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(" PortaCom is in the process to evaluate profitablUty and potential risk of loss for a new printer with innovative 

designs. Preliminary marketing and financial analysis show as follows: 

"" 
11 ..~. ~. k, 

: Parameter (constant) Inputs Probabilistic or variable inputs 

: Selllng Price Per Unit ; $249 Direct Labor Cost/Unit , $45 

r·Admlnistratlve Cost $400,000 
, 

Parts Cost /Unit,, , $90, 

J.I 
.;l,2. 

;;>..J 
;11 IAdvertising Cost $600,000 I its)115,000First Year Demand (Uni 

Sase Case Scenario: frfJ "" (£p- D:, l~c-r-fa.{fJfnT~J)~~",,,J-AJ... c,~r-Irdv, (oP 

"",-p.4r - fS" - '10) '" t S;O OO-?fO op 00 - 6" "'> co. = • 71 0,00'" 

In f)C(.O.I~ =( HJ.~-I<J~ -k,;1.b)k/<M - f/:J.J -H £14 

What If Analysis 
__ IWorst I. Best mm_~_ 

! Direct Labor Cost/unit ! $47 : $43 

, Parts Cost /Unit ' S100 ' $80 

[Rrst-vear D~_~and (Unitsr--~·~-. 1,500 ; ~8,sOOmm-

("; .......-=-~~~~~ 

m: ..mate :first )lear ProjitalJifity !47, 000 !t,2, H /,0" OJ (, 


worrt , (;;'4~ -47 - (0 oJ-I S"bo - ;+00,000-'6 ocv'<> °~ 347, 0o~ 

(?''It , O.<l? -43 -'ifo)"1-:<1',)00 -1'400/ OQ'" -f"6°",/0<>0"" II':<'>'T 1/:' 00 

Random Number Generation and Probabillty Distribution .r 

'-;;irect Labor Cost/Unit 
- ......... 

$43 0.1 
---....... 

$44 0.2 _..-
$45 04 

$46 0.2 
~.. 

$47 0.1 
Sum 1.0 

I Probability , Parts Cast (Uniform DiS~
~~tian) jm ::::~~~or7 ~~~n)1
Smallest Value! $ 

. 
largest Value $l~~__ ~_~d Deviation (s} 4,500 

, 

/ 


(' 

1 




= N~It.M 'S /lIV( ~f\J 0.) ;:::. ;E (K.....J) 

H 	 ) K l M N o ....~~'-...,

25 10i,e<! Labor cost/Unit , Random No. Intervals. ; 
,(" Cumulative COst 

2. Cost $IUnit Probability ProbabiUty From To , [SI/Un,l 
27 $4. 0.1 .() $4., J d 

,,28 $44 0.2 . I , . 3 $44..3 
29 $45 .;;0.' $45.7 ..2 
30 $4. 0.2 .'1 .1 $4<i-7

$47 0.1 {. 031 $47''1I . " 
32 Sum 1 
33 

34 

35

3. 

37 

Parts Cost (Uniform Distribution 

RN I Part Cost 

0.6394 t9:l.Z7 I 

= ()'(S~(tSt) +ttAN~()(h(/llf.1-<>';-) - O!) 
=@o +.6Jq4;,1-(roo-'tfO)'d'lQ.7~ 

/'1 E':>,aft"!, =*Df IH~Al1P{J .,·(JpO.., -.~ (1) 
38 

39 
40 

41 

Demand (Normal Distribution) 
RN ... I Demand 

0.0836 I fJ 784 

42 " 	 " 

== I~()OO +il (IJ.o836J.!'-4S'oO 

=tJO({{VI1tJiI ({). ()836, Irooo.AS"oo) 

= NORlv//lN( RAtlPt)/ m.e.~, fiTp) 
... ,.."'., • ."...... , ...... "". ~ ."'~.~~_' •• , ...'".... I '" 1"'..·~· ....... ·'1 ""I""""'~_~=~"""'''' ......"'.~ ' .....,I.'....~~_:;_ ...r---- 

43 , Direct labor Parts First Vear I 

44 Trial ,RN Cost/Unit RN Cost/unit ~N Demand Net profit S 

45 1 0.3462 i.fS:oo 0.9050 He.to 0.0066 a r4~ !(',n<l5211(' 
46 f-_.....:.2 0.95% #47·"" 0.2172 #94. 5'"4 0.0648 'If. 171 (I }'1, ~76, 
47 3 0.1592 (44.• '" O.TnIl I "liAr; 0.9021).c. t:I.1 f/ JfI•. !'B.L-~~____L.~~~,~~~~~~,~~ 

-r"I~1 /: (:;149- .It~- "111'./0) .... 'Pl411' - '40,,-"00 - f 6o~ 000= (~s-9;J,S'47) 
J., (;1.4'1-47 - flf,!r4)'lfT,I n -1400, 000 -II 600, 00 °=( ( J '1,iIl? 6) 
.3 .. (jJ.'t'f -44 -'lS:4(,)Jl"- <>;1':;1/- '400,000 -'600/000 = ~/, ;;./!o, 143 

Summary Statistics 

2S A B 	 c 
2.6 SummaryStatistics Results E~~Formulil 
27 Mean Profit .f.216.J4o =Al/el\At!iE'(f);i.,,04-1) I:z:. xln. 
2S Standard Deviation 16:1. q1B ""s:rDf!fv( O'?:$", 1'><17) S 
29 MinProfit (.59:;' $"4") P/AIN(.04/i,09:1) .mj>Dor-.f' 
30 Max Profit f,aio,94 ...;.MAXCQ1.S'" :Olf7) 0e.6r 

31 NumberofLosses .2 ::Co<l.IvT' r:( "",..,047 "..:11\' 

32~NumberofTri.ls.3 """COUNT(O"f.t:047) I 11
33' probabilltY'ofloss 6'.67r. ...;(3).,1/(33:1 '1 

34 
 Standard Error !;jS' 695/ =5'1'0':;"//( o",>'l'llfi5liiV<Ti~ Jk :::::sA" 
35 Ma!l!in of Error 1.099.149 =AI/JRM, AII/((}. :rl34 Jl.S:!( ==£' S4n 

135 lower95%limit C1J"7.:l ff09) ::::::.t3;,7-O,?"? 5l-e~i'\ 
137 Upper95%limit /';0,1;'49',/ :;:;:r;",7-t-t33,r: X+l!-;4n 

(" /n O';(a/f.., 	CeJ/ J+'): =rjt.()()Kl,).f(I!.Al1p(,);t/(/~7,(mi;I/~)) CoPt+eJf.6 i-J47 
Ct II t.4,l', =/PII'l-tt<ANDI..)'"''''C'J)f/J.O ~t[)NI'f)/ uPy-{;t;t.4( ~L.41 
ceil N4S, =tJO~fV/INII(RAN.PtJ}Jfll'JH).o}/ 6oPy1;oNtf6 )-;V'f7 

t£/I 04.' =(~84-J'ts-t..4-0""f.}4t-.8.S-i616, copyt"040.otr7 



Solutions to Summary Statistics 
A s 	 c

(' 26 summ.lty 5latisticsf 'Result EJccel@Formula I 
27 Mean Profit' $216,340 =AVERAGEI055:0571 , 

28 standard Deviation $962,498 =STD£V(055:0S71 
,

29 Min Profit =MIN(055:0S7) 
3Q Max Profit 

1$592,547 

$1,280,1l43 ~AX(055:057j 

31 Number of losses 2 =COUNTIF(055:057,"<0") 

32 Number of Trials 3 =COUNTI055:057) 
,

.l3 Probability of loss 66.67% =831/832 

34 Standard Error $555,698 ,=STDEV(055:057)/SQRT(B32): 

35 Margin of Efror $1,089,149 =NORMINVIQ·975,Q,1)'S34 

36 Lowe:r95% Urni! .827·9:15 

37 Upper 95% limit 
($872,1ID'l1 

$1,305,489 =827+835 

(' 

The explanations of the following screen shots are given in the pages after these screen shots. 
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(' Screen Shots for Data/Data Analysis/Histogram and Data/Data Analysis/Descriptive Statistics in Excel@ 
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Solution for PortaCom Example 
,<;"," A 

r 1,8 Direct tab«Co$t/Unl 

19 $43 
20 $44 
21 $45 

--~ 

$80 Mean 15000 

22 $l«i 

23 $47 

24 Sum 

(Sim.xl'X;PortCom) 
--~-

H 

25 Dir@d: lAbor ~Unit 

2. Cost S/Unlt 
2, $43 

28 $44 
2' $45 
3D S4<> 
31 $47-_... 
32 SUm 

33 

B c D E F 
, ~'vV"_'_- _ """_n,,,", 

Probability ~Parts Cost ,Uniform Distribution} Demand 1,..".,...1 Oisbibution) 

0.1 :smallest Value 
0.2 

0.' 
0.2 

0.1 

1 

Largest Value $100 Std Deviation 4500 

Part Cost =SV+RANOO*(lV·SVt :Demand=NORMINV{RANOO,p-'O) i• 

Probability Probability 
,0.1 0.10 
,0.2 0.30 

,, 0_'100.' 

J 

CumulatIVe 

From 

0 

i).tO 

0.30 
I 0.2 0.90 

,, 0.70, - -, 0.1 1.00 0.90 

1 

. . 
,, ,,, 

I I 

K l M o p 

Random No, Irrtervais I " 
! 

, 
<=t 

To • ISI/Unit 
0,10 

-0.30 

0.70 

0." 
1.00 

$43 

$44 
$45 
$46 

~!--

34 CP~_-:-~C~"'-:-'~U~n~"~onn---=D7i'~Iri-::-butIo-:-:-n,,--,, 

35 RN Part Cost ",Smallest + RANDU"<Large"t· smaUest) 
36 0.6714 $93.43 ::o$O$l!t+H36"(~SO$19~ 

37 RA~_~HL.-:===,,-_,r 38 Demand (Normal Oistribt.!f:kml 
-"'NORMINV(AAND(},mean, 'itd}39 RN _~LDemand 

40 O.38U '13,651 O:NORMINV(H40,$F$19,$f$20} 

41 -RANDO 
42 _~andom Numl?er_~~~bilityRANODiS particalJy Implemented In E)(_~.~~ formulas "'NORMIN,!(~,SF$19, ,f$201 
43 FirstYiN\rOirect labor Parts :_... ,....... 
44 Trial RN Cost/Unit RN cost/unit: RN Demand ~~~ Profitt 

3._0.3462 $45.00 0.9050 0.006645 1 ~.10 ($S''''',}) 
, ($39.270;2 0.95% $47,00 0.2272 $84.54 00648 B.l79 

--.--~... .. '" , 
, 

SL2BO)l4347 O.~l $44.00 , 0.7728 $95.46 0.9021 20,821 

=VLOOKUP(145.SK$27:$MS31.3) =($B$4-J45.l45)"'N45-S8$5-$8S6 

49 =$O$1';+K45"'($O$20-$0$1'3) 

S<l Random Number or Probability RANDO is fully implemented in Excel@formulas 

51 , 

52 Trial 

53 1 

54 2 

55 3 

Direct labor Parts First Year: 
Cost/UnIT Cost/Unit Demand I Net Profit S 

$46.00 $86.86 9,898 ' $14'l,S<l9 
$46.00 $97.45 18,947 $999,867 I I 
$45.00 $98.38 19,715 $1,082,295 

56 =VLOOKUPlRAND(),$K$27:$M$31,3) 

57 =$O$l9+RANO()'(SO$20-$D$19J 

58 "-NORMINV(RAND(),$f$19,$F$20) 
o($B$4-15J..J53)·K53·$B$5-$IlS6r 59 

3 




The deslgn of ProCom case simulation in Excel@ 

• 
-~-------- -------- -...--~~-!-~ 

' A C D f G H

11 PortaCom RlstAnatysis SUmmaryStatistlar , 
2 Me-an Profit $711.165 
3 Seliing Price Pet Unit $24. Standard Deviation 51575-2 

: 4 Admlnistrative Cost $400,000 Min Profrt 1$003,0221 

5 Advertising Cost $600,000 Max Profit $2,325,9$1 

6 Number of Losses 41
•7 Dired Lab« Cost Parts Cost {Uniform Distribution) NumberofTtlals 500

• lOwer Upper SmallEm Valve $00 Probability of Lou s.W% 

• Random No, Random No. Cost per Unit largest Value $100 Standard Error $13,065 

!1O M 0.1 $43 Margin of Error $45,317 

111 0.1 0.3 $44 Lower 95% limit $665,849 

pl 0.1 n.7 $45 Demand (Normal Distribution) Upper 95% umll $756,4&2 

p3 0.7 0.' $00 Mean 15000 

114 0.9 1.0 $47 std Deviation 4500 Range $3,12!,OOa 
; 
! 15 Number nf Groups 12 
115 ,NOR"'INV(RANOI!,S'Sjl,SE$14) Group Width $300,000.00!17 SimulatlM Trials ~E$S+RANDil·($f$9.$FS81 
! 18 =VlOOKUPlRAND(),$A$10:$C$14,.3) =($CS3-B21-C21)'Oll·$C$4-SC$5 

119 Direct labor Pam First 'fear Profit 8m.. 1$003,0221,
i 20 Tnal Cost/Unit Cost/URIt Demand Profit ",In 1$600,0(0) 

21. 1 $45.00 $&3.97 15,797 $896,103 {$1OO,(00),22 $45.00 $80.88 11,549 $421.992 SO 
23 3 $45.00 $95.68 19,582 $1,121,129 $lOO,OOOr 1, 2. 4 $00.00 $90.27 18,227 $-1,054,693 $600,000. I 

125 5 $45.00 sao.47 14,477 $188,192, $'lOO,OOO 
,i 26 6 $43.00 $90.63 13,578 $566.403 $1.200.000 
, 27 7 $45.00 ,.,.85 22,854 $1,700.229 $1,500,000

128 g $44.00 $93.81 18,128 $1.015,5]5 $1,800,000 

i29 9 $47.00 ....'" 15.- $666,806 $2,100,000
I 30 ' 

I" 
10 $44.00 $9LOO 13,933 $588,311 $2,400.000 

11 $00,00 $92.97 20,223 $1.215,230 $2:,700,000 

A B C D E F G H 

615 595 $43,00 $86,38 10,823 $294,634 

615 596 $44.00 $9().47 ll:~n $n~m 

617 597 $4',00 $91.63 11,398 $269,397 
61. 598 $44.00 $88," 13.865 S61ll.550 
61. 599 $46.00 $80.01 7,400 ($89,923) 


620 600 $45.00 $88.45 16,000 $848,857 


S-im.xlsxjPortCom 

r 
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••• 
--------

The output of Descriptive Statistics and Histogram: 
i A e ( 0 , F 

1 ______~~"7_f!E~Qfit --f:!.!!.! Pratt! Fre9. WfflCY CUmulcfNe %r , ,.000000 1."'" 
3 Mean 721,415 ~V£RA.GE(EUl:E6201 ·300000 ,.• 
4 St;>nd<lrd Error 24,029 ",STDEV1E121:E620)/sQRT(B15} 0 29 9.::tt:t% 
5 Medmn 741,847 300000 55 20.20% 
6 Mode lIN/A 600000 '" 38.00% 

7 Standard OeVl<rtton 537314 :;:STDfVIE121:E520j 900000 6UOS".• $<irnple Vari"r)t'lt lAs871E+l1 12lJOOOO 82.60% 
9 Kurtosl:S !L39237 1500000 "" 55 5M:O% 

) Ie Skewness (0.22063) 1SOOQOO 17 97.QO';\; 

; 11 Rilng>? 3,097,7% 2100000 13 ",.60% 

! U MinlmLtTl (965,849) =MIN!E121~E62001 2400000 2 10',"00% 
: 13 Ma:dmum 2,131/J47 <=MAXiE121:E62(1) 2700000 0 lllOOO% 
: 14 Sum :t6071E+OO Mote 0 lOO.om;... 
'11:' Count 500 ""CO\JNT{Al21:Ao;W> of lOSSl!5 

. 16 Largest(l00} 1,134,089' Probability of toss '.20% o.E15/815 
! 17 Smallestt1(0) 299,340- SW Error of % Lo$S 1.293% ::tSQRTiE16"(H:16)/B151 

118. COllfidence Level(95.O%! 47,211 =TiNV(O.6S,B1S-ll'"B4 M.rgH'l of Error i%J :2.53"% 4II0RMSINV{O.975,'"E17 

119 lower 'JS% Limit 674,104 :oa3-Rut lower~5% limit b.e;7% =f1G-Et8 

: 20 Upper 9-5% limit 768,627 ~J+ln8 Upper 95% Umit 11.13'1{ "'E16-+Ell3 

21 

22 : 
13~ Histogram ,.. 

,,", 120.om;. 
_Frea~e'w;25 m 
___ C1.irmdlltlllr" 

" 

100.00'10,... 76 '" 
, ;17 HID 93 W'K. 'i700%- 99_60% 100 OO'IQOO ~OO.OO"Ii;

i- 80.~ 
! 13 t 

I " 60.00%!25 
: 30 I " " 

4000% 
:31 

u" " n, , 20 """, o o 0_132 " : 33 


u;tlN MO% 
 30000 1,;0000 90000 12000 15000 1!!000 21000 2400(; 27000,,, 60000 30000 o Mu"I'" 
0 

o o o 00 00 00 00 QO• • ""36 ~~~~.--.-.--..
1 

frlrqJet'l~V 8 , 119 1J , 0 0!31 '04" " " " " 
III Cumulattve % _ 1-60% 3.40," 920,. uno 3800 6~M 82.60 93,60 97.00 99.60 100-1:) WOO 100.0 ; 

---- --------' 

" Net P'fofit 

40 

(' 
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Now let us look at the whole process for the actual simulation of PorCom case: 

r Procedures for Simulation ,you may want to set Excel@ to manual calculations with MS Office Button! Excel 
Options; / Formulas / Workbook Calculation! Manual and Press F9 whenever you need update calculations or 
search Excel@ Help with auto calculation to get detalled instructions) : 

1. 	 Identify objectives and performance measures: 
a. 	 Profitability as measured by Net Profit"" (SP - Dl Cost- Part Cost) -- Demand - Overhead Cost 
b. 	 Potential loss as measured by ""Probability of loss "'- No. of Losses/No. of Trials 

2, set values for parameter or constant inputs: 

a, selling Price'" $249 

b. 	 Advertising cost:o $400,000 
c. 	 Administrative cost'" $600,000 

3. 	 set Nt =600 from Cell E21 to Cell E620, the number of replications equals to 
a. 	 Ns:: 500 from Cell El21 to Cell 620, the number of replications to collect performance measures 
b. 	 Nw"" 100 from Cell E21 to Cen E120, the number of replications of warm up 

4, 	 Calculate cumulative probabllities for Direct labor cost, and set up the table for From and To of random 
numbers, and Direct labor cost in three consecutive columns in the spreadsheet 

5. 	 Set up the Trial numbers in Cells All to A620 with lin Cell A21 and 600 in Cell A620 

6" 	 Generate Month l's values of random variables of 
Generate Direct labor cast per unit in CeU B21 with discrete probability distribution in Excet@ 
with =VLOOKUP(RANDO,$A$10:$C$14,3) 

(' a. 

h. 	 Generate Part cost per unit in Cell e21 with uniform probability distribution in Excel@ with 
=$E$8+RANOO'($E$9-$E$ll) 

c. 	 Generate Yearly Demand in Cell D21 with normal probability distribution in Excel@ with 
=NORMINV(RANDO,$E$13,$E$14) 

7. 	 Cakulate Net Profit in Ceil E21 in Excel@with=($C$3-B21-C21j'021-$C$4-$C$5 
8. 	 Verify the correctness of each tormula very carefully 

9. 	 Copy the formulas in the whole row 21 for Month 1 to rows 22 to row 620 or 599 rows of Nt 

10. Calculate Summary statistics in Exc.el@ 
a. 	 Click Data/Data Analysis/Descriptlve Statistics, 

i. With the Input Range of Cells from E121 to E620 for Net Profits, 
if. Select New Worksheet Ply with name as PorCom2, 

Hi. 	 Click options for both Summary Statistics and Confidence Interval 95% for the mean and 
click OK to get the Descriptive Statistics Table in Worksheet PortCom2 

iv. 	 You may format the values to make them more readable 

(" 

v. Results for lower and Upper 950% Confidence Intervals are added. Please note the 
Confidence Interval (95%) in the output of Descriptive Statistics is the Margin of Error' or 

t{o, n-1)· s/..Jii., where Hat n-1) = TINV(O"05,n-l) oryou may use t{a, n-l) ~2 to get the 
approximate 95% confidence interval for the mean. 
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b. Use a range $3 million of Net Profits, use around 10 groups with Ii minimum from -$600,000 and a 
group width of $300,000, to get Frequency Bin Ranges for Net Profits as in Celts H19 to H3L r c. 	 Click Data/Data Analysis/Histogram, 

i. With the Input Range of Cells from £121 to E620 for Net Profits, 
Ii. With the Frequency Sin ranges in Cells H19 to H31, 

iii. 	 Select New Worksheet Ply with name as PorCom3, 
IV. 	 Click options Cumulative Percentage and Chart Output and click OK to see the results. 

11. Validate the results with real business operations and carefully study the logle of the simulation 

12. Analyze the results and provide recommendations 

13, Output Analysis for PortCom Case: (Refer to the Histogram, Frequency Distribution and the Table of 
Oesc.riptive Statistics on the next page) 
a. 	 The estimate for the population mean Net Profit and its 95% confidence interval is given in 

Descriptive Statistics as follows: 

L Mean (X) :: $721,415 and its 95% confidence intervals are given by X ± t(O.05, 499) * s/.J1i from 

$674,204 to $768,627. Where The standard error" slYn " $24,029 and t(O.OS, 499) " 1.9647. 
The 9%% approximate 95% confidence intervals can be giveo by using :2 to replace t{O,OS, 499). 

ii, 	 How to interpret the approximate 95% confidence interval for the mean net profit? We are 95% 

sure that the unknown true population mean net profit is between $674,204 and $768.627 or if 
we construct 10095% confidence intervals as we did for this one, over 95 out of the 100 Cis 
would contain the unknown true population mean net profit, 

(' b. The estimated probability of loss and its 95% confidence interval can be derived as follows: 
L 	 The probability of loss is glven by the Cumulative %::::: 9,20% when Net Profit is less than $0 or 

divide 46, the number of replications of Net Profit less than $0, by Ns;;; 500, the total number of 
replications in the simulation, 

Ii. Use the equation p± z ( 1- -i) "* JfJ "(l - p)Jn to compute the 95% confidence interval from 

6,67% to 11.73% for the probability of loss, where z(O.975) :;; 1,96, p::::: 0.092 and n '" 500" 
iiL How to interpret the 95% confidence Interval for the probability of loss? We are 95% sure that 

the unknown true population proportion of loss is from 6.67% to 11.73% or if we construct 100 
such 95% confidence intervals forthe probability of loss as we did for this one, over 95 out of the 
100 Cis would contain the unknown true population proportion of loss. 

c. 	 What Is the probability that the net profit will be more than $1.5 million? 
i. :: 100% - the cumulaive % fer Net Profit tess than $1.5 million or 93,6%::::: 6.4% 
Ii. The cumulative % for Net Profit less than $1.5 million is also shown in the Histogram as 93.6%. 
iii. 	 A 95% confidence interval for the probabiltiy that the net profit will be more than $1.5 million can 

be constructed in the same way as to construct the 95% Cl for the probabiltiy of loss. 

(' 
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(Anderson, Sweeney, Williams and Martin, 12e, pages 552 and 553 

Butler Electrltal Supply Company (SESC) sales home ventilation fan for $125 per unit with the unit cost of$75,r The monthly demand for the fan is normally distrIbuted with a mean of 100 units and a s.tandard deviation of 20 
units. SESe receives monthly delivery from its suppliers to replenish its inventory to a replenishment level of Q at 
the beginning of each month. A $151nventory holding cost is charged for each unit that is not sold when the 
monthly demand is less than the replenishment level Q. A $30 stock-out cost IS charge for each unit of shortage 
when the monthly demand is greater than the replenishment level Q. The objectives otthe simulation are to 
assess the monthly net profit resulting from using a particular replenishment level Q and to assess the service 
level or the percentage of demand that will be satisfied. 

Controllable input IS the replenishment level Q 

The probabilistic input is the monthly demand D 
Output measures are the average monthly profit and the service level that equals to the ratio of total units sold to 
total demand, 

logics of Business operations at Butler: 


Case 1: 1) 5: Q. ;p c.LJj i1'5 s..fJ 

Gl - D t.<-r1ifs Ie rr . ./t-r 

~ Irc. & -1))':' II0 fJ ,n.'! Go $t 
(jross Profit ~ (::ip- Un,'';- Ca~t;.rV~....,J = (t Ia..> -?S-)....D "" fS-O "'"D 
J{oldine Cost ~ $ p,~ (& -D) 

(" :Wet Trofit Gross P~'ft - K./JI~j C<>st =- $'ll.()-f,S'"....C& -D) 

Case 2: 1) > Q. Q ~ S(.! 

J) - a «'lIit> .rftm-~ 

(jross Profit ~ <.sf - iMUl CDs-f).r & =(i (:;.s- - 7SJ..-G. =~SD -G 

SfiiJrtay€ Cost ~ f30 ..(f) - 0.) 

:Net Trofit ~ ~,.... sS f('o fit - :;i.<>rr"!f'- C<>.5f:::; fi!;:f:> ".GI- ·30 .... CD ~G) 

(" 
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, 

c..
ButleA;.lass EX~jse j) t f 'i If 

1 Butler inventory 
(' 2 SeUing Price $125 

3 Gross Profit per Unit $50 Unit Cost $75 

4 Holding Cost perl)nit__.... $~15,,--_ 

0.4286 100 =Vt.-.;OKr.J.fC,4-A'l6; 4ltll,:f4ftI 6, » 

21 
 ;::cfl.. A"/)() / 
22 

23 Demand (Uniform Dislribution) lowest 60 Hlghe't 160 

24 0,428{i 103 X::: 61:> +.+)(/}6 "L/6 0 -6o)=I(),J.f:6:::f /o?, 
25 =4f',J.3 i'" ~fJrII/) C)<If(I+{I ::1) A H~!J 
26 IAJ~ =.IZ"....,.,JC 0) -to JU:: '"hj e'l/
27 Demand (Normal [)islribution) ...... ~. ;I 


2ll 0.9628 136 it""/,7'14:1. 
 x =)( +:iHKIrAlJ)0"'S
29 0,2005 Il3 -.'n18= 

::=<~+';of(MSIIII/W"[))-rS .v30 Q,6690 109 ;;::. 'I: 37J. 
31 0) ;::::.rJ·R."'INVCfWJO'l, 'X, ~ ,/, \ ...... XUSe. t .......Je 

32 Simulation I -1<>~I~e.r , fix; -,~ 
33 Demand INormalDislribution) I I... 2I[; • 

_. 

35 


34 Total 317 295-. --_. 
"Shorta•• CostHoldln2 costsales Gross ProfitMonth I Demand 

,
100 , $5,000 0 611 10236 

(": 

Net Profit 

$4,939 

$4,390, 
, ,, () 610$5,00037 , 2 120 100 -----_._-, ,, ,0 , $4,552$4,732 SO3S 3 I 95 95r fer «/11. 't 6).fil J X;;:z 100 -t/.7!+:l.lf'~O =/9.$'. 61 ~(U 

5 Shortage Cost per Unit $30 Demond (Normal Oislributionl 

6 Mean 100 
7 Replenishmentlevel Q 100 Std Deviation 20 

il 
9 Random No. IntervalsDemand (Discrete OlsIrlbutionL. I 

.. 
Demand Demand10 From To 

,,i11 -2 , 60 60 ,.()"J·00 
I12 80 80 ,• ():J .17 

, ,
13 0 , 100 100..ro·n 

,14 1 120 120 ,•.l' ~·S.o 
15 2 140 140 I·'fA·13 

, 
(.f) ()16 3j! 159 .'18 159 

17 sum 

18 

Demand (Discrete Distribution) 

Probability 


0,02 


0,15 


0.33 

0,33 

0,15 

0.02 

1.00 

Cumvlatlve 

Probability 


.0.:1. 
• I 7 
•.(' 0 

• iI' 3 
.'1 'I 
I.CO 

10 




6 

Butler Excel@Slmulation 

• C D £ F G H" 1 8utler Inventory Selling Prjce 	 $125(' , Unit Cost $75 

l GtOsS- profIt per Unit $50 

4. :Holding Cost per Unit $IS Summary Statistks 
5 :Shortage Cost perUnit $30 	 Mean profit $4,271 ~VERAGE(G17:G316) 

Std Oeviation 611 ~TDEV(G17:G3161 

7 Replenlshment Lev'!;"l Q 100 	 Min Profit $1.... "'MIN{G17:6316, 

8 	 Max Profit $4,997 ::::MAX[G17:G31o)

• Demand {Normal Distributionl Service level 91.BO% =as/SIS 

10 Mean 100 Std Error $36 


11 Sttd Deviation 20 ::::SUM(C17:C316) 


12 ;:;SUM(B17:8316j =lFIB17<:SC$1.$C$4'I$C$7-.'1).01 

13 =IF{B17<;.;$C$7,B17.SC$7) 

14 Simulatjon :NORMINV!MNDO,$Il$10.$Il$111 ::::IF( B17>$CS7.SCSS*(B17·$CS7},0) 


15 Total 30267 27784 ~$3'C17 ;;;[)17·E17·Fl1 

16 Month Demand sales Gross- Profit Holdlngcost Shortage Cost Net Profit 


11 1 12. 100 $>.000 0 .... $4.15' 

18 2 95 95 $4,739 78 0 $4.660 

19 3 SO 80 $4.005 2'" 0 $3,706 

20 • 100 $5,000 D 413 $4,587
11. ,21 .3 .3 $3.13& >S, 0 $2,579 


Sim.xlsx,lButler 


(' Relatronships al'l'1Ofl@<tAverageNet Profit ($J and Service level (%) 
-------~~ --- -----~-- -- ----ccc--

Replenishment Average Service I$4,700 
,---- .-•. 0_'0··· -----.--r i6~::: : 

Level Q Net ProfltlS) Level (%) I 
, $4600 t~-~ --- ------ e 99._

100 $4.217 91.78% I' 

I 	 "98.00%
105 $4,35& 94,23%; $4,500 1 91.00% 
110 4424 96.70% : $4AOO t 9fLOO% 

, 9'UX}%115 4576 97.26% 	 I .•__. ___ __ \" r, 	
~ 0~_ , $4.300 94.00%

-+-I'kt Profit ($)120 	 4595 98_21l% 
93.00%$4,200

125 	 4537 98,35% ___ level 1%) 92.00% 
"--~~.'--.-..-~ -----r-	 91.00%13(1 	 4456 99.20% I $4,100 

4437 . 100 110 120 130 140135 99.75% 


140 4175 99.88% Replenishment t.e-veln 

......-~~ .. "1~---- ....--~"""""".. 

! 
-~-

A B C D E F G 

1311 295 131 100 SS,OOO o 939 $4,061 

1312 296 109 100 $5,000 o 272 $4.728 

I~"--

~ 313 2'17 64 64 >3.209 537 o $2.671 

I314 2'18 90 90 $4,485 154 o $4,331 . 
:315 299 113 100 $5,000 o 400 $4,600 

i31• 300 62 62 $3,006 574 o $4512 

r 
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Dynamic Simulation Models: Discrete -Event Simulation 
(Anderson, Sweeney, WilHams and Martin, 12e, pages 557 and 560)

(' 
Wachovla Sank has one automated teller machine (ATM) in each of its branch. The bank wants to assess whether 
more than one ATM in each branch is necessary. The Bank established its service guidelines stating that the 
average waiting time for an ATM should be one minute or less. 

Assume; customers arrivals follow an uniform distribution (0, 4) or::o a + RANDO* Ib - a} = RANDO· 4 and the 

ATM service times follow normal distribution {2, 0.5) with a mean of 2 minutes and a standard deviation of 0.5 
minut.s or =NORMINV(RANDO,~,o) = NORMINV(RANDO, 2,05) 

Logics of Wachavia Bank One ATM Operations: 

!nter-arrival Time: 

Arrival Time: 

Service Start Time: 

r 
Waiting Time: 

Service Time: 

Completion Time: 

Time io System: 

r 


= /{Ir.NIJU..-4
• L.. ' • A L' 6..;-b 0+4

hl~1'! '#1p'r-().t'r,VrAX rr....e =- Ol =- ."",.;l. mIN 

stJ =)4~=W :::=/./n7 /IIi:
1.;/ 1I.i:" 

v.,m'ilJ rlA.r.e A:=;3 0 F" /-,..,.. 

~ tJof<.l"1fNI/(MtllJf.,)j ;.) oS) 

5UI/I (.L rdi:r";:: 3 ()r Iv., v..r 
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Wachovia Bank One ATM Class Exercise 

ABC D E F G H


(' 1 RN
Wacho\lia Bank One ATM Simulation Model 

2 0.9814 

3 Interarrival Times (Unif~Distribution) _limes (Nonnallllstributiool 0.2932 

4 Smallest Value ~o__ Mean 2 0.5473 

5 LargestValue 4 5td Deviation 0.5 0.079 

6 0.306 

7 ' RN lnterarrival Time 0.7634 

g 0.3693 (.477;' 0.0714 
9 :=(1 +·%'fj><-C4 -~)==:.1.477~ m;"'~ 0.14ll4 

10 =(?ANPU~4 
11 =" 8f4 -+ t('lIllJ) (J ....(! 61/ S - 111314)
12 RN Service fime 


13 0.7955 
 ~.41 H X"'" X-t l(.7'ts-tj!t-S = J of. r;..t;7 ..... ~=~.4(:AB
14 

15 
 = 5< +#OIi.I'1$/AlVC({PtN PV) <f S 
16 = tJO!ZI'1I111f1(I(Mo(J/ ~ S)11 Simulation 

CUstomer 

1 
2 

3 

4 

Interarnval 
Time 

3. '1:1,(, 

:J. 1ii'9 
f. ').:J.4 
• ;'lg 6 

-
Arrival service WajtinK Service COmpletion 
Time Start TIme Time Time Time 

!to 'I':U ;.9':?6 ().() (.7:1.fJ S.65"4 
e.I/.<; 6· 1/." e.o (.J,'4 . 4-0,# 

7. ;> 'I • 7."09 ().IP7 .:J:;$"9 ~ .7tK 
7·'~4 9.7'''1 ,J..14J /.4-61 Ifo;l),8 

TIme 

in System 

1.72 f 
/.). 91+ 
:J,4;!. 'I 
?.{IJ4 

=N(){(fY/ MlV (I(AtJpO/ #F141 tf/.n18 

IS 

"",-.~~ ·~ '5ol. 
.{,,41!' 21 Dn· 

..1"4· 
.cry 14 24 
.3"$ 23 

1404· 
Summary Statistic! 
Number Waiting: .J = COUJ'lilfOef'" ,Jet~4-J "70'? 

Probability of Waiting: % =SV!. 
Average Waiting Time. s--> "';", =A Vet<f.I- q4-( )0 

Max Waiting Time: .:l.1</-3 /11,',,' = Mil-XL / 

{,~.y.- T..fr.{ suvi<.>-1>'""e./ I (~l_ , - 6·'4'1-1/
Ulilizationof ATM: ." 7T-ft<. e .. C<\ T"..e,.. - /11''''~i 

r Number Waiting:> 1 min: I --C."t.A.(')Tlr (e;>./ 'e :;'4-, "71 0') 

13 
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Dynamic Simulation Models: Discrete -Event Simulation 
{Anderson, Sweeney, Williams and Martin, 12+:, pages 557 and 560}r 
Wachovia Bank has one automated teller machine (ATM) in each of its branch. The bank wants to assess whether 
more than one ATM in each branch Is necessary. The Bank established its serv1ce guidelines stating that the 
average waiting time for an ATM should be one minute or less. 

Assume: customers a~rivals follow an uniform distribution (0, 4) or .. a + RANDO" {b - a) ,. 0 + RANDW 4 and the 
ATM service times follow normal distribution (2, 0.5) with a mean of 2 minutes and a standard deviation of 0.5 
minutes Qr =NORMINV(RAND(J,~,al " NORM'NV(RANDO, 2, 0.5) 

Inter~arrjvaj times: randomly generated with Uniform (O, 4) in Cell B21 

Arrival time is the ciock In time" last arrival (Clock in) time + current inter-arrival time 

or in Cell C22: ,. 01 + 1122 


Service start time ... the server available time: 

If the current Arrival time is late than the last Clock out (Completion) time, 

then the current Service start time = the current Arrival time, 

else, the current Service start time = the last completion time 

(" In Cell D22: "MAX(C22, G21) or "IF (C22 > G21, e22, G21) 

Waiting time" Service start time - Arrival time 

In Ceil E22: 'D22 - C22 

Service time: randomly generated with Normal (2J 0.5) 

Completion time is the clock out time" Service start time +Service time 


In system time = Clock out (Completion) time - Clock in(Arrival) time 


(" 

14 




Oynamic SimuJatkm Models: Discrete -Event Simulation 

(' (Anderson, Sweeney, Williams and Martin, He, pages 557 and 560) 

Wachovia Bank has one automated teller machine (ATM) in each of its branch. The bank wants to assess whether 
more than one ATM in each branch is necessary. The Bank established its selVj~ guidelines stating that the 
average waiting time for an ATM should be one minute or less. 

Assume: customers arrivals follow an uniform distribution (0, 4) or:;; a +RANDO· (b - a):o: RANDO" 4 and the 
ATM service times follow normal distribution i2, 0,5, with a mean of 2 minutes and a &tandard deviation of 0.5 
minutes or =NORMINV,RANDO,~,o) =NORMINV,RANOO, 2, 0.5) 

logics of Wachovia Bank One ATM Operations: 

Inter-arrival Time: 


Arrival Time: 


Service Start Time: 


Waiting Time: 


Service Time: 


Completkln Time: 


Time in System: 


Inter-arrival times: randomlv generated with Uniform (0, 4) in Cell 821 

(' Arrival time is the clock in time 0 last arrival (Clock in) time + current inter-arrival time 
or in Cell e22: ~ (21 + B22 

Service start time'" the server available time: 

If the current Arrival time is late than the last Clock out (Completion) time, 

then the current Service start time = the current Arrival time, 

else, the current Service start time = the last completion time 

in Cell D22: 0 MAX,C22, G21) or olF (e22 > G21, e22, G21) 

W.iting time =Service start time - Arrival time 

In Cell E22: 0022 - e22 

Service time: randomly generated with Normal (2, 0.5) 

Completion time 15 the c!ockout time:::; Service start time + Service time 

(' In system time = Clock out (Completion) time - Clock in(Arrival) time 

13 
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--, A 13 C D E F G H 

1 IWachovia Bank One ATM Simulation Model RN 
2 0.9814 
3 Interarrival Times (Uniform Olstribution) Service Times (Normal Distrfbutionl 0.2932 
4 Smallest value a Mean 2 0.5473 
5 ILargest Value 4 5td Deviation 0.5 0'[)79 

6 0.306D I ~11-..b .... 
'71 RN InrerarrivalTime "n,/~ d L-4) 0.7634 

0.3693 0,0714
, • .q..7 7/,. X ""'~4/bl -<-b - <A) 

0,1404~ -:;; iP.f:tMDO>l-'(4 -<'/» = 

:::::: - ~, '1 j, *<I.= {. 477~~ 
12 RN Service Time ,1_ --~AI (';',Q.~) _. - 

13 0.7955 ;1.4 iitX = J( +z'-l<N)>>-S i? ( . 7'lr.>) =. g":y7 .::;0 N<t'f:rv-,SltVV(· 7'1F!>J,. 

15 =:1. -r.<i..S7"'·f==';·4-18.,. 


i 1 
17 ISimulation 

_ 

18 Clock In TIme Clock Out Time 
19 I 
20 C,ystomer 

Inlerarrival 
Time 

Arrival 
Time 

Service 
Start rime 

Waiting 
Time 

Service 
Time 

Completion 
Time 

Time 
in System 

I 
I RN For IAiM I RN For $1 I z(RN svrn. 

21 
22 

.• 
2 

2 
{ 

:J. .l. 

"'.2+1=.3~7 
(j) S

'7-3"4 c:z:;_.3 
7 S 1 

~5""O s:;'"_~"7
23 3 I® 
24 4 0,9814 0.7932 -0,5441 

Z5 5 0.S473 0,079 1.4118 

~ 277 I 
< 

7 
0,306 
0.0714 

0.7634 
0.1404 

0,1173 
-L07SS 

28 
29 Summary Statistics 

i~11l J;( r;, ct..r:J,:.m77-e, -t1./qIY'r'/';;"'jj;..e;. "" ;; .. , =-.3 
/n (A.ILc~::t ;\' =~3:-1 +e.~~ .. ( 

30 ~.,,-",!>,~:.,,!~iti~L.•. _ .......... _._._.•........ _ ..___._..... (j) /Vl"l£(C/.~ 1_~,/ ~m r""""",J = '/>'1<>';< (,.7, tp-::J 
!~ :;;';;i~~!~~i;:~i?~~··-·"···"·"·-·"·-··'--7-··-·-·"·"--·- ® ~~"itf~~~C)fJ7~; =7c:~ ",4

. 33 M.;;Waii;~6ii;;;.····-·-·-········--···-·-·····-·-···-···_..- '"aJ"':' ,;" e• 'B-l'YJe.l Q.1l ~ .;>.J, -01 =.:p.::1;), - 0 ~ 
34 iJ~i'::.:ii;~~:~i~t;;;::==::::=:=:=:::::::::==:=:=:::::::=:=:::= -® c£.ok:i a.!f;?;.......'7=Je.r:-~ ~T';"e ... -!-Ser<1"-1fi~ 


l 35 N!!C'!~.~:.\I\I.aiti~_~.!.~,~......._.~•. _ ............ __.._...__....~ ,,, t:etlq;t.;l .' =D.:l~ .. F.);, _ 7 • '--',0 - .. 
36 Probability of Waiting> 1 min i - .. +;7 :=: 

(i) Se.-....~~e , .. Cell f ~ , (j/fiw.e IQit'r"j.em: ClOck. OJ r.__.~ d~«M 'fi';'~~ "" 

:;: '"Ci(m 111/1/ t:..t<A nIJ>()) ~) o. SJ 'n C",/I H~: :::<i.:>:l- C..l..{= I 0 - j. '"7 

(f)in CeI/6»-1 =.. (31'4 +RIfIltJX,},*C1fJ'~-,(3+4-) 


http:IQit'r"j.em


-, .., ., 

A I B I c I D I E I F I G I H I I I 

- ---, 
I J K , , 

~ Wachovia Bank One ATM Simulation Model 

I 
RN---_._-_. ~ - -- ~. 

-+ 0.9814 
3 Interarrtval Times (Uniform Distribution) Service TImes (Normal Distributionl 0.2932 
4 Smallest Valve 0 Mean 2 0.5473 

5 Largest Value , 4 Std Deviation I 0.5 0.079, - -
~ I 0.306 

----  - - - ----- 

7 RN Intatal'tJval TIme 0.7634---  . _._ .. 

~ O.36g3 1.4772 '$B$"'+RANDI)'($B$5~$B$4) 0.0714 
-- ---  . 

9 0.1404

To . - -_.-_. ._.

f,' ~ -

U ." - -- ... " 

RN Servicenme -
-# 0.795.'> 2.4128 _-NORM.!f~.Y(A13!?~$4,$!~~) I ---  - ! 

~ 
~ " 

, 
~ -

c# Initial Time 0 
, 

::::;C21+B22: 
___4 - ---  . ~ - - --.g Simulation 

:$B$4+RANDO'($B$5·$B$4) . 
_._-_. " .._--- ..,. ::::D21-C21 :NORMINVIH3,$F$4,$F$5) 

. ~ 

19 Interarrlval Arrival Service: Waiting Service Completion Time
20 Customer Time TIme Start Time lime Time Time in System RN for !ATM RN for ST z(RN SvrT) 

21 1 2 2 2 0 5 7 5 
22 2 1 3 7 4 3 10 7 
23 3 8 11 11 0 4 15.000 4 

2. 4 3.926 14.926 15 0.0744 1.128 16.728 1.802 0.9814 0.2932 -0.5441 

25 5 2,1S9 17.115 17.115 0 1,294 18.409 1.294 0.5473 0.079 1.4118 
2. 6 1.224 1&.339 18.409 0,070 2.359 20.768 2.429 0.306 0.7634 0.7173 
77 ., 0.286 18,62:4 20.768 2.143 1.461 22,228 3.604 0.0714 0.1404 1.0785 I 

1'8 -1f{C22>'G21,C22.G21) ::::D21-tF21 
- --  ... -- 

29 SUmmary Statistics ::MAX(C22,G21) =G21-C21 

"'~~~.~~.~~~!~~~,~~~~ ~~~~ ~~~--~~~ r~~ ~~~-~ ~_.._~_~_L..~~~L~_~_~ .I,-COeNTlljSE$21:$E$2., ">0") 
- -_ ... 

1 
30 

----

f# !:~~~!.il~~}:L~~l.t!!l~IL_~~__.... ~~~---.~~.~.-~.~..~.?~~~.~..t=027[~OUNT(E21~E24) _.. - ._----_. 

I" A~~~~.~~J!!~.![!i..T-~___.......i_______..______......_~~?Z.~___ =AVERAGE~E~_~~g~) , I 
---  !

r# Max Waiting TIme 2.14 =MAX{E21:E24)
I"'~~~~~~-~~~~--~~--~~~~~---~-~~~~~~~~~~~~~~--~-~~~~~~---~ ~-- ~  . ~ ~ . ------  -

1 
34 ~!~!~~_~~~_of ~~~~•••u •••_______ ~_•••~~~_________._~.Q:I!~.~_. ~?!!.~tF21:F2~1~(G2~L___ : 

! ~ ---- --- 

1 
35 Number Waiting>, 1 min 1 =COUNTlf(E21:E24/>1") i

.~••u._.____•• w ••••_~_.___._••_.~_••__• ____.~.~__••, , _____ • _____+ . . ~ ~".- -- 

~ ~.!:.~E.~£ii!!t2t~!:~~~j!.!.~~~...~_________...._.~_~....Q·~?Qg____ .::::::D32/C<?_~~T(E?1:~14) _ ______ 
37 Average tlme in system 2.282 "AVERAGE H24:H27 

~----~ .. ~ 



Solution to Class Exercise 

A B c {) E F G

(" 1 Wamovia Bank One ATM Simulation Model RN" 
2 

3 Inter.m~~~.:Iimes (Uniform.~~~lbution) serveTimes (Nonnall?.I.~bution) 
4 SmaUestValue 0 Mean 2 

5 Largest Value 4 Std Deviatior 0.5 

6 
1 RN Interarrivat T'me 
8 0,3693 "'$4-:-.-=-RA:-::N=O"CC1.4772 ==$7a II ·::':($8=$5'$8$4) , 
10 


11 


12 RN Service Time 


13 0.1955 2,4118 =NORMINVIA13,SF$4,$f$5) 


1. 
is 

16 

17 Simulation =<:2.1+822 
,. 

~"""-'-L.L-,.......... """"'''~JJ ~~ .:~~.~.::' \, ........... .r>,"" +-'1 


Interarrival I Completion19 Arrival Service Waiting Service 
Time1JJ Customer Time Time i Startnme Time Time 

3,926 1.728 5.654 

22 2 

21 1 ,, 3.926 3.5'26 0.000 

7.4O'l6.115 1.2942.189 6.115 
, 

0,000 
,r , 0.0701.224 7.339 1.409 2.359 9.76823 

.~. 

0.9814 

0.2932 

0,5413 

0.079 

0,_ 

0.7634 

0,0714 
0,1404 

Time I 
in System ; 

1.728 i 
,1.294 

2,429 ,. 
 ,
, ,4 0.286 7.624 9-.768 2..143 I, 1.461 , 11.228 , 3.604 , 
2.5 =IF(C22>621,Cll.G21) =Oll+f21 


2~" summary Statistics =G21-01 


_.27 .~~I1).~~!...~~.i}_~~_tL__.______.._.."._.._"."..._____..__..3._____ =COU NTIf($E$21:$E$24, ">0") 

L3 p~t:.i'!-~~~~!y'.?!.~~.j.!~~~_.__ ____.._..._.....__._._____50J~'~_•• ",027/COUNT(Ell:E24} 

29 .~y-~!~a~ Wa'!:!!l!!~~__ _____.____........ ~~~_~~__.w =AVERAGE{E21:E24} 

30 !:!~~.~'!.i!!!:.i.!~~......._... ___............___ .ww...._~~_~:~_~______ =MAX(E21:E24) 

31 .~~.i.I_I.~_~~~~.~!_~!.~.... ,, _____~...____________"__.._.", .......~:2.?.~__=SUM( f21:f241/(G14) 

32 ~~~.!!1.~~!:~~_j~~K.?:.~.~~!:..__ . ___ ............____......_..; ......_ =COllNTlF( E21: E~"> 1") 

33 .~~~~~~!~~.?L~~_~~~~K? 1 m~.. _ .. .. " ....... ____g~~__.=D32j'COUNTI E21:E24} 

(' 
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Wachovia Bank One ATM Simulatjon 
A B C D E G H 

1 Wachovia Ban;'; Om!! ATM Simulation Modelr , 
2 Summarv statistics 
3 -tnterarrival limes (Uniform Dlstl'lbvtlont NumberWatting 59' =COUNTI F( Ell6:E10ts-,">on) 

4 Smalle'St Value 0 Probability of Waiting 66.11% =13/COUNTtE116:ElO-15),5 Large~t Valve I\veragll! \Uainng Time 1,sa =AVfMGE(f116:E1015} 

6 

" 

Max W,utlng TiIW? 11.O!i =MAX(Ulb:H015) 
7 Service Tim@s (Normal D!strlbutlOn) Utilization of A1'M 81.40% -:SUM(F116:F10lSl/(GI015-G115) 

8 Mean 2 Number Warting:> 1 min 45' ~UNTlf(E116:E10lS.":>1Hi 
9 Std Oeviatlon 0,5 Probability of Waiting;.. 1 min 0.5100 =13/roUNTi E 116:El01.'}) 

10 =IF(Cl1>G16,C17,Gl6) 

11 ",C16+817 
12 SnnvlalJon ~$4-NDIJ·I$.$5·$!l$41 =NORMINV(RAND{}.$S$S,$BS') 

13 =816 "",. =D16-C16 =D16+F16 ~1~C16 

loterarrtval AfTival SeNlce Wa1ting Service Completion Time
_15 CU$tomp.r TIme Time Stan Time Time- Time Time In System 

16' 1 2.l5 2.16 2.16 0,00 1,21 ',J!> 1.21 

17 2 0.65 2.1'11 3.36 0.56 2,73 3.35 


3 "'6 5.11 6.1.5- 1.05 2.24 "'''..,. 3,28" 19 • 2,40 7.51 S39 0,88 10.01 2.561." 

20 5 2,48 9,'" 1()'O7 ().OS VlO lL97 1,98 
, ,,, 11' "'Ill n~ 1" 4'"11' '''' , " " '" 

1009 994 4'<)2 2558,OS 2558,05 0.00 2,65 2560,7() 2,65 


lOW 995 1.21 2559.12 1560,70 1,ll! 2,n 1563.47 4.14


(' 1011 996 U;2 2500,94 2563.47 2.51 3,l)5 2566.52 5,58 

1012 997 2,44 2553,38 2566.51 3.13 L11l 2S68,3() 4,91 

1013 998 1.25 2564,63 _,3() 3,66 1,98 257<).28 5,65 

1014 m 3.Q7 2567.7i} 257<),23 1,58 1,{)7 2571,95 4,25 

1015 1000 2.51 25mB 2571.95 1.68 2,28 2574.22 3,94 

Sim,x!sx/ATM 

(' 
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Topics to be covered: 

r 1. What is simulation and where simulation is used? 

2. Methods of Risk Analysis 

a. 	 Best (most optimistic) case/worst (most pessimistic) case analysis 

b. 	 What - if analysis 

c. 	 Simulation 

3. 	 Random Number Generations 

a. 	 General probability distribution with Probability Distribution Table. The Excel@ 


VLOOKUP(RANOO,From_To_ Value_Arrays,3) is used to generate values of variables. 


b. 	 Uniform distribution with a(lower limit) and b (upper limit). The following Excel@formula is used 

to generate values of uniform distributed random variables: 


=a + RANDO '(b-a) 


po.t'tcQsr ()/IIlfQI\IYl [1,/",/1/0 0) I X-8<> 

P(X<x)t pCPo.I'r CQsr..c ><) =. ~ 1'4 = 0< -g 0)'/00 -K7, = ;>-0 

I X == 11 0 + .:1. O;f-. 3 I!)"'I- =f!?' 6. 3DK f(" .3 1.-4- IS frv",,4!./IoJJ)() 
P(X < x) ~ x-a => x ~ a +P(X < x) x(h-a) => a + RANDO x (h-a)

h-a 
1/(b - a) 

r 
~~~~~~~~--~ X (I'",f Cost)

0 a x 	 o 
(80 	 190 ''Is- .1/00'3. 

Demand (x) = lower limi' la) + RANDO (upper limi' (b)-lower limi' (a)) =Bo<- RANDO 1/"0-"0) 

In i:)Ca/@' =fsn6 +/Ur(f//)() ",Cf'J07- f ;;f36) 

c. 	 Poisson distribution with a mean arrival rate of A. The following Excel@ formula is used to 

generate values of inter-arrival times of Poisson distributed random variables: 

= - 1/,'LN(RANDOI 

d. 	 Exponential distribution with a mean service rate of 1-1. The following Excel@ formula is used to 

generate values of service times of Exponential distributed random variables: 

= - ~'LN(RANDO) 

e. 	 Bernoulli process with p as the probability of X = 1 and 1- p as the probability of X = O. The 

following Excel@ formula is used to generate values of Bernoulli process of random variables: 

r 	 =if(RANDO<p.l.0) 

20 




f. Normal distribution with a mean of ~ and a standard deviation of o. The following Excel@ 

formula is used to generate values of normal distributed random variables: 

(' = NORMINV(RANDO,~, 0) or = ~ + NORMsINV(RAND())'o 

P(X < x) 
......0_ 

z 

•• ., ., • , , , • 
a x ~ 

• x 
X -~)PCX < x) = NORMSDIST ( z =-,,- = NORMDISTCx,~, ", TRUE) 

x =~ + z(pCX < x)) x" = ~ + NORMSINVCRANDO) x" = NORMINVCRANDO,~,") 

/SOQD 
Sales (x) =mean sales + NORMsINV(RAND()) x SId sales = + NORMsINV(RAND()))C4 ,,,,, 

= NORMINV(RANDO, meansales, stdsales) = NORMINV(RANDO, I J"••, 4>(0)(' 
P(~ -<: ~)=·)719 =f(.ANP() 9 z ""'-, G4n 


p ( X"'- ?(J =P (zz. L. X -; )(7;:;;' .'711 ,,~ x-x :=_. 6H7==i? 

S 

'><=x-ti! "'S 
""/~ooo -, 64$7"'+5'00, 	 / 

http://davidmlane.com/hyperstatlz table.html ;:::::/.2/ oJ. G"6, 
4. 	 Simulation: Static (Monte Carlo) versus Dynamic (Discrete versus Continuous) Simulation 

5. 	 Mathematical model 

Y = [(XI,X2' "', Xk) Where Xjis the variable i in the model for i =1, 2, ... , k 


When the functional form of f(.) is not known and/or the values of the parameters of ~o, ~1' •.. , ~k are 

known or could not be found, simulation is one way to business decision making which evaluate the 

amount of reward and risk involved, the function of the uncertainty in the outcome of the decision and 

the magnitude of the potential gain or in the decision. 

6. How to do simulation? (' a. Number of replications, over 1000 

21 
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b, Data Analysis: 


L Sample size (n)


(" 	 ii. Mean (X) 
jii. Standard deviation (5) 

[v, Std Error (S2):::: s/..fii. 
\I, Min (Worst} 

vi. Max (Be5') 	 :l """"",~e <.1->"'1. -t-o ref/().<Jil- fCrJ, '1- ') . 
viL (l-a)% CI for the true unknown population mean (IJ): Y ± tea, n - 1) -* s;...{ri 
viiL (1-<1)% CI for the true unknown population proportion (p): 

p±Z(l-~).Jp'(l 	 pl/n 
be Interpretation of the results 


c Common used simulation software: SLAM, Crystal Ball 

d_ Verification and validation 


(" 


r 
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Hungry Dawg Restaurants (Ragsdale, Se Revised, page 563 with minor modifications in Excel@) 

As an analyst at Hungry Dawg, Usa Pon is asked to determine how much money the company needs to accrue in 

the coming year to pay for 1ts employees' health inSUfance claims. The company is self insured, meaning that it 

pays health insurance claims with its own money atthough !t contracts with an outside company to handle the 

administratNe details of processing claims and writing checks. The money the company uses to pay claims comes 

from two sources: employee contributions or premiums deducted from employees' paychecks, and comp(iny 

funds. The company must pay whatever costs are not covered by empfoyee contributions. Each employee 

covered by the health plan contributes $125 per month. However, the number of employees covered by the plan 

changes from month to month as employees are hired and fired, quit, or simply add or drop health insurance 

coverage. A total or 18,533 employees were covered by the plan last month. The average monthly health claim 

per covered employee was $250 last month. 

Hungry Dawg Restaurants Class Exercise (Rags12.x!sx/Figure12_:U PT------'--.~~--.--.-----. ------
I, A 8 CD' E F ."...;;/' (L. 


I ~ 
:" 3 

Inilial Conditions Assumptions
I ~ Number of Coverlld Employees 18,533 Increasing 2% per month 

6 Average Claim per Employee $250 Increasing 1% per month 
7 Amount Contributed per Employee $125 Constant 
a 

19 Number of Employee Avg Claim Total Company
I 10 Month Emllloyees Contributions per Emil. Claims Cost 

111~~ (lIj04+li;;ooo{!.;!f..l's-o'4.T7.3."'O_i--~-iT.i1T~(o...;
12, 2 I qUa ~ ;!$·..~I "_~--..L-_r" .. I 

1. What is the equation to compute Number of Employees for Month 17 

X!==y..(I+r~) = 1./)J.*/t03~1~9Q4 
X. =)(, U 1" r.J -= X. (I-+I'"",,)J. = I iT33 "" U· 0.;1/= 19" .2 II J 

Xc -= Xc U -t r~l =U .oJ.l*"1 rr~3 
Wliere: 

X" X" ... , and"X, = Numher ofCovered' 'Emp(oyees in :Montli 0, 1, ..., and" t, respective{y. 

r" = tlie montlify rate ofcliarl{}es of tlie number ofcovered"emy{oyees. 


In Excel@. = ROUNO( (DfS-« l--r~ F f S)A fr 11,0) 

2. What is the equation to compute Monthly Employee Contributklns (MEC)? LXC) 

!VI ec- = It",-t C<mtri k""feJ r·{,e7'°;l.vt X No or ~f.rljsQf l'1onfi, t 
MGc, ='IJ.<) ... 1'ir'l04 /~ EX6;/e . ='j)57"'"I3/1 

10; 
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3. 	 What Is the equation to compute the Average Monthly Claim per Employee? 

('. 	 'I \ = 'I" U-r r~) = r J. :ro '* C/. 0 I) -:;:: # ,;tS-,;t, S"1::l 

y;;. = 'I, (H r~) = y. (1+ ~/' =.lS"t' ,,"('.01)'= .;J.ll. "3 

Yt :=c 'I, ( I +rd' = ,;:t ')0 "'" (I- 0 1)1: 
Wliere: 


y? Y" ... anaY, ~ J'.verage :Mont/i{v cfuimyer 'Emy{oyee in :Montli o. 1•..• a.nat. 

respective[y. 

'-, ~ tfte nwntli[1j rate ofChaneeS of tfte average cfu.imyer emy(01jee. 


In'Exce(@, =Rov(tJJ)(dD~6 -c 1+1F~6)"ltll).;J.) 	 . 

4, 	 WhatistheequationtocomputetheMonthlyTotalClaims(MTC)'J 1- 1C.esr .;l ~yV;~ff)'l1fs 
MIL. = X. )jy. = f';<'S-;1,S"1J ..... (;?t 04 =t4,774 ;).60 

MTCt = Xt ..- 'If: 
In t:Xl.A.(e, =J)./ '.'" r.3 II 

5. Vlhat is the equation to compute the Monthly Company Cost (MCC)? 

Meet = 1'1 TC, - 111 e c 1 =~77~d..G0 J~3 6~ ocY""""J&I.,41 O?to 
fV\C'-t: = fYI/cot -/VI E: Cc 

In 'ExceC@, =E' II - C II ("' 
6. 	 What is the equation to compute the Total Company Cost (TCC)? 

.siA.W\"'''''rIO~ cf !All ,/,.l/uflfftit Co-rl', =5'i.-lfV/ C"'i' II, G/dJ) 
The results of the first 12 months are WVetl: iA the }'igure 12.... a.. follows (Rags12.x1sx1Fig12__.2) 

'9 Number of Empk)yee Avg Claim Total Company 
10 
11 
12 2 19,282 $2,410,250 $255.03 $4.917,488 
13 3 19,667 $2.458,375 $257,58 $5,065,826 
1. 4 20,061 $2.507,625 $260.15 $5,218,869 
15 : 5 20,462 $2.557,750 $262.75 $5,376.391 $2,818,641 
16 6 20,871 $2,608,875 $265.38 $5.538,746 $2,929,871 
17 7 21,289 $2,661.125 $26803 $5.706,091 $3,044,966 
18 8 21,714 $2,714,250 $270,71 $5,818,197 $3,163,947 
19 9 22,149 $2,768,625 $273.42 $6,055,980 $3,287.355 
20 10 22.592 $2,824,000 $27616 $0,239,007 $3,415,007 
21 11 23,043 $2,880.375 $27892 $6,427,154 $3.546,779 
22 12 23.504 $2,938,000 $281.l1 SO,621,312 $3,683.312 
23 -ROOND($D$5'(1+$F$5)'A11,; Total Company Cost $36.126,069 
2-4 ~$D$rBl1 -ROUNO($OSO'(1 +$F$S)"A11,2) =El1~C11 

25 -011'B11 -;;;;;SUM(G 11 :G22) 

A (b C- D {3 F 6' 
Any change of any or all of these variables may lead to changes in Total Company Cost. 

r 
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Hungry Dawg Restaurants Class Exercise 
- " , -'~~ ----:-""-"--,----- ~--cC-" 

ABC D E F G h(" 1 HunglY Ilawg R<IIIIIuranls Clilll Exercise 
2 
1 Number 01 Covered Employm (Unifonn lliibiOOtiooJ Awage Claim perEmployee (NormallliibibutionJ 
4 Initial Conditiom Problem Data 
\ Number of Covered EmploY"'" 18.533 Max Dei:r_ 111% Max Inm... 1\ UnHonm DislriiJtlljo. 
, Average Claim pel Empklylle S1lO Mthly I_ase 1,1)% SIJj Dev S3 Normal OisIrlbulio. 
) Amount CaRmbuted per Empieyoe 1125 Constant 

,i RII %Changes of No. of Covered Employee. (Uniform DislriiJtlljonJ 

10 0,6141 /03.14% o$F$\+Al0'(lHI5+SF!5I)+f 

1~ RII== (j -.e;) +.614/ r( 1+ .07 - C1-• .. 3)
'1 0.721==, cp + . , 14 I .... / == /,0314
13 0,6229 

" " 0.4118 

" RN Averag. claim per Employee (Normal 0isIrl00ti001 0,5)6" 

16 0.3163 .L4142 0.8782 

H 0,3931 
~ -= !JOJ'{WlSIJI'('!> 1 , A) ==-Jl-7'if I 

(" Ii 0.0711 
X:z lS'O .. (I. 01) -·nfl'/ ...... ~ :=1 )'5'1· '719 0.9668 

20 =rJ.t(fYlfJlV(.3{G:;', :l.>v .. {.ol, J) 0.5461 

21 08515 

22 FO! aclaim i~ amonth, I) u'" RN 10 find out Changes by SId mA\g ClaJIll. 

11 2) use IJIi '(W'6¥·AI1to 1'1<1 the new monthly lI/ernge drum 

14 31 adjust ~e new monthly l!Ie"!J" drum by plJS or minus Ill. number of Std gMlfl in 1) 

25 ~1Ilt7'C28 oF2S'C28 ~G2W28 

" Number of Employee Avg Claim Total Company" 21 Month RN Em~~eeI ContrilJutions RII I!!! E!!!f' Claims Cost 
28 1 0.8515 19,56£ 12445,m 0.0711 148.13 $.1.856.832 12.411.05> 
,.04 2 ~5461 10.041 12.5\l5.9lil n.3!Il1 151.41 $5,060.161 $2.554.~9Ii 

)0 3 0.9868 11.425 SI.678.0n 0.8112 m.55 15&16.500 $2.968,413 
31 oQ5'(I+(-$F15}+B28'($H$..\{-$F$5))) =HORMINVIE18,OO'11'IFIliI, ,IH$6) 
32 =CI8'(: +(-lF$5~B29'(M!i{fl51l1 oNOIlMINV(rn,F2S'(ltIfSIJ) , .M6) 

(Rags 12.xlsxJFigl2 _9EI.Ilk) 

r 
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P,obIem Data 

Hungry Dawg Restaurants Final Version (Rags12,xlsx/Fig12_9WP) 
.c. -T~-O -~- E--~F'-- G .- H~-'~--"-J--'-I A-Eir ; 1 


1 2 

, 3 

I 4 Initial Conditions 

I 5 Number of Covered Employees 18.533 Max Decrease 3.0% Max _ncrease 1% Uniform Dtstribution 

'6 Average Claim per Employee $25a Mtbly Increase 1.~ Std Oev $3 Normal Distribution 

1 7 Amoont Contribllted per Employe, $125 Constant 

. B 

jg Number of Employee AvgCJaim Total Company 

i iO Month Eme10lees Contributions (!!r Erne- Claim. CO$\ 

111 1 19,3lO S1.414915 $252.24 $4.613,J22 $2,458.341 

i 12 2 20,613 $2.516,592 $251.39 S5.181.777 $2.6051B5 

113 3 21,982 S2.741.72B $259,3"9 $5.101.858 $2.954.130 

, ~4 , 4 22,622 $2.821.760 $25g.G6 $5.813.936 53.0'6.118 

i 15 5 23,214 12.901.703 $267.16 $8.201.175 $3.300.072 

: H; 6 23,257 $2.9()7.064 $26!:U2 $6.1B9090 $3,282027 


17 1 23,172 $2.B96.4911 $)61,69 $6.202.776 53.306.265

!18 8 24,il'itl $3,011,218 1271.65 $6,544.212 $3,532,934 

: 19 9 21.8a. 52.91l5.691 $214.87 56.565,472 $3.579.781 

'20 10 24,£11 n.083.856 1275.62 $6.799.748 $3.715,892 


[g 11 24,5(1) $3.063.441) $276.12 $6.167.ll91 $.1}03.651 
12 25,191 $3.148930 \27B.94 57.026.980 $3.878050 


23 $0$5 "I'·SF IS,RANDlI"(Sl'S5, IH55)) Total Company Cost $J!l,362,533 

1 :NORM'rN(RANDlI,$OS6","$f$6j
,24 Uniform Dist ,.SH$6) 

2' =IO$7"Bll =D11~i311 I =E11-C11
1 ' 

(' 

(' 
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