Buzinass Frowss. Fayetion v performonce measures

Simu lation
{ PartaCom is in the process to evaluate profitability and potential risk of oss for 3 new printer with innovative
designs. Praliminary marketing and financial analysis show as follows:

Simuiation Handouts

(@ H | J K.
1 | Parameter {constant) inputs Probabilistic or variable inputs
2% Seiling Price Per Unit $243 Direct Labor Cost/Unit 545
2.3 | Administrative Cost $400,000 Parts Cost fUnit $90
24 Advertising Cost 800,000 First Year Demand {Units} | 15,000

Rase Case Scenario: f?f%xz (5‘90-'{}:? fakw“P&ff"Jﬁ(ﬁ;ﬂ?)%ﬂ&mww(ﬂﬂJﬂ Cost~Ady, (ost
(399~ 4§~ §0) %[ £000~ 4000e0~ 5,000 = 4][000e

In Exal@ ={Haa-Kaa ~Kasyeckad ~Haz ~H a4

What if Analysis
Worst gest
Direct Labor Cost/Undt $47 $43
Parts Cost /Unit S100 $80
First Year Damand (Units) 1,500 28,500
r Estimate First Year Profitability #1947, 000 F15¢( 0vo

Worst : (34747 ~feoke|sDO —F 400 anmféaq@@0434zﬂﬂta

Oest 2 (349 —43 ~8e)x a9, 500 ~F400,000 $500,000 =22 571000
Random Number Generation and Probability Distribution

. Direct Labor Cost/Unit Probabliity | Parts Cost {Uniform Distribution) Demand {Normal Distribution}
$43 0.1 Smallest Value 580 Mean (X} 15,000
444 0.2 targest Value 5100 Std Deviation {x] 4,500
- 545 ' 0.4
446 0.2
S47 0.1
Sum 10
1
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Direct Labor Cost/unit Random No. intervals
Cumuistive Lot
Lost Sfunit Probability | Probability | From To {Si/unit

443 0.1 e} N e 543
$4 0.2 -3 - f -3 544
545 0.4 .7 .3 . 7 $45
546 0.2 . @ ~ 7 .2 446
$47 8.1 1.0 N t.o 347
Sum i

Parts Cost (Uniform Distribution)

RN

Part Cost

4.63%4

$92.7%

Demand [Neormal Distribution)

RN

Dermand

VALLED

8784

Randoum Nurmber or Erghability R

= O{Swmallest) éﬁ&#ﬁ(}(b{(arjr&ﬁ") - 6&)
=80 +.6394 #(100~30) 2.7y
in Exaf®, w=#Di 9+ RANDCEDE20 —$DB (D)
== 5000+ 2 (0.0834 4500
== NoRMINV(0.0836, | $000 4500)
= NORMINV (RANDL), mean, STP)

AND{) is partically implemented in Excel@ formulas

Girect labor Parts First Yeur
Triat RN Cost/init RN Costfumt EN Demand [Net Profit S
1 0.3462 4500 | 09050 | £78./0 | cooss | 2vag |(09a 547)
2 09536 | #47.00 | 02272 | #84.54 | cosaz | 9479 [ 39 276)
3 01592 | fag.vo | orns | F95.46 | oson Mo #a] [f] 2o §43

Triol 7. (A49~ 45—~ 9F.10)% 3848 ~$400000 ~ $ 502 000 (1592, 547)
22 (24F~47 — @4 54)%57179 ~4 400,000 -4 600,000==(¢ 39,37 6)
3. (399 ~44 ~95 463X 20 fa] 1400000 ~# 600,000 =¥/,280,343

Summary Statistics

25 A 8 C
28 Summary Statistics Resulis Excel@ Formula
27 Mean Profit| £2/4, 340 | = AVERAGECO4S : 057 ) >3 X/?“K..
28 Standard Deviation| 242 498 | =STDE/( 048 + 047 ) 5
23 Min Profit] (892,547 | s pMinipnac:. 047 Wer-gt
30 Max Profit] {280,843 | =MAX(O4§ :047) est
%1 Number of Losses = ECOUNTIFLOa8 2047, <@
32 Number of Triais 3 = CoUNTL O #82047) e
33 Probability of Loss|  §g. 67 % =05 az/g} 23
34 Standard Error| 585 698 | = STOEV( 068107/ W Sy =SART
a5 Margin of Error; 7, 08F, 147 =Nk MS;W{Q 975)% 334 E Sg =2 SR
a8 Lower 95% Limit] (272, 809) =337 ~£B335 - *?/-«i"
37 Uppeffi‘;’i% Limit] £ Jo34 87 = A a7+ 835 X + 2 SAw
In Excal € Cell Ja5 . =yLookup(KanpL), KIaTdmi3l, 3)  Copy o T4 B-I41
fell 24§ ==iDH ?*rﬁ&;v’ﬁ{,}&"(‘&’pﬁw - }.?51?) @pyfn 24§ #L47
cefl N45> = NORMIN Y (RaND 0), 4F$17,§FF20), Copyto W46 ¥ N4T

cell 04§

“(‘6&4‘“‘{‘?5’*&45}"&!‘35“*3‘5 3@3@ copy 4o 04{&04.7




Setutions 1o Summary Statistics

A 8 <
C 26 Swmmary Statistics;  fesult Excel@ Formla
27 Mean Profit.  5216,340 [TAVERAGE(D55:057}
28  Standard Devistion,  5962,498 |=STDEV{0S5:057
pige Min Profit] (8582,5471 =MIN(Q55:087)
3G Max frofit] $1,280,843 =MAX{O55:057)
it Nurnber of Losses P =COUNTIFEOS5:057, <"}
32 Number of Trials 3 =COUNT{(O55:057)
33 Probability of Loss 66.67% =B31/p832
34 Standard Error]  S555,698 =STDEV{O53-(571/SQRT(B32)
35 Margin of Error| 51,089,145 =NORMINV{0.975,0,1)*B34
28 Lower 95% Limit] {5872,809)=B27.835
37 Upger $5% Limit] $1,305,489 |=B27+B35

¢

The expianations of the following screen shots are given in the pages after these screen shots.
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Solution for PortaCom Example

e A B C 0 # . ¥
r\ 18 Direct Labor Cost/Uni Probability ‘Parts Cost {Uniform Distribution} Ioemand {Normal Distribution)
19 543 0.1 Smalfest Vatue 980 Mean 15000
20 544 4.2 Largest Vatue 3100  I5td Deviation 4500
21 345 0.4 Fart Cost = SVHRANDII*MLV-SV) Samand=NORMINV{RAND{Lip, 5§
24 246 6.2
i3 547 0.1
# Sum 1
{Sirmudex/PortCam]
i n T ; ‘ TN e .
2% | Direct Labor Cost/Unit Randorm Ko, intervals
: Cumuiative £ost
26 Cost $/Unit Frobability | Probability From To {81 /uUnit
2¥ $43 ol 0.10 o 0.10 B3
28 Sa4 a2 0.30 0,38 4,30 44
29 45 0.4 0.70 0.5 .70 545
30 sag 8.2 0.50 8.7 390 $46
41 a7 8.1 1.0G .90 1.00 547
Iz Sum 1
34 ' Parts Cost {Uniform Distribution)
3% BN Part Cost  =Seradilest + RAND{ *{Largest -Smalest}
3% 0.6734 $93.4%  I=S0ERRHH 3650520 80519
37 =RAND{}
r 33 Dewand (Normal Distribution]
3 3% RN Pumand  [=NORMINVIRAND{] mean, std}
40 G382 13,851  [«NORRMINVEHGO 5819, 585203
41 “RANDL)
42 Random Number of Prabability RANGI) is partivally implemented in Excel® Tormulas  =NORMINY{AM5,5F519,5F528}
43 Direst labor Pars First yaar
44 Trial RN Costf/Unit B Cost/unit QK Demand | Net Profit $
43 1 0.34632 555.00 4.9050 $98.10 0.0066 3,848 | (g$s9n%5a7
45 2 0.9596 357.00 £.2272 584.54 G.0648 512 {S2%, 278}
47 3 £.1393 $44.00 D.7728 495,46 0.5021 70871 | 51,780,843
ag =VLOOKUPL 45, 8K$27:6M821, 3} ={$B32-145-145) *NAS- SRES-SBSE
EL N =805 19+ KA5* SOS20- 3D515)

50 Random Number or Probability RAND{} is fully implemeanted in Excel@® formulas

51 Direct labor Parts First Yaur
52 Trial Cost/unit | CostfUnit | Demand | NetProfd 3
53 1 $46.00 $86.86 5,898 | 5189509
54 2 $45.00 $57.45 18,547 | $995,867 g‘
55 3 545.00 £98.38 19,715 | 51,082,295
56 SVLOOKUR{RAND ), $K527:SM$31,3)
57 =ZDSIGRAND{} *{SD820-50519}
58 =NORMINV(RAND{},$¢ 519, 5F 520)
r 59 ={ $B34-153- 153} *K53-SBS5-5BS6



¢

The design of ProCom case simulation in Excel@

A B c o £ e H

1 PortaCom Risk Analysix summary Statistics
2 sMean Profit  $711165
3 Sailing Price Per Unit S248 Standard Deviation B15752
4 Administrative Cost SA640, 000 Min Prafit  {5803,022

YA Adwertizing (o5t S600,000 Max Profit 42,305,981
6 MNumber of Lossas 31
7 Direct Labor Cost Parts Cost {w;éior‘m Distribution} Number of Trials 590
§ Lower tpper Smailest Value 580 Probability of LDss 820%
%  Random N0,  Random No. Costperlnit Largest Value 5100 Standard Ervor 823,088

118 0.0 0.1 513 dargin of Ertor 545,317

{11 0.1 m3 %44 Lower 95% Limit  $665,84%

g 12 0.3 0.7 545 Demand (Mormal Distribution) Upper 295% Limit  5756,432

+ 43 87 8.5 Ba6 Mean 15000
14 a9 10 447 Std Deviation 4500 Range 53,123,003

- hurrbrer o Groups iz
15 =NORMINVIRANDI Y, SE51 3,38514) Group Width $300,000.00
17 Simulation Trials =SESEHRAND{}*{SES9- SFER]

i =NLOOKUPIRAND{]L SASI0C514,3) ={SC53-BA1-C21) 03130845085
14 Direct labor Parts first Year Profit gins (5803024
20 Trial Cost/unit Costfunit Demand profit Min  (5500,000)
21 1 $43.00 $83.97 15,797 $896,103 {$300,000}
22, : $45.00 $80.88 11,545 $421,993 S
3 3 $45.00 $95.68 19,582 $1,121,129 $360,000
24 4 $46.00 $90.27 18227 43,054,693 $600.000
35 5 $45.00 580.47 14,477 $788,792 $900,000
26 6 $43.00 $90.63 13,578 $566,403 $1,200,000
27 7 $45.00 4B5.85 22,853 51,700,229 $1,500,000
28 a $44.00 £93.81 18,3128 51,018, 57% $1,800,000
i ) 4 S47.00 o5 Ko 15,440 666,806 $2,100.000
3 10 534.00 R REY 12,933 $588,311 32,400,000
E 51 11 846,00 492,57 26,223 51,225,230 S3,710,000

A B . C R E ¥ G H

615 388 583,00 586,25 10,823 £$294,534

615 5496 Sa4.0b $90.47 11,377 S37,731

B 557 546,00 55163 11,338 $269,3%7

618 598 $44.00 $38.26 13,865 618,550

619 59% $45.00 $30.01 7,400 (589,923

G440 B 345,060 SR8.45 16,000 $343,857

Sim.xlsk/PortCom


http:300,000.00

The output of Dascriptive Statistics and Histogram:

5 A _ 8 £ P I - £
r L Net Profit ot profit  Frequency Comulotive X
Z ~SOR000 8 1.60%
3 Mean 721,415 =AVERAGE{E1Z15620) - 30000 3 3.40%
|1 Staodard Eror 24,029 =STDEVEIZIES201/SORT(BIS) 0 29 5. 20%
5 Maedian 741,347 300656 55 H.20%
5 Kadn #ia 500006 g2 38.00%
7 Standard Devialtion 537,318 =STDEVIELLF820: Eies s 138 61.56%
& Sarmple Varians 2BB7IEHIL 1300000 M E2.50%
% Kurtosis 538237 1500000 55 93,509
110 Skewness $0.22063) 1300000 17 97.00%
11 Rangs 3087,796 230006 13 35.50%
12 Minimum {465,849) MINIELZLERION} 200K 2 100.00%
13 Maximaam 2,131,947 =RAAX{E121:E620} 27000 [M] 106 %
12 Sum ERCErE Muore i 10.00%
5 Count 500 «COUNTIATZRASM HNumber of Losses i 46 =COUNTIFFELZHE620, 70"}
16 Largest{ 1 1134089 Probability of Lass 3.30% =F15/815
117 Smaltest{ 10} 299,340 std Error of % Loss 1.293% =SCGRT{EIS*{3-E16)/B1S)
{18 Configencs Lavel(95.0% A7, 211 =TiNw{D. 85, B15-1]"B4 Margin of Error %] Z.53% =MORMSINVIOIFSELT
1% Lower 35% Limit 24,2054 sBI-E818 Lonwer 95% timit 6.67% =Ei6-£18
20 Upper 35% Limit TBR&HEY =BIFHIS Upper 35% Limdt 13.72% =E16HELR
Z: SR e i s e e g i s
22 | . :
(23 p Hlst@gfﬁm
:; hf 145 P Fraguency 119 - 1a00o%
r. % Lo —W- Cumuistve B 104 W o - o 0o00N
4 5y son 93. a7 i 99-60% 1@.&@&&@0..&03&09_09%_ 26.00%
73 g 50 }' ; i
:_ 25 g 0 A §0.00%
30 " a000%
31 40
% 33 a5 . ‘ 00%
2: i e [ phm—rlr 92{2% ... e, " . \....M.\M.\M.....\...;. Qm :
CLebs 3.0% ;
! 2 | | E6008 30000 o Sﬁg}ﬁ 53200 90%:31) 12{;?9 25{?33 18{?{?0 21{:2;?{? 213;5:(1 4 ?{?é)ﬁ Rere %
|36 | E !
|37
193 :
40 o o . e o et N :



Now let us ook at the whole process for the actual simulation of ParCom case:

( Procedures for Simulation {vou may want 10 3¢t Excel@ to manual calculations with MS Office Button / Excel
Opticns / Formulas / Workbook Calculation 7 Manual and Press F9 whenever you need update calculations or
search Excel@ Help with auto calculation o get detailed instructions)

1. Identify obiactives and performance measures:
a. Profitability as measured by Net Profit = ($P — DL Cost ~ Part Cost} ¥ Demand — Overhead Cost
b, Potential loss as measured by =Probability of Loss = No. of Losses/No., of Trials

2. Setvalues for perameter or constant inputs:
A, Sefling Price = $249
b, Advertising cost = $5400,000
¢.  Administrative cost = 600,000

3. et NI= 600 from Cell £21 to Cell E62(, the number of replications eguais to
a. Ns =500 from Cell £121 to Cell 620, the number of replications to collect performance measures
b. Nw =100 from Cell £21 1o Cell E120, the number of replications of warm up

4, (Calculate cumulative probabilities for Direct labor cost, and set up the tabie for From and Tz of random
numbers, and Direct iabor cost in three consecutive folumns in the spreadsheet

5. Setup the Trizl numbers in Cells AZ1 to AG20 with 1in Ceil A2] and 608 in Cell AGZ0

_ & Generate Month 1's values of random variables of
c 8. Gensrate Direct iabor cost per unit in Cell 821 with discrete probability distribution in Excel!@
with =VLOOKUP{RAND{},5A%10:3¢514,3)
b. Generate Part cost per unit in Cell 21 with uniform probability distribution in Excei® with
=SESB+RAND{}*{SES$9-SESK)
c. Generate Yearly Demand in Cell D21 with normal probability distribution in Excei@® with
=NORMINV{RAND{},56513,5E514)

7. Calculate Net Profit in Cetl £21 in Excel@ with ={SC53-B21-€211*021-5054-5(%%
8. Verify the correctnass of each formuia very carefully

4. Lopy the formudas in the whole row 21 for Month 110 rows 22 to row 828 or 599 rows of Nt

10. Calculate Summary statistics in Excel @
& Llick Data/Data Anglysis/Descriptive Statistics,

i, With the input Range of Cells from E121 to E620 for Net Profits,

il Sefect New Worksheet Piy with name as PorCom2,

ifi. {Click options for both Summary Statistics and Confidence Interval 95% for the mean and
chick OK to get the Descriptive Statistics Table in worksheet PonComz

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

v. Results for Lower and Upper 95% Confidence intervals are added. Please note the
Confidence Interval {85%} in the output of Descriptive Statistics is the Margin of Error or
tler, n-1)* s/n, where t{o, n-1) = TINVIG.0S,n-1) or you may use t{x, n-1} =2 to get the

r approximate 95% confidence interval for the mean.



b, Use a range 53 million of Net Profits, use arouad 10 groups with a minimum from -$600,000 and &
group width of $300,000, to get Frequency Bin Ranges for Net Profits as in Cells H19 to H31.

¢ Click Data/Data Analysis/Histogram,
i, With the input Range of Cells from £121 t0 E&20 for Net Profits,
ii. With the Frequerncy 8in ranges in Cells H18 to H33,
iii. Select New Worksheet Ply with name as PorCom3,
iv. Click options Cumulative Percentage and Chart Output and click OK 1o see the resuits.

11. validate the resulis with real business operations gad carefidly study the logle of the simulation

12. Analyze the results and provide recommendations

13, Cutput Analysis for PartCom Case: [Refer to the Histegram, Frequency Distribution and the Table of
Descriptive Statistics on the next page)}
a.  The estimate for the popuiation mean Net Profit andl its 95% confidence interval isgivenin
Descriptive Statistics as follows:

i, Mean (X} = $721,415 and its 95% confidence intervals sre given by X + £{0.05,499) « s/vr from
$674,204 to $768,627. Where The standard error = /41 = 524,029 and t(0.05, 499} = 1.9647.
The 9%% approximate 95% confidence intervals can bie given by using 2 to replace .05, 499},

i, Mow 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 5768,627 ar if
we construct 100 95% confidence intervals as we did for this ane, over 85 ot of the 100 Cis
woid contain the unknown true population mean net profit,

h. The estimated probability of (0ss and its 95% confidence interval can be derived as follows:
i. The probability of loss is given by the Cumulative % = 9,20% when Net Profitis less than 50 or
divide 48, the number of replications of Net Profit less than 50, by Hs = 500, the total number of
replications i the simulation.

fi. Usetheequationp +z {i} - %} +Jp * (1~ B)/n to compute the 95% confidence interval from

6.67% ta 11.73% for the probability of loss, where z{0.975] = 1.6, § = 0.082 and n = 500.

Hi. How to interpret the 95% confidence interval for the probability of loss? We are 95% sure that
the urknown true population proportion of loss is from 6.67% to 11.73% or if we construct 100
such 95% confidence intervals for the probability of loss as we did for this one, over 85 ocut of the
100 Cls would contain the unknown true population proportion of loss.

€. What Is the probability that the aet profit will be more than 51.5 million?
i. = 100% - the cumulaive % for Net Profit less 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 53.6%.
iii. A85% confidence interval for the probabiitiy that the net profit wilt be more than §1.5 miiflion can
be constructed in the same way as 1o construct the 95% Cl for the probabiitiy of ioss,



{Anderson, Sweeney, Willlams and fartin, 12e, pages 552 and 553

Butler Electrical Supply Company [BESC) sales home ventilation fan for $125 per unit with the unit cost of 875,

r The monthly demand for the fan is narmally distributed with 3 mean of 100 units and 3 standard deviation of 20
ynits. BEST receives monthiy delivery from is suppliers to replenish its inventory to & replenishment level of Q at
the beginning of each month. A $15 inventory holding cost is charged for each unit that is not sold when the
monthly demantd 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 leved Q. The objectives of the simulation are to
assess the monthly net profit resuiting from using 2 particular replenishment level (1 and to assess the service
tevel or the percentage of demand that will be satisfied.

Controilablie input is the replenishment level

The prababilistic input is the monthly demand D

Qutput measures are the average monthiy profit and the service level that equals to the ratio of total units sald to
total demand,

Logics of Business Qperations at Butien:

Case D <Q. D wnits .YQ(CJ |
G =D wnits [ef#over
WM& ~D) = Helding Cost
Gross Profit = ( §'p - ait Cost o Demond = C"!&j‘ =25} = ¢ oD
Holiding Cost = 2 {5 = (& ~D>

r Net Profit = @ress Prsfit ~ Hefa{:éj Cost =2 52D —¥15+(Q D)
Case 2D > Q. G undz Sid
D-Q waits shortage
Gross Profit = (Sp — cnit Copt )G =B 125 - 75)~Q =880 +6
Sortage Cost= 30 (D - &)
Net Profit = Qress Pro fit — Shortige Lost =#60 8 ~%30m (D ~3)


http:i.<>rr"!f'-C<>.5f
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REBE Y

c  p e F 4 i
Butler inventory
selling Price $125
Gross Profit per Unit S50 unit Cost 875
Haiding Cost per Unit 515
Shortage Cost per Unit 330 Demand {Normal Distribution)
Mean i)
Replenishment Level Q 100 std Deviation 20
Bemand {Discrete Distribution) Rantom N, intervals
Cumulative
Demantd [ Probability] Probability From b Demand
60 0.02 02 P Ok 50
80 0.15 -17 02 {7 30
300 0.33 5 (7 LU 100
126 0.33 S 3 Ry 232 120
140 0,15 g Y &3 7R 140
159 0.02 IN17, 98 /OO 159
um 1.00
Demand {Discrete Distribution)
0.4286 100 = yLeokup( 4ak, I 11:¥GkiE, 2)
=RANDL),
Demand {Uaitorm Distribution] Lowest 60 Highest 160
0.4286 B X = 60 4.4386%((60~60)=]03.86 27103

=4 Fh3 +RANDOX(HEAZ - m,g)

hie mgow(; 50) to get imtfegel
Demand {Normal Distribution)
0.9628 136 ir-....‘; 784 g LEAN S=dde
0.6690 05 = 4373 +NoKMS IM(RALL) ; V :
{

. Use =Round(  0) ”""’"‘R""”"“W‘"” VD L sy
Simulation M M{'Q,j&r‘ {90 X
Demand {Normal Distribution] i j%" 2

Total 317 285 @
Month Demand sales Gross Profit | Holding Cost | Shortage Cost | Nat Profit

1 302 30 85,000 Q 61 $4,939

2 128 100 45,000 g 610 54,390

3 25 a5 54,732 20 g 54,652
For RN 9628, Y = jo0+][.)f423 %20 =/38. 68 136

10



C

Butler Excel@ Stmulation

A B « .8 € F & . H

1 Butler nventoty Seiling Price 8125

E] Unit Cost 375

3 Gross Profit per Unit 550

4 ‘Holding Cost per tUnit 515 Summary Statistics

5 ‘Shortage Cost parUnit 350 Meaan Brofit 54,271 =AVERAGE(GL7:G318}

B 3t Deviation 627 =STDEV[(G17:G316]

7 Replenishment Levsl & 100 $Ain Profit 81,608 #IAIN{GE 5 218)

g Max profit 34,997 =MAX[G17:6316)
% pamand {Normal Distribution) Service Level 91.80% =C15/B18

10 Mean 100 std Error 538

11 5td Neviation 20 =BUMICT7L316)

i3 =SUMIB17:8318} AFLRE 75087, 8084 (SCS 7B 71,0

13 =HFBET=5CS7,B87,5097)

14 Simulation  =NORMINVIRAND{},SBS10,58511) =IF{B17>$C57,5CE5*R17-50571.0)
15 Totst 30257 27784 =HCSI*CA7 =DYTEL7ELIF

16 Month Demand  sales  GrossProfit  HoldingCost  Shortage Cost Met Profit

17 1 128 100 45,000 o 848 34,152

18 2 35 95 $a4,739 78 & $4,660

1% 3 80 & $4,008 Pl ] 0 $5,706

0 4 114 100 45,000 & 413 $4,587

1 5 63 83 §3,138 558 0 52,579
Simoxdsx/Butler

Relationships among (3, Average Net Profit (3] and Service Level {2%]

Replenishment  Average service $2.700 - 101.00% |
tevel O Net Profit {5} Level {%} 2600 l ' 100.00% |
04 $4,717 91.78% . o gg-g;f "
105 34,358 %;23% ; 54,&9@ T 3}7:@%
110 4424 96, 70% 154800 fo N 96.00%
115 4576 97.26% S R5.00%
$4.300 L 88.00%
120 2595 98.28% _ 4Nt Profit (§] A oo
125 4537 98.35% 54,200 ’/ M Level (%) * 32.00%
130 4456 99.20% §4100 b + 91.00%
138 4437 92, 75% % 100 118 120 130 140
140 2175 ¥, 58% Replenishmant evel(y
P A B . B E o F L&
1311 295 131 100 $3,000 0 939 $4.061
312 296 109 100 £5,000 o 272 4,728
1313 297 64 64 53,209 537 0 $2,671
312 298 90 30 54,485 154 0 $4,331
315 299 113 100 §5,000 0 400 $4,600
1316 300 62 &2 $3,086 574 9 $2.512

il



Dynamic Simulation Models: Discrete ~Event Simulation
{Anderson, Sweeney, Willlams and Martin, 12e, pages 557 and 560}

Wachovia Bank has one automated teller machine {ATM) in each of its branch. The bank wants 1o assess whether
maore than one ATM in each branch is necessary. The Bank established its service guidelines stating that the
avaerage waiting time for an ATM should be one minute or jess.

Assume; customers arrivals follow an unitorm distribution {0, 4} or = 2 + RAND(}* {b — 2} = RAND{) * 4 and the

ATM service times foliow normal distribution {2, 4.5} with a mean of 2 minutes and 2 standard deviation of 0.5
minutes or =NORMINV{RAND{},i1,0} = NORMINV{RAND(), 2, 0.5}

Logics of Wachovia Bank One ATM Cperastions:

Inter-arrival Time: == R4 wo () 4
edn mfer-Grn o’aj {Wt&’, e

Std = — ”j? = /. ;3*4&7 mms
idel tufe X = 30 per hawse

&é—é 0+4~M£ mins

Arrival Time:

Service Start Time:
Waiting Time:

Service Time: w—,\/a&mw&’(@#ﬁé}, 2, 9*5)
Seria rhﬁ/“‘ﬁc?’*’gm’iw“"

Cempletion Time:

Time in Syslem:

12



Wachovia Bank One ATM Class Exercise

2932
7%

RIETS
-thoh

) A 8B ¢ B E f 6 W
C 1 Wachovia 8ank One ATM Simalation Model RN

2 09814

3 Interarrival Times (Uniform Distribution} Service Times {Normal Distribution] 02532

4 Smallest Value i Mean 2 0.3473

5 largestvalue 4 Std Deviation G.5 0.07%

& §.300

7 RN interarrival Time 47624

g (.3653 [.427 oo . 4.0714

; 73 om0 436934 ~B)=1.4772 Mins g omns

10 = RAND( ) »4

1 —tp¢ w(EpEs ~4p44

2 L Service fime 8 4+ ﬁﬁ’z‘ﬂ) ¢ (‘ 8 & )

13 0,790% 2 Y e

BoomE A LB CoesseS S0 4 BAS TS =R

15 == X +NoRmSWVCRANDU) % S

i6

17 Simudation - "J okKm 14V (ﬁﬁ#c U»' Y; S)

13 == MR P Y (RAND ), #F4  #F8 5D

1% frterarvival Arrival Service waiting Service | Completion Time
( 26 Customer Timg Time Start Time Time Time Time i System
B 2 L 3.926 | 3926 | 3.926 | 0.0 (728 | £.654  7.72F
4} 2 2 2,128 | £.185 | 8. (15 | ©.0 {234 | 7.49} | [.294
LJeg 23 3 [.Aa4 | 7.23¢  7.409 | 0.87 | 2359 | %248 | 2,429
o714 % 4 2 A%6 | 7624  9.7¢4%8 | A-143 | (461 |11.228 | 3604

Summary Statistics

Number Waiting: o = CounTiF (f&’ﬁ;{ :JE*-‘W’} ”;?'Q”)

Prabability of Waiting:

Average Waiting Time:

Max Waiting Time:

Utitization of 8T

A (43 min

% =57/,
- 55 pacas

=AVCRAGE( )

=MAXL )

bo-gile= Tehl Servie PmE Ll elock Time = 68 2

(_ Number Waiting > 1 mim: H

13
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Dynamic Simulation Models: Discrete ~Event Simulation
r {Anderson, Sweeney, Willilams aad Martin, 12, pages 557 and 560}

Wachovia Bank has one automated teller machine {ATM} in each of its branch. The bank wants ta assess whether
more than one ATM in pach branch is necessary. The Bank established its service guidelings 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 = 3 + RAND{)* {b ~ 3] = 0 + RAND(}* 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 or *NORMINVIRAND{],i,0) = NORMINV(RAND(), 2, 0.5

inter-arrival times: randomly generated with Uniform {0, 4) in Cell B21

Arrival time is the clock in time = last arrival (Clock in} time + current inter-arrival time
orinCell C22: =21 +B22

Service start time = the server availabla 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

r inCell D22: = MAXIC22, G21) or =IF {€22 > G21, €22, G21)
Waiting time = Service start time — Arrival time

in Cell E22: = D22 €22
Service ime: randomly generated with Normal (2, 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



Dynamic Simulation Models: Discrete -Evaent Simulation
r {Anderson, Sweeney, Williams and Martin, 12e, pages 557 and 5560}

Wachovia Bank has pne automated teller machine [ATM!} in each of its branch. The bank wants to assess whether
muore than one ATR in each branch is necessary. The Bank established its service guidelines stating that the
average waiing time for an ATM should be one minute or less.

Assumeg: customers arrivals follow an uniform distribution {0, 4} or = 2 + BAND(}* Iy — 3} = RAND{) * 4 and the
ATM service ties follow normal distribution {2, 0.5} with a mean of 2 minutes and 4 standard deviation of 0.5
mingtes or = NORMINV{RAND(), 1t,0) = NORMINVIRAND(, 2, 0.5)

Logics of Wachovia Bank One ATM Qperations:
Inter-arrival Time:
Arrival Time:
Service Start Time:
Wailting Time:
Service Time:

Completian Time:
Time in System:

inter-arrival times: randomly generated with Uniform {0, 4} in Celi B21

t Arrival time is the clock in time = [ast arrival {Clock in} time + current inter-arrival time
orinCell £22: =C21 + B22

Service start time = the server availabie 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 Call D22: = MAX{C22, G21} or =IF [€22 > G21, €22, G21)
Waiting time = Service start time — Arrival time
inCellE22: =022 - (22
Service time: randamly generated with Normal {2, 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
13
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A | B i C ] D ] E ] F | G i H i P K
1 |Wachovia Bank One ATM Simuiation Model : RN
2 B | o ‘ 0.9814
3 lrgerarrival Times {iniform Distribution) 'Servive Times {Normal Distribution} £.2932
4 ISmaliest Value 0 Mean 2 0.5473
5 |Largest Value 3 : __std Deviation 2.5 0.079
g — PR 0.306
7 RN Interarvival Time QnW . &) 0.7634
% £.3653 - #7723 0.0714
z IR v _ﬁ.ﬂfg,_c_b -a) . . oo
10 ‘ = QO FRMIO (4 — @) = ‘
LY I . 3L ¢844 2l 4772 i
12 RN Service Time AMorm 2, 0.
ii OIS 2 AL e T H R A 2E Z¢- 7?m~gm.§?4§7ﬂﬁwmswﬂi 75’5:’;")
15 | | WQM’M?WFE RN _
16 ... i o e
17 jSimulation !
8l Clock (n Time Clock Out Time i
15 Interarival Arrival Service Waiting Sarvice Lompletion Time o )
20}  Customer Time Time Start Time Tirne Time Time in Systern | RN For ATM | RN For ST | 2{RN SvrT}
21 1 2 2 =1 & & z 3
22 2 F Pae/=3 Bpog 7 BD7-324 3 WrrzoioPn-527
23 3 ] ) w2
24 4 0.9814 0.2532  -0.5441
25 5 0.5473 0079 14118
26 6 0.306 8.7634 07173
27 7 0.0714 0.51404 10785
81 . QW2 @ Cleck pmTime, t/attrarn'vol Timey = 241= 3
29 |Summary Statistics mCell Caxs =Caj+Bax
30 [Number Waiting @ mox(Clock Gt Twne, 11 Twea)=mox L7, § =77
31 |Probability of Waiting e | el DAy 2= mox 5:,;13,, qa1)
32 |Average waiting Time i B : @m $f# 'f'fam?i f"? Tﬂf e 7,~3,4-
33 [Max Waiting Time . e Waks a.\vae"l PrnExol CGlE g =P -CR3A
34 [izationof ATM o @ clock, %d’ Tiniay =Servie. Tom€ 3 tSeracr Thie
35 Number Waiting > 1 min o =z . o
3¢ {Probatility of Waiting » 1 min ’n £e“'§ et .{}23 ¥ F'?; — 7 4 3 =3 ‘f o r

@ Servir Toe o Cell Faa
= N at iV LEAADO), 3, 0.5)

B Trme m S‘fakm - Clock O Tiet 3= Clocke 7 Timrgs, =
mCellHaz, oy, », S/0-2%7

B nCell Ban: =t B¥4 +RANDCI#(IpS s - $BFA)
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A | 8 | i’: i D { £ ] F i G i H ; i J i K
1 Wachovia Bank One ATM Simulation Model o : RH _
2 o | 0.9814
3 linterarrival Times {Uniform Distribuation) Service Times {Normal Distribution} 0.2832
4 ISmallest Volue 0 Mearn 2 ' 0.5473
5 |Largest Value | 4 Std Deviation 0.5 0.07% _
b R R 0.506 |
7 AN Interarrival Time o 0.7634 o
8 0.3693 14772 ~SBRARANO(f(SBSS-3B34) 00714 .
2 . R 01404 ,
}'{} ............. — o
11 ; - A o N
1 2 RN SE‘I”U’;CQ ﬂm ....................
13 87955 248128 =NORMINVIAIZ,$FH4 $F55) | _
14 I ”
L8 ; A
Gjniatme 0 “
17 [similation 214822 - | - o
1R =SB4+ RAND{ *{S95-SR84) =(rE1-C21 =NORMINVIHG $F54,5755) _
15 interarrival Arrival Service Waiting Sarvive Completion Time
20 Lustomer Time Timne Start Time Time Tirme Time i Systermn | AN For IATM| RN For 8T | z(RN SwrT)
21 1 2 2 2 o 2 7 5
4 2 1 3 7 4 3 13 7
23 3 & 11 11 o 4 15000 4
24 4 3426 14,926 15 60744 1.728 16,728 1.802 0.9814 0.2932 -(.5441)
25 5 2,189 17,115 17.11% 0 1.294 IR.408 1.284 a.5473 D074 -1.4118
26 & 1.224 18.33¢ 18.408 D0 2.359 20.768 2428 3,300 7634 07173
27 i .286 18.624 3758 2.143 1.461 22.228 3.004 £2.0734 $.1404 -1.07835
A8 S L SFC22621,022,6521) =Dh2isFer .
29 iSumrmary Statisticy =MAXIC22.621) =G21-£21 o
30 [Number Waiting |, ) 3 *COUNRTIF(SES21:36524,">0") _ B
31 iProbalility of Waiting B 75.00%  1=D27/COUNT{E21.E24) ; o _
32 |Average Waiting Time B ..O57 __|AVERAGE(E21:E24) - e |
33 iMax Waiting Time 254 =MAX{E21E24) - o i
34 Juttlization of ATM - 30.78%  =SUMIFILF24)/iG28) : o
35 INumber Waiting > I min 1 '=§{}U&T1F(E21:§24,‘*»3."} z o
35 [Prabability of Waiting » 1 min reveennann D230 sOI2FCOUNTIERLERY) . S -
37 |Average time in system ) 2.282 =AVERAGEIHZ4:H2?)




Solution to Class Exercise
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AL B c D E ; 6 M
Wachovia Bank One ATM Simulation Model RN
0.9814
Interareival Tirnes {Uniform Distribution} Service Times {Normal Distribution) 0.2932
Smaliest value 8 Mean 2 0.5473
Largest Value 4 St Daviatior 4.5 4.0%
2.306
RN wderacrival Time 0.7634
0.3653 AT SBSAHRANDY*{SBS5-SRSA) 45,0718
0.1404
RN Service Tirme
07955 24128 =NORMINVIALZ, SFS4,FE8)
Simulation =(21+B32
=5B34+RAND{}*(SBE5- 5854 =021-C21  =NORMINV{HI,SF3S, SF85)
Interarrival Arrival Service Waiti Service | Completion Time
Customer Yime Time Start Time Time Time Time in System
1 3,926 3.926 3,926 0.000 1728 2.654 1.728
2 2.189 6.115 6,115 8.000 1,254 7.409 1.294
3 1274 7.33% 7,409 80070 2,858 9.768 2.42%
4 0.285 2.6248 9. 754 2143 1461 11,228 3.604
AF{CI2»E21,028,621) =NI14¥F21
_Summary Statistics =G21-C2}
Number Waiting 1 =COUNTIF{SES21:56524," 0"}
Probability of waiting 50.00%  =D27/COUNT(E2LEZ)
Average Waiting Time N .55 =AVERAGEIE21:E24)
Max Waiting Tina 2.1a =MAKIEZ1E)
Utilization of ATM e 80.93% =SUMF2LFI)/(G23)
| Number Waiting » 1 min 1 =COUNTIF{EZL:E28,7>1"]
Probability of Waiting > 1 min 02500 =D3Z/COUNT{E21:E24}




Wachovia Bank One ATM Simulation

A LB € D £ P G | H !
r 1 wachovia Bank One ATM Simulation Model
tz Summary Statistics
3 ‘iterarrival Times {Uniform Distribution) mMumber Walting 595 =COMNTIF{ELILBEI08%, " 07)
4 Smallest valus 0 Srobability of Walting B45.31%  SI/COUNTELLISENS)
$ Largest ¥alus 5 Average Waising Time 138  =AVERAGE(EIIHEADLS)
5 Max Wating Time 11.0% =HIAXIE] 16:5 1005}
7 Service Times (Normal Distiibution} Utilization of ATM 8L40%  ~SUMFLIGFIOLN/AGI01S-G115)
8 Maar Z Numbes Waiting > 1 mis 459 LOUNTIF(ELLIGE 1015, 217}
- & $td Deviation 0.5 Probability of Walting > 1 min 05100 =/COUNT(E1I6:E1015)
Lo =HF(C1IG18.C17.616)
1 =C16+B17
12 Sepulation =$BSA+RAND( )| $885. 5884} =NORMINV{RANDI{},$B%8,5859)
13 =B1§ =i =016-Cl% ¥ 0 e 1R €3 1270 0% £ -3
4 intararrival Agival  Service Wailing Service {ompletion Time
.35 Custommier Time Time  Stan Time Tine Time Time in System
38! 1 2.18 216 215 .00 121 135 i
17 2 0.65 281 3.3% 0,56 2.79 515 3.35
18 3 3.38 511 5.1 1405 244 5.3% 3.23
19 a 2,40 7.51 835 048 1.68 10.07 2.56
20 5 2.48 5,95 1007 0,08 1.9¢ 11.97 1.98
¥t 4 IR kAt 13 £3 MW 3 ®R ELW: 4] 1 R5
1008 954 402 235808 255805 {00 265 8000 265
1016 995 .47 255932 2%60.70 1.38 L 2563.47 414
1gi3 996 1.52 2580.94  )863.47 2.53 365 25306.52 5.58
1612 897 .44 246338 2I6B.5Z 13 1.78 236830 441
1013 938 125 2564.63 256830 3.66 1.98 2570.28 585
1014 599 307 256070 257078 258 1.67 2571.95 475
1013 1006 257 BMWY BN 1,58 228 3.3 3.94

Simxlsx/ATH
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Topics to be covered:

r 1. What is simulation and where simulation is used?
2. Methods of Risk Analysis

a.

b. What - if analysis

Best {most optimistic) case/worst (most pessimistic) case analysis

c. Simulation
3. Random Number Generations

a. General probability distribution with Probability Distribution Table. The Excel@
VLOOKUP{RAND({),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 + RAND() *(b-a)
Port Cost UNIFoRM ($# 50, 4/00)
P(X<x)i { _— X =B o

1/(b - a)

PCPort Cost = X) = 5164 = (X —8 o)y = Z205
=5 . "4 = . _
X=Fordow.3154 =6 307 AN 3154 5 PromKRaNDpe)

P(X<x)=;;a:>x=a+P(X<x)x(b—a):a+R4NDO><(b—a)
—d

» X (part Cost)

0

b
f;o r;gr 90 l9¢ 4/ 0o

Demand {x) = lower limit (a} + RAND({) {upper limit (b) — lower limit (a)) =80+ RAND{} { / 90~ 3'0)

In Exe|C : —¢§$4¢36 +KAND() »($5639-$5%36)

Poisson distribution with a mean arrival rate of k. The following Excel@ formula is used to
generate values of inter-arrival times of Paisson distributed random variahles:
= - 1/A*LN{RAND{))

Exponential distribution with a mean service rate of p. The following Excel@ formula is used to
generate values of service times of Exponential distributed random variables:

= - W*LN{RAND())
Bernoulli process with p as the probability of X = 1 and 1 - p as the probability of X = 0. The
following Excel@ formula is used to generate values of Bernoulli process of random variables:

=if{RAND()<p,1,0)

20
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f. Normal distribution with a mean of p and a standard deviation of 6. The following Excel@
formula is used to generate values of normal distributed random variables:
= NORMINV{RAND(), |, &) or = u + NORMSINV(RAND({))*c

-

b P(X<x)

Hoonal Driceriition

o

| » X
0 X i

X —H
P(X < x) = NORMSDIST (z = ~ ) = NORMDIST(x, 1,5, TRUE)

X=u+ z(P(X < x)) X 0 =+ NORMSINV(RAND()) X 6 = NORMINV(RANDQ), i, o)

oo

¢
Sales (x} = mean sales + NORMSINV{RAND(}) ¢ std sales =f + NORMSINV(RAND())x 4 S oo
= NORMINV{RAND(), meanSales, StdSales} = NORMINV{RAND(], !5‘900/ 4-5"00)

Plz<2)=.2799=KANO() => Z =—. 6437
P(X<«%)=p(z « X

—

- % .
sT)=2799 R ZX ol f437=2

XK=)+Z*S

=f&000 ~. 5437»#{5’00
http://davidmlane.com/hyperstat/z table.html =/2/03,. 56
Fd

Simulation: Static {(Monte Carlo) versus Dynamic {Discrete versus Continuous) Simulation

Mathematical model
Y = f(X), X5, X3) Where X;is the variable i in the model fori=1, 2, ..., k

When the functional form of f(») is not known and/or the values of the parameters of By, By, -+~ , Bc 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


http://davidmlane.com/hyperstatlz

b, Data Analysis:
i. Sample size {n)

ii. Mean (X)

iii. Standard deviation {s)

v, Std Error{s;) = s/n

v, Min {Worst}

vi. Max {Best) 3 conbe wsed 4+ r‘eg?fa% T, n-1)
vii. {1-c0% Ci for the true unknown population mean (¥4 tla,n ~ 1) = s/n
viti.  {1-aj% C1 for the true unknown population proportion {ph

prz(1-2)«JF U-p/n
ix. interpretation of the resulls

¢ Lommon used simulation software: SLAM, Crystal Ball
g verification aad validation

22



Hungty Dawg Restaurants {Ragsdale, Se Revised, page 563 with minor modifications in Excel@®)

(\ As an analyst at Hungry Dawg, Lisa Pon is asked to determine how much money the company needs t¢ acerue in
the coming year to pay for its employess” health insurance claims. The company is self insured, meaning that it
gays health insurance claims with its own money although i contracts with an cutside company to handle the
administrative details of processing ¢laims and writing checks. The money the company uses 1o pay caims comss
from two sources: employee cortributions or premiums deducted from employees’ paychecks, and comparny
funds. The company must pay whatever costs are not covered by employee contributions. Each employes
covered by the health plan contributes $125 per month. However, the number of emplovees covered by the plan
changes from month 1o month as employees are hired and fired, quit, or simply add or drop health insurance
coverage, Atotal of 18, 533 employees were covered by the plan last manth, The average monthly health claim
per covered employee was $2%0 last month.

Hungry Dawg Restaurants Class Exercise (Ragsi2.xlex/Figure12 2}

oA B ¢ . D £ F
1
2
4 Initial Conditions Assumptions
5 ' Number of Covered Employees 18,533 Increasing 2% permonth
________ &  Averags Claim per Employese $260 Increasing 1% permonth
c 7 Amount Contributed per Employee $125 Constant
8
8 Numbar of Empioyee  Avg Claim Total Company
10 Honth Employees Contributions perEmp. Claims Cost
i, 1+ | /8904 Fazezecolfats o 4175260 | [PMicaéoe
12, 2 f92%2 25503 | '

1. What is the equation to ¢ompute Number of binployees for Month 17

X=X U+ 10) = [.02 % 135§33=]8904
Xam= X U] = X, Ub ) = (85332 (1-00) = (9282
Xe = Xo it =(.00) %1 p533

Where:

X, X, .., and X = Number of Covered Employees in Month o, 1, ..., and t, respectively,
¥, = the monthty rate of changes of the number of covered emplovees.

In Excel@,
OIS = Rounp( 4D 14 FES)A 1L 0)
2. Wihat is the equation to compute Monthly Empioyee Contributions IMEC)? Q(t}

MEC =fmt Qonfﬁ'bq{-eéyﬁfxﬁwfﬂfw X Mo of Wﬂbyﬂﬁ‘vf piontl, {
C Mo =fas e i3904 L baale  —tps ey
1%
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3. What is the eguation 1o compuie the Average Monthly Claim per Employse?
Yo=Yttt )= Ffaso=( - 01)=Faka. o
Ya= Vi ) =Y ((+12) = 250 % (). 0 1)?= 255 03
T +

Ye = Yo (141) = 250 ({00
Where:
YV, ¥, .. and Y, = Average Monthly Claim per Tmplioyee in Month o, 1, ., anid t,
respectively.
¥ = the monthly rate of changes of the average claim per employee.

I Excelld, mﬁ{}t/fﬁ,_{}(zfi}ié*CF+$F¢5}A{};jj3) "
4. What is the equation to compute the Monthly Total Claims (MTC)? foe ka‘eﬁl’ = MMAF biars
MTC = X, Y, =Ff252.50 % (7Y o4 =14773 260

MTCE = Xe * Ye
fn Exeal@ o =D » 31

5. What is the ¢guation 1o compuie the Mopthly Company Cost {IMCC)?
MCC, =MTC - MEC, wﬁ%??%.;éa j%& £300°F 42410240
M =mTC-MECe
@ _._ ,
C In Txce ""E =1

6. What is the equativn to compuie the Total Company Cost {TCC)?

S el op) ¢ O’\i{ Wonthly Cost, =Sum(Gil:G22)

The results of the first 12 months are grven in the Figure 12.2 as follows {Ragsi 2.xisx/Figl2 2)

(\.

@ Numbser of Empioyen Avy {iaim Teotal Cempany
1} Month Employees Contributions per Emp. Claims Cost
11 1 18,604 $2 363,000 $252 .55 $4.773.200 52.410 260
12 2 149,282 2 410,250 B255.63 $4 917,488 52507 238
i3 3 19,667 $2,458 375 $257.58 35,065 826 32,607,451
4 4 20061 $2,507 625 $26(.15 $5.218,868 $2.711,244
15, & 20 462 £2.557.750 2562715 35,378,391 $2.818 641
8 8 20871 $2 6808 878 $265 .38 35,638 746 $2,829.871
17 K 21,289 2,881,126 8268 03 85 706,001 $3,044 966
18 8 21,714 $2714.250 327071 5,878,197 $£3,163 547
19 9 22,1489 32,168825 $273.42 35,055 980 $3.287, 355
20 14 22 592 %2824 006 3276 16 6232007 $23,415.007
21 1M 23,043 £2.880,375 527892 $6.427, 154 $3,546,779
22 12 23804 $2.938 000 $281 71 S6,6821 312 $3.683 312
e SROUNDBDES(1+3F 357 A 11} Total Company G.ost $36,126069
24 =SOS7*311 =ROUMLIHIDES (1 $F$60A11,2) =£11.011
25 =31 111 -=SUMGT1.622)
A fb < D & 3 &

Any change of any or all of these variables may lead to changes in Total Company Cost.

C
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Hungry Dawyg Restavrants Class Exercise

I T - T A T
r 1 Hungry Dawy Restaurants Class Exercise
?
3 Number of Covered Employees {Uniform Distribution] Average Claim per Employee {Normal Distribution)
4 Initial Conditions Probilem Data
5 Humber of Covered Employess 18533 MaxDecrease  10%  Maxincrease 7% Uniform Distribution
5 Average Claim per Employes $256  Mthlylncrease  10%  StdDev $3  Mormal Distributicn
7 Amouni Contributed per Employes §125  Constant
§

;Om % {Changes of Ko. of Covered Employees (Uniform Distribution)
0 05H1 [OLMN  =IFSHAINTHES{FES) + |

= (=03) +,614] »(1+.07 = C1 -, 03) o
1; g.97+.5£4|t.fm1,635‘? i}m
0478
RN Average Ui per Employee [Rormal Distribution] 5578
6 0ME  ew 04782
17
- Z = NORMSWIC-3163) =~ 4% :ﬁi
r J X = A5T w(l. 01}~ 47803 =45 0] 0:9553
2 =M ORIV (3163, 25D el, 3) 05461
Vgl 08575

2 Foraciaim in amenth, 1) use R to find out Changes by Std in Avg Claim,
23 2y use D6 *[1+75PA1 1o find the new morthly average claim
24 3)adjust the new morthly average claim by plus of mings the nuraber of Std gven & 1

& ~§D§7°C28 =F8'C28 628028
2 Humber of Employes Avg Claim Total Company
2 Month Ry Emplovees Lontributions RN pet Emg, {laims Cost
# 1 B.8575 19565 §248 777 aem D #.856.832 §2411.086
8 2 0.5464 0048 25537 0N¥ 25241 $5.060.164 §2.554.1%
3 0.9868 H4G NI 0 263.59 $5. 546 500 §2.968.423
H =D5*{1+{ SFSERE28YHSE{SFE5)) NORMINVIER DR (137361, SHS5)

3 =028+ SFS5 B BHES{ SF 35 =NORMINVEZSF28'(1+3F %5, 3H36)

(Rags12.x1s2/Figl2_9Blank)

C
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Hungry Dawg Restaurants Final Version {Rags12 xisx/Figll SwWP)

P A 8 e = E B G "0 d
1
2
P 3
4 initial Coaditiony Probiern Data
5 Rursber of Covered Employees 18,533 Max Decrease 3.0% Max Increase 1% Undorm Diswribution
‘6 Average Claim per Employes $258 Mthly Increzse 1.0% Sid Dev $2 Norma! Distribadion
i 7 Amount Contributed per Employe $125 Constant
8
P 9 Numbaer of Employes  Avg Claim Total Comparty
i Month Employses Congributions  per Emp, {iaims Cast
R 1 18,320 $2414 875 $252.24 $4.873322 $2 AL 347
(12 2 20,613 $2.576 5802 $251.39 8181797 $2.605 185
1303 213487 $2.747.728 $258,39 $5,701,858 $2.954 130
T SR | 2632 $2.827.760 £55.88 $5873.93% $3.046,178
(15 8 FANS L $2.901.783 $267.16 6201775 $3,300,972
AL 23,757 £2.907.064 $265.12 $6.189 030 $3,282 027
§ 17 7 231477 $2.896 4% §$261.69 $6.202778 $3.308,255
118 8 24,456 33011278 $271.85 36,044 242 $3,532.834
i 19 3 23886 $2,585,8%1 $274.87 $6 585 472 $3,573.784
RPN ) 24,671 $3.083 866 §275.67 $6.799.743 §3.74%.8492
21 4t 24,508 £3.063.440 $276.12 36 757 091 £3.703 851
i 2 12 25,141 §3, 148 930 §278.94 $7 026 880 $3.87¢8 050
123 =§DESM(1.5F 55+ RAND( 8P GH+3HES)) Total Company Cost  §39.362,333
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