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Question # 1:
Consider a car insurance company collected the following report about their clients: -
Male Female
Age | joi# - cm:n el Jpotal# sacidents | Claim Clatm
pergroup | (perclient) | (per client) per group | (perclient) | (per client)

18-28 113. 284 350 9000 312 435 550 7500
28-38-| 258 314 950 13000 271 361 1050 11300
38-48 | 546 395 1300 6500 687 302 1450 9300
48 -58 420 150 2000 11000 348 129 2800 11800
58 - 68 302 145 4000 20000 354 159 3700 32000
68-90 93 23 15000 80000 12 43 21000 65000
Total 1732 1311 1984 1429

Answer the following questions:
1. How to simulate the gender type of the client from the table? Write the algorithm.

E(x)s Z‘mr(x\‘ %L\‘N\ DC \j\Y\i(\b‘(\(Y\ A~

o Refgly e o SIS
X b -+ \ ‘ Meag e fyenn ‘\T@V\&w
‘ ev o= Yo Chbirer
e \p;'.WM C\Oim
2. Give a simulated gender type of thég:clients hsing}the follewing uniform values:
u~UJ0,1] 0.1466 0.7061 .0.8585 0.4944

-

3. Given that you want to simulate the age of a male client between (2;{_3 and 38, what you will do
assuming uniform distribution?\

&EQ@— MQ
Wt(x)= e hegt

\ .
IRUVE A VERA
boen
r‘ ‘
Foo . X—gf_\; —u TV (W) = ulboa) g
4. How to simulatg the exact age of the client from the table assuming uniform distribution?
Write the algorithm.

F’(‘UD = W (\s "u"})‘\‘ CN |
4”%?
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5. Give a simulated exact age (réund to 1 decimal digit ##.#) for 4 clients using the following
uniform values assuming uniform distribution in each category:
u~U[0,1] | 0.5915 0.1998 | —.9780 0.6281

P

6. How to generate the amount of the claim for each client from the table assuming intéger
uniform? Write the general algorithm.

F‘—‘(‘v\\ = L\C\a-—c&) _\o)\
Woryt- ,

7. Give a simulated exact amount of the claim for 4 clients using the following uniform values
assuming discrete uniform distribution in each category:
u~U[0,1] | 0.3887 0.0739 0.9482 | 0.7715

EE TR &

diseyvele A;Qn
Fily=ulhoonx)) &

e
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Question # 2:
Consider an investment wmh atmonthl ,..'L return jon lnvestment. The monthly percentage of return on
investment is a random varlablieX % given by the following probability function:

m _2<\-<4I, I—: ;—2<x<0
f(x)=310" == where £ = _
0, otherwise. % ;0<x< 4
Answer the following: i
1) Write the inverse algorithm for generating the mohthly percentage of return on investment. 2
X l - X <
. X (X«
Foo= jidx——x]:—-xz_‘_ wf .1 _Xx*;  Fo) g > <
. FE o 720 S 20 L t
= O LX «
z y & !
1

A

F(u) = f[/‘l-?ou

2) Using simulation and the following U[0,1] numbers, evaluate the results of the investment"fo.r 6 months
wi_th initial budget of 100,000 SR.

Ren WU X(n) ATn)

1 O- 032 /1833 | 323

2 0139 3ss |/ 2-AUES S o St here
3 0-613 2:524% o- b=

4 o -63} _3-3F )

5 O‘Cbé O - 3L\6

o _

3) From simulation, compute the average and standard dev1at10n of the monthly percentage of return on

investment. A\JCYo\%fc J)( P( x)
'A\\J C‘(O*%E_ = Q

4) From simulation compute the probability that the company will have profit more than 10000 SR per
month.
P ( \( DAL )

5) From simulation output, what is the probability of losing.
\
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Question #3: _

Patients arrive to a hospital's emergency room according to a Poisson process with rate 8 patients per hour.
Patients come in three differenthealth conditions. The patients are categorized according to their condition
as critical, serious, or stable. In the past year, statistics show that:

of the emergency room patients were ¢ritical: and take random amount of treatment oﬁ@é‘
yith parameters o = 2 and A = 0.5 per hour T
30% of the emergency room patients were ‘serious; and take random amount of ‘treatment of
m?ggggr\lentl 1 with average time oiz_._hgurs. e ' .
o) GO il 4 the rest of the emergency roon@atlen_t_._s' Wwere stabile; and take random amount of treatment of integer
e niform betwgen 15 min and 30 min.
After treatment at the'ER, statistics show that: 40% of the critical patients died; 10% of the serious patients
died; and 1% of the stable patients died. ) paten)
Answer the following with True or False: L%\_\—_"T'T: pACCR) A
Tear)| TOANTean) = PATra )
To simulate thq’ER?s_ystem, we have to simulate y_@pe_ndent random processes only:
1. | Patients Arrival Time PAT(n), Patient Treatment Time PTT(n) and Patient Exit Conditions
PEC(n). + R¥ery Guen€ Comdition

2 To simulate the patient's arrival to ER system, we need to use the inverss orm for
"| exponential distribution with meanvalue=1/8. €)= }; =5 YN\ =\/y

3. | The time between arrivals T(n) is simulated by the function: -8 In(1-u) where u ~U[0,1]

ii.

The arrival time of the patient (n) = PAT(n) is equal to PAT(n-1) - T(n). Where T(n) time
between arrivals from simulation. % = > AT(n -1) 4 Ten)

5. Thfa condit'ion of the patient C_P(p) can be generated as a random process wiﬂ@isir’e’tg
uniform with values 1, 2, 3.

To simulate the condition of the patient CP(n), get us ~ U[0,1]: if 0 < u; < 0.1 then

6. | CP(n)=1 (Critical). If 0.1 < u £0.3 then CP(n)=2 (serious). If 0.3 < u <1 then CP(n)=3
(stable)

Patient Treatment Time PTT(n) is a random variable depends on the condition of the
patient CP(n).

If the condition of the patient CP(n)=2 (@ﬁ%@then PTT(n)~DU (15, 30 min); using
discrete inverse method: take uz ~U[0,1] and PTT(n) = 15 + int[(1+30 - 15) uz2] <% obo\@
If the condition of the patient CP(n) = 1 (critical) then we generate the Patient Treatment
9. | TimePTT(n) ~ Er(a = 2 and A = 0.5 per hour) by using inverse transform method

directly. L convlution  Lecomse eawiod) is Suen o €¥Pwnels
It is always possible to use acceptance/rejection method to generate the Patient
Treatment Time PTT(n) ~ Er{a. = 2 and A = 0.5 per hour).

Patient Exit Conditions PEC(n) is also a random variable depends on the condition of the
patient CP(n). ‘ ‘ :

If condition of the patient CP(n) = 2 @&({)}9}’, then Patient Exit Conditions PEC(n) ~
Bernoulli (p = 0.1) with w~U[0,1] If w <0.1 then PEC(n) = Lived, Else PEC(n) = Died

If condition of the patient CP(n) = 3 (stable), then Patient Exit Conditions PEC(n) ~
Bernoulli (p = 0.01) with w ~U[0,1] If w < 0.99 then PEC(n) = Lived, Else PEC(n) = Died
The patient Departure time DT(n) is equal to patient arrival time PAT(n) + Patient
Treatment Time PTT(n). )

e

10.

11.

12.

13.

I I IR G T NS EY R

14.
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Question #4:

An insurance policy pays for the insuredg‘iOOb Sspe_nt admitted in a hospital for up to three days. If the insured
spend more than three days, the insurance company pays300 SR per day for each extra day of hospitalization thereafter. .
The number of days that an insured customer spends in thé hospital, X, is a discrete random variable with probability
function: : e

—

+

(6-k
—, k=12,3,45
PLX=k]=¢15 2345

|0, otherwise.

Answer the following:

1) Write the inverse algorithm for generating number of days for the insured clients
2) Write the simulation algorithm and use the following U[0,1] numbers, give the results for th@lsured clients.

u Days Cost (n) u Days | Cost(n) u Days Cost (n)
0.032 | 1 \o od 0691 3 o050 0823 Y | 3Se0
0138 | 1 00O - 0.006 | 1 \eso 0776 | 3 | 2000
0.623| 3 2 500 0413 | 2 2000 [ 0306 ¢ \oc0

3) Compute the average;,and(s’téndard deviation of amount that the insurance company will pay per claim.
4) Compute the average and standard deviation of number of days that a client spends in the hospital. Seaades
5)¢ From simulation compute the probability that the company will pay more than 2000 SR. de \Verion= ,/\xox )

M) Ex)=2 Kk ) = e
(1) foo=—t oa | T RIS )*Sz( ‘Si\ 5
y Kooyl , = %  vesx) = E'wa.] ,(E(,\)) =
> 4 1 y N
: B o )l )+ (R) 160 Yyas() =1
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A\Ie‘(o‘%c_ e C\ivne A °©

- ¢ T 2
Vo (1) = _(_&;)Sl_:% Lt (1e50- 2055 S6) +3 (3050 - 2055 $6)
n-\ &« 2 Z
T somple ¥ (2000- A0S55.S6) ¢ (3500- 21>SS~56)J
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Question #5: Consider the following are functions in EXCEL.

A~ | RANDBETWEEN(q,b) E | GAMMA.DIST(a,b,c,d) ¥ | RAND(Q)

_—~B | NORM.DIST(a,b,c,d) F | DATA TABLE I/ | BINOM.INV(a,b,c)
C | GAMMA.INV(a,b,c,d) & | BINOM.DIST(a,b,c) X | CONFIDENCE.T(g,b,c)
D | VLOOKUP(ab,c) H | NORM.INV(a,b,c)

—

\('

Read each statement and assign the letter of EXCEL function from the table to the statement.

The Statement

Excel
Function

1. Usedto compute t| ;I; function of the Normal distribution with p=a and o=b at the
value a

B

2. Used to generates random values from relative frequency table.

3. Used generate integer random values with equal distributions between (a) and (b)

AV including the (a) and (b)

4. Used to generate random values from Exponential distribution

5. Used to compute the upper limit of the @E;evinterval from sample

» 6.w(8?__¢$lrate integer random values with-equal distributions between (a) and (b)
witho e (a) and (b)

7. Used to‘@enerate random values from Erlang distribution

8. Used to compute th@function of the Gamma distribution at the valuea -

9. Used to compute the CDF function of the Normal distribution with p=a and o=b at the
value a

10. Used to Generates random values from Gamma distribution

Oomb>K0>H

11. Used te generate random values from of integer values (a) to (b) with different
probabilities

-

M

12, Used to compute the CDF function of the Gamma distribution at the value a

13. Used togenerate continuous random values between a and b withﬁn.iform distribution >

14. Used to compute the PMF function of the Binomial distribution with value a

15. Used to run the simulation model for many times and record the measures from every run

£

16. Used to compute the CDF function of the Binomial distribution with at the value a

17. Used to compute the CDF function of the Exponential distribution at the value a

~| 18. Used to generate random values from standard dewviation

19. Used to compute tha( CDF}fungtion of the Erlang distribution at the value a

20. Used to Generates random values from normal distribution with mean b and standard
deviation ¢

21. Used to generate continuous random values between 0 and 1 with uniform distribution

22. Used to compute Za/z ©

23. Used to compute the lower limit of the confidence interval from sample

24. Used to generate random values from binomial distribution

25, Used to compute the half width of the confidence interval from sample

zuKhHimimQ{J O[T
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Question #6:

Sustomer arrive to a car repair station for maintenance according to a random process with time
between arrivals (in hours) follows Erlang distribution with parameters r=2 and A = 0.5. The arriving
cars come to a single repairman to perform the maintenance. It is assumed that the repair time (in
hours) follows a random time that follows a Weibull distribution with parameters a. = 2 and f=3. The
cars are repaired according to the order of their arrival. The repair station has a space that can hold

WS The following data was collected.

Define all the variables and random process and the logic of the system T R (n) / AT( n )

raw the flow chart for the system for simulation of 10 cars.
3. Complete the results of simulation in the table below? Use uniform values as needed starting from ur_

time btwn | Arrival Service ( start\ Wait? Waiting idle
car# cars Time time time {0/1) Time Exit time Time
Uz 0.164 0.092 0.588 ¥ 0.608 0.094 0.722 0.260
uz 0.938 0.412 0.879 0.138 0.018 0.371 0.247 0.138
115M 598 | \At(sqq]| © o [ 3-axn] VA
Ui 0.129 0.874 0.841 0.308 0.165 0.136 0.368 0.308
uz 0.355 0.992 0.690 0.040 0.661 0.904 0.308 0.040
2 | VS | Fo8y 245 [F.334] A o3+ [\o.289| 2-4S
Uz 0.130 0.371 0.220 0’.090 0.927 0.680 0.032 0.090
uz 0.012 0.563 0.668 0.262 0.416 0.607 0.737 0.262
3 [©-3026] +3H[ 126 [loei| 1 [2-908] [1.58[\25
Uz 0.999 0.176 0.429 0.131 0.830 0.371 0.362 0.131
uz 0.020 0.071 0.079 0.221 0.891 0.190 0.067 0.221
4 | nglu3ile 2. | o o | 228 \.6%
ujp 0.840 0.021 | 0.492 0.843 0.428. 0.062 0.112 0.843
uz 0.128 0.137 0.340 0.038 0.446 0.848 0.944 0.038
5 | 3-9%] 2543 V-3S| 2s.i3| o o |2642] \.35
Uz 0.584 0.211 0.855 0.344 0.844 0.296 0.311 0.344
uz | 0.577 0.647 0.659 0.850 0.977 0.558 0.646 0.850
6 | 3-upy|28-4| 2494 | 2% o 2 31-13] 2.44
Uz 0.684 0.815 0.407 0.053 0.072 0.969 0.442 0.053
Uz 0.305 0.682 0.212 0.045 0.783 0.014 0.076 0.045
7 303 |37 [1-6) [316F |0 o) 3328| A-6)
Ui 0.318 0.117 0.843 0.614 0.217 0.009 0.532 0.614
uz 0.716 0.408 0.439 0.874 0.429 0.332 0.287 0.874
8 | 329 [34y.45[2.45 |344S| o | 2 3F49[2.4s
Ui 0.108 0.034 0.028 0.328 0.325 0.243 0.825 0.328
u; 0.532 0.833 0.628 0.280 0.144 0.157 0.131 0.280
9 | \-34 |3€-69|0 6! |34 \ | o3 | 38w} |o-€)
u; 0.918 0.115 0.798 0.260 0.960 0.750 0.268 0.260
uz 0.835 0.991 0.569 0.823 0.056 0.603 0.848 0.823
10 | &.¢sl syl 2-3394s.2al o | © [H4F6L|2%)

4, From the simulation run, what is the percentage of customers who wait in line? =

STV WT ), T (W)

ET CY\\ ‘

F Cuskomey UC“

5. What is the probability that the repairman is IDLE during the simulation Time? Kot @Rfue
6. What is the average waiting time in line? = wostirh Wt - _3_
Toted Yime \¢&
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