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AIPS - a partial observation

New community
New faces E
New techniques
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m time-dependent behaviour
and dynamic resource
allocation

A Single Load

TIMED AUTOMATA

“ E BBoEilccieSseorch

in Computer Science




advanced methods 1

Cybern
Smd

/

UPPSALA [((8
UNIVERSITET AALBORG UNIVERSITY

Copy T 18952003 by Upneata Unheansity and Aalborg Unaesaity. All igis resanad.
Mcre IMlcamAnOn 23 NP WWa LPDEBE com.

Pera

UPPAAL 3.4.7, sug 2004,

Terma:
Mem
Bosch:

Car |
Sens

AXXOM
Lacq

UNIVERSITET AALBORG UNIVERSIT

Copyrgnt 1895-2003 by Uppsai Univarsty and Aaborg Unwenstty. &1l ngns resered.
Moe Irformatca 23 RTipcwwiy. Uppast com

m Benchmarks

== BRICS

-
= = Boasic Research
in Computer Science

«

UPPAAL CORA 041103, Mow 2004, |

05.06.2005

CPS: Informal description

@ CPS obtains and makes
available for other
systems information about
environment of a car. This
information may be used
for:

@ Parking assistance

@ Pre-crash detection

@ Blind spot supervision
Q@ Lane change assistance
Q@ Stop & go

@ Etc
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@ The CPS considered in

this case study

@ One sensor group only
(currently 2 sensors)

@ Only the front sensors
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controllers

@ Application: pre-crash
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Timed Automata [Awur&bilgs]

Resource
Synchronization
Idle
use? donel
Reset \ / Gua rd
=0 IhUse X>=4
_ X<=7

Invariant
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Timed Automata [Awur&bilgs]

Resource
Synchronization
Idle
use? donel
Reset \ / Guard

=0 IhUse X>=4

[ ot X<=7 Semantics:

nvarian ( Idle , x=0 )

= BRICS
Basic Researc

sear
in Computer Science



Timed Automata [Awur&bilgs]

Resource
Synchronization
Idle
use? donel
Reset \ / Guard

=0 IhUse X>=4
[ ot X<=7 Semantics:
nvarian ( Idle , x=0 )

- ( Idle , x=2.5) d(2.5)
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Timed Automata [(Awur&Dbil'gg]

Resource
Synchronization
Idle
use? donel
Reset \ / Guard
x:=0 InUse | X>=4
L%_O_J
: X<=7 Semantics:
Invariant ( Idle , x=0)

- ( Idle , x=2.5) d(2.5)
- ( InUse , x=0) use?
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Timed Automata [(Awur&Dbil'gg]

Resource

Reset

\

Invariant
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use?

ldle

—O~—

InUse

\_>©_J

Synchronization

donel

__— | Guard

X>=4

X<=7 Semantics:

( Idle , x=0)
- ( Idle , x=2.5) d(2.5)
- ( InUse , x=0) use?
- ( InUse , x=5) d(5)
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Timed Automata

Resource

Reset \

Invariant
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use?

2
I
O

ldle

—O-—

InUse

\_>©_/

[Alur & Dill’89]
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Synchronization

donel

__— | Guard

X>=4

X<=7 Semantics:

( Idle , x=0)
- ( Idle , x=2.5)
- ( InUse , x=0)
- ( InUse , x=5)
- ( Idle , x=5)
- ( Idle , x=8)
- ( InUse , x=0)

d(2.5)
use?
d(5)
donel!
d(3)
use?



Composition

Resource
Idle

a ﬁii}i )

use?

X:=0 InUse

\_>O_J

X<=B

Semantics:

( Idle,

A
:::l'l

BHCS
Bas

Cmpt S

donel

=B

Synchronization

CSS

Shared variable

Init , B=0, x=0)

> (Idle, Init, B=0, x=3.1415) d(3)



Composition

Resource

ldle

-

use?

@

InUse

x_:,-O_J

X<=B

Semantics:
( Idle, Init, B=0, x=0)
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Synchronization \
/

donel usel! done?
‘-‘._/_\
© B=g U >O

Xx>=B //

Shared variable

- (Idle, Init, B=0, x=3.1415) d(3)
- ( InUse , Using , B=6, x=0) use



Composition

Resource
Idle

a ©< )

use?

X:=0 InUse

\_>©_J

X<=B

Semantics:

donel

=B

Synchronization

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

Done

Shared variable

( Idle, Init, B=0, x=0)
- (Idle, Init, B=0, x=3.1415) d(3)

- ( InUse , Using , B=6, x=0) use
- ( InUse , Using , B=6, x=6) d(6)
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Composition

Task

Resource
Idle

| © /
Done
use? donel use! done?
@:D B;iS}GiD :%::)

Synchronization

X:=0 InUse x>=B //
S Shared variable
v<=R ——

Semantics:
( Idle, Init, B=0, x=0)
- (Idle, Init , B=0, x=3.1415) d(3)

- ( InUse , Using , B=6, x=0) use
- ( InUse , Using , B=6, x=6) d(6)
- ( Idle, Done , B=6 , x=6) done
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Jobshop Scheduling

RE SOURCES

Sport Economy Local Comic Stip
News

Kim 2. 5min |4. 1 min [3. 3 mMin [1. 10 min
/)]
@ | Maria 1. 10 min 2.20min |3. 1 min [4. 1 min
@)
g

Nicola 4, 1 min [1. 13 min [|3. 11 min [2. 11 min

“ = BBoEiIc%eSe ch

sear
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Jobshop Scheduling in UPPAAL

Micola

Done

LEABLLERI@IRLLA
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Sport Economy Local News | Comic Stip
Kim 2. 5 min 4. 1 min 3. 3 min 1. 10 min
Maria 1. 10 min 2. 20 min 3. 1 min 4, 1 min
Nicola 4. 1 min 1. 13 min 3. 11 min 2. 11 min

Bport
Idle
done[spo]! |use[spo]?
X=F X:=0
InUse
X<=5
== BRICS

1 R
= = Basic Research
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EXpe I‘i me I‘ItS [TACAS'2001] B-&-B algorithm running

for 60 sec.
problem BF M M+ DF RDF comb. heur.] minimal

instancel|costlstates [cost [states | cost |states| cost |states| cost [states|cost | states Hla,k'ESpaIl
- [1a01 R T - 1T - “|2466 | 842 | 666] 292 666
o (02 - | - | - -|2360 -| 806 -| g72 - 655
= |[1203 - 1 - N -|2004 -| 769 -| 628 - 5O7
| {[1a04 - | - B |2212 -| 783 -| 639 - 500
| |[1a05 - -1 - -| 593] oro1|1o55 -| 696 -| 593] =284 503
- 1206 - -1 - 1 - -|3656 -|1076 -| p26] 480 026
" 1a07 - -1 - -1 - “|3410 1113 -| 890 - 890
il e (1208 - -1 - -1 - -|3520 -[1009 -| 63| 400 863
g| | [la09 - -1 - -1 - -|3984 1154 | 951 425 051
| |la10 - -1 - -1 - -|3881 -|10863 -| 958] 454 D58
. [1a11 - | - 1 - -|4974 -|1303 l1222] 642 1222
ol [12 - | - N -|a557 1271 -l1038] ©33 1039
! |la13 - |1 - |1 - -|48486 1227 -l1150] 62 1150
| [1a14 - | - -[1292]|10853|5145 |1377 |1202] @88 1202
= als - -1 - - - -|5264 -|1459 -|l1289 - 1207
" a1 - | - - - -|4849 ~|1208 1022 - 045
o [la17 - 1 - 1 - -|4299 -| 938 -| 786 - 784
- |{ 1a18 - |- - - -|4763 11034 -| 922 - 348
o | L [la1n - |- |- -|4568 ~|1140 -| 904 - 842
i 1220 - -1 - 1 - -|5056 -l1378 -| 964 - 002
g la21 - | - N -|7608 -|1326 _|1149 -1{1040,1053)
| [1a22 _ 1 - N -|e920 |1413 1047 - D27

L o | - - -
Ik }333 Lawrence Job Shop Problems gggg ] }gig ] }gg? ] 133;
_ (ba2s ) -1 -] -1 -l -|7141 -|1290 -l1070 - 077

Basic Research
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Symbolic Transitions

using Zones

1<=x<=4

| cmye=3 1<=x, 1<=y
y =y<= V] -2<=X-y<=3
delays to
n

X>3

Vs y 32<x,1<=y3

. -2<=X-y<=
conjuncts to
d
X
X
=0 i 3<x, y=0
Y projects to

Thus (n,1<=x<=4,1<=y<=3) =a => (Mm,3<x, y=0)



Forward Rechability

-

o)

Waiting O 00 O Final
O

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

Init -> Final ?

INITIAL Passed := O;
Waiting := {(n0,20)}

REPEAT
- pick (n,Z) in Waiting
-ifforsome Z' 2 Z
(n,Z") in Passed then STOP

- else /explore/ add
{(mU):(n,2) =>(m\U) }
to Waiting;
Add (n,Z) to Passed

UNTIL Waiting =0
or
Final is in Waiting
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Canonical Datastructures for Zones

x1-x2<=4
x2-x1<=10
X3-x1<=2
X2-Xx3<=2
xX0-x1<=3
x3-x0<=5

= BRICS
Basic Researc

sear
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DBMs
Bellmann 56
-4 -4
@ @ Shortest
Path
Closure
3 7 o(n~3)
-4
Shortest
orte () (2
Reduction Space worst O(n2)
Oo(n”3) E 9 practice O(n)

Minimal Constraint Form
RTSS'97
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LHBLLERmIELLEE

Datastructures for Zones
D v G———— T

File Edit Yew Go Bookmarks Tools ‘Window Help

@g 0 @ Q |%httD:HWWW.Uppaal.cumJ‘

| M 48 Home | E3Bookmarks

¢ Uprv |

¥ i . gl

L C| Current version is 1.0.2. 2. NEWS
D 3 Download for Linu L 04/02/2004: Wersion 1.0.2 released. Changes are: new functions for federations and bug

Documentation + fixes for Federation, dbmf_predt, and the subtractions (rare bug).

B AP of the library 221 212004: LUPFAAL DEM library 1.0.1 released.

Felated presentation

on the library and | E UPPAAL DBM LIBRARY

sg\btractiuns: + DBMs (difference bound matrices) [rokickida, Ipwfctds, bengtsson02] are efficient data
di Presentation (ppt) ¢ structures to represent clock constraints in timed automata [ad80]. They are used in
i Presentation (pdf) L UPPAAL [IpyS7, b04, bdl04] as the core data structure to represent time. The library
Related papers: + features all the common operations such as uil[delay, ar future), down (past), general

True

“ E BBGIEiIC%eSseorch
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_ CSS
Task Graph Scheduling —

Optimal Static Task Scheduling
m Task P={P..., P}

m Machines M={M,,..,M_}

2. M={M;M,} D
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Task Graph Scheduling —

Optimal Static Task Scheduling
m Task P={P..., P}

m Machines M={M,,..,M_}
m Duration A: (PxM) — N_ 16.10 P, 2,3 fl

' o @) 6

[
M = {M,;,M,} D

BHCS
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Optimal Static Task Scheduling
Task P={P4,.., P}

[ |

m Machines M={M,,..,M_}

m Duration A: (PxM) —» N_ P>
16,10

[

< :p.o.on P (pred.)

BHCS
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_ CSS
Task Graph Scheduling —

Optimal Static Task Scheduling
Task P={P4,.., P}

Machines M={M,,..,M_}
Duration A: (PxM) — N_ P>
16,10

< :p.o.on P (pred.)

m A task can be executed
only if all predecessors 2,3
have completed

m Each machine can process
at most one task at a time

m Task cannot be preempted.

BRICS
Bas

CptS




Task Graph Scheduling e
Optimal Static Task Scheduling

m Task P={P..., P}
m Machines M={M,,..,M_}
m Duration A: (PxM) —» N_

16,10
m < :p.o.on P (pred.)

Idle
Taskh l

use1? done1!

x1:=0 InUse | x1==B1

-0

x1<=B1

B1=8 B2=2

done1? f5=1}O<f5=1 donez:
Il
fLES RS

h

sear
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Experimental Results

name | #tasks | #chains | # machines | optimal | TA
001 437 [25 -4 1178 1182
000 452 43 20 537 537
018 730 175 10 700 704
074 1007 66 12 891 894
021 1145 88 20 605 612
228 1187 293 8 1570 1574
071 1193 124 20 629 634
271 1348 127 12 1163 1164
237 1566 [52 12 1340 1342
231 1664 101 16 t.o. 1137
235 1782 218 16 t.o. 1150
233 1980 207 19 [118 1121
294 2014 141 17 1257 1261
295 2168 965 18 [318 1322
292 2333 318 3 8009 8009
298 2399 303 10 2471 2473
ER'CS » Abdeddaim, Kerbaa, Maler

in Computer S
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Optimal Task Graph Scheduling

Power-Optimality

m Energy-rates:
C: M- NxN
16,10

ldle cost’'==

~—@=

Tasks

done1!

x1==B1

B1=8 B2=2
done1? f5=1>O<f5=1 do

BRICS
Bas rch

Comp t S




Overview

m Priced Timed Automata and Optimal
Scheduling
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Priced Timed Automata

Timed Automata + COST variable Behrmann, Fehnker, et all (HSCC'01)
Alur, Torre, Pappas (HSCC'01)

1 I, X < 2 5
3<y
c'=4 > ©
c+=4

cost rate

!

cost update

“ E BBoEilccieSseorch
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Priced Timed Automata

Timed Automata + COST variable Behrmann, Fehnker, et all (HSCC'01)

Alur, Torre, Pappas (HSCC'01)

1, l, . 15
3<y
c'=4 > ©
c+=4
cost rate N\
cost update
(I3 x=y=0)"2 (I,,x=y=3) —» (Ix=0,y=3) —> (I5,_,_)

“ E BBoEilccieSseorch
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Priced Timed Automata

Timed Automata + COST variable Behrmann, Fehnker, et all (HSCC'01)
Alur, Torre, Pappas (HSCC'01)

x:=0 /
cost rate
blem -
TRA Pro hing ocation 1,
(I
(13 Efficient Implementation:

cAV’'01 and TACA

e(3)
(|1lx=y=0) ? (IZIX=OIy=O) "é_> (I21X=3Iy=3) _0> (IZIx=Oly=3) _4>

“ = BBOIEiI(SQeSse ch

ar
in Computer Science
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Aircraft Landing Problem

cost E earliest landing time

T target time

L latest time

e cost rate for being early

| cost rate for being late
. d fixed cost for being late

Planes have to keep separation
distance to avoid turbulences P

caused by preceding planes _

= BRI
“ Bosic(éese ch Runway

sear
in Computer Science




Modeling ALP with PTA

KL101

time <= 153

approaching

fime >= 123 time == 153

land[0] !

time <= 559 &&

time <= 153 &&
cost' == 20

cost' == 10 delayed

on_time

time == 153 land[0]!

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

129: Earliest landing time
153: Target landing time
559: Latest landing time
10: Cost rate for early
20: Cost rate for late

Runway handles 2 types of
planes

runway

done

=
Planes have to keep sep

distance to avoid turbul
caused by preceding |

[ §-H

land[A420] ?
c[1]=0
c[0] >=wait[A420][B747] &&
c[1] >= wait[B747][B747]
land[B74
c[1]=0

BRICS

Basic Research

P

Init

land[B747] ?
c[0] = 0

c[0]>=wait[A420][A420] &&
c[1] >= wait[B74 7][A420]

land[A420] ?
c[0]=0

in Computer Science
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Zones

Definition
A zone Z over a set of clocks C' is a finite conjunction of simple
constraints of the forms:

z > z<u z—y>1 r—y<u
where ¢,y c C, Luc N and I/, «' € Z

For uw € RY and Z a zone we write u = Z if u satisfies all constraints
of Z.

] vt
Operations

Reset: {z}Z = {u[0/z] |u = Z} '

Delay: Z1 = {u+d|u = Z} "X

Offset: Az |E= Z such that Vu |= ZVz € C. Az(x) < u(zx).

== BRICS

-
= = Boasic Research
in Computer Science



Priced Zone

Definition
A priced zone P is a tuple (Z,¢,r), where:

e /£ iS a Zzone

e ¢ € N describes the cost of Az
e r: (' — Z gives a rate for any clock z € C.

We write v |= P whenever u |= Z. For 4 = P we define Cost(w, \P) as
follows:

Cost(u, Py =c+ > r(z)- (u(z) — Az(z))
zcC

Cost(x,y)=2y —x+2

“ E BBoEiIc(EQeSseorch

in Computer Science



Branch & Bound Algorithm

Cost :1= 00
Passed = ()
Waiting := {(lo, Zo)}
while Waiting # () do
select (/, 7) from Waiting
if [ = [, and minCost(Z) < Cost then
Cost := minCost(Z2)
If minCost(~2) + Rem(; 7y > Cost then break
if for all ([, Z’) in Passed: Z! £ Z then
add (I, 7)) to Passed
add all (I, 7"y with (I, 7)) — (I, Z") to Waiting

return Cost

“ = BBGIEiIC%eSse ch

ar
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Branch & Bound Algorithm

Cost :1= 00
Passed = ()
Waiting := {(lo, Zo)}
while Waiting # () do
select (/, 7) from Waiting
if [ = [, and minCost(Z) < Cost then
Cost := minCost(Z2)
If minCost(~2) + Rem(; 7y > Cost then break
if for all ([, Z’) in Passed: Z! £ Z then
add (I, 7)) to Passed
add all (I, 7"y with (I, 7)) — (I, Z") to Waiting

return Cost

“ = BBGIEiIC%eSse ch
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Branch & Bound Algorithm

Cost ;= 00
Passed := ()
Waiting := {(ly, Zo)}

while Waiting # () do
select (/, 7) from Waiting
If { = [, and minCost(~) < Cost then

Cost := minCost(Z2)
If minCost(~2) + Rem(; 7y > Cost then break
if for all (I, Z’) in Passed. 7/ £ Z then

add (I, 7)) to Passed

add all (I, 7"y with (I, 7)) — (I, Z") to Waiting

return Cost

BRICS
Bas rch

CptS

CSS



Branch & Bound Algorithm

Cost := ¢
Passed = ()
Waiting := {(lo, Zo)}
while Waiting # () do
select (I, 2) from Waiting

if mmCost(Z) + Rem(; 7y > Cost then break
if for all ([, Z’) in Passed: Z! £ Z then

add (I, 7)) to Passed
add all (I, 7"y with (I, 7)) — (I, Z") to Waiting

return Cost

BRICS
Bas rch
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Branch & Bound Algorithm

Cost := ¢
Passed := ()
Waiting := {(lo, Zo)}
while Waiting # () do
select (/, 7) from Waiting
if{ =1[, and mmCost(Z) < Cost then

add (E Z) to Passed
add all (I, 7"y with (I, 7)) — (I, Z") to Waiting

return Cost

BRICS
Bas rch
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Branch & Bound Algorithm

Cost := ¢
Passed = ()
Waiting := {(lo, Zo)}
while Waiting # () do
select (/, 7) from Waiting
if [ = [, and minCost(Z) < Cost then
Cost := minCost(Z2)

ITf minCost(Z) + Rem > N

if for all ([, Z’) in Passed: Z! £ Z then

Z'< Z

Z’ is bigger &
cheaper than Z

\

_

add (I, 7)) to Passed
add all (I', 72"y with ([, Z) — (1%

return Cost

“ = BBGIEiIC%eSse ch

ar
in Computer Science
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guarantees
termination!
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Modeling APL with PDDL;

(define (domain Planes)

(:requirements :typing :fluents :negative-preconditions
:conditional-effects :equality :duraticon-inequalities
rdurative-actions)

:Lypes plane runwayv)

[Dierks VVPSO05]

——

(:predicates (occupied ?r - runway)
(landed P - plane)
(gcheduled ?p - plane 7r - runway) )
(:functions (earliest P - plans)
(target P - plane)
(latest P - plane)
(earlv-rate P - plane)
(late-rate P - plane)
(late-penalty ?p - plane)
(cost) )

{:durative-action land-late :parameters (7p - plane ?r - runway)
:duration (== ?duration (- (latest ?p) (earliest ?p)))
:condition (and (at end (ccocupied ?1))

(at end (gcheduled 7p 7r))

i [

{at start (= teotal-time (target ?p))))
reffect (and (at end (Janded 2wil
(at start (increase cost (late-penalty ?p)))
[increase cost (late-rate ?p))))

fa—

“ E BBGIEiIC%eSseGrCh

in Computer Science
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Modeling APL with PDDL;

== BRICS

Basic Re:
in Comp

(define

(:objectse

(:init

)

{:goal

(problem planel)
({:domain Planes)

(not
(not
(not
(not

(and

KL101,KL108,KL115

r - runway)
(ccocupied 1))
(landed KL101) )
(landed EL108) )
(landed KL11E5) )

(earliest EL101)
(target EL101)
(latest EL101)

129)
155)
5150

(earliest
(target
(latest

KL108)
EL108)
KL108)

LIS )
258)
T44)

(earliest
(target
(latest

KL115)
EL115)
KL115)

89)
98)
510)

(landed EKL101)
(landed EKL108)
(landed KL115)
(not

- plane

(ot
(not
(ot

(gocupied ) ) ) )
(:metric minimize cost)

(gcheduled KL101 x))
(gcheduled KL108 x))
(gcheduled KL115 1))

(earlv-rate
(late-rate
(late-penalty

(earlv-rate
(late-rate
(late-penalty

(earlv-rate
(late-rate
(late-penalty

KL101)
KL101)
KL101)

KL108)
KL108)
KL108)

KL115)
KL11E)
KL115)
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Experimental Results
Translating PDDL; to PTA

== BRICS
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[Dierks VVPS05+]

# planes | #inst | #clocks | costs | time (s) | mem (MB)
3 2 3 0 0.5 5
3 3 4 0 1.9 9
3 4 5 0 9 28
4 2 3 860 0.8 7
4 3 4 860 7.4 29
4 4 5 860 59 168
5 2 3| 1540 2.4 16
5 3 4 1 1540 30 114
5 4 5 out of mem (400ME.S7 s)

6 2 3 180 10.3 56
5] 3 4 a0 out of mem (26 s)

6 4 5 out of mem (76 s)

7 2 3| 920 30.8 | 166
7 3 4 out of mem (66 s)

8 2 3 1870 out of mem (63 s)

8 3 4 out of mem (60 s)

9 2 3 out of mem (55 s)




Experimental Results

PTA versus MILP [Beasley’O0]
RW | Planes 10 15 20 30 44
Types 2 2 2 4

1 MILP (s) | 0.4 5.2 | 2.7 922.0
MC (s) 0.8 5.6 2.8 49.9
Factor 2.0 1 1.08 | 1.04 18.5
MILP (s) | 0.6 1.8 3.8 11510.4
2 MC (s) 2.7| 9.6 3.9 187.1
Factor 4.5 5.3 1.02 61.5
3 MILP (s) | 0.1 0.1 0.2 1655.3
MC (s) 0.2 0.3| 0.7 1294.9
Factor 2.0 3.0 3.5 1.28 .
4 MILP (s) | N/JA | N/JA | N/A 0.2 0.2 N/A | N/A
MC (s) 3.3 0.7
Factor 16.5 3.5
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Experimental Results
OPTOP PDDL,

To be provided with guidance
from
Maria Fox & Drew McDermott
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AXXOM Case study

m 3 types of recipes
- for uni/metallic/bronce
- use of resources,
processing times,
timing
m 29 (73, 219) orders:

- start time, due date,
recipe

m extensions:

- delay cost,
storage cost,
setup cost

- weekend, nights Behrmann, Brinksma, Hendriks, Mader

16th IFAC World Congress

«
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Resources

m 2 mixing vessels for
uni lacquers

.. axxom
m 3 mixing vessels for ———
metallic/bronce Storage i

2 dose spinners

1 dose spinner bronce
1 disperging line

1 predisperser

1 bronce mixer

2 filling lines

lab (unlimitted)

“ = BBoEiIc(EQeSe ch

sear
in Computer Science



Recipes

metallic bronce uni
[6.6] s8]
17.63 e
[0.4] |
17.63
5.18 D
| [0.4] | [6.6]
i 5.18 D 11.02
| [0.4]
5.18
7.35
50 ! 48.08
7.35
&8 27.73
23.95
[2.4] |
22,04 95.69
[2.41 | [24

[]
L]
L]
]

1

mixing vessel metal D bronce mixer

D mixing vessel uni
D dose spinner bronce . disperser

dose spinner

lab . disperging line wait
) _ ‘ arbitrary,
ﬂ”lng station if not specified
— synchronize

in Computer Science

UPPAAL template

for metal
not_reacy
O t==earliest_start
ML==1 && a=ACT && R
mixing_vessel_met=0 && dose_spinner=0 && t==earliest_start
&N_%==EI |l ic==0 || mphasefid-1]=mphase[id])
. ! ready

mixing_vessel_met==0] -
dose_spinner==0
hurry!

x==0K

hurry!

t==deadline-(DE+LAB1 +KOR+LAB2+ABF)

mixing_vessel_met=0 && dose_spinner=0 && a<ACT
(MNO==0 || id==0 || mphaselid-1]=mphase[id])
mixing_vessel_met-- dose_spinner--, x:=0,
mphasefid]++, a++

! DK_MET_18
¥==DK

w==0K &&
(MNO==0 || id==0 || mphase[id-1]=mphase[id])
dose_spinner++, x =0, mphasefid]++

ML==1 && dose_spinner=0 &&
(MO==0 || id==0 || mphase[id-1]=mphase[id])
w:=0

dose_spinner<=0 T

¥==KOR hurry!

hurry!

Fa

! PRUEFEM1_MET_15
x==LAB1

¥==LAE1 &&
(MNO==0 || id==0 || mphase[id-1]=mphase[id])
mphasefic]++

t==deadline-(KOR+LAB2+ABF)

dozse_spinner=0 &&
(MNO==0 || id==0 || mphase[id-1]=mphase[id])
dose_spinner--, x:=0, mphase[id]++

! KORREKTUR_MET_18
¥<=KOR

¥==KOR &&
(MNO==0 || id==0 || mphase[id-1]=mphase[id])
dose_spinner++, x =0, mphasefid]++

| PRUEFEM2_MET_18

Qxc:LAEiE
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Orders

BRICS

1 R
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order product ID quantity | unit| delay cosls per day per kg earliest start delivery date
1204081.FE| 10009.ABF.MET.18| 19000] kg 51] 05.04.2002 19:12( 19.04.2002 19:12
4147108.FE| 10009.ABF.MET.18| 19000] kg 51| 20.04.2002 06:00( 04.05.2002 06:00
4152856.FE| 10009.ABF.MET.18| 19000] kg 51] 29.03.2002 07:12( 12.04.2002 07:12
4161304.FE| 10001.ABF.UNL.85| 23000] kg 51| 08.04.2002 04:00( 22.04.2002 04:00
4173559.FE| 10001.ABF.UNL.85| 22000] kg 0,51] 01.04.2002 22:48| 15.04.2002 22:48
4173830.FE| 10001.ABF.UNL.85| 22000] kg 0,51] 15.04.2002 02:48| 29.04.2002 02:48
4174631.FE| 10009.ABF.MET.18| 19000] kg 51| 22.04.2002 22:48( 06.05.2002 22:48
4179351.FE| 10009.ABF.MET.18| 19000] kg 51] 01.04.2002 23:59( 15.04.2002 23:59
4179360.FE| 10009.ABF.MET.18| 19000] kg 51] 29.03.2002 19:12{ 12.04.2002 19:12
4187241.FE| 10001.ABF.UNL.85| 22000] kg 0,51] 15.04.2002 22:48| 29.04.2002 22:48
4187676.FE| 10009.ABF.MET.18| 19000] kg 51| 12.04.2002 19:12( 26.04.2002 19:12
4187688.FE| 10009.ABF.MET.18| 19000] kg 51| 12.04.2002 23:59( 26.04.2002 23:59
4189165.FE| 10009.ABF.MET.18| 19000] kg 51| 01.04.2002 04:00( 15.04.2002 04:00
4189694.FE| 10001.ABF.UNL.85| 22000] kg 51] 03.04.2002 10:24( 17.04.2002 10:24
4196932.FE| 10001.ABF.UNL.85| 22000] kg 51| 25.03.2002 04:39( 08.04.2002 04:39
4196968.FE| 10001.ABF.UNL.85| 22000] kg 51] 02.05.2002 14:24( 16.05.2002 14:24
4197088.FE| 10009.ABF.MET.18| 19000] kg 51] 27.03.2002 04:48( 10.04.2002 04:48
4197955.FE| 10001.ABF.UNL.85| 22000] kg 51] 03.04.2002 14:24( 17.04.2002 14:24
4200741.FE| 10009.ABF.MET.18| 19000| kg 51] 16.04.2002 04:48( 30.04.2002 0448
4206483.FE| 10037.ABF.MET.11| 19000| kg 51] 15.04.2002 23:59( 29.04.2002 23:59
4206683.FE| 10037.ABF.MET.11| 19000] kg 51] 15.04.2002 04:00( 29.04.2002 04:00
4209227.FE| 10009.ABF.MET.18| 19000] kg 51] 12.04.2002 14:24( 26.04.2002 14:24
4210646.FE| 10001.ABF.UNL.85| 22000] kg 51] 26.04.2002 14:24( 10.05.2002 14:24
4210669.FE| 10037.ABF.MET.11| 19000| kg 51| 08.04.2002 04:00( 22.04.2002 04:00
4213014.FE| 10009.ABF.MET.18| 19000| kg 51| 23.03.2002 02:24| 06.04.2002 02:24
4213016.FE| 10009.ABF.MET.18| 19000] kg 51| 20.04.2002 02:24( 04.05.2002 02:24
4220296.FE| 10009.ABF.MET.18| 19000| kg 51| 27.03.2002 09:36( 10.04.2002 09:36
4222941.FE| 10037.ABF.MET.11] 19000| kg 0,51] 03.04.2002 06:00| 17.04.2002 06:00
4223024.FE| 10037.ABF.MET.11] 19000] kg 0,51] 18.04.2002 06:00| 02.05.2002 06:00

in Computer Science
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Instantiated Model

L L -
m13 m14 m15
L L -
Pran Pran Pran
m9 m10

>/

State Space

Explosion
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Heuristics

m Nice heuristics
- non-overtaking
orders of the same recipe cannot overtake each other

- non-laziness

a process that needs an available resource will not waste
time if its is not claimed by others (a.k.a. active
scheduling)

m Cut-and-Pray heuristics

- greediness

a process that needs an available resource will claim this
resource immediately

- reducing active orders

the number of concurrent orders is restricted (number of
critical resources can give an indication)

= BRICS
Basic Researc
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Experimental Results

#jobs heuristic on:dae)(Fs ttei:nn;.
29 - - -
29 nl - 1ls
/73 nl, no = =
73 nl, no 3 7S
219 g, no 4 8s

uses clock optimization &

optimized successor
calculation
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Results Extended Case
storage, delay and setup costs, working haurs

work _ oA

#Jobs “rs is” 1 Order of magnitude
59 | faster than 5
= with
Orion-pi A
results - i 14,875
4 - %9 - 2,263,496

29 X} no 4 192,881,129
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Overview

m Beyond Static Scheduling
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Infinite Scheduling

Kim

Jacoh

Lise[s ! done[spa]?

SS

E[] ( Kim.x < 100 and
Jacob.x < 90 and

Gerd.x < 100)

Gerd

e eco]?
w=0

e =p0]?
=0

lac]?
w=0

o )Y
x=0

== BRICS

-
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Infinite Optimal Scheduling

E[] ( Kim.x < 100 and
Jacob.x < 90 and
Gerd.x < 100)

4+ most minimal limit
of cost/time

Jacoh

Gerd

InUse

-0~

¥<=B && cost'==10

“ E BBoEilccieSseorch
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Infinite Optimal Scheduling

Value of path ¢: val(c) = lim__,__ ¢/t

Optimal Schedule ¢*: val(c™) = inf_ val(c)

“ = BBGIEiIC%eSseGrch
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Infinite Optimal Scheduling

T\'\EORE‘,J.‘ vaun o val(o) = lim
Optimal Schedule ¢*: val(c™) = inf_ val(c)

N—00 Cn/tn

= BRICS
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Application
D)

1

Queue

Il e,
-1

BRICS

‘namic Voltage Scaling

1000
Nuclear Reactor
100
):
K M .
E Pentium Il ® processor
= 10 Pentium Il ® processor
Pentium Pro ® processor
i386 Pentium ® processor
$i486
1

1.5p  Ip

LTUETOET ]
[HOTENIN

w i 3 ] = ] = 3 =
T (e | T I e 978 Y S| A ] WTTSS 8 TN D5 B 8 5 (A 31 | Dmnfi et &

W T £ B o £ W
B 1] Yot SN ke AUNCH (O] CAE 0 FN] WIS 8 ] DV BN W7 B )

0.7 0.5p 0.35p 0.251 0.18p 0.13p 0.1p 0.07p
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Dynamic Scheduling

fim E<> ( Kim.Done and
o Jacob.Done and
Gerd.Done )

+ winning / optimal
strategy

@ Cost-Optimal Reachability Strategies for Priced Timed
= Game Automata

[Alur et all, ICALP'04]

[Bouyer, Cassez. Fleury, Larsen, FSTTCS'04]

Jacoh

Gerd

Lone | [ Qqone: | LMSES |

Time- Optlmal Reachablllty Strategies for Timed Games
[Cassez, David, Fleury, Larsen Lime, CONCUR’'05]

B T " "
Uncontrollable

timing uncertainty
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Future Work & Conclusion

m PDDL; versus PTA
m OPTOP versus UPPAAL Cora
m Planning versus Model Checking

m Improved heuristic search
- FF’s relaxed planning approach
~ pattern databases
- beam search
- externalization

m Please visit www.uppaal.com
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