Homework 1 : Generalized finite-Sized
Queuing Situation

. Construct the state transition diagram
. Setup the set of possible number of Customers(n) might be exist in the system ol
. What is the average customer’s arrival rates; A0, A1, A2, A3,...An-1. :
. What is the average customer’s servicing rates; pul, u2, p3, ... un. ~/
. Compute the steady-state probabilities; PO, P1, P2, P3, ... Pn.
. What is the steady-state probability of having 0 customer in the store
. What is the probability that the store is empty of customers
. What is the probability that the store is full
9. What is the probability that newly arriving customers balk to other store.
10. What is the average number of customers in the system
11. What is the average number of customers Waiting (Queuing) in the system (Lq)
12. Average Expected number of busy counters
13. Average facility utilization
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ISteady State Measures of Performance

« Performance measures are derived from the steady state probabii
of n cugtome_ers)in the system, (p, ) (formulas independent of the
ne

Little’s J
L, i 7 L=

Ay =—2=L_ =AW, ¢ = % g
“f

M. 1 the effective arrival rate,

n=c+l1

M. = A, when all arriving customers can join the system
A <A If Some customers cannot join because the system 1s full
[Expected Waiting time in system]

W =Wq+—1— s q
f i
y) Facili C
z;=Ls_'Lq= “ p:( il l.y)zg
)7 — \Utilization) c

-
L3
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Steady State Measures of Performance

e

1. Line length

e

« Expected Number of customers in the linge

q

i~ —

Number of customers in system L _

Expected Waiting time in Queue Wq

Expected Waiting time in system W
Expected number of busy servers

5. Service facility utilization 0 =

Calculations of the Above Depends on the Queue Model | -

Independent of the queue discipline
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’ Single-Server infinite-Size Poisson Queuing
Situation M/M/1:GD/x [«

Poisson arrivalrate 4
Poison Procesingrate u
Single server

m—

E PP
p
7

Average number of customer in system: L, = ——
p
pz
Average number of customer inqueue: L = e
E
Lo WP o 1 1
Average waiting time in system: W, = —= = =
i ull-p) w4
Average waiting time inqueue: W, =W - 1_u.
u ul1-p)

Average number of busy servers:c=L,— L, = p
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' Single-Server infinite-Size Poisson Queuing
Situation M/M/1:GD/ [«

Automata car wash facility operates with only one bay. Cars arrive
according to a Poisson distribution with a mean of 4 cars per hour and
may wait in the facility’s parking lot if the bay is busy. The time for
washing and cleaning a car is exponential, with a mean of 10 minutes.
Cars that cannot park in the lot can wait in the street bordering the wash | =
facility. This means that for all practical purposes, there is no limit on the
size of the system. The manager of the facility wants to determine thej =

size of the parking lot. - ;
/=4 cars/hour o= in 6 cars/hour —z 0.66667

—

; __P _ 066667
ST 1-p 1-0.66667

00T | 22222 car
9= 7-0.66667

o 1
2 u1-p) 6-4
.l 0.66667

B a(T-p) 6(1-0.66667)

=2.0Car

W, = =0.5 Hour

=0.33333Hour
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’ Single-Server finite-Size Poisson Queuing
Situation M/M/1:GD/N /<

—

Poisson arrival rate A
Poison Procesing rate u L ‘Q)ﬂ((‘
'W)i%servers C :1 M: U\> wx<‘\/6 @(D\Qg\l
P=m=
u

roHFAAR N

0
n

shaahilicticne ration R

p[1-(N +D)p"+ N p**]
A-p)1-p"*)

N o E
Average waiting time in system : W = —2 ?!
s vaiing tme nsysem W, - Vgt At

e

Average number of customer insystem: L=

p£l

A
- : - ef AL
Average number of customer in queue: L =L - Mooy =KD

: ; Aotoly N

- =Ml - py)

Average waiting time in queue: W_ =

Average number of busy servers :c=L_—L_
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' Single-Server finite-Size Poisson Queuing

Situation M/M/1:GD/N /«

Consider the car wash facility of last example . Suppose that the fcility '-':{J

has a total of 4 parking spaces. If the parking lot is full, newly arriving}
cars balk to other facilities. The owner wishes to determine the impact of |
the limited parking space on losing customers to the competition. '

Poisson arrival rate L. =4 , Poison Procesing rat&p =0
multiple servers ¢ =1, Source lmit441=35 p=—= . =0.666
1

%U3+em = =
kejf =A(1- pzs) =4(1-0.04820)=3.80752

) |
oA _1.42256 > '8(;75 2 0.78797
i

L, 0.78797
Ay 3.80752

Average number of customer in queue: L =L -

=0.20695

vaiting time 1 - W, =
Average waiting time n queue : W,

Average number of busy servers : c= L,—L,=0.666
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Single-Server finite-Size Poisson Queuing
Situation M/M/1:GDI/N /«

Consider the car wash facility of last example . Suppose that the facility |-
has a total of 4 parking spaces. If the parking lot is full, newly arriving
cars balk to other facilities. The owner wishes to determine the impact of
the limited parking space on losing customers to the competition.

Poisson arrival rate A =4 , Poison Procesing rate pn =6

multiple servers ¢ =1, Source limit4+1=5=N p=—= % =0.6667

N i e =) : _—
B ¥ X' [ YN X~ 52 1 / ‘—v' ~4 A
A UL O SEINE-S G Cligei

A
u
_pI-(N+1)p"+Np™™]
1-p)A-p*™)

Average number of customer 1n system: L_= p#£l

e @'b.’: .

f

~0.667[1—(5+1)0.667° +5(0.667)"']
: (1-0.667)(1-0.667°"")
1 42256 1.42256
p.)  4(1-0.04820)

=1.42256 car

 (1-0.667)0.667°
1-0.667""
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M/M/1 :GD/oo/oo/

M/M/1:GD/N/eo |

2 car

1.423 car

1.333 car

0.788 car

0.5 hour

0.37 hour

0.333 hour

0.2 hour

0.667

0.667
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Multi-Server infinite-Size Poisson Queuing
Situation M/M/c:GD/x [«

In this model there are ¢ parallel and identical servers. Assumej =
Poisson arrival rate A and Poisson service rate p. There i1s no limitf =
on the maximum number of customers in the system therefore A =
Aeftf. For this model 4, , p, and y,, are defined as: o

i }
‘ v -
ond ._1_.“\,__ ,“. LA+ | e B

n u n<c A

, Hy = , P=— s

cu n=>c 1 o
Substituting 4, , p, and ,, in the general form of P, ‘%5
) 3
n-1/vp-2---"V9 Pojforn: 1’2’””and ud—OPll = | %

\ pn“n—l””pl ) T
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Multi-Server infinite-Size Poisson Queuing
Situation M/M/c:GD/x [«

We get

c+1

L, =g(n—0)p,, ¥ 2

c—1)Y(c—p) "
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l

Multi-Server infinite-Size Poisson Queuing
Situation M/M/c:GD/x [

- 14 n
/ A

PIETY ) B L

Next we compute p, when {(p/c) <1}

c—1 n c o n—c | ;/]
! ! ¢y
g n=0 M- Ceo u=c\C 1 ""‘ |
r 3 -
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Multi-Server infinite-Size Poisson Queuing
Situation M/M/c:GD/x [«

A community is served by two cab (Taxi) companies. Each company
owns two cabs, and the two companies are known to have equal
shares of the market. This is evident by the fact that calls arrive at
each company’s dispatching office at the rate of eight per hour. The |
average time per ride is 12 minutes. Calls arrive according to a
Poisson distribution, and the ride time is exponential . The twoj -
companies recently were bought by an investor who is interested inj =

T Y'J !/ ¥ - . | Y 1 4 o+
ra [ : N ' N fl " r 1 o : )
o 4 T LIUNIO NEaoC U

consolidating them into a single dispatching office to provide better|:
service to customers. Analyze the new owner’s proposal.
Cabs = servers cab ride = the service J
each company is (M/M/2: GD/ /= [~) with A = 8 calls/ Hour ;:
u =60/12 = S ride per hour =
Consolidation (M/M/4: GD/ I~ |») with A = 2* 8 = 16 calls/ Hour }"

U =60/12 = 5 ride per hour

Prob
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Multi-Server Infinite Size Models
(M/M/2):(GD/= /- )Models
Poisson arrival rate A = 8 Poison Procesing ratept =5

b s
B D

multiple servers c=2 p 1.6

0" _ 16(0.111)
e-1e-pF " -1)C-p)

. L, 2.844
Average waiting time in queue: W = — = = 0.356 hour
A 8

L 1 1
Average waiting time m system : W, = W _+—=0.356 + P = 0.556 hour
u s

=2.844 Calls

Average number of customer in queue: L=

e

Average number of customer in system: L_=W_A=(0.556)(8) = 4.444 Calls
Notedthat L, =L _+p=2.844+1.6 =4.444 Calls

cO

l'!"'"".

ISt

and c=L.-L =p=1.6

r

bil,

Probab

e ) ————y | e

(1.60 1.6‘J 1.6°
- -
0! 1! 2!

\
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Multi-Server Infinite Size Models
(M/M/c) : (GD/ oo [ )

Scenario Lambda Mu Nbr. of Servers System Limit Source Limit

2 I X T] 5. 00 4] __infinity) ______infinity

Comparative analysis

Scenario C ambda Mu L'da eff p0 Ls Lg Ws Wq
1 2 8.000 5.000 8.000 0.111 4444 2844 0.556 0.356
2 4 16.000 5.000 16.000 0.027 5586 2386 0.349 0.149 |
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Multi-Server Infinite Size Models (M/M/4):(GD/e /o)

Poisson arrival rate A =8x2 =16 Poison Procesing rate pt =35 J K
; A 16
multiple servers c =4 p=—= hn 3.2
1L
. i 3.2°(0.027) )
Average number of customer in queue: Lq = — Dy = =2.386Callg .~
(c-1c-pf " (4-1)(4-32) ~;
. L. 2386 ~
Average waiting tune in queue: W_= 3 = T = 0.149 hour ]
LA 1 1
Average waiting tine mn system: W, = W _+—=0.149 + p = 0.349 hour 2
H - 3 .3
Average number of customer in system: L_=W_A =(0.349)(16) =5.586 Calls D)
Noted that L, =L_+p=2.386+3.2=5.586 Calls / 5 L‘g‘
2 & Mﬂ
and c=L,-L =p=32 u
‘ ( 7 ( W1 - Q
o ol 1 320 32" 320 32°) 32| .8
Po=1D,—+ | _J(32 32 327 32°) 3. - =0.027 SIS
el o, P 0! 1! 2! 3! 4! { 32 N
k L Y b % 4 ) Q.
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Multi-Server finite-Size Poisson Queuing
Situation M/M/c:GD/N [«

(M/M/c: GD/ N /o), ¢ < N. This model differs from that of
(M/M/c: GD/ oo /o0) model in that the system limits is finite and
equal to N. this means that the maximum queue size is (N-c).

Ay 5 P> 4, and for this model are defined as:

_ﬁm 0<n<N
H =

n=>N Cu n=>N

Substituting Az , p, un and in the general form of P,

n-1

E

n

[xx A

2 ]PO, forn=12,....
p‘n“n—l""pl
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Multi-Server finite-Size Poisson Queuing

s re<n<N

where/p, =1

(

f
o 1

c—-1 _n
P
e
.

Next we compute £, = > (n—c)p,

c+l

p

(c—1)!(c

__.ID)3 )

n=c+l

p'(N—cYN—-c+1)

2c!
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N—c+l N—c)
) _(N -—c+1(1—£1£) L,
C C
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Multi-Server finite-Size Poisson Queuing
Situation M/M/c:GD/N [«

Arrival rate = A Servecing rate = u

servers =¢

~—

arnte P (T Y e |
RS [MES@2Ea

Ly P i

:Ic.'}

"'I'—'\)
‘..\/

(L
L J
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Multi-Server finite-Size Poisson Queuing
Situation M/M/c:GD/N /=

In the Consolidated cab company (M/M/4: GD/ oo /=), suppose that the |
new funds cannot be secured to purchase additional cabs. The owner|
was advised by a friend that one way to reduce the waiting time is for the |
dispatching office to inform new customers of potential excessive delayj =
once the waiting list reaches 6 customers. This move is certain to getf
new customers to seek service elsewhere but will reduce the waitingj
time for those on the waiting list. Investigate the plausibility of the friend’s |
advise |

(M/M/4: GD/ N /=), with A = 2* 8 = 16 calls per hour
M =60/12 = 5 ride per hour

C =4 Cabs
N=6+4=10

(M/IM/4: GD/ N /),
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Multi-Server finite-Size Poisson Queuing

‘ A =16 Calls/Hr, usjt!\'lﬁ»ﬂ OQNM!MIQJG-—D_JN IOO

L - ,fl—[”] i —(10-441)(13'213'2] - 1(0.03121)
T@-nE-327 | (4 4 A48

1.15421 calls
(

i

"L.""' R . gotie '1'..‘ A ., e . ":
i SRR Jogre rFou 8Tyl
J”Jfﬁ,,- LUl U N Vsl

"y
fos ]

LR
)|

3.24{1 —(
4-1 3.271 . L 1.15421
f =, - 5

= 4,(1_33 Ay 15.42815
4

=0.07481hr,

i

o

el

S 'r—

5

L.

Aoy =16(1-0.03574) =15.42815, p,, =+

o= (0:03121)=003574,  4<10<N =10

ﬁmﬁﬁ@

W, =0.07481 +% =0.27481hr, L =(0.27481)15.42815 =4.23984 calls,

r‘l

Proba

A,
Ao =A py =0.57184, 3.08562, L,=L_+p.—ISISANE 5f=4.23984
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Multi-Server finite-Size Poisson Queuing

Situation M/M/c:GD/N /e

QUEUEING OUTPUT ANALYSIS
‘rSelecl Output Option

Scenario 2:(M/M/4):(GD/10/infinity)

Title: example 156 6 page 588

Lambda=  16.000 Mu = 5.000
L'da eff = 15.428 Rhoic = 0.800
Ls= 4.240 Lq= 1.154

Ws = 0.275 Wq = 0.075
Probability, pn  Cumulative, Pn Probability, pn  Cumulative,Pn §f
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' Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

= A shop with K machines. When a machine breaks down, one of

R repairpersons 1s called upon to do the repair.

o {18 <n<
= The rate of breakdown per machine1s 7 = (K-n)2,  o<nsK
7 0, n= K

/ breakdowns per unit time, and >
ntl, o<n<R

Ru, REp=

= A repairperson will service broken 1 =i
machines at the rate of # machines per unit tim

= All breakdowns and services follow the Poisson distribution.

= The source in this model is finite (K) because only machines in
working order can break down. Once all machines are broken.
no new calls for service can occur.

= |n terms of the queuing model, having n machines in the system
signifies that n machines are broken out of K.
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- Machine Servicing Model—(M/M/R):(GD/K/K),

R<K
C'p"p., o<n<R
X K!
Pn = K an Cn =
c p., R<n<K n!(K —n)!
" RIR™™
([ R HIPH e
p.= ZC 4o z C
\_n=o n=R+1 /
K
LS =Z"Pn
Ay =MK-L,)
2 L
Little’s formu[a Ws = ——
lfﬁ

Wq = Ws - l, and Little’s formula Lg = A eﬂqu
7
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Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

Toolco operates a machine shop with 22 machines. On the
average, a machine breaks down every 2 hours. It takes an
average of 12 minutes to complete a repair. When a machine

breaks down, one of four repairpersons Is called upon to do the
repair. Both the time between breakdowns and the repair time are
exponential. Toolco is interested in analyzing this situation and

knowing the number of repairpersons needed to keep the shop|
running “smoothly.”

A =7 = 0.5 breaks down per hour

M =60/12 =5 breaks down per hour
System limit = K = 22 machines
Source limit = K = 22 machines
R=1,2,3,4.

(M/M/R: GD/ K /K),
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’ Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

8388883@ °83888838883

1)0.5. 0<n<22
WhenR =4 )_=1 1ap. I .and p_
10. n>22 |4p

Py

-0

\
|
/ \/ \ \
P4=(11]10.5][10 I(Q.SJPG — P, =0.1199

1110510V 9.5Y9.0Y 8.5) 2.0Y1.5°
P::= ! J | S il — _]Pﬂ
SRR IO NISA 20 A 20 A 20 ) 20 A\ 20
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Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

88833883° °88888838883

20 20
22-n)0.5, <n<22 5 0<n<4
WhenR =4 A = ( B .and pL_ . 5
0. nz22 [4;1 4<n<22
P, =P, =(0.1199)
1
P, = (%?(011991 0.2638
\
P..=[11{10 }(01199] 0.2770
WL 5 10
P, =[“ }(lﬂ‘s){m]{o.nggho.lm?
5 L 10 \15
11Y10.5Y10Y 9.5 K
P"—[EI 0 }{15[20}(011991 0.0877 ;11pﬂ anﬂ =1
5 (
P. =[EI&}(E]{9 5} 2 0‘{0 1199)=0.0395
> \S5A 10 A15A20 A2
(11Y10.5Y10Y 9.5y 9.0Y8.5) (2.0Y1.5
P....=L 1](1 ][ J( J[ 0)— ......... (291 1-9)0.1199)~ 0.0000
“ \LsA10 AisA20A20 A 20 120X 20
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n 0 1 2 3 4 6 7 8 9 0 1 12 13 14 15 1% 17 18 19 20

X 11 105 10 95 s | ss | 8 | 7 7 65 6 | ss 5. I &% 1.8 35 3 25 2 1.5

™ / 5 0 15 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 220 | 2 | 20 | 2

p.  0.1199 0.2638 0.2770 0.1847 0.0877 0.0395 00168 0.0067 0.0025 0.0009 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.0000 2.2000 2.3100 1.5400 0.7315 0.3202 0.1399 0.0560 0.0210 0.0073 0.0024 0.0007 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

swaiting 0 0 0 0 0 1 2 3 5 6 7 3 9 0w 1 @ 1 "HWEAE HE

A 9.9499

L, 2.1002 W, 02111

lqg 01102 wg 0.0111

Took o operates 3 maching shop with 22 machines.

On the sverage, @ machine breaks down every 2 . {{I-n}ﬁh o=m=K
Bowrs. It takes an average of 12 minutes to complete | /g = >

a regair. When a maching breaks down, one of four 0, nz kK

Hine between bieakdowm and the repair Lime aie
exponential. Tooko it mterested in analyting this

situation and knowing the number of reparperiont
nceded 10 keep the thop running “smoothly.”

mhm“uﬂuﬁmﬁ.lﬂ‘u‘_{#h o<n<R

ul REmEK

¢ Lambda Mu L’da eff p0 Ls Lg Ws Wg

4 0.500 5.00 9.9500 0.1199 2.1001 0.1102 0.2111 0.011l

2023-04



n 0 1 2 3 4 3 6 7 8 9 16 17 18 19 20
A, 11 10.5 10 9.5 9 8.5 8 1.5 7 6.5 6 5.5 5 4.5 4 3.5 3 2.5 . 1.5
Ho

/ 5 10 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

p. 0.1078 0.2371 0.2490 0.1660 0.1051 0.0631 0.0357 0.0191 0.0095 0.0044 0.0019 0.0008 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0000 2.2000 2.3100 15400 0.9753 05852 0.3316 0.17¢9 0.0884 0.0413 0.0179 0.0072 0.0026 0.0006 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.1078
¥ waiting © 0 0 0 1 2 3 1 5 b 7 8 9 10 11 12 13 14 15 16 17
A 9.7666

L 2.4668 W 0.2526 R=3

Lg 0.5132 Wq 0.0525
Tooko operates a machine thop with 22 maechines.
On the sverage, a machine becaks down every 2 {t"ﬂv

o<m=k
0, n- K

howrs, it lakes an average of 17 minutes to
complete a repair, When a machine broaks down,
one of four repairpersond i called upon to do the
repsir. Both the time between breskdowns and » ©=m=Rk
the repair time are exponential. Tooko i - ? R<m<K
interested in anslyzing this dtuation and knowing
the number of reparpersom needed to keep the
shop running “smoothly.”

TORA comparative analysis output for Example 18.6-8 (file toraEx18.6-8.1xt)

Comparative Analysis

Lambda Mu L'da eff p0 Ls Lg

0.500 5.00 4.9980 0.0004 12.0040 11.0044
0.500 5.00 8.8161 0.0564 4.3677 2.6045
0.500 5.00 9.7670 0.1078 2.4660 Uy o128
0.500 5.00 9.9500 0.1199 2.1001 U. 1LLUZ




Machine Servicing Model—(M/M/R):(GD/K/K),

Comparative analysis

Scenano L'da eff Ls Ws
1 . . 4.99798 ‘ 12.00404 / 240178
2 { 8.81616 A 4.36768 . 0.49542
3 . 9.76703 ' 246593 0.51257 0.25247 A
4 9.94995 . 2.10010 0.11015 0.21107 0.01107

| Availablemachines- Brokenmachines 22-Ls
Machinesproductiv[y = x100= x 100
Availablemachines 22
Repairperson, R 1 2 3 4
Machines productivity (100%) 45.44 80.15 88.79 90.45
Marginal increase (100%) - 34.71 8.64 1.66

i 2023-04
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Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

ForR=1,K =22,n=o0,1,2,...... 22,1=0.5,p.=5,:> p = 0.1

/ R -9 St e
lp l
- x N u = = 0y N0
p. (St 3 ert ) - Serp s Ser 2
\ n=o0 n=R-+1 /
( ! | 2 A\
=y f ., 0lo.1 ., 110.1 - 2100 . 2200 \)
=|\Ep +tCp +|C —+C — - +C —+.... S CE.
g \ ih 1h 1h 1h 7

= (3.2 - 2471.84)_‘ = 0.0004

K
LS n Z“pn
Ay =MK-L)
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,' Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

PO K=o h—0,1.2,.....22,A=0.5,1. =5,—> p = 0.1

p, = 0.0004

GSpap. o<n<R
e e K — K!
R . R<n<K " n!(K—n)
P RIRY
22!
p.=C oa (0.0004) = 0.00004 C = = 22
11(22—1)!
., 2loa B 22!
Py —— (n.unn4) = 0.0018 C, = = 231
gEas 2!(22 — 2)!
., 22l0.0" B 22!
pr=C — (0.0004) — 0.000045 C. = =
1 22!(22 — 22)!

Prof. Dr. Mohammac¢ Oo, AL-Tahat Industrial Engineering Depart 2923'0



’ Machine Servicing Model—(M/M/R):(GD/K/K),
R<K

Pu — 0.0004,p1 — 0.00004

IIIII

K 22

L, = Z np_ = Zopu +...22p, =12.9984

n=o n=o

-A'c_ﬂ' = MK —L,)=0.5(22-12.9984)= 4.9980

L .998
W, SHEs 0 4=2.40
)‘r.ﬂ' 4.9980
1 1
Wﬁl =W, —— =2.40—— = 2.2
K 5

Lq = wacﬂ = 2.2X 4.9980= 11.0

Prof. Dr. Mohammad D. AL-Tahat

ForR=1,K = 22,n=0,1,2,......22,A=0.5,0 = 5, p = 0.

P22D — 0.000045

| 2023-0¢
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Toolco operates a8 machine shop with 22
machines. On the average, 8 machine
breaks down every I hours, It takes an
average of 1] minutes to complete a
repair. When a machine breaks down,
one of Towr repairpersons is called upon
to do the repair, Both the time between
breakdowns and the repair time are
exponential. Toolco is interested in
analyzing this situation and knowing the
number of repairpersons needed 10 keep
the shop running “smoothly.”

[
1 0055022

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

54

(g

1010 10000 100

22

251
1540
7315
26334
746132
170544
319770
497420
£46545
705432
626626
497220
315770
170552
74613
26334
7315
1540
231

22

1

0.1000
0.0100
0.0010
0.0001
0.0000
0.0000
00000
0.0000
0 0000
0.0000
0.0000
0.0000
00000
00000
0.0000
00000
0.0000
0.0000
0.0000
0.0000
0.0000
0 0000

462000
9.24000
1755600
3160080
53.72136
8595418
12893126
18050377
234 85490
281 58528
309.74527
305.74847
278.77002
223.01602
1561111
93.66673
46833356
18.73335
5.62000
1.12400
011240
247184

00004040 120032 4.9984

0 000002
0.0018666
0.0037333
0.0070932
0.0127678
0.0217052
0.0347283
0 0520925
0.0729295
0.0s48084
0.1137700
0.1251470
0.1251570
0.1126323
0 0201059
0.0630741
0.0378245
00189222
0.0075689
0.0022707
0.0004541
00000254

When changing the value of R
in cell 05, itis necessary to
adjust the calculations for
column R, column S, and
columnT

2023-04
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