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Problem Setting: Controller Synthesis
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Research Question: Dealing with Objective Increments
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Permissiveness = Adapt to Changes at Runtime!
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keep one plan keep “some” plans keep all plans
using “some” finite and remove those
cannot adapt to representation that don’t work
changes!
(need new plan) ‘ there can be
infinitely many plans!
“template” (history-dependent,
[Anand+, CAV’23] probabilistic, etc.)
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Template = High-Level Summary of Objectives

e Informally, a femplate consists of three sets

C for co-live actions
(must take finitely often)

L for live actions

(must take infinitely often if
visiting the state infinitely often)

P for prohibited actions
(must not take)

must not visit X
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Example: Template for Reachability Objective

e Reachability objective: visit X at least once 1. Compute the reachable set R

-

3. Actions in (R \ X) are co-live

2. Actions from \
(R\X)to (S\R)
are prohibited
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Example: Template for Buchi Objective

e Buchi objective: visit X infinitely often

1. Compute the subset
W < X that can return to X

3. Actions going to non-label
states are prohibited 2. Compute the BFS distance to W
Actions decreasing the distance are live
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From Templates to Controllers

e Atemplate suggests what to do at each state

P for prohibited action

(must not take)

L for live actions
(must take infinitely often if

visiting the state infinitely often)

C for co-live actions
(must take finitely often)
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Use Case #1: Objective Increments
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Use Case #2: Multi-Agent Controller Synthesis

e Templates as contracts between collaborating agents
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e See [Anand+, TACAS'23] [Anand+, HSCC'24] [Nayak—Schmuck, TACAS'24]

this cell!
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More Complex Settings: Opponent & Randomness

e So far, all examples are 71-player games

[Anand+, CAV’23]: 2-player game [P+, TCS’25]: 2.5-player game
e At some states, a demonic e At some states, a demonic
opponent controls the agent opponent controls the agent
e Algorithms were proposed to e At some states, randomness
construct templates for chooses an action randomly
o Reachability, Safety e Our contribution is the use of
o Buchi, Co-Buchi [Chatterjee+, CSL'03] and
o Parity [Banerjee+, TACAS'22]
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Conclusion: Templates Provide Adaptability

e Templates = important actions
e Getting a controller is simple!
e Merging templates is fast!

e \arious use cases!

e [Anand+, CAV’23]: 2-player game
= with opponent

o [P+ TCS’25]: 2.5-player game
= with opponent + randomness
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