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proc B(a : ?lot, b : !lot) =

[[x : lot, xs : lot*

| xs =[]

; *[true; arx — XS 1= XS + [X]
[ len(xs) » 0; b! hd(xs)— xs := tl(xs)

]
|
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proc E(a : ?lot) =
[ x : lot
| *[ true— a?x; !“Flow time: ”, x — 7, “\ n”]
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clus F() =

l[a, b, c,d,e:-lot

| G(a, 3.0)

| B(a, b) || M(b, c, 1.0, 1.0)
|| B(c, d) || M(d, e, 2.0, 1.0)
|| E(e)

1l

xper = [ F() ]|
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From real fab to DEM

Effective process times X1 ug X2 uz X3 us

Control Framework Uo . ( > . <: > . <: >
—>

Approximation model

Validation

Control

e x1(k + 1) = x1(k) + uo(k) — uy(k)

Xz(k + 1) = Xz(k) + Ul(k) - Uz(k)
x3(k + 1) = x3(k) + uy(k) — us(k)

or
x1(t) = up(t) — u(t) x1(t) = uo(t) — u1(t)
Xo(t) = us(t) —ua(t)  or  Xxa(t) = ug(t — 71) — ua(t)
x3(t) = ua(t) — us(t) x3(t) = ua(t — ) — us(t)
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Validation p ( ’ ),

Control

flow u(x, t) = p(x, t)v(x, t),

Conclusions

e Conservation of mass: %(x, t) + %(x, t) = 0.

e Boundary condition: u(0, t) = A(t)
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introduction to Modeling manufacturing flow

From real fab to DEM

Ef:::;ﬁ:;’:ee;zimes Armbruster, Marthaler, Ringhofer (2002):
foproiation moce * Single queue: ;1 = 1(1+ [ (s, ) ds)
Contrlol ° Single queue: %(X, t) + 85)\(/2(X, t) =0
Conclusions
2 — _ p-pv(0,0)
pv (O’ t) 1+f(1)p(5,t)d5

1
e Re-entrant: v(x, t) = v (1 - =
® Re-entrant: %(x, t) + 8g,)—)‘:z(x, t)=0

1 0d
pv2(0,8) = pv(0, 1) - vo (1 - 52 0%)
Lefeber (2003):

* Line of m identical queues: v(x, t) = m
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Exponential Effective Processing Times

Step-response (initially empty, start rate \)

Model 1, 2, 5 versus averaged discrete event

Rampup to 50% utilization (averaged discrete event)

Rampup to 50% utilization (validation studies)

Rampup to 25% utilization (validation studies)
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Concluding remarks
Rampup to 50% with non-exponential arrivals (c2 = 9)

e Correct steady state behavior

e Better description transient needed

e Second moment and correlation needs to be included
While keeping the following:

e No backward-flow allowed (cf. Daganzo ’95)

e No negative density

e Stable steady states

— i.e., constant feed rate — equilibrium

— also, equilibrium meets relations queueing theory
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e Number of machines n = 10
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e Mean processing time: 0.5h

Control e Desiredu =0.75 (1.5 lot per h)

Conclusions

e Initial WIP x;(0) = 0
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1+ X1 (I()

Control
pxz(k) s px1 (k)
1+x(k) 1+x(k)

+ u(k)

Conclusions

Xo(k +1) = xo(k) -

pxn(k) 4 pxn-1(k)
1+x,(k) 1+x,-1(k)

xn(k +1) = x,(k) -

<«<A>» /department of mechanical engineering 17/21



T u/e technische universiteit eindhoven

[ '
introduction to MPC controller design

From real fab to DEM
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SRR e Prediction horizon p = 100h
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e Control horizon p = 5h

Control e Control constant over periods of 1h

Conclusions

e Time sampling: 40 steps per 1h
Cost function:

p
muin Z ly(k + ilk) - ydes”%)

i=0

Constraints:

0<u()<2 o< XK
1 + x;(k)
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MPC based controller design
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— Conclusions

From real fab to DEM

Effective process times

e Shown how to use x for building DE model.

Control Framework

Approximation model

Validation

Control ing network model

Conclusions

e EPT can be used to get from real data to simple queue-

e Control framework

Validation of PDE models

— Transient needs improvement

— Steady-state for changing variance

MPC control seems promising
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