Multi-Stage Models
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e Stages

- Process

- Simulation

— Control




Review (2)

2 J2C+2-2
_j.E[S].[HCZ [S]NU C ]
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Serial Processes (1)

o ldea from two-stage processes

WS #1 WS #2

CT;, #CT, +CT,

CTTotaI — CTl + CTZl
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Serial Processes (2)

e Calculation of C?[A]

WS #1

C’[A]=CZ(2)=C}(1)
- Buzzacott and Shanthikumar (1963)

C:)~=(@A-U*-CZ()+U?.C’
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Serial Processes (3)

e Estimation of C2(1)

- GIG/1
C:)~=(@A-U*-C2()+U?.C’

+U2.C52+ C_l

Je

A
Where, Y~ c-u

C2(1) ~(1-U?)-C2(1)
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Serial Processes (4)

e EXxpansion to general processes
- Given Data

WS #1

E[S,] E[S;]
C:(2) C.(3)
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WIP, . =7

Sys

=CT, (1)+CT, (2) +CT; (3)




Serial Processes (5)

e Cont’d, #1 machine

CT,, =[CT. ) +CT, (2)+CT, (3)

Sys

1

2 2 J2Cc+2-2
ETET——

Where, U;=4-E[S]
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Serial Processes (6)

e Cont’d, #2 machine

CT,. =CT, (1) +CT, (2)+CT, (3)

Sys

209\ | 2 J2C+2-2
) 7

C2(2)=C2(1) ~ (1-U,%)-C2(1)+U,*- CZ@++c-1
Je

Where, U, =21,-E[S/]
U,=4,- E[Sz]
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Serial Processes (7)

e Cont’d, #3 machine

CT,, =CT. () +CT, (2)+

Sys

2

3

C2(3)=C2(2) ~ (1-U,?)-C2(2) + U,




Serial Processes (8)

o Finally,

CT,. =CT, (1) +CT, (2) +CT, (3)

Sys

WIR,, = 4, -CT; (1)

>~
Qo
Qo
o
e
<
)
|_
G
o
(<D}
44—
=)
=
ey
(92)
=
“©
=
O
+—
(4°]
=
<
o
=
>
"
Qo
[
=
(D]
(<D}
=
oT0]
[
L
“©
—
sy
w
>
)
=




Homework #1

e Consider a three-workstation factory with serial flow

Workstaton ||

1 12 min 2.0

2 9 min 0.7

3 13.2 min 1.0
- A mean of 15 min (4 jobs per hour)

- A Squared coefficient of variation = 0.75

TH
CT

Sys
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Merging Processes (1)

e Scenario

WS #1
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Merging Processes (2)

e Scenario, Cont’d

WS #1

(4.C/)

(4,,C5)
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Merging Processes (3)

e Conclusion
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Homework #2

e Calculate V.

WS #1

(13.2/hr,5.0)

(3.6/hr,3.0)
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Split Processes (1)

e Scenario

- Given information
E[SI ]’ i1=1,2,3,4

CS2 (i)7i=1,2,3,4

p’Os p<l
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Split Processes (2)

e Scenario, cont’d
- Typel:1->2-23

- Type2 : 12224
- How do you split C?(2) ?

Ci(2)
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Split Processes (3)

o Analysis of C;(2)

#2

#29 e—o©
|
|
|
|
|
|
|
|
|
|
v
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C2(2) ~(1-U,?)-C2(2)+U,*- C2(2)++c-1
Je
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Split Processes (4)

e Analysis of Stage #4

#1(4) =T, +T,+T,
#2(4)=T,+T, +T,

#3(4) =T,
HA4) =T, +T,

N
T, =T, ++Ty=DT,
i=1

EIT, 1= E{iﬂ} EIT]-E[N]




Split Processes (5)

e Analysis of Stage #4, Cont’d
E[N]

P{N=n}=(@1-p)"" - p,n=12,

E[N] = —

P

1—
VIN]= pzp CoV[N]=1-p

Em]—E—”]

VF] (1- p)E(T)"
PZ
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Split Processes (6)

e Generalization

SR

VT, (- QT
P2
@
e 1=

VF] (1- p)E(T)"
PZ

VIT, 1=

>~
Qo
Qo
o
e
<
)
|_
G
o
(<D}
44—
=)
=
ey
(92)
=
“©
=
O
+—
(4°]
=
<
o
=
>
"
Qo
[
=
(D]
(<D}
=
oT0]
[
L
“©
—
sy
w
>
)
=

VIT 1=




>~
Qo
Qo
o
e
<
)
|_
G
o
(<D}
44—
=)
=
ey
(92)
=
“©
=
O
+—
(4°]
=
<
o
=
>
"
Qo
[
=
(D]
(<D}
=
oT0]
[
L
“©
—
sy
w
>
)
=

Split Processes (7)

e Generalization, Cont’d

err 1- £ v 1001, 6= RED

PZ

ez VT _ (vrr] (1- p)E(T)j p*
- E[T T P P* E[T]’

=P-C2+(1-P)



Split Processes (8)

e Conclusion

C.(=p-Ci(+-p)
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e Obtain the man flow rate
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