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Equivalence classes

Stateless model checkers partition executions into 

equivalence classes based on equivalence relations
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Stateless model checkers explore a reduced state graph

Stateless model checkers partition executions into 

equivalence classes based on equivalence relations
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Existing equivalence relations

• Classical (Mazurkiewicz)
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[Flanagan & Godefroid, POPL’05], [Abdulla et al., POPL’14] [Nguyen et al., CAV’18] [Zhang et al., PLDI’15] 
[Abdulla et al., TACAS’15]



Existing equivalence relations
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Existing equivalence relations

• Classical (Mazurkiewicz)

• reads-from 

• reads-value-from
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[Agarwal et al., CAV ‘21 ]
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View-equivalence
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equivalence relation
finer coarser

View-equivalence

#equivalence classes

higher lower

reads-value-from
equivalence

value
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Classical modulo
observers

equivalence
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reads-from 
equivalence

coarsest existing

lowest 
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View-equivalence

{  r1

r2

r3 }
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Exn-1

{  r1

r2

r3 }

Exn-2∼

I. same set of read events



View-equivalence

{  r1→v1

r2→v2

r3→v3 }
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Exn-1

{  r1→v1

r2→v2

r3→v3 }

Exn-2∼

I. same set of read events

II. Each read event reads the same value



reads-value-from vs view-equivalence

6 

reads-value-from 

equivalence classes
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- explore and execution (eq-1)
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• SMCs discover equivalence classes on-the-fly

- explore and execution (eq-1)
- manipulate order of events
- explore next execution (eq-2)

repeat

Eq-1 Eq-2 Eq-n
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information for 
constructing a 
coherent ordering



Tradeoff of causality

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

R(y) R(x)

W(x,1) W(y,1)

I(x,0)   I(y,0)

W(x,1) W(y,1)



Tradeoff of causality

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

R(y) R(x)

W(x,1) W(y,1)

I(x,0)   I(y,0)

W(x,1) W(y,1)



Tradeoff of causality

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

R(y) R(x)

W(x,1) W(y,1)

I(x,0)   I(y,0)

W(x,1) W(y,1)

#loops
ODPOR (classical) RVF-SMC ViEqui

#Seq Time #Seq Time #Seq Time

10 - Timeout 3703196 705.69 40 0.06

20 - Timeout - Timeout 80 0.28



Tradeoff of causality
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equivalence relation

ordering on events

higher lower

finer coarser

+ Has necessary 
information for 
constructing a 
coherent ordering

+ can reduce the 
number of 
explorations and 
achieve higher 
performance

- compute 
coherence 
operationally 



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

Eq-1



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

Eq-1 Eq-2 Eq-n



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

ViEqui Scheduler



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

ViEqui Scheduler
Execution order 

of events
defines

representative of an 
equivalence class



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

ViEqui Scheduler
Execution order 

of events
defines

representative of an 
equivalence class

Scheduling directives

uses

what has been examined previously?
what needs to be explored next ?



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

ViEqui Scheduler
Execution order 

of events
defines

representative of an 
equivalence class

Scheduling directives

uses

what has been examined previously?

φ: a boolean formula

what needs to be explored next ?

next: an sequence of events



ViEqui. SMC under view-equivalence

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

ViEqui Scheduler
Execution order 

of events
defines

representative of an 
equivalence class

Scheduling directives

uses

Eq-i

what has been examined previously?

φ: a boolean formula

what needs to be explored next ?

next: an sequence of events



Scheduling directives
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what has been examined previously?

what needs to be explored next ?
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what has been examined previously?

what needs to be explored next ?
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what has been examined previously?

what needs to be explored next ?
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rf

rf

R(x) 1 R(x) 1

R(x) 1 R(x) 2

R(x) 0

R(x) 2

R(x) ?

R(x) ?

(φ: a boolean formula)

(next: an sequence of events)

R(x)

R(x)
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Computing scheduling directives: forward analysis
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Computing scheduling directives: forward analysis

next
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add distinct scheduling directive

skip redundant scheduling directive



Computing scheduling directives
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ViEqui is

• Complete:  each maximal sequence represents an equivalence class
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ensured by:
runtime analysis and 

explorations by ViEqui
view-equivalence classes

view-equivalence class of 



ViEqui is

• Complete:  each maximal sequence represents an equivalence class

• Sound: each equivalence class is explored
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ensured by:
analyzing all write events and 

explorations by ViEqui
view-equivalence classes

view-equivalence class of 



• Complete:  each maximal sequence represents an equivalence class

• Sound: each equivalence class is explored

• Optimal: each equivalence class is explored exactly once
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ensured by:
non-redundant scheduling directives using

explorations by ViEqui
view-equivalence classes

view-equivalence class of 
ViEqui is



Time complexity

Indian Institute of Technology DelhiViEqui. Optimal Stateless Model Checking based on View-equivalence FM Update 2023

backward-analysis

forward-analysis

for each read event

for each explored sequence

where,



Space complexity
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1 [Abdulla et al. 2014; Albert et al. 2019; Aronis et al. 2018; Kokologiannakis et al. 2017] 
2 [Abdulla et al. 2017; Godefroid 2005]." 

existing DPOR algorithms are either exploration-optimal but may use exponential in the size of the 

program1, or maintain polynomial memory consumption but potentially explore exponentially many 

redundant interleavings2."  [Kokologiannakis et al. POPL ‘22]

view-equivalence classes

events



ViEqui tool
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Implemented over Nidhugg. 
available at: https://github.com/nidhugg/nidhugg

Tested over 16,154 litmus tests of concurrent C programs
borrowed from [Abdulla et al., OOPSLA ‘18]

https://github.com/nidhugg/nidhugg
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Performance analysis
classical equivalence [Abdulla et al., POPL ‘14]

reads-value-from equivalence [Agarwal et al., CAV ‘21]

reads-from equivalence [Abdulla et al., OOPSLA ‘19]
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Performance analysis

#loops
ODPOR rfsc RVF-SMC ViEqui

#Seq Time #Seq Time #Seq Time #Seq Time

10 - To - To 3703196 705.69 40 0.06

20 - To - To - To 80 0.28
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large enabling sequences

no well-formed join
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Performance analysis

highlights weakness 
of backward-analysis

large enabling sequences

no well-formed join
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Performance analysis

benchmarks with no assert violation benchmarks with assert violation

rfsc time rfsc time



Future Scope

• view-equivalence based SMC for weak memory models

• coarsening by considering the assert condition in the equivalence realtion

• applicability for database transactions

• Richer constructs like coarse grained synchronization
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Questions?
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Computing scheduling directives: backward analysis
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Handling causality
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Handling causality

1. enabling sequence (              ) = 

2. well-formed join (    ) preserves ( po    rf )+
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View-equivalence of DBMS transactions
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2 schedules S1, S2 of transactions are equivalent if in S1 and S2:

1. Each reading transaction reads the same value

2. Each reading transaction reads from the same transaction

3. Final write is performed by the same transaction

back
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