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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] 

• Interaction management 
• Direct communication 

(amongst entities) 

• Entities actions/Indirect 

communication (entities and 

their environment) 

 

• Production of result 
• Safety: True at all times 

E.g., must not crash 

• Goal: Eventually true 
E.g., arrival at destination 

 

Informally, coordination 

tells an entity: 

What to do 

When/whether to 

do task with 

respect to others 

Common components 

within an entity 

I tell you … 

kick sense 

http://www.dsg.cs.tcd.ie/
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Motivation and Overview 

• Distributed physical entities 

• Coordination; access shared resources 

• Real-time; in a dynamic environment 

• Scalable (wrt) 

• Reliable (to) 

 

• An approach to 

   design “Protocols” 

– Entities’ behavior 

– Communication patterns 

Example application: 

Intelligent 

Transportation System 

http://www.dsg.cs.tcd.ie/
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OUR 3 STEP DESIGN 

System modeling and specification 

System analysis 

Protocol derivation 

http://www.dsg.cs.tcd.ie/
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STEP 1: SYSTEM MODELING & 

SPECIFICATION 

Scenario constraints 

• Scenario abstraction :  Different-time event ordering 

• Scenario setting :  Sequence event ordering 

• Entrance/Exit/Safety :  Pre-condition/Post-condition/Invariant 

Entities 
Behaviors 
Drive  Breakdown 

Stop   Turn 

Scenario 
Physical partition 

of the environment 

Simple 

Road 

Junction 

Pedestrian crossing 

 

Complex 

Intersection crossing 

Road 

Road 

Road 

Junction 

Pedestrian crossing 

Intersection 

crossing 

http://www.dsg.cs.tcd.ie/
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Entrance/Exit/Safety Constraints 

• Safety constraint 

– The condition that must be satisfied at all times 

– The scenario invariant 

• 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  

• Exit constraint 

– Must be satisfied just before an entity leaves the scenario 

– The scenario post-condition 

• Captures the safety-conditions across scenarios 

http://www.dsg.cs.tcd.ie/
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Fail-safe modes 
Long-lasting fail-safe modes 

Non fail-safe modes 

STEP 2: SYSTEM ANALYSIS 

• Modes & Mode transition diagram (Finite 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 

http://www.dsg.cs.tcd.ie/
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Mode transition diagram 

A mode transition from a mode x, to another mode, y, happens when an entity 

state changes states from s0 to s1, such that s0x and s1y. An entities’ mode 

transition diagram describes all modes and possible mode transitions. 

• 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 

 

http://www.dsg.cs.tcd.ie/
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(Non) Deterministic Transition 

• Can an entity perform a transition deterministically? 
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Coordination Strategy 

• Result 

– Safe 

– Unsafe 

– Deadend-1; no out-edge 

– Deadend-2; no safe out-edge 

– Pending; during calculation 

• Condition 

– O: 3|2 

• Take out edge 3 after successful 

coordination, otherwise take out-

edge 2 

– I: 1|2 

• Arrive from node 1, may be 

required to coordinate in mode 2. 

 

http://www.dsg.cs.tcd.ie/
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Lurking time:  MsgLatency Slowing down: T(a) 

3. Receives 

Permission 

4. Makes 

Decision 

2. Sent 

Request 
1. Starts 

to Listen 

Enters 

Junction 

• Coordination pattern 

• Request feedback protocol 

• Inference & score 

• Beta constraints 

• Rescheduling 

STEP 3: PROTOCOL 

DERIVATION 

As mentioned, 

• Responsibility; not accessing the shared resources 

• First-come/first-served; to decide winner in races 

 

• To be scalable, entity only listens for some period 

and send requests to a local area 

 

Space x Time 

http://www.dsg.cs.tcd.ie/
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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. 

stopped before 
junction 

travelling before 
junction 

in junction 
travelling 

C: apply 
breaks 

T: reaches 
junction Transition causes 

U: Uncontrolled 
C: Controlled 
T: Timed  

C: accelerate 

Mode transition diagram 

travelling before junction stopped junct 

An entity modes for a particular period 

Lurking time:  MsgLatency Slowing down: T(a) 

3. Receives 
Permission 
4. Makes 
Decision 

2. Sent 
Request 

1. Starts 
to Listen 

Enters Junction 

Decision point 

The coordination pattern 

http://www.dsg.cs.tcd.ie/
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Request Feedback protocol (Inference) 

• 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 

http://www.dsg.cs.tcd.ie/
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Simple cross junction 

 

 

Liffey 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 

* Picture from Google Map 

http://www.dsg.cs.tcd.ie/
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Comparisons with other protocols 

• Better throughput at low density 

– Traffic lights; natural platooning effect 

• Better than centralized approach! 

– Right-turns given same priority in centralized approach; 

decentralized approach – a free-for-all market 

– Allocation fragmentation in centralized approach 
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Comparisons with other protocols (2) 

• Traffic light has best average/maximum crossing time 

– Platoon effect 

– Optimized-by-hand solution (the traffic lights time) 

• Our preemption-based protocol is comparable to the centralized 

protocol 
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Comparisons with other protocols (3) 

• Using our protocol, most number and percentage of 

vehicles may cross the junction without stopping 
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Reliability – communication errors  
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Reliability - Vehicle breakdowns 

• Vehicle density = 20 (fastest moving vehicles) 

• 24 Hours of simulated time * 4 runs 

Communication 

Error 

Number of 

Vehicles 

Average cross 

time 

Maximun 

cross time 

Breakdowns Crashes 

0% 19187 34.8 241.6 646 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 

http://www.dsg.cs.tcd.ie/
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Scalability 

• Number of request received  

– Bandwidth & computational power 

• Number of records stored in Situation picture data structure 

– Memory & computational power 
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CONCLUSION 

Reliable 

Scalable 

Distributed 

Autonomous 

Mobile 

Real-time Coordination Systematic 
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