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jobs on B need further processing, next only within B
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deadlock; a system state with
not all jobs completed
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unsafe state; a system state where deadlock is unavoidable

scheduling system restricted to family of digraphs F ;
each job is isomorphic to digraph in F .{

,
}

Eggermont, Woeginger Reachability and deadlocking in multi-stage scheduling



Introduction
Questions & Answers

Highlights

Basic Terms
Related Work

Basic Terms

blocking set;
(sub-)set of machines B 6= ∅ occupied to full capacity,
jobs on B need further processing, next only within B

deadlock; a system state with
not all jobs completed
no job can move

A

B

C

D

unsafe state; a system state where deadlock is unavoidable

scheduling system restricted to family of digraphs F ;
each job is isomorphic to digraph in F .{

,
}

Eggermont, Woeginger Reachability and deadlocking in multi-stage scheduling



Introduction
Questions & Answers

Highlights

Basic Terms
Related Work

Basic Terms

blocking set;

(sub-)set of machines B 6= ∅ occupied to full capacity,
jobs on B need further processing, next only within B

deadlock; a system state with

not all jobs completed
no job can move

unsafe state; a system state where deadlock is unavoidable

scheduling system restricted to family of digraphs F ;
each job is isomorphic to digraph in F .{

,
}

Eggermont, Woeginger Reachability and deadlocking in multi-stage scheduling



Introduction
Questions & Answers

Highlights

Basic Terms
Related Work

Basic Terms

blocking set;
(sub-)set of machines B 6= ∅ occupied to full capacity,
jobs on B need further processing, next only within B

deadlock; a system state with
not all jobs completed
no job can move

unsafe state; a system state where deadlock is unavoidable

Lemma

state contains blocking set =⇒ state unsafe
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1 Recognize Safe State
Instance : scheduling system, state s
Question : Is state s safe?

2 Reachability
Instance : scheduling system, state s
Question : Can the system reach state s?

3 Deadlock
Instance : scheduling system
Question : Can the system fall into a deadlock state?
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How does restricting scheduling system affect complexity?

1 Recognize Safe State
Instance : scheduling system, state s
Question : Is state s safe?

2 Reachability
Instance : scheduling system, state s
Question : Can the system reach state s?

3 Deadlock
Instance : scheduling system
Question : Can the system fall into a deadlock state?
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Theorems (1996-2001)

For scheduling systems where either
(i) every machine capacity > 1 or
(ii) every job is unconstrained:

state unsafe ⇐⇒ state contains blocking set

Lemma

Whether state contains blocking set is decidable in polynomial time
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Theorem

Reachability is decidable in polynomial time for scheduling
system where machines with capacity 1 occur only in
unconstrained plans and in-stars, and NP-hard otherwise.
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Decomposition: machine β s.t. set γ := succ(β) minimal,
α 6= β sink on non-succesors, call rest δ.
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