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Coordination

“the management of interactions both amongst entities,
and between entities and their environment, towards the
production of a result” [Bouroche, 2007]

Informally, coordination | When/whether to

o do task with
tells an entity: respect to others

* Interaction management
Itellyou.. | * Direct communication

z’ 3’ (amongSt entities) Wh ttl q Deliberation
- Entities actions/Indirect a~to <o 0
2 ® communication (entities and Coordination ¥
sense kick thei . O
eir environment) 7 o
— 3
Products : It World Representationj g
* roauction or resu T o
« Safety: True at all times Perception Actuation S
E'g" must not crash Sensor fusion Control

« Goal: Eventually true

E.g., arrival at destination

f Common components
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Motivation and Overview

e Distributed physical entities ===

o Coordination; access shared resources <p
e Real-time; in a dynamic environment
Scalable wm
Reliable

Example application:
Intelligent
Transportation System

e An approach to

design “Protocols”
- Entities’ behavior
- Communication patterns

:<JDso
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e I f/r 2.System Analysis H\' Strategy

1.5ystem Modeling

st | Ly
Entity/Behavior | Variables Analysis | for entity’s| 3.Protocol derivation
Scenario deEIe" Mode Analysis behavior | | CoordinationScheme
| Safety & Progress | Request/feedback
Constraint - \ J)
ANy J’I Scenario Compaosition

e

System modeling and specification
System analysis
Protocol derivation

OUR 3 STEP DESIGN
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o & Behaviors
Ent]t]eS Drive Breakdown

g Stop Turn

cenarlo
Physical partition

of the environment
Simple

/ 0a Road
Junction
/ - Pedestrian crossing
Intersection
crossing Complex

Pedestrian crossm

o

Scenario constraints

« Scenario abstraction : Different-time event ordering
» Scenario setting : Sequence event ordering
- Entrance/Exit/Safety : Pre-condition/Post-condition/Invariant

STEP 1: SYSTEM MODELING &
SPECIFICATION

ﬁJSG st e G Cj DSO
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Entrance/Exit/Safety Constraints

o Safety constraint
- The condition that must be satisfied at all times
- The scenario invariant

e Entrance constraint
- Must be satisfied just before an entity enters the scenario

- The scenario pre-condition

- E.g., vehicle enters a road one at a time and at a speed such
that it has sufficient time to stop without collision to the
vehicle in front

e EXxit constraint
- Must be satisfied just before an entity leaves the scenario
- The scenario post-condition

o Captures the safety-conditions across scenarios

26 :‘1 DSO
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Fail-safe modes C: accelerate Long-lasting fail-safe modes

travelling before C: apply brakes stopped before
junction junction

U: brakes failure

Transition causes
U: Uncontrolled

T: reaches]

C: Controlled
in junction T
failed braki-'/ _ . tr::lvelling T: Timed
. T: reaches junctio Special Modes
Non fail-safe modes l U: breakdown Entrance mode

___________________ - < . > Exit mode
¢ after junction .7 breakdown .
Noa ) _ -7 S._ _ injunction _ .~

L =
— - R — .

* Modes & Mode transition diagram (rinite state machine)

« Strategy: does an entity has a fail-safe {condition-behavior} that
allows it to achieve its goal safely? What is this strategy?

« Composition: extension of safety analysis across scenarios

STEP 2: SYSTEM ANALYSIS

26 :‘3 DSO
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Mode transition diagram

A mode transition from a mode x, to another mode, vy, happens when an entity
state changes states from s, to s, such that sex and s,ey. An entities’ mode
transition diagram describes all modes and possible mode transitions.

e Transition causes

Controllable: caused by entity’s deliberate actions; an entity can choose
(not) to perform those actions that causes the transition
Uncontrollable: some external events causes the transition

« The external event could causes the entity to perform some actions which are
uncontrollable. E.g., burst vehicle’s tire

Timed: subset of uncontrollable transitions, timed transition are
transition caused by time passing
C:apply

travelling before breaks _ stopped before
junction junction
A A

~_C:accelerate —
T:reaches
junction .
in junction U: Uncontrolled
travelling '*\\ C: C_Unlr olled
N T:Timed
T:reaches Y U: breakdown
J, Junction end Special Modes "‘1
- - .- . ‘Iﬂ. ------- =
DSG '.Ji'.I_fi::ll.!I.|'.|1_5'1_'-'-I|'r ( . *

.- ot - . breakdown _ . ~

oy o w owmm ®

n junction . Entrance mode b D S 0
_ . ~ ~ R VTR mres
after junction . ( ., % Exitmode 9
* - N b J
e Y
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(Non) Deterministic Transition

e Can an entity perform a transition deterministically?
C: accelerate
C: apply
travelling before _ breaks stopped before
junction . \ junction
U breaks \rea ches junction
failure Iransition causes
\ U: Uncontrolled
failed breaks) C: Controlled
in junction T:Timed
reaches unction travelling
Can entity transition along Do the transition
Edge under Other edges from edge under examination has deterministic
examination the same vertex deterministically? transition time?
trolled |SOme timed/uncontrolled No -
HHHEOTLTOTe all controlled Yes No (possibly infinite)
timed some timed/uncontrolled No -
HHe all controlled Yes Yes
all controlled/timed Yes Yes
controlled : _
some uncontrolled No -

DSG istributed Systerms Group
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Coordination Strategy

travelling before

junction

T: reaches
junction

T: reaches
J, junction end

u e w - .

C:apply . - 1
breaks stopped before | Index Mode Result | Condition Comments
_ NG junction
! S, o o | o ,-'/ . . . e
g B 1 traveling before junction Safe 0:3 | 2 Entrance
2 stopped before junction Safe - LLFSM
travelling AN 3 in junction traveling Safe [:1] 2 non-fail-safe
‘ U: breakdown
....... 4 after junction Safe - Exit, LLFSM
¢ In junction -~ i
g 5 in junction breakdown Safe - Exit

o — .
o o

e Result

Safe

Unsafe

Deadend-1; no out-edge
Deadend-2; no safe out-edge
Pending; during calculation

P
DSG istributed Systerms Group
Trisity Colkege Dubln

e Condition

- 0: 3|2

» Take out edge 3 after successful
coordination, otherwise take out-

edge 2
- 1: 1|2

e Arrive from node 1, may be

required to coordinate in mode 2.
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3. Receives

Space X T]me Permission
Enters 4. Makes 2. Sent 1. Starts
Junction Decision Request to L1sten

‘ Slowing down: T(a) ‘ MsgLatency ‘ Lurking time: A

_-ﬁ

As mentioned,
» Responsibility; not accessing the shargd resources
* First-come/first-served; to decide winhner in races

« Coordination pattern » To be scalable, entity only listens fgr some period
and send requests to a local area
* Request feedback protocol

« |Inference & score
 Beta constraints

« Rescheduling

STEP 3: PROTOCOL
DERIVATION

g R :‘J DSO
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Coordination Pattern (CwoRIS)

$

The decision point is the
last point in time where
an entity must start
changing its behavior to
avoid accessing the
shared resources.

Sending area; an entity
must deliver its request to
every entity that might
use some of the shared
resources.

Lurking time; an entity
must lurk for a period in
order to ascertain that no
other entities is holding
on to the resource it
requires prior to its
arrival.

* Calculations of the location of decision point, sending area and lurking
time are not presented, they are shown in the thesis.

Mode transition diagram

C: apply
breaks

stopped before
junction

travelling before
junction

C: accelerate

T: reacheps
junction Transition causes
U: Uncontrolled
C: Controlled
travelling T: Timed

An entity modes for a particular period

junct stopped travelling before junction

The coordination pattern

3. Receives
Enters Junction Zelr\/rlr;ilizison 2. Sent 1. Starts
D. . Request to Listen
ecision

‘ Slowing down: T(a) ‘ MsglLatency ‘ Lurking time: A ‘

Decision point

7
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Request Feedback protocol . enc

receiveRequest{requestq)

‘ g is own request? ‘

e’E’D/’/ ______T_igé"‘-ﬁﬁ

g is a conflicting request Prior conflict
— . -
r —Ye Box B: recorded:

If g.NodelD € prevMembers /\q\
AND prevRequest ng # &
Reschedule || Win
FC/FS

"%l AND g.NodelD.priority <

own .NodelD.priority

ifﬂﬂ—fﬁ s Box C:
Record | lgnoreg
conflict || prevMembers.remove({g.NodelD)

y

Record g into
situation picture

initialize()

own = sendRequest{area,
MsgLatency, resources, 1D)

receiveFeedback()

Win FC/FS AND
Request delivered to

everyone?
Box A: HE/\Q\
prevRequest=own || Valid
prevMembers = IDs || request

of acknowledges

Restart protocol

Valid request (Win FC/FS & Request delivered to everyone)
On detection of a race, an entity may ignore a request when

It has a previous conflicting request
That is delivered to the sender

The entity has higher priority than the sender

DSG istributed Systerms Group
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Simple cross junction

Simulation setup
Player & Stage
Maximum vehicle speed, 60km/h

Road leading into junction is 280m (based on 2* maximum sending area; not all vehicles
receive a sent request)

Vehicles generated randomly at entrance of road, with random destination

Vehicle density parameter: the number of vehicles in the scenario at one time; used for
measuring scalability

EVALUATION

Liffey junction

* Plcture from Google Map

DSG Distributed Systerms Group ( Yo H A oniEs 1 5
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Comparisons with other protocols

o Better throughput at low density

- Traffic lights; natural platooning effect

» Better than centralized approach!

g

- Right-turns given same priority in centralized approach;
decentralized approach - a free-for-all market

- Allocation fragmentation in centralized approach

Throughput (vehicle/hour)
1100 -

1000 -

900 -
800 4 =—o—Traffic Lights

=i—Centralized
700 - T
No optimizations

600 - =>e=Delay resend

500 - ==Preemption

400 -

300

10 20 30 40 50
N . S =dpso
GG vt swems sown—— Density (Number of vehicles in the junction) ( Wsktees 16,
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Comparisons with other protocols (2)

o Traffic light has best average/maximum crossing time
- Platoon effect
- Optimized-by-hand solution (the traffic lights time)
e Our preemption-based protocol is comparable to the centralized

protocol
(a) | (b) |
Average cross time (s) Maximum cross time (s)
250 -+ 1600 -~
== Traffic Lights
1400 1 == Centralized
200
1200 - No optimizations
| =>&=Delay resend
150 - 1000
Preemption
800 -
100 - 600 - sy
400 -
50 - :
200 - =
- A —— .
O T T T T 1 0 T T T T
20 30 40 50 10 20 30 40 50
nnncrl-u “\Iu imhbar n'l-' vohicloc in tha.i L u\rhnn\ Densit\'l (!\_Iumber r_\f vahiclas in thao junctir_\n)

...... P
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Comparisons with other protocols (3)

e Using our protocol, most number and percentage of
vehicles may cross the junction without stopping

(a) (b)
Cross junction without stopping (vehicle/hour) Cross junction without stopping (% of throughput)
500 - 90 -
== Traffic Lights
430 80 1 == Centralized
400 - 70 1 No optimizations
350 - 60 - =3é&=Delay resend
) —K 50 - == Preemption

300 -

40 -
250

30 - ~—
200 1 4
150 10 -
100 T T T T 1 0 T T T T

10 20 30 40 50 10 20 30 40 50
Density (Number of vehicles in the junction) Density (Number of vehicles in the junction)

DSG [stributed Systerms Group Yo H A oniEs
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Reliability - communication errors

Vehicle density = 20
on_ughput (vehicle/hour)

850

800

750

700

650

5 10 20

Vehicle density = 40
E;I'Shoroughput (vehicle/hour)

30 50
Message error rate

Vehicle density = 20

Average cross time (s)
60 -
55 -
50 -
45 -

40 -

35 -

30 T

Vehicle density = 40

Average cross time (s)
200 -+

30 50
Message error rate

No crashes
observed

Performance
degrade when
Message errors

> 20%

900 - X\)\/x_x 190 - =o—No optimizations
180 -
850 - -
800 - 160 - =-Delay resend
150 -
= 140 - P )
700 - 130 - Preemption
120 - //
650 1 ‘\‘—‘\\ 110 - ;ﬁ e v isi
=>Total collision
600 . . . : . 100 : . . ;
5 10 20 30 50 5 10 20 30 50
Message error rate Message error rate
=dDSo0
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Reliability - Vehicle breakdowns

e Vehicle density = 20 (fastest moving vehicles)
e 24 Hours of simulated time * 4 runs

Communication | Number of Average cross | Maximun Breakdowns Crashes
Error Vehicles time cross time

19187 34.8 241.6 0
5% 18869 36.3 254.6 662 0
10% 18859 36.2 238 675 0
20% 18356 38.4 249 667 0
30% 18234 39.2 274.2 609 0
50% 17187 44.9 325 569 0

:‘JDSO
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Scalability

Number of request received

- Bandwidth & computational power

Number of records stored in Situation picture data structure

- Memory & computational power

Average number of requests received

0.7 -

0.6 -

0.5 -

0.4 -

0.3 -

0.2 -

0.1 -

0

: rec/ sec
Average cross time (rec /sec}

10 20 30 40 50
Density (Number of vehicles in the junction)

Maximum number of Records in SitPict

35 -

30 -

25 -

20 -

15 -

10 -

5 4

0

Communication

Errors :
=—=0%
== 5%
== 10%
== 20%
==fe=30%
=0=50%

10 20 30 40 50
Density (Number of vehicles in the junction)

g
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Scalable

Distributed
Reliable

Real-time Coordination

CONCLUSION

2 DSG Distributed Systerms Group

Autonomous

Mobile

Systematic

:<1 DSO
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