) - sqa * y))
Gammaint = x
End If
End If

End Function

Function Gammafrac(alpha As Double, Optional Seed As String) As Double
Application.Volatile True

Dim p, q, X, u, v As Double

p=2.71828 / (alpha + 2.71828)

If Seed ="" Then
Do
Call Random
u=MWC256
Call Random
v=MWC256
If (u < p) Then
x = Exp((1 / alpha) * Log(v))
q = Exp(-x)
Else
x=1-Log(v)
q = Exp((alpha - 1) * Log(x))
End If

94



Loop Until MWC256 >=q
Gammafrac = x
Else
Do
Call Randomseed(Seed)
u=MWC256Seed
Call Randomseed(Seed)
v=MWC256Seed
If (u <p) Then
x = Exp((1 / alpha) * Log(v))
q = Exp(-x)
Else
x =1 - Log(v)
q = Exp((alpha - 1) * Log(x))
End If
Loop Until MWC256 >= q
Gammafrac = x
End If

End Function

13. “Wqﬁﬁf;’uslumaﬁ%’wﬁmﬂi’gjumimmmmaﬁlmﬁ

Function ErlangRV(beta As Double, alpha As Double, Optional Seed As Integer) As Double
Application.Volatile True

Dim i, P As Double

Dim r, d As Double

Dim t As Double

On Error Resume Next
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If Seed = "" Then
If 1 > beta Then
t = (-beta) * (Log(P))

Else

Call Random
r=MWC256
P=P*r
i=i+1
Loop Until i > alpha
t = -beta * (Log(P))
End If
Else
Seed = Seed * 21
If i > alpha Then

t = (-beta) * (Log(P))

Else

Do
Call Randomseed(Seed)
r=MWC256Seed
P=P*r
i=i+1
Seed = Seed + 1

Loop Until i > alpha

t = -beta * (Log(P))
End If

End If

ErlangRV =t

End Function



14. flasdulumsaddaudsgumanenuashyad

Function WeibullRV(beta As Double, alpha As Double, Optional Seed As Integer) As Double
Application.Volatile True

Dim r, d As Double

Dim t As Double

On Error Resume Next

If Seed = "" Then
Call Random
r=MWC256
t =beta * ((-Log(r)) ~ (1 / alpha))

Else
Call Randomseed(Seed)
r=MWC256Seed
t=beta * ((-Log(r)) ~ (1 / alpha))
End If

WeibullRV =t

End Function

15. Wqﬁ%’uiumaﬁ%’wﬁmﬂidnmimmmmmuﬁmmﬁ'w

Function TriangularRV(min As Double, mode As Double, max As Double, Optional Seed As
Integer) As Double

Application.Volatile True

Dim r, d As Double

Dim t As Double

On Error Resume Next

If Seed = "" Then

Call Random

97



Else

End If

98

r=MWC256
If r < (mode - min) / (max - min) Then

t = min + Sqr(r * (mode - min) * (max - min))

Else

t=max - Sqr((1 - r) * (max - mode) * (max - min))
End If
Call Randomseed(Seed)

r=MWC256Seed
If r < (mode - min) / (max - min) Then
t = min + Sqr(r * (mode - min) * (max - min))
Else
t=max - Sqr((1 - r) * (max - mode) * (max - min))

End If

TriangularRV =t

End Function

J v @ ' a
16. Hendulumsadreamilsgumstanuasaonilng

Function LogNormalRV(Mean_log As Double, std_log As Double, Optional Seed As Integer) As

Double

Application.Volatile True

Dim y, std As Double

Dim r, Mean As Double

Dim t As Double

Dim m, st, n As Double

On Error Resume Next

m = Mean_log " 2



st=std log”"?2
Mean = Log(m / Sqr(m + st))
std = Log((m + st) / m)
If Seed ="" Then
Call NormalRV(Mean, std)

n = iNormal

t = Exp(n)
Else
Call NormalRV(Mean, std, Seed)
n = iNormal
t = Exp(n)
End If

LogNormalRV =t

End Function

17. Heddulumsadedulsgumsianuaaud
Function BetaRV(beta As Double, alpha As Double, Optional Seed As String) As Double

Application.Volatile True

Dim yl1, y2, y3 As Double
Dim r, d As Double
Dim t, Seeds As Double

On Error Resume Next

If Seed ="" Then
Call GammaRV(beta, 1)
y1 =iGamma
Call GammaRV(alpha, 1)

y2 = iGamma

99
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t=yl/(yl +y2)
Else
Seeds = Seed
Call GammaRV(beta, 1, Seed)
y1 =iGamma
Call GammaRV(alpha, 1, Seeds + 1)
y2 =iGamma
t=yl/(yl +y2)
End If
BetaRV =t
iBeta=t

End Function

18. flafgulumsadidusqumsuanuasteyaduuuyliderios

Function ContinuousRV(Value As Range, Prob As Range, Optional Seed As Integer) As Double
Dim IRow As Long, 1Col As Long, IRowLast As Long, row As Long

Dim UpperLimit, UpperLimits As Double, U As Double, Limit As Double, Sum1 As Double
Application.Volatile (True)

On Error Resume Next

Dim i As Integer

Dim sum As Double

Dim 1CountCalls As Integer

sum =0

If Seed = "" Then
Call Random
U=MWC256

Else
Call Randomseed(Seed)

U=MWC256Seed
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End If
With Prob
IRow = .row
1Col = .Column
IRowLast = .Rows.Count
End With
Fori=1 To IRowLast
sum = sum + Prob.Cells(i, 1).Value
Next i
If sum = 1 Then
For row = 1 To (IRowLast)
UpperLimit = Prob.Cells(1, 1).Value
UpperLimits = UpperLimits + Prob.Cells(row, 1).Value
If U <= UpperLimit Then
Suml = CDbl(Value.Cells(1, 1))
ContinuousRV = Suml
Exit Function
Elself U <= UpperLimits Then
1CountCalls = 1CountCalls + 1
Sum1 = UniformCRV(Value.Cells(row - 1, 1).Value, Value.Cells(row, 1).Value,
Seed)
ContinuousRV = Sum1
Exit Function
End If
Next row
Else

End If

ContinuousRV =0

End Function
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1 (Minutes) robability
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A B © D E F G H |
Service . . .
Tines | pabaiy | e i
1 (Minutes)
| 2| 1 010 0.10 Minimum 1
1 3 | 2 020 0.30 Maximum B8
4 3 030 0&0
| 5 | 4 025 085
| B | & 010 085
7 B 005 1.00
8
g
Waiting ULT
Interarrival Service Time Time Time Customer Idle Time
Customer Time Arrival Time Time Service in Queue Service Spends in of Server
(Minutes) (Minutes) Begins h Ends System {Minutes)
(Minutes) .
10 {Minutes)
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a. dmSuadedusguued Interarrival Time

b. dmSuadanlsguuns Service Time
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a. Interarrival Time

A A o Y A 9
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- UniformRYV (Sheetl!$F$2,Sheetl!$F$3)

b. Arrival Time
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- Interarrival Time maqgﬂﬁ'1ﬂuﬁauwﬁ1 + Interarrival Time ﬂu:ﬂi]i]ﬁu

c. Service Time

- naMs IS MIgnAeazaY

- DiscreteRV (Sheet] 1$A$2:$A$7,Sheetl1!$B$2:$B$7)

d. Time Service Begins
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- MAX(Arrival Time, Time Service Ends)
e. Waiting Time in Queue

- Time Service Begins - Arrival Time
f. Time Service Ends

- Time Service Begins + Service Time
g. Time Customer Spends in System

- Time Service Ends - Arrival Time
h. Idle Time of Server
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3 =Uniform_Dist(Sheet115F52 Sheet11$FE3) | =C12+4B13
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A B C D E [ F G H |
Service . n .
Timer | probabiy | ot T
1 {Minutes)
| 2| 1 0.10 0.10 Minimum 1
| 3 | 2 0.20 0.30 Maximum 8
|4 3 0.30 0.60
| 5 | 4 0.25 0.85
| 6 | 8 0.10 0.95
7 6 0.05 1.00
| 8 |
9
Waiting Time
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.................................................................. Summary statistics of simulationresults
QOutput Mean | Standard deviation | Lower Bound of 95% Cl | Upper Bound of 95% CI | Number of replication
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- Good =0.35
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- Discrete_Dist(Range Value, Range Prob)
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3. ahruvudeesuullsunsylulasveldeneya
o 1 a 4 ;’f ) [ o 4
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4 [ A
luTasweaenya dagi) nmwuani a7
A B [ C [ D E [ F [ G | J K
1 | Demand Demand Probabilities Cumulative Probabilities Type Probability E[l:;;'::]a“ti'::gs
|2 | Good Fair Poor Good Fair Poor Good 036 0.3
| 3 | 40 0.03 0.10 0.44 0.03 0.10 0.44 Fari 045 0.80
4 | a0 0.05 018 0.22 0.08 0.258 0.66 Poor 020 1.00
| 5 | 60 0.15 0.40 0.16 0.23 0.65 0.82
| B | 70 0.20 0.20 0.12 0.43 0.858 0.94
| 7 | a0 0.35 0.08 0.06 0.78 0.96 1.00 Purchase Price 0.33
|8 | 0 0.15 0.04 0.00 0.93 1.00 1.00 Selling Price 0.50
9 100 0.07 0.00 0.00 1.00 1.00 1.00 Scrap Value 0.05
Number Purchased
|10 | by News Dealer 70
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4. Fonl% VBA wovlduns dmsuaddunlsgu

5. smuagasmsianuuTusunsululnssevdonsa

a. dmTuad @ nsguued Type of Newsday

a.

Type of Newsday

c.
Aa Y [~ ]
£ STUUaUMAIRaUUTZe2Ia1 20 TU
A B C | D E | F | G H I J K
1 | Demand Demand Probabilities Cumulative Probabilities Type Probability E:;E:La“til:;zs
2 Good Fair Poor Good Fair Poor Good 035 0.35
3| 40 0.03 010 0.44 0.03 0.10 0.44 Fair 0.45 0.80
4 &0 0.05 018 022 0.08 0.28 0.66 Poar 020 1.00
| 5 | &0 0.15 0.40 0.16 0.23 0.68 0.82
6 | 70 0.z0 0.z 012 0.43 0.es 0.94
7 a0 0.35 0.08 0.08 0.7a 0.96 1.00 Purchase Price 0.33
|8 | 90 0.15 0.04 0.00 0.93 1.00 1.00 Selling Price 0.50
g 100 0.07 0.00 0.00 1.00 1.00 1.00 Scrap Value 0.0s
Number Purchased
|10 by News Dealer 70
11
Lost Profit
Type of Revenue from il
Day N Demand from Sale | Daily Cost Daily Profit
ewsday from Sales| Excess
Demand of Scrap
12

13 [ ] IS o 1 @ a
- LlﬁﬂﬂNaGUf’)\1ﬂ']if]:‘llﬁJu’izﬂ‘]_lﬂ'J"IﬂJUT%&‘]JusU@Qﬂ"lﬁﬂ1?71!18141!\1&@1/“%1&

- Discrete Dist(Sheet1!$1$2:$1$4,Sheet1!$J$2:$1$4)

Demand

a 9 dy v A A 4
- AU INUANVABIN T TONUITONUN

- [F(B13="Good",Discrete_Dist($A$3:3A$9,$B$3:$B$9),IF(B13="Fair",

Discrete Dist($A$3:5A$9,$C$3:3C$9),

Discrete_Dist($A$3:3A8$9,$D$3:$D$9)))

C.

Revenue from Sales

a g o Ay Y o ] v A A J
- ﬂmﬂuﬁﬂi‘u%llﬂmﬂﬂﬁ%WWHWUﬁuQﬁﬁJ‘WiJW

- MIN(C13,$K$10)*$K$8

Lost Profit from Excess Demand
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- IF(C13>8K$10,(C13-$K$10)*($K$8-$K$7),0)
e. Salvage from Sale of Scrap
- swSunnmsveriisdefiuifis e liviua
- IF($K$10-C13>0,($K$10-C13)*$K$9,0)
f. Daily Cost
- Aunumisdeiium 70 niiy
- $K$10*$K$7
g. Daily Profit
- wai lsaoiu
- Revenue from Sales - Lost Profit from Excess Demand + Salvage from

Sale of Scrap - Daily Cost

Type of
2y Newsday
12
|13 1 =Discrete_Dist(Sheet1151$2: $154,Sheet115)52:5J54)
| 14 | 2 =Dizcrete_Dist{Sheet115152: 5154 Sheat 115152 5.054)
15 3 =Digcrete Dist{Sheet 115152 5154 Sheat G152 5154,

Demand

=IF(B13="Good" Discrete_Dist(5A53.5A59 $E53:5559),IF(E13="Fair’ Discrete_Dist(5A$53:5A89, §C53:5C5T) Discrete_Dist(5A$3: 5459 $D53:5D59)))
=IF(B14="Good" Discrete_Dist($A$3:5A59 $B53:58%9) ,IF(B14="Fair" Discrete_Dist(5A$3:5A59,§C53:5C89) Discrete Dist(5A53:5459,5053:5059Y)
=IF(B15="Good" Discrete_Dist($A53:5A$9 $E53:5559) IF(B15="Fair" Discrete_Dist($A$3:5A89 $C53:5C8T) Discrete Dist($A$3: 5459, $053:5D59)

Lost Profit
Revenue from HEiE
from Sale Daily Cost Daily Profit
from Sales Excess
of Scrap
Demand

=MINCT3 SKEI075KEE  =IF(C13>5KH10,(CT3-SKET0) (BKEE-5KE7) 0) | =IF (BKE10-C13>0,(BKE10-C1375KE3,0) | =5K§10°SKE=D13-E13+F13-G13
=MIN(CT4 SKEIOTSKEE | =IF(C14>5KE10,(CT4-SKE10V(BKEE-5KE7) 0)  =IF(BKE10-C1450,(BKE10-CT1475KES 1) =5K§10°5KE=D14-E14+F14-G14
=MINC15 SKEIOSKEE  =IF(C15>5KE10,(C15-SKE1 0V (BKEE-5KE7).0) =IF (BKE10-C1550,(BK§10-C157"5KE3,0) | =5K§10°5KE=D15-E15+F15-G15
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Lost Profit
Type of Revenue from el
Day Newsd Demand § Sal E from Sale Daily Cost | Daily Profit
{1 ay rom sales XCEess
of Scrap
12 Demand

| 13| 1 Paor 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 14| 2 Good 50 $25.00 $0.00 $1.00 $23.10 $2.90
| 15 | 3 Good 60 $30.00 $0.00 $0.50 523.10 57.40
| 16 | 4 Paor 80 $35.00 $1.70 $0.00 $23.10 $10.20
|17 | 5 Fair 60 $30.00 $0.00 $0.50 $23.10 5740
| 18 | 6 Fair 60 $30.00 $0.00 $0.50 523.10 57.40
| 19| 7 Good 40 520.00 $0.00 $1.50 $23.10 -51.60
| 20 8 Fair 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 21 | 9 Fair 70 $35.00 $0.00 $0.00 523.10 $11.90
| 22 | 10 Good 40 520.00 $0.00 $1.50 $23.10 -51.60
| 23| il Good 40 $20.00 $0.00 $1.50 $23.10 -$1.60
| 24 | 12 Good 60 $30.00 50.00 50.50 52310 57.40
| 25 | 13 Poor 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 26 | 14 Fair 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 27 | 15 Paor 80 $35.00 $1.70 $0.00 523.10 §10.20
| 28 | 16 Good 40 $20.00 $0.00 $1.50 $23.10 -51.60
| 29 17 Good 70 $35.00 $0.00 $0.00 $23.10 $11.90
| 30 | 18 Paor 80 $35.00 $1.70 $0.00 523.10 §10.20
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