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Definition of Simulation Simulation via Excel Homework

Simulation

Definition of Simulation
mimic, pretend to be, act like,...[8#¢, O &

Motivation of using Simulation
e if a problem cannot be solved analytically

e if the numerical approach is difficult

e we should try simulation approach

e Distinguish three approaches: analytical, numerical, and
simulation
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Definition of Simulation Simulation via Excel Homework

Ex 1. Integration, 8 = [ 3x2dx

Analytical Simulation

o 0= f023x2dx =x’p=8

0 = E(G(x)), G(x) = 6x2,x ~ U(0,2)

Numerical sum=0

do10i=1,n
u~u(0,1)

x =2u

y

g=6x2
10 sum=sum+g

A

6=sum/n

o v

X
2

e Discussion: advantages and disadvantages of 3 approaches
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Definition of Simulation

Ex 2. 0 = P(current flows)

B e Find: & = P(Current flows )
e Current flows (ER&38) if the

— A switch is "closed”

e Given: P(A) =0.8,P(B) =

D 0.9,P(C) =0.7,and

P(D) =0.6
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Definition of Simulation

Ex 2. 9 = P(current flows) (Conti)

e Analytical Approach: (Probability)
6 = P(AND)UANBNC))
= P(A)P(D) + P(A)P(B)P(C) — P(A)P(B)P(C)P(D)
if A, B, C and D are independent
e Simulation Approach:
kount=0
iseed = 123456789
do20i=1,n
A=B=C=D = false.
if( rand(iseed) .It. 0.8) A = .true.
if( rand(iseed) .It. 0.9) B = .true.
if( rand(iseed) .It. 0.7) C = .true.
)

if( rand(iseed) .It. 0.6) D = .true.

if( (A .and. D) .or. (A. and. B. and. C)) kount = kount +1
20 continue

6 =kount/n
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Definition of Simulation

Simulation via Excel

Ex 3. Physical Exam. (PE) Service
(midterm Exam.)

PE Framework

PE Service

* X-Ray

Finite ¢ Ultrasound

Calli Patients Registrati Patients
alling = egistration e e
Population ELIIVE * Blood Draw Discharged

o Electrocar-
diogram

e How do we increase the efficiency of PE system?
e Can we obtain the optimal Doctor’s inquiry starting time?
e Can the above problem be solved analytically? or numerically?
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Definition of Simulation Simulation via Excel Homework

Tasks on Simulation

IEHS Figure of Basic Tasks

e Basic Tasks
. [ Random Numbers }
- Input Analysis Input T
. Analysis X
_ Modelllng [ RandoleanabIes
- Output Analysis z\ll:\lc;i(;lm)g[
e Advanced —
. i . ‘ Outputs ‘
- Simulation Design I
(Variance Reduction) Qutput | Statistics |
- Metamodeling nevse !
- Simulation Optimization J Performance Measures ‘
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Definition of Simulation Simulation via Excel

Ex: Flipping a Fair Coin

Flipping a fair coin, estimate 6: the probability that showing "Head”

Analytical Simulation via Excel

o Notations: e Random Numbers: rand()
o Sample space S e Outcome: 15{ 0: = IF(B8<0.5,1,0)
e event that showing "Head” E ° EstimatorC:), estimate 0:
e 6 =P(E) =AVERAGE(C8:C1007)
e Compute: P(E) =1/2 e Replication: Press F9 n = 10 times
e Formula: P(E)=(no.inE)/ (no.inS) | e Standard error: se(d) |

e Discussion
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Definition of Simulation Simulation via Excel Homework

Ex. Monty Hall Problem

B=BPIEMRE, —EPFIPRE—BFIRBAE, HtMEFIR2EER. R
BER, EFAITREP—BIRBPRRZBRNPI, WAEBFIMRIF—RX
B, RO LURZIRPI AP, ARIMBZFMRPY, SRR ESD?

Analytical Appro. |
o S={@i,j),i=1,23,=12,3}
o E=[SRERBDE| DB

o ={(1,2),(1,3),(2,1),(2,3),5,1),(3,2)},
—HB 6 BELRR

o STEL:P(E)=6/9=2/3

Analytical Appro. Il
o S=1{1,2,3}

o F=[5H—RF:BDERENPI] IS4
e P(E)=P(E| F)P(F)
+P(E| FOP(FC)

=(0) (1/3) + (1) (2/3) = 2/3

e Discussion: £3& "S28, #MREHRBHT2RIE. p. 55, 68"
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Simulation via Excel

Monty Hall (MH) Problem: Simulation

simulation approach via MS Excel.

e Door-Prize: "=IF(A13<(1/3),1,IF(A13<(2/3),2,3))"

e Initial door Chosen: "1”

e Door MH chooses: "=IF(B11=A11,IF(RAND()<0.5,2,3),IF(A13=2,3,2))"
e Policy: no change: "=IF(B11=A11,1,0)"

e Policy: change door: "=IF(IF(C11=3,2,3)=A11,1,0)"

e ©: estimated P(win, no change)=AVERAGE(D13:D1012)

A

o se(®):

e Discussion: (1) Two analytical approaches, (2) Analytical vs. Simulation
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Homework

Homework

1. Review Probability distributions and use Excel to generate some
random variables such as Uniform, Exponential, Normal, Weibull
U(0,1): rand()
Normal (i, o) x = norm.inv (rand(),t , o)
Exponential (A): u = 1 — exp(—x/f)
Weibull (¢, 8): x = —BIn(1 — u)
2. Apply analytical and simulation approaches to solve the following
problems
e (a)Obtaing = [ 5x3dx
o (b)IRB=WEE, —MWRAEN—IE—KR, —WRAWMAELE, —
WRMBSER, EEEEBE—W, LIRA/EE, AIS—BHEE
EHEERQ?
e (c) Discuss two analytical approaches and simulation
approach for Monty Hall Problem.
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