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@ Check The Correctness of Output Data

@ Findiost.WQi,i =g, ig+ 1, ... in Steady State
a Fit pdf of WQi via Histogram

@ Estimate the first 4 Moments of WQi

e More about Fitting pdf (see Output analysis: Part 1)
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Check The Correctness of Output Data

Check Correlation Plot

e Given the MM1-transient Flexsim model, name “MM1-Case1.fsm”
e Run “MM1-Casel.fsm” via “Experimenter” and view Correlation Plot
e Q:corr(WQ1,WQ2) = 0.88. Is this correct?
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Check The Correctness of Output Data

Check Correlation Plot

e Given the MM1-transient Flexsim model, name “MM1-Case1.fsm”

e Run “MM1-Casel.fsm” via “Experimenter” and view Correlation Plot
e Q:corr(WQ1,WQ2) = 0.88. Is this correct?

e Q:corr(WQ2, WQ3) = —0.8. Is this correct?
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Check The Correctness of Output Data

Check Correlation Plot

Given the MM1-transient Flexsim model, name “MM1-Case1.fsm”
Run “MM1-Case1.fsm” via “Experimenter” and view Correlation Plot
Q: corr(WQ1, WQ2) = 0.88. Is this correct?

Q: corr(WQ2, WQ3) = —0.8. Is this correct?

A: No. corr(WQ2, WQ3) should be positive.
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Check The Correctness of Output Data

Check Correlation Plot

Given the MM1-transient Flexsim model, name “MM1-Case1.fsm”
Run “MM1-Case1.fsm” via “Experimenter” and view Correlation Plot
Q: corr(WQ1, WQ2) = 0.88. Is this correct?

Q: corr(WQ2, WQ3) = —0.8. Is this correct?

A: No. corr(WQ2, WQ3) should be positive.
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Check The Correctness of Output Data

Check Correlation Plot-conti.

e Check the Performance Measures of WQ3
e Change the value of column: 1 — 3

- _
#% Simulation Experiment Control |E=EEn [E=E )

Scenarios | Performance Measures | Experiment Run | Advanced | dvanced
(e ) ] e wes |
Label for Y-axis Value Value
Performance Measure  Global table value +~ @& & | e Gobal table vaue - E

|Global table value

|Global table value
Table: "W_Q_Table'{

Table: MG Table?
Row 3

"Total_Arrivals”
"Parameters”
FResil

W.M.Song 280 Tsing Hua Univ. BEKXE tput Analysis - Part | 2015.10.28 4/15



Correct Errors - Conti.
e Correlation Plot of WQ2 and WQ3.
e corr(WQ2, WQ3)=0.89

-
#% Performance Measure Results
W02

v [correlaton piot

v] Correlate with [wq;,
wQ2 (x) vs (y) WQ3

[=[@E] s |
Scenario 1] r=0.89
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Check The Correctness of Output Data  Find ig s.t. WQi, i = ig,ig +1,...in Steady State Fit pdf of WQi via Histogram  Estimate the first 4

Which WQ:i is in Steady State?
ID of WQi: cdf, pdf, mdf, ...

e Q:How do we fit (or estimate) the pdf of WQi?
e A:Histogram is an fitted pdf. (pp. 7-8)
e A:Relationships among pdf and the 3rd and 4th moments (p. 14)
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Check The Correctness of Output Data  Find ig s.t. WQi, i = ig,ig +1,...in Steady State Fit pdf of WQi via Histogram  Estimate the first 4

Which WQ:i is in Steady State?
ID of WQi: cdf, pdf, mdf, ...

e Q:How do we fit (or estimate) the pdf of WQi?
e A:Histogram is an fitted pdf. (pp. 7-8)
e A:Relationships among pdf and the 3rd and 4th moments (p. 14)

Property: 1st four Moments of WQi

e First 4 moments, say 0: Mean, Std, Skewness, and Kurtosis

e Let O be the parameter and © be the estimator.
e How to predict 6?
~ LDR (leading digit rule): ® and se(©) (pp.10)
- Testing Hypothesis (p.11)
- Confidence interval (c.i.) (pp.12-13)
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Histogram of WQi from Flexsim

e Histogram of WQi,i =1, 2, 3, 10, 11, 50, 100, 101, 500

e Q:IfWQi,i =1,2,...arein Steady State?

e A:Hard to tell via visual tools such as histogram,
W. M. Song 581
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Fit pdf of WQi via Histogram

Histogram of WQi from Minitab

e Histogram of WQi, i =1, 2, 3, 10, 11, 50, 100, 101, 500 (Note: y #i-~3)

p—
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e Make plots with the same scale of y-axis
e “Histogram” is the “estimated pdf” of WQi
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Check The Correctness of Output Data  Find i s.t. WQi, i = i(y,ig + 1, ... in Steady State Fit pdf of WQi via Histogram  Estimate the first 4

Results from Flexsim's

Mean(Flexsim) | Sample Standard Deviation (Flexsim)
waQ1 0.45 0.88
wQ2 0.67 0.99
wQs3 0.70 0.96
WwQ10 0.65 0.95
WQ11 0.64 0.93
WQ50 0.64 0.82
WQ51 0.59 0.80
WQ100 0.63 0.91
WQ101 0.63 0.92
WQ500 0.61 0.97
WQ501 0.63 0.97

e Q:How can you report the true mean based on the above results from
Flexsim?
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Check The Correctness of Output Data  Find i) s.t. WQi, i = igy,ig + 1, ... in Steady State Fit pdf of WQi via Histogram  Estimate the first 4

Estimate E(WQ:) via LDR

e Results from Minitab

Mean | SE Mean | StDev | Skewness | Kurtosis

waQ1 0.4522 | 0.0393 | 0.8779 2.75 8.73

WQ2 0.6664 | 0.0442 | 0.9892 2.37 6.96

wQs3 0.6997 | 0.0429 | 0.9600 2.13 5.82
WQ10 | 0.6530 | 0.0423 | 0.9452 2.18 5.54
WQ11 | 0.6443 | 0.0418 | 0.9374 2.15 5.28
WQ50 | 0.6386 | 0.0368 | 0.8221 1.81 413
WQ51 | 0.5943 | 0.0359 | 0.8020 1.97 5.08
WQ100 | 0.6297 | 0.0406 | 0.9086 2.25 6.09
WQ101 | 0.6271 0.0413 | 0.9228 2.34 7.28
WQ500 | 0.6147 | 0.0433 | 0.9680 2.75 9.46
WQ501 | 0.6324 | 0.0432 | 0.9669 2.80 10.25

e Q: Can we estimate first 4 moments?
e A:we can only estimate the 1st moment because no SE are given for
StDev, Skewness, and Kurtosis
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Testing Hypothesis

Hypothesis

0 :E(WQ1) —E(WQ2) = 0
Hy :E(WQ1) —E(WQ2) # 0

Two-Sample T-Test and CI: WQL, WQZ
Two-sanple T fox #01 ve W02
Sthev SE Mean

it s oL S e
W2 500 0l6G6 0089 0.0

Difference = nu (1013 - (WQZ)
Estipste for differsnce -

14z

5% CT for difference: (- P 3303 -0.0981)

T-Test of diffazence = 0 (49 not’=): T-¥alue = -3.62 P-Felus = 0.000 [DF = 058
it 1]

e Reject Hy;
we claim that E(WQT1) # E(WQ2)

W.M.Song £28% Tsing Hua Univ. FEAS Output Analysis - Part | 2015.10.28 11/15



Check The Correctness of Output Data  Find i) s.t.

i, ig ,...inStea e pdf o C a Histogram  Estimate the first 4

Testing Hypothesis

Hypothesis Hypothesis

0 :E(WQ1) —E(WQ2) = 0

Ho: E(WQ10) — E(WQ11) = 0
Hy :E(WQ1) —E(WQ2) # 0

Hy: E(WQ10) — E(WQ11) # 0

Two-Sample T-Test and CL: WQ1, WQZ

Two-canple T for W01 ve WOZ Two-Sample T-Test and CI: WQL1, WQLO
Sthev SE Mean Two-sanple T for W11 ve Q10

wou s o DR o

sz 500 0lgé6 0083 0044 Stbev SE Mean

gL snn n S 03 008
UQI0 500 00653 D845 D42
Difference = nu (1013 - (WQZ)

Estipste for differonce:
5% CT for difference: (- P 3303 .0981) glfferem:? = mﬂfgwﬂll) - 010y
TTest of ditference - 0 (v8 not =): T-Talue = stinate erence

e Reject Hy; .
. e Do not reject H,
we claim that E(WQ1) # E(WQ2) ject Ho
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Estimate the first 4

Flexsim Results: C.I. of E(WQ:

e Data Summary of WQi,i =1, 2, 3, 10, 11, 50, 51, 100, 101, 500, 501

~ Performance Measure Results ozl = Performance Measure Results BICINEN)
war < oSy _v] menBeseden Canece e <) [oomsumary <] Memessedon Contdence

wa1 was0

Mean (95% Confidence) Sample Standard Deviation Min Max Mean (95% Confidence) Sample ShndurdDevlalmn Min Max

Scenario1 037 < 045 < 053 088 0 593 Scenario1 057 < 064 < 071 0 55
waQ2 was1

Mean (95% Confidence) Sample sundardnmamon Min Max Mean (95% Confidence) Sample Standard Deviation Min Max

Scenario1 058 < 067 < 075 0 633 Scenario1 052 < 059 < 067 08 0 569
wa3s waQ100

Mean (95% Confidence) Sample Standard Deviation Min Max Mean (95% Confidence) 5=mpI'Shnd=rdBew=hon Min Max

Scenario1 061 < 07 < 078 096 0 631 Scenario1 055 < 063 < 071 0 573
wQ10 waQ101

Mean (95% Confidence) Sample Shndardnevlahon Min Max Mean (95% Confidence) Sample Standard Deviation Min Max

Scenario1 057 < 065 < 074 0 563 Scenario1 055 < 063 < 071 092 0 667
wa11 WQ500

Mean (95% Confidence) Sample Standard Deviation Min Max Mean (35% Confidence) Sample Standard Deviation Min Max

Scenario1 056 < 064 < 073 003 0 578 Scenario1 053 < 061 < 07 097 0 605
WQ501

Mean (95% Confidence) Sample Standard Deviation Min Max

Scenario1 055 < 063 < 072 097 0 633

e Q:IfWQi,i =1,2,...havethe same first moment?
e A:Hard to tell from the above summary
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Estimate the first 4

Confidence Interval (Minitab)

e Minitab Interval Plot of WQi,i =1, 2, 3, 10, 11, 50, 51, 100, 101, 500, 501

G M ﬂammwc&wwn,woanso,wonwmm,, =Nl a

Interval Plot of WQ1, WQ2, WQ3, WQ10, WQ11, WQ50, WQ51, WQ100, ...
95% CI for the Mean

0.8

f : |
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o

Data

04+

T T T T T T T T T T T
WQI WQ2 WQ3 WQI0 WQIlI WQS0 WQ5S1 WQI00 WQ101 WQ300 WQs01

e It seems that WQ1 is in transient.
e Recall that we delete the first 150 minutes.. - . .5 - =

Dac
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Pdf vs. skewness and kurtosis

o a3 =E(X — /o’ a4 =E(X — p)*/o*
1 1

impossible area

u]
|
1
Il
!

acy
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Practice

e Distinguish 6, C:), and 0. Relate them with today’s lecture.
e Use Excel to check Flexsim Experiment Data Summary (hint: see the
attached excel below)

B c D E F G H I
1 |xbar(3600 min), rep: 50 Seenario L Scenario 2 Scenario 3 Scenario 4 Scenario 5

2 (1) self-coded

3 Mean(X) 10004 09892 05256 067 19784 "B3=AVERAGE(B20:E69)"
4 sdX) 0.06712644 0047885 0.031633 0.024661 0.134777 "BA=STDEV(B20:B69)"
5 se(Xbar) 000949311 0006772 0.004474 0003488 0.01906 "BS=E4/SQRT(S0)"

& 0% upper ci 101601617 100034 0532959 0675737 2.009754 "B6=B3+(1645*ES)"
7 190% lower ci 098478383 097806 0518241 0664263 1.947046 "B7=B3-(1645*ES)"
8 min 086 092 046 062 174 "B8=MIN(B20:B69)"
9 max 116 L2 06 073 235"B9=MAX(B20:B69Y"
10 (@) flexsim provided (NEEFETI{L

11 |Meanty 1 099 053 067 198

12 5d(%) 007 005 003 002 013

13 se(Xbar)

14 90% upper ci 102 1 053 068 201

15 0% lower ci 098 098 052 066 195

16 ‘min 086 092 046 062 174

17 max 116 L2 06 073 235

18

19 [Replication No. Scenario | Scenario 2 Scenario 3 Scenario 4 Scenatio 5

20 1 105 094 051 066 187

21 2 096 106 057 072 225

2 3 102 101 053 067 198

67 48 09 0% 049 088 194

68 49 099 104 053 065 209

69 50 102 Lz o5 07 235
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