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How Chip Manufacturers Can Learn From Pedestrians

Franffurter Allgemeine
__NMatar und Wissenschaft -

20-03- 200,

Wie Chiphersteller von FuB3gangern lernen

Neue Bauclemente filr die Halbleitertechnik / Logische Operationen mit magnetischen Pulsen

Die Erkenntnisse der modernen Physik
habeq zine technische Entwicklung ermiig-
licht, die unser Leben ticfgreifend verin
dert hat. Ganz gleich, ob wir im Internet
surfen, mit dem Handy Aktienkurse abira
gen oder durch Sensoren vor Autounfillen
bewahrt werden, immer steht neuestes phy-
sikalisches Bnow-how dahinter, Dech dic
Physiker untersuchen i zunchmender
Malle auch Vorginge wie Verkchrsstaus,
Kursentwicklungen auf Mirkicn oder Pro-
duktionsablfufe
scheinbar nichts mit der Physik 7u tun ha-
ben. Welche Erfolge dis physikalische Fore
schunp erzielt hat und vor welchen Heraus-
forderungen sie sicht, ist auf ener Tagung
deutlich geworden, dic won der Deutschen
Physikalischen Giesellschaft in der vergange-
nen Woche in Regenshurp veranstaltct wi-
o=,
In etwa zwanzig Jahren wird dic her-
kitmmliche Halbleiteriechnik an ihre Gren-
zen stolen. Dann werden sich die gingigen
elektronischen  Bavalemente nicht mehr
weiter verkleinern lassen. Theshalb untersu
chen schon jetzt zahlreiche Forscher die

Funktionsweise neuartiger Bauclemente, |
So lassen sich einzelne Elskironen bei- |

spielsweise in sogenannten Quantenpunk-
ten festhalien, wie Jorg Kotthaus von der
Universitit Mimchen berichtete, Schliebt
man inen Quantenpunkt an cinen Strom-
kreis, ficben einzelne Elekironen durch
den Quantenpunkt hindurch. Mit einer zu-

sitzlichen Elektrode 146t sich dieser Strom |

in  Chipfabriken, die |

\elektronengenau® slevern. Bisher arheis
len solehe  Einzelelek lronen-Transistoren
nur hei extrem tiefen Temperaturen. Erst
wetm es pelingt, ihre Abmessungen aul
ctwa zehn Manometer zu werringern, wird
man sic auch bei Zimmertemperatur ver-
wenden kinnen, Die Forscher glauben
dies in zehn bis finfzchn Jahren méglich
sein wird.

Bringt man mehrere Elektroner auf ci-
nen Quantenpunkt, so ordnen sie sich auf
ihm in dhnlicher Weise an wie die Elektto.

nen in ecinem Atom. Ein Quanlenpunkt |

wird deshalh such als ain kiinstliches Alom
bezeichnet. Zwei nebeneinander licgende
Quantenpunkle kémnen sich ein Flektron
tetlen und dadurch eim kilnstliches Molekil
bilden. Das Elektron befindet sich dabei in
cinem Quantenzusiand, mit dem sich dic In-
formationsmenge von einem Quantenbit
(Qubit) speichern ift. Aus mehreren sol-
cher kunstlicher Molekile kimnte man viel-
leicht in fernerer Zukunft eincn Cruanten-
computer herstellen, Gegenwiirlig zerfallen
die Qubits jedoch schon nach kurzer Zent
wodurch dic Quanteninformationen ver
rengehen.

Elckiranen tragen niclh nur cine elekri-
Magne
ckiro

sche Ladung, sic sind auch w
te. Zahlreiche Forscher entwickeln
nische Rauclemente, die die magneti
Eipenschaften der Clektroncn ausnulec
30 haben Rugsell Cowburn und
beiter von der Univ
britanruen Schaltkreis

| pflanzt. Mit dicsen magnelischen P

| Tunneln

nen sich stait elekirischer Strame magneti-
sthe Pulse bewegen, Die Schaltkreise beste-
hen aus Diriihten, die nur etowva hundert Na-
nometer dick und in cine Richtung magneti-
siert sind. Wird das Ende eines solchen
Drahles einem emgepengerichteten Ma-
gnetfeld ausgesclat, kommt es wu cinem
Dominoctfokt. Das Mapnetield lost am
Drahiende cine Ummagnetisierung aus,
die sich durch den ganren Draht fori-

hat man inzwischen einige zeh
gische Operalionen fehle

Auch bel dem Raw
Richier bei Siemens in
kelt hat, spicll der Magnetismus cine wich-
tige Rolie. In dem Bauteil durehqueren
die Flekironen dred aufeinanderliegende
dinne Schichien, deren oberste und wnter-
sle magnetisch sind und den Strom leiten.
Dazwischen  licgt  eine  michtleitende
Schieht, durch die Jic Elektronen _tun-
neln™ missen. Sind die beiden aubersien
Schichten in gleicher Richtung magneti-
sierl, kbnnen die Elektronen ohne Schwie-
rigkeit die isulicende Schicht durchdrin-
gen. Sind die duberen Schichten jedoch
enlyepengeselzt magnetisiert, wind das
erschwerl, Andert man  die
Magnetisierungsrichtung  der  ohersten
Schicht, kann man den Elektronenstram
vergriBern oder verkleinern, Der Physi-
ker hat in seiner Doktorarbeit sechs sol-
cher magnetischen Stromschalter zu ei
nem logisehen Banelement verkniipft, des-

Forreeizung auf der folgenden Seite

Formseizung von der vorigen Seae

Stauforschung genutzt

sen Funklionsweise innerhalb einiger tau-
sendstel Sekunden. umprogrammiert wer-
den kann. Das Ziel dieser Forschung ist cin
Mikrochip, dessen Architektur den Aafor-
derungen kurristiz angepaBt werden
kann,

Dal ‘man auch Erfahrungen aus dem
Verkehr auf Autobahnen und aus Fubgan
perstromen in [nnenstadien fir die Pro-
duktion von Mikrochips nutzen kann, or--
liuterte Dirk Helbing von der Techni-
schen Universitit Dresden, Cs ist ein be-
kanntes Phiinomen, Jdall man besonders
langsam vorankommi, wenn es alle beson-
dees eilig haben, In Panik geratene Fulb
gnger brhindern einander und Wockie-
rem daduich dic Fluchtwege. Autofahrer,
die cinen Stau auf der Autobahn erleich-
tert hinter sich lassen, beschleunigen hiu-
fig zu stark und erzeugen prompt den
nfichsien Staw, der gewissermalen aus
dem MNichts entstelil. Mil Comp il
tionen und physikalischen Ve kann
man inzwischen recht genau vorhersapen,
unter welchen Bedinpungen es 2u eifiem
Stan kommt und wie sich der Stau entwik
kelt. Diabei hat sich gezeigt, dall starker
Werkehr wesenilich besser flielt, wenn
alle etwas langsamer fahren

Das Motlo Jangsamer ist schoeller hat
sich mun auch bei der Produk ion von M-
keochips bewshrt. Die komplizierien Struk-
turen der Chips stelle man in #ahlrcichen
Schritten vollautomatisch her. Dazu wer-
den tellergrofe Scheiben aus cinem halblei
tenden Materisl mit unterschiedlichen Sub
stanzen bedampft, mit lichtempfindlichen
Lacken dberzogen, belichies, in alzende By
der getaucht und gesdnbert und abermals
belichter, Ein Greifer teanspenliert dic
Scheiben einzeln owischen den Stalionen
hin und her. Wartezciten sind dabei nicht
2u vermuiden. Um einen miglichst grabicn
Durcl #u erreichen, hatte man bisher
dic cinzelnen Arheilsschritle so schnell wie
tiglich ahsalviert. Dioch jeled konnle Dirk
Helbing in Zusammenarhed! 'mit Infinzon
zeigen, dalBl es dabei 2o Staus im Produkii-
vnsablauf gekommen ist, die den Verkehrs-
staug dhnelten. Die Staus lassan sich indes
vermeiden, wenn man alles etwas geméichli
cher anpeht, Dic Produktion von Mikro-
chips kannte dadurch bas um 30 Prozent er
hiht werden. ILATMER & ART
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@ nverermar  Clogging at Bottlenecks and “Faster-is-Slower Effect”
DRESDEN

Physical interactions and friction effects

due to uncontrolled rush and pushy behavior

Faster-is-slower effect Obstacles can improve outflow

Learning from pedestrians

D. H., |. Farkas, and T. Vicsek, Nature 407, 487 (2000).
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@ UNIVERSITAT . - | |
DRESDEN Practical Implications and Design Solutions
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Without an obstacle one can observe clogging effects and a tendency of people to fall in panic situations
(left).

The clogging effect can be significantly reduced by a suitable obstacle, which increases the efficiency of
escape and diminishes the tendency of falling (right).
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» Container transport from ship to storage and back

Ausschnitt

Containerbriicke grofie Zeichnung

Containerfrachter

AGV-Zone

wFeeder«-Briicke »Feeder«-Schiff ¥

weifle Linien:
Beispiele fir

AGV-Tankstelle = AGV-Strecken

N Cantainer- " Lager fur ~ Container- £ \ I Lagerung und
Lager Kiiht- Lager Lager- Reparatur
Betriebs- = i E A :/kréne von Containern

gebdude/
Werkstatt

/Lagerhlock .

ree= |

LKW-Zone I : l
~ e e e ——— — - - -
Bahn-Zone Bahnkran

.II ,-_
J \/\ Flache fur Gewerbehallen:

LKW-Einfahrt / Verarbeitung, Verpackung und
PKW- Kihlung von Containerinhalten

Fatiriats Quelle: GEO

LKW-Check

Leitstelle

Grunflache

INSTITUTE FOR TRANSPORT & ECONOMICS Dirk Helbing

Chair for Traffic Modeling and Econometrics




(L) universrosr A d Guided Vehicl
TR utomated Guided Vehicles

CB 4 CB 5 CB 6
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* higher run time
variation of  waiting time decreases
waiting time over proportional

Q
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5 run time
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running maximal  reduced
speed: speed speed
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@ UNIVERSITAT lllustration of a Wet-Bench
DRESDEN

Chemical Water Chemical Water GC Chemical Water Dryer Park Positions Input,

Output

D. Fasold, Diplomarbeit, TU Dresden.
D. H., T. Seidel, S. Lammer, K. Peters: Self-organization principles in supply
and production systems, in Socio- and Econophysics (2006).
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TECHNISCHE
@ ggggEuﬂEﬂTﬁT Slower-is-Faster Effect in Semiconductor Production
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@ UNIVERSITAT Implications
DRESDEN

We found

* non-stationary and non-periodic solutions
» large sensitivity

= unpredictible dynamics

» inefficient production.

We reached

» stable production
= high throughputs.
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@ UNIVERSITAT Hypothesis
DRESDEN

Production systems are characterized
by a complex (e.g. fractal) phase space

Possible dynamic solutions include
unstable and chaotic solutions

(Phase) Transitions from one dynamic behavior
to another one occur at critical parameter thresholds

Methods developed to describe complex systems are
required to understand and optimize the dynamics of
production processes
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@UEESE  \odeling of Linear Supply Cha
DRESDEN ode |ng 0] Inear upp y alns

Q Q Q QH Qu+ 1
Alr{] hrl NE' *Mu N u+ 1

The stock level (“inventory”) N, at supplier b changes in time t according

to dN
=Qp (1) — Q. ()
Q,(t) ... rate at which supplier b receives ordered products from
supplier b — 1

Qu. () ... rate at which supplier b delivers products to the next
downstream supplier b + 1

D. H., New Journal of Physics 5.90, 1-28 (2003).
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D) G Vodeling of Linear Sunply Chai
DRESDEN odeling o1 Linear supply ains

The temporal change of the delivery rate is proportional to the
deviation of the actual de-livery or production rate from the desired
one W, (the order rate). Its adaptation takes on average some time
interval T: dQ, |

W - ;[\Nb (t) - Qb (t)]

with W, (1) =W, ({N, (D)}, {dN, (1) /dt}) =W (N, (1))

\ dN, ..
N, (t) = ZWC(Nb+C+Atd—:j

is a weighted mean value of the own stock level and the the ones of

the next n upstream and n downstream suppliers. The weights W,
are normalized to one: n

>ow, =1.

c=-n
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TECHNISCHE . - .
@ D Dynamic Instability of Production Processes

Are small variations amplified as in stop-and-go traffic?

If yes, what would be the consequences?

- Unreliable forecasts and production schedules

- Unpredictable lead times

- Inefficient production |l [
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@ TECHNISCHE Dynamics of a Sequential Supply Chain:
DRESDEN Mode Selection and Synchronization
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Phase Transitions in Supply Systems
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@ TECHNISCHE Management Strategy and
UNIVERSITAT . . . .
DRESDEN Maximum Oscillation Amplitude
a b
54 § 4
Z =
g T 3
= =
= | =
5’ 5
= =
% 5
2 0 | a | | 2 O |
0 2 4 0 0.4 0.8
Adaptation time 7’ Time horizon Af
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@ UNIVERSITAT | isti
SR Production and Logistics
Open questions:
* Inventory vs. just in time production?
« How important is the network topology?

Supply Chain as a network structure:
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TECHNISCHE . . .
@ Ty Modeling Macroeconomic Commodity Flows

Conservation Of resources
) (a;;) input matrix A
Ni( Z a;Q;(t) — Yi(t) N;(t) inventory level
(t) delivery rate

{

—— o Qz
Y,

supply re—entrant outflow

) consumption rate
P;(t) price level

Adaptation of delivery rates

Qi(t) _ ( Ny _1) — Ni(t)
Qi(t) N;(t) N;(t)
deviations from temporal

desired level changes

Adaptation of prices
Bi(t) _ (N_;‘O_l) — Ni(t)

Bi(t) Ni(1) Ni()
A ~ g — £ A
deviations from temporal ;
desired level changes
Consumption 1
Yi(t) = [Y? +&(®)] fi (Bi(t)) -

PI,-” P.

D. H., U. Witt, S. Lammer, T. Brenner, Physical Review E 70, 056118 (2004).
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Dynamic Behavior

Stationary Equilibrium
N?loa Pioa '?:Y;O — Q’? o Zj a’*’:jQ?

Linearized Equations
d?’b@

ar  No\ TRy

_
Hi g
Eigenvalues

o _ @& (.
dt_a"*Ni0 vt
)\3’3:0

b
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a4 Zaij%‘ — Y2 (P))pi — &(t) with
J

with

ni(t) = Ni(t) — N}
pi(t) = P(t) — P}
q;(t) = Qi(t) — QY
UZ 1
=T

Ay = [()z' i Di(1 — u""‘-)]
B; = v;|Ci + a; D;(1 — w;)]
C; = PYYIf(P))| /N

D; = Q}/N}

w; ... eigenvalues of A

Dirk Helbing
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@ UNIVERSITAT Network-Induced Oscillatory Behaviour
DRESDEN

Input matrices with real eigenvalues only

v
PRI im ;? i
EEEE i 4 Damped
MR R 107 oscillations
aEciitad HEEHE opommemcomraX— e 1024
H R 0.1 0.4 Re i
r o 10°- Overdamped
P 0.1 ] +_behaviour
I m ) 1 I 1 I \\Rm i
Overdamped behaviour possible. >

N : 102  10° 10* 10 a
Oscillations are never growing.

Input matrices with complex eigenvalues

ORI m g Growing
ek S 0.1 - oscillations

ot e

X% xXx

B cogsnegon e

i fﬁi1 o U Re Damped

S ——— oscillations
AIWayS OSCiIIating- T T T T T LILAL T T »
Growing oscillations are likely. 10%  10°  10° 10*«
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@ UNIVERSITAT Empirical Supply Networks
DRESDEN

Commaodity flow (average of FRA, GER, JAP, UK, USA)

Network structure

Mining and Industrial
quarrying — chemicals [ron and steel
Textiles, apparel \
and leather Rubber and
plastic products
Drugs and \
medicines
Mqtor
Petroleum and vehicles
coal products .
Agriculture,
Non-metallic forestry, fishing
mineral products Manufacturing
Food, beverages
and tobacco /
Wood products \
and furniture Restaurants aﬁzla;]tiﬁgne
& y Metal products &
Electricity, gas . Electrical Shipbuilding
and wzﬁerg Construction apparatus and repairing

D. H., U. Witt, S. LAmmer, T. Brenner, Physical Review E 70, 056118 (2004).
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TECHNISCHE . . )
@ UNIVERSITAT An Alternative Explanation of Business Cycles
DRESDEN

* Investigation of the network structure:
 Positive and negative feedbacks in production processes

* Time lags in the information flow and adaptation process

Business cycles because of the structure of production networks?

N l —H H_—u — ‘
2 102 :
] o v
m 100 - \
3 :
OV g
o
K J © 98 -
0.08 o
o i P
P _Eg §§g ° 0 1|0 2|0 SIO Time{e.;rs
FEFEF IR = 0 02 & eer)
Input output matrix Related delivery Resulting oscillations
network in the gross domestic
product
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@ ONIVERSITAT Impact of the Supply Network’s Topology

DRESDEN
30 . : , 20000 :
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D. H., New Journal of Physics 5.90, 1-28 (2003).
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TECHNISCHE . .
@ e Analogies to Production Networks

Directed Links:

— Road sections & Buffers

— Travel- and delay time & Cycle time

— Congestion, queues & Full buffers

Nodes:

— Junctions & Processing units

— Different origin-destination & Different products flows

— Conflicting flows & Conflicts in usage of
gripper, transfer cars etc.

— Traffic light scheduling & Production scheduling

— Green Wave & ConWiP strategy

— Accidents & Machine breakdowns
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@ UNIVERSITAT Adaptive Traffic Light Control
DRESDEN p g

- for complex street networks
- for traffic disruptions (building sites, accidents, etc.)

- for particular events (Olympic games, pop concerts, etc.)

INSTITUTE FOR TRANSPORT & ECONOMICS Dirk Helbing
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@ UNIVERSITAT Road Network as Directed Graph
DRESDEN

Directed links are homogenous road sections D. H., S. Lammer, J.-P.

— Traffic dynamics: congestion, queues Lebacque, in C. Deissenberg
d b d : and R. F. Hartl (eds.)
Nodes are connectors between road sections Optimal Control and

— Junctions: merging, diverging Dynamic Games (Springer,
2005).

'

> >
4 _~

/

— Traffic lights: control, optimization
Traffic assignment

— Route choice, destination flows
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@Eﬁ?&“ﬂ?ﬁ'ﬁ Eluid-D ic Traffic Model
UNIVERS| uid-Dynamic Traffic Mode

A (Bichs/Kundisch/Pyrka 2001)

120
Flow Q and density p are time i
.. . seconds
empirically correlated via the
fundamental diagram Q(p) %
Qe A
Qmax
Qf1-cr-(:1:FC) _.0 -""~.,_i-‘ o
14 _'_]JE o] cCong
Qs RCY |
free congested
traffic traffic
o phm

dp N dQe(p) Op

ot dp  Ox =0 Derivative Q. plays an
~— important role!
c(p)
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@ e Network Links: Homogenous Road Sections

free congested
Q?‘rr traffic traffic Qdep
w2
—p
L
. |
—L; zFC () 0
d po  AQ (27°)
Movement of congestion ax% - Ap (xFC)
. d
Number of vehicles aN,L. (1) = Q¥ (t) — Qfep(t)
Travel time d dep (4
_T@(t) — 1 . — 2 ( )
dt Q¥ (t — T;(t))
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DRESDEN etwor odaes:. connectors

Side Conditions

— Conservation d
Sk =y e Qi
i J 7 J
— Non-negativity
Qi =0 Qij
Q?I‘I‘ Z 0
~ Upper QP < QPP
boundary arT arr,pot
Q¥ < @
: d
— Branching D 0 QYT = Q3
7

F =3 £(Q) — max

Goal function

f(x) =2 withp < 1

v
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dLP arr

T i Q
1to 1: Qfep Qarr — min {Q?ep,pot’ Q?rr,pot} )
) /

1 to n: Diverging with branch weight a; Qu

qur,pot dep
[>] Qfep = min Qgep ’pOt, min Bt

n to 1; Merging Q?” = aiijep
Cg;iep

D. H., J. Siegmeier, S. Lammer, Networks and Heterogeneous Media (2007).
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TECHNISCHE . .
@ Ty Network Representation of Intersections
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@Eﬁ?&“ﬂéﬁﬁ Int tions: Modelli
S ntersecuons. ode |ng

Traffic light
— Additional side condition Qo ) E Q?Cp
d
Q; () < g(t)- QP™ 0<g(t)<1
Intersection

— Is only defined by a set of
mutually excluding traffic lights

\

— Each intersection point gives
one more side condition \%
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@ D Interdependence of Subsequent Intersections
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@ UNIVERSITAT Self-Organized Traffic Light Control
DRESDEN
Particular Challenges and Difficulties:
e Large variations in demand, turning rates, etc.
e Irregular networks, nodes with 5, 6, 7 links
e Switching times discourage frequent switches, reduce flexibility a lot!

* Queue front does not stay at service station (traffic light, intersection),
iInstead propagates upstream and complicates queue dynamics

« Travel times are dependent on load/congestion level
 Delay times propagate in opposite directions

* Variety of service/turning directions is costly: reduces the fraction of
green time for each direction

 Congested subsequent roads can diminish the effect of green times

 Minimum flow property reduces throughput of shared lanes

 Optimal sequence of signal phases changes, optimal solutions are
aperiodic!

« Some directions may be served several times, while others are only
served one time (i.e. it can make sense to split jobs!)

Optimization problem is dominated by non-linearities and NP hard!
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@ UNIVERSITAT  Operation Regimes of Traffic Light Scheduling

|. “Gaseous” Free-Flow Low-Density Regime

« Demand considerably below capacity

« Application of the first-in-first-out/first-come-first-serve principle
* Individual cars get green lights upon arrival at intersection

« Default state is a red light!

« All turning directions can be served

 Low throughput because of small vehicle arrival rate

D. H., T. Seidel, S. Lammer, K. Peters: Self-organization principles in supply and
production systems, in Socio- and Econophysics (2006).
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@ UNIVERSITAT  Operation Regimes of Traffic Light Scheduling

Il. Droplet-/Platoon-Forming, Mutually Obstructed Regime

« Demand below and possibly close to capacity

 Simultaneous arrivals and, therefore, conflicts of usage likely

e Waiting times are unavoidable. Hence, vehicle platoons are forming
« The goal is to minimize waiting times

e Serving platoons rather than single vehicles increases throughput!
 Longer standing platoons are prioritized compared to shorter ones

 Moving platoons are prioritized compared to similarly long standing
platoons. This is essential for traffic light synchronization and

formation of green waves. [> ]
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@ UNIVERSITAT Operation Regimes of Traffic Light Scheduling

DRESDEN

Ill. Condensed, Congested, %P %‘rf

Queue-Dominated Regime ;:/3’4L ‘z-/f:“ ==
W W
A A

« Demand above capacity == z;,. E”;-'

« Goal becomes flow maximization, as 4%|P E
queues form in all directions —

« Application of flow bundling principle it m
(similarly to platoon formation) is = = =
recommended: Reduction of Wi ||
service/turning directions, I.e. of — ___:-1-5-15*\ .
heterogeneity, increases capacity [ -:_%1'?1}( R

F B [E A
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@ TECHNISCHE Reduction of Traffic Phases
UNIVERSITAT .
DRESDEN Means Increase of Capacity
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D. H., J. Siegmeier, S. Lammer, Networks and Heterogeneous Media (2007).
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@ UNIVERSITAT  Operation Regimes of Traffic Light Scheduling

I\VV. Bubble Flow, Heavily Congested Gap
Propagation Regime

« Demand considerably above capacity

 Almost all streets are more or less fully congested

o Gap propagation principle replaces vehicle propagation
 Goal is to avoid stopping of gap (“bubble propagation”)

 Larger and moving gaps are given priority
[>] [>]

Best in terms of throughput is an approximately half-filled system. The
load/occupancy corresponding to the maximum throughput should not be
exceeded. The use of access control with traffic lights is, therefore,
recommended. This defines a kind of CONWIP strategy for traffic.
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@ UNIVERSITAT Partitioning into Sub-Networks

* Specification of core areas
(e.g. rectangular or hexagonal).

« Each core area is surrounded by 1 BN
a peripheral area.

» Size of peripheral area depends
on optimization horizon and
velocities on the links
(e.g. 300-500 meters).

.....

............

 Weights are assigned to the .. i e e e
nodes. In the periphery, weight 5| [ e {.-I| o Corearea
values should become smaller sy b v - a¥~| 4~ Periphery
with increasing distance to the ‘?-'-"' i / Node weights
core area. P . A

« Introducing node weights
significantly improves the

efficiency of the optimization
process.
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UNIVERSITAT

@ TECHNISCHE Self-Organized Oscillations at
DRESDEN Bottlenecks and Synchronization

 Pressure-oriented, autonomous,
distributed signal control:

— Major serving direction
alternates, as in pedestrian
flows at intersections

— lrregular oscillations, but
‘synchronized’

* In huge street networks:

— ‘Synchronization’ of traffic
lights due to vehicle streams
spreads over large areas
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@ Ty Application Example: City Center of Dresden

Simulation “Pirnaischer Platz” (City center of Dresden)
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