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• Uniform Synthesis Methodology at the Discrete Level
Ø Controller synthesis: for safety, non-blockingness, 

maximal permissiveness, and minimal behavior
Ø Synthesis of sensor activation policies: for information-

state based properties, such as diagnosability, opacity
Ø Solves synthesis problems that had remained open for 

a long time, using a game approach on suitable 
discrete transition structures: MPO and [NB-]AES

Ø Implemented in Software Tool: DPO-SYNT 
https://gitlab.eecs.umich.edu/M-DES-tools/DPO-SYNT

Ø PhD dissertation of Xiang Yin (2017)

• Massively Scalable Synthesis at the Continuous Level
Ø Structural properties: large # of systems, small # of 

classes; counting constraints (sufficiently many/not too 
many); identity of individual systems is not important

Ø Exploits symmetry (permutation invariance) in dynamics 
and specifications

Ø extensions to near symmetric case

Ø works across scales (10 to 10K or more systems)

Ø robustness to asynchrony, agents entering and exiting 
the group

Ø A new logic (counting Linear Temporal Logic) to capture 
multi-agent coordination specifications 

• Time of invariance: a time-based abstraction
Ø Time of invariance: a timing abstraction that measures the 

time to constraint violation when constraint violation is 
unavoidable. Associated synthesis techniques for large 
scale switched systems. Dual to time-optimal control. 

Abstraction 
Continuous à Discrete 

Control Synthesis 
DES 

Active Diagnosis 
DES 
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Motivating Problem
Mode-Counting Problem Statement

Thermostatically Controlled Load (TCL) Scheduling I

A TCL can be on or off

State constraint: Each TCL should maintain temperature
within a desired temperature range

Specification: Aggregate electricity consumption should be
controlled over time

The flexibility in individual specifications can be leveraged to
control aggregate demand to for instance mitigate fluctuations

Utility

Other demand

Previous work on TCL scheduling does not provide guarantees
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Synchronous and Asynchronous Multi-Agent

Coordination with cLTL+ Constraints
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EECS, University of Michigan, Ann Arbor, Michigan

Introduction

Coordination of large number of agents is needed for many applications such as

• evacuation planning,
• formation control,
• coverage,

• emergency response.

• control of TCL’s.

• warehouse delivery systems

Classical approaches

• deal with simple objectives

• assign a specific task to
each individual

• lacks formal guarantees

Using temporal logic specifica-
tions

• complex high-level tasks

• formal guarantees on correct
behavior

• curse of dimensionality.

Can we take advantage of structure of the problem?

Motivation
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Motivated by multi-agent missions

• dynamics of single agent is simple

• the number of agents is large

• high-level tasks are complex

• the identity of the agent is not im-

portant for the task to be completed,

• certain number of agents required
to satisfy a certain task.

Linear Temporal Logic

LTL formulas over the set AP of atomic propositions (with a 2 AP ) are formed using the
following grammar:

⇡ := True | a | ¬⇡ | ⇡1 _ ⇡2 | �⇡ | ⇡1U⇡2.

Can express specifications such as

• invariance: ⇤¬⇡
u

,

• guarantee: ⌃⇡
g

,

• liveness: ⇤⌃⇡
g

,

• persistance: ⌃⇤⇡

g

• reach-avoid: ⇤¬(⇡
u

) ^ ⌃(⇡
g

),

• response: ¬⇡
u

U ⇡

g

,

• sequencing: ⌃(⇡
g

^ (⌃⇡
u

^ (. . . ,

By combining these and many more, we can capture lot of meaningful specifications
using LTL.

Counting Linear Temporal Logic Plus

Then Counting Linear Temporal Logic Plus (cLTL+) is built on top and is used to specify
the evolution of the number of agents that needs to satisfy an inner logic formula.

cLTL+ formulas over a set of atomic propositions AP are defined according to the follow-
ing grammar:

' ::= True | cp | ¬' | '1 ^ '2 | �' | '1U '2,

where counting proposition tcp = [�,m] such that � is an LTL formula and mN.

•⇤¬[D, 4]: number of agents at region D must be less than 4 at all times.

• [⇤⌃A,N ]: All robots should visit region A, infinitely many times.

Solution Method

We first lift the problem to discrete level
by taking system dynamics into ac-
count. Then pose it as an optimiza-
tion problem. Finally project the solu-
tion back into continuous domain.
Classical approach is to take cross-
product of N transition systems. This
results in the explosion in the number of
states for large number of agents. We,
instead, use a single abstraction as a
histogram. By assigning weights to
We encode the collective dynamics
and counting LTL specifications as
integer-linear-programming (ILP) con-
straints and solve the corresponding
optimization problem.

Find w

1:N
1:h , z

loop

, (z,y)cLTL+

s.t. ILP Constraints

Example

Assume the specifications are given as follows: ' =
V7
i=1'i

'1
.

= ⇤(¬[D, 1]) always avoid obstacles,
'2

.

= ⇤(¬[B, 4]), always <4 robots in narrow pass,
'3

.

= ⇤⌃[A, 5] > 5 in A infinitely many times ,

'4
.

= ⇤⌃(¬[A, 1]) < 1 in A infinitely many times ,

'5
.

= ⇤⌃[C, 5] > 5 in C infinitely many times ,

'6
.

= ⇤⌃(¬[C, 1]) < 1 in C infinitely many times
'7

.

= [⇤⌃F, 10] all robots should visit charging station

t = 1 t = 2 t = 3 t = 6 t = 7 t = 8

t = 14 t = 15 t = 16 t = 20 t = 30 t = 31

Robustness to Asynchrony

In real life applications, it is difficult to
perfectly synchronize agents. We mod-
ify our encodings to generate solutions
that are robust to bounded asynchrony.
This modification makes sure that high-
level specifications are satisfied even if
the agents are not perfectly synchro-
nized.
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Conclusions and Future Directions

we proposed a new logic cLTL+ for multi-agent coordination and presented an
optimization-based trajectory generation method that guarantees that the collective be-
havior of the agents satisfy the given cLTL+ formula. The proposed method
• generates sound and complete solutions.
• scales well with the increasing number of agents.

We provided an extension of the trajectory generation method for the case agents move
asynchronously. Our future work will focus on
• Generalizing to discrete-time linear or piecewise nonlinear dynamics
• Expand the temporal counting constraints to contain a subset of agents, from which a

certain number of agents should satisfy the given task.

[CDR 13]

Applications: thermostatically controlled 
load coordination; multi-agent emergency 
response

Efficiently computable relaxa-
tions for time of invariance for 
heterogeneous collections of 
switched systems
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