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An Automated Analysis Scenario

P(x){
…
…
}

spec()

program 
analysis 
tool

improved analysis in the  
presence of specifications 

unfortunately, specifications  
are seldom available

+

+

This illustrates the relevance of the oracle problem



AVL {
…
…
}

Approaches to the Oracle Problem

Specification

Specified oracles

Implicit oracles

Derived oracles

Manual specification

Analyze software crashes or 
general software faults
Derive specifications from 
existing software elements

?
/*@
  @ invariant (\forall Node n;
  @   \reach(root, Node, left + right).has(n) implies
  @   ! \reach(n.right, Node, right + left).has(n) &&
  @   ! \reach(n.left, Node, left + right).has(n));
  @*/

try {
…

} catch (NullPointerException e) {
…

}
AVL    AVL’

Earl T. Barr, Mark Harman, Phil McMinn, Muzammil Shahbaz, and Shin Yoo. The Oracle Problem in Software Testing: A Survey. TSE 2015

program 
analysis 
tool



Specification Inference

AVL {
…
…
}

Infer a spec capturing the current program behavior

executions

spec  
inference  
tool +

assert(x > 0)

assert(x <= y)

assert(b implies c)



Applications of Inferred Specs

Regression 
Testing

P(x){
…
…
}

spec()

P(x){
…
…
}

P(x){
…
…
}

P1(x){
…
…
}

P2(x){
…
…
}

Program 
Comprehension

Differential 
Testing

P(x){
…
…
}

other implementations

assert(x > 0)

* Michael D. Ernst et al. The Daikon System for Dynamic Detection of Likely Invariants. SCP 2007.

Program 
Repair

Fault 
Localization

What does the program 
under analysis do?

Does these implementations 
respect the same spec? 

Is the original 
behavior preserved?

spec  
inference  
tool 
Daikon*

…



!
Limited 

Expressiveness

Michael D. Ernst et al. The Daikon System for Dynamic Detection of Likely Invariants. SCP 2007.

Candidate assertions not 
falsified by the test suite

Simple arithmetic/
logical expressions

Typically reports false positives 
and redundant assertions.

P(x){
…
}

Likely 
invariants

Candidate 
Assertions

Test 
Suite

Daikon

Dynamic Invariant Detection (in a nutshell)

!
Weak 

Precision

Can be manually 
extended



Valerio Terragni, Gunel Jahangirova, Paolo Tonella, and Mauro Pezzè. Evolutionary Improvement of Assertion Oracles. FSE 2020

Facundo Molina, Pablo Ponzio, Nazareno Aguirre and Marcelo F. Frias. EvoSpex: An Evolutionary Algorithm for Learning Postconditions. ICSE 2021

Specification Inference Techniques

ad-hoc template based approach state mutationcode mutation

Daikon GAssert EvoSpex

single-objective  
evolutionary algorithm

co-evolutionary 
algorithm

dynamic analysis

underlying 
technique

assertion 
strengthening 

approach

assertion 
language

Arithmetic/Logical

+ - * / %

AND OR XOR EXOR

IMPLIES EQUIV

< > <= >= != ==

Navigational/Quantification

REACH HAS EXISTS FORALL

+ -

AND

< > <= >= != ==

IMPLIES

Standard (extensible)

+ - * /

AND OR IMPLIES EQUIV

< > <= >= != ==

x = 0, y = 3

x = 0, y = 2>=a b

==a b



Improvement over Dynamic Invariant Detection

Can we improve Daikon to 
overcome the above limitations?

Expressiveness

Precision

Assertion languages that are difficult to 
adapt to support further assertions

Evolutionary approaches 
are expensive

Guided exploration of 
a larger search space

Report less and 
stronger assertions

Daikon Evolutionary Approaches

Standard Assertion Templates

<

>

<=

>=

==

!=

IMPLIES

OR

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

Assertion Search Space

<latexit sha1_base64="8hQms6AdcmpPL99fcdLp06oNJcs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mTftlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/f1aQzg==</latexit>↵1
<latexit sha1_base64="3gAQ+Lwwja1WqzFFRHBAX/sUDfo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtGpV77Lq3V9U6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIDbkM8=</latexit>↵2

<latexit sha1_base64="sWSPTZbOpCN3OKSdYbmGylX53iw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPbUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97HzSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVu7+o1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIJgkNA=</latexit>↵3
<latexit sha1_base64="T50uYVvcgMov7EUtkZTgYPFO6oc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3mXVu69V6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIPlkNE=</latexit>↵4

<latexit sha1_base64="YdVVsF8bSS4SBkP4oqcGaiaA2kk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEnons8mQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97GLSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVuz+v1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIVqkNI=</latexit>↵5
<latexit sha1_base64="yxiV86+WZZjAEveUXPxx1u324/w=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6qXq3q3V9W6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIbvkNM=</latexit>↵6

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵
<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵
<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵
<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵
<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵

<latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵ <latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵ <latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵ <latexit sha1_base64="4r1ijfZ2G3Qk6kwZXDiZu1YlV3g=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01ngrevFYwX5AG8pmu2nXbjZhdyOU0P/gxYMiXv0/3vw3btMKKvpg4PHeDDPzgoQzpR3nwyosLa+srhXXSxubW9s75d29lopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99TqVgsbvUkoX6Eh4KFjGBtpFYP82SE++WKY3un1dqZh3LiudU5qbkXyLWdHBVYoNEvv/cGMUkjKjThWKmu6yTaz7DUjHA6LfVSRRNMxnhIu4YKHFHlZ/m1U3RklAEKY2lKaJSr3ycyHCk1iQLTGWE9Ur+9mfiX10116PkZE0mqqSDzRWHKkY7R7HU0YJISzSeGYCKZuRWREZaYaBNQyYTw9Sn6n7RObLdmuzfVSv1yEUcRDuAQjsGFc6jDNTSgCQTu4AGe4NmKrUfrxXqdtxasxcw+/ID19gkUQo97</latexit>↵
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Michael D. Ernst et al. The Daikon System for Dynamic Detection of Likely Invariants. SCP 2007.

Can we more conveniently extend 
the set of candidate assertions?

Can we reduce the reported 
assertions to the most relevant?

P(x){
…
}

Likely 
invariants

Candidate 
Assertions

Test 
Suite

Daikon

Improving Dynamic Invariant Detection

Producer Selector



Candidate 
Assertions

Likely 
Invariants

Candidate 
Assertions

SpecFuzzer

P(x){
…
}

Test 
Suite

Assertion 
grammar

DaikonAssertion 
Fuzzer

Remove the need of manually specifying new assertions

Report only the assertions that are more relevant

Assertion 
Selector

Candidate 
Assertions

Invariantes 
Probables

Likely 
Invariants

Relevant 
Assertions

Fuzzing Class Specifications



Base Assertion Grammar

public class C {
int x, y;
boolean b, c;
Set<Integer> s;

}

Target Class

Grammar instantiation

Assertion 
Fuzzer

Assertions fuzzing

this.x > 0

Candidate Assertions

this.x >= this.y

this.b -> (this.x < this.y)

this.x % this.y > 0

this.b <=> (this.x == this.y)

exists n : reach(this.header, Node, next) : n.value > 0

forall n : reach(this.header, Node, next) : n.value < n.next.value

this.y >= 0 this.x > 0 -> this.y < 0

this.x + this.y > 1

this.x > this.y

exists n : reach(this.header, Node, next) : b -> n.value < 0

this.b <=> (this.x != this.y)

this.c <=> this.b

this.b || this.x > this.y

this.x > this.y * -1

this.x < this.y

this.x < this.y + 1

The Assertion Fuzzer

Can be straightforwardly adapted



The assertions are 
grouped according to 
the mutants they kill

public class C {
…

}

Target Class

Code 
Mutation

public class C {
…

}

Mutants

Likely 
Invariants

Assertion 
Selector

Mutants

<latexit sha1_base64="q1P9xz38G0X1iZG41dBWWCf5SUs=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6rLoxo1QwT6gDWEynbRDJ5MwMxFqyJe4caGIWz/FnX/jpM1CWw8MHM65l3vmBAlnSjvOt7Wyura+sVnZqm7v7O7V7P2DjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyU3hdx+pVCwWD3qaUC/CI8FCRrA2km/XBhHWY4J5dpf7mZv7dt1pODOgZeKWpA4lWr79NRjGJI2o0IRjpfquk2gvw1IzwmleHaSKJphM8Ij2DRU4osrLZsFzdGKUIQpjaZ7QaKb+3shwpNQ0CsxkEVMteoX4n9dPdXjlZUwkqaaCzA+FKUc6RkULaMgkJZpPDcFEMpMVkTGWmGjTVdWU4C5+eZl0zhruRcO9P683r8s6KnAEx3AKLlxCE26hBW0gkMIzvMKb9WS9WO/Wx3x0xSp3DuEPrM8f9qCTSg==</latexit>

M1

<latexit sha1_base64="qb11SjSzTWHpmJJJGIOoWtuYYkw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpoi6LbtwIFewD2hAm02k7dDIJMxOhhnyJGxeKuPVT3Pk3TtostPXAwOGce7lnThBzprTjfFultfWNza3ydmVnd2+/ah8cdlSUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTG9yv/tIpWKReNCzmHohHgs2YgRrI/l2dRBiPSGYp3eZnzYy3645dWcOtErcgtSgQMu3vwbDiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx4hk6NMkSjSJonNJqrvzdSHCo1CwMzmcdUy14u/uf1Ez268lIm4kRTQRaHRglHOkJ5C2jIJCWazwzBRDKTFZEJlpho01XFlOAuf3mVdBp196Lu3p/XmtdFHWU4hhM4AxcuoQm30II2EEjgGV7hzXqyXqx362MxWrKKnSP4A+vzB/glk0s=</latexit>

M2
<latexit sha1_base64="KYTTiw0j+KL+NL8/wy3AK1T+47Y=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUZdFN26ECvYBbQiT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbNbre3td1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25yv/tIpWKReNDTmLohHgkWMIK1kbxadRBiPSaYp3eZl55lXq1uN+wZ0DJxClKHAi2v9jUYRiQJqdCEY6X6jh1rN8VSM8JpVhkkisaYTPCI9g0VOKTKTWfBM3RslCEKImme0Gim/t5IcajUNPTNZB5TLXq5+J/XT3Rw5aZMxImmgswPBQlHOkJ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAsfnmZdE4bzkXDuT+vN6+LOspwCEdwAg5cQhNuoQVtIJDAM7zCm/VkvVjv1sd8tGQVOwfwB9bnD/mqk0w=</latexit>

M3

<latexit sha1_base64="0wUm1kkHVCP3lIEm1THX2UGb7Lk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRoi6LbtwIFewD2hAm02k7dDIJMxOhhnyJGxeKuPVT3Pk3TtostPXAwOGce7lnThBzprTjfFultfWNza3ydmVnd2+/ah8cdlSUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTG9yv/tIpWKReNCzmHohHgs2YgRrI/l2dRBiPSGYp3eZnzYy3645dWcOtErcgtSgQMu3vwbDiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx4hk6NMkSjSJonNJqrvzdSHCo1CwMzmcdUy14u/uf1Ez268lIm4kRTQRaHRglHOkJ5C2jIJCWazwzBRDKTFZEJlpho01XFlOAuf3mVdM7r7kXdvW/UmtdFHWU4hhM4AxcuoQm30II2EEjgGV7hzXqyXqx362MxWrKKnSP4A+vzB/svk00=</latexit>

M4
<latexit sha1_base64="5XfqJkgl2FAZ8/+aEf/JpI6GplQ=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGzdCBfuANoTJdNIOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z48ecKW3b31ZpZXVtfaO8Wdna3tmt1vb2OypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1Jze5332kUrFIPOhpTN0QjwQLGMHaSF6tOgixHhPM07vMS88zr1a3G/YMaJk4BalDgZZX+xoMI5KEVGjCsVJ9x461m2KpGeE0qwwSRWNMJnhE+4YKHFLlprPgGTo2yhAFkTRPaDRTf2+kOFRqGvpmMo+pFr1c/M/rJzq4clMm4kRTQeaHgoQjHaG8BTRkkhLNp4ZgIpnJisgYS0y06apiSnAWv7xMOqcN56Lh3J/Vm9dFHWU4hCM4AQcuoQm30II2EEjgGV7hzXqyXqx362M+WrKKnQP4A+vzB/y0k04=</latexit>

M5
<latexit sha1_base64="SWl/xE79VbfQN3XK2YbQDM/H5AA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LbtwIFewD2hAm00k7dDIJMxOhhnyJGxeKuPVT3Pk3TtoutPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2+/ah8cdlScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTG4Kv/tIpWKxeNDThHoRHgkWMoK1kXy7OoiwHhPMs7vczxq5b9ecujMDWiXugtRggZZvfw2GMUkjKjThWKm+6yTay7DUjHCaVwapogkmEzyifUMFjqjyslnwHJ0aZYjCWJonNJqpvzcyHCk1jQIzWcRUy14h/uf1Ux1eeRkTSaqpIPNDYcqRjlHRAhoySYnmU0MwkcxkRWSMJSbadFUxJbjLX14lnfO626i79xe15vWijjIcwwmcgQuX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVmLnSP4A+vzB/45k08=</latexit>

M6
<latexit sha1_base64="mbwTkyJJVlYD4YfJl7rREhtasRo=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURsS6LbtwIFewD2hAm00k7dDIJMxOhhnyJGxeKuPVT3Pk3TtoutPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2+/ah8cdlScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTG4Kv/tIpWKxeNDThHoRHgkWMoK1kXy7OoiwHhPMs7vczxq5b9ecujMDWiXugtRggZZvfw2GMUkjKjThWKm+6yTay7DUjHCaVwapogkmEzyifUMFjqjyslnwHJ0aZYjCWJonNJqpvzcyHCk1jQIzWcRUy14h/uf1Ux1eeRkTSaqpIPNDYcqRjlHRAhoySYnmU0MwkcxkRWSMJSbadFUxJbjLX14lnfO6e1l37y9qzetFHWU4hhM4Axca0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVmLnSP4A+vzB/++k1A=</latexit>

M7

<latexit sha1_base64="mCgOYZzthoa8pqNX1AL7eV67b7M=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIRdVl040aoYB/QhjCZTtqhM5MwMxFqyJe4caGIWz/FnX/jpM1CWw8MHM65l3vmhAmjSrvut7Wyura+sVnZqm7v7O7V7P2DjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrh5Kbwu49EKhqLBz1NiM/RSNCIYqSNFNi1AUd6jBHL7vIg43lg192GO4OzTLyS1KFEK7C/BsMYp5wIjRlSqu+5ifYzJDXFjOTVQapIgvAEjUjfUIE4UX42C547J0YZOlEszRPamam/NzLElZry0EwWMdWiV4j/ef1UR1d+RkWSaiLw/FCUMkfHTtGCM6SSYM2mhiAsqcnq4DGSCGvTVdWU4C1+eZl0zhreRcO7P683r8s6KnAEx3AKHlxCE26hBW3AkMIzvMKb9WS9WO/Wx3x0xSp3DuEPrM8fUduThg==</latexit>

Mm

<latexit sha1_base64="8hQms6AdcmpPL99fcdLp06oNJcs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mTftlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/f1aQzg==</latexit>↵1
<latexit sha1_base64="3gAQ+Lwwja1WqzFFRHBAX/sUDfo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtGpV77Lq3V9U6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIDbkM8=</latexit>↵2

<latexit sha1_base64="muGM5JpIWwgWUBSWf9SQO0PX6yk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mZz2yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5hdPyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDalkQ/CWX14lrYuqV6t695eV+k0eRxFO4BTOwYMrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8f3AeRCw==</latexit>↵n

<latexit sha1_base64="sWSPTZbOpCN3OKSdYbmGylX53iw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPbUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97HzSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVu7+o1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIJgkNA=</latexit>↵3

<latexit sha1_base64="T50uYVvcgMov7EUtkZTgYPFO6oc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3mXVu69V6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIPlkNE=</latexit>↵4

<latexit sha1_base64="YdVVsF8bSS4SBkP4oqcGaiaA2kk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEnons8mQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97GLSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVuz+v1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIVqkNI=</latexit>↵5

<latexit sha1_base64="yxiV86+WZZjAEveUXPxx1u324/w=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6qXq3q3V9W6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIbvkNM=</latexit>↵6

Likely Invariants

<latexit sha1_base64="xY6yUDPiztd1aVaUPwVGIHk74M0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3lXVu7+s1G/yOIpwAqdwDh7UoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIh0kNQ=</latexit>↵7

<latexit sha1_base64="8hQms6AdcmpPL99fcdLp06oNJcs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mTftlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/f1aQzg==</latexit>↵1
<latexit sha1_base64="sWSPTZbOpCN3OKSdYbmGylX53iw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPbUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97HzSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVu7+o1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIJgkNA=</latexit>↵3

<latexit sha1_base64="xY6yUDPiztd1aVaUPwVGIHk74M0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3lXVu7+s1G/yOIpwAqdwDh7UoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIh0kNQ=</latexit>↵7 A unique assertion for each 
partition is reported

The Assertion Selector

Assertions killing the same 
set of mutants are 

considered equivalent

Assertions that do not 
kill any mutant are 

considered irrelevant

getMin(a, b)

(a == b) implies (b == result)

(a == b) implies (b <= result)

getMin(a, b)

(a == result) or (a != result)



Code 
Mutation

public class C {
…

}

Mutants

Likely 
Invariants

Mutation-based 
Selection

Mutants

<latexit sha1_base64="q1P9xz38G0X1iZG41dBWWCf5SUs=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6rLoxo1QwT6gDWEynbRDJ5MwMxFqyJe4caGIWz/FnX/jpM1CWw8MHM65l3vmBAlnSjvOt7Wyura+sVnZqm7v7O7V7P2DjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyU3hdx+pVCwWD3qaUC/CI8FCRrA2km/XBhHWY4J5dpf7mZv7dt1pODOgZeKWpA4lWr79NRjGJI2o0IRjpfquk2gvw1IzwmleHaSKJphM8Ij2DRU4osrLZsFzdGKUIQpjaZ7QaKb+3shwpNQ0CsxkEVMteoX4n9dPdXjlZUwkqaaCzA+FKUc6RkULaMgkJZpPDcFEMpMVkTGWmGjTVdWU4C5+eZl0zhruRcO9P683r8s6KnAEx3AKLlxCE26hBW0gkMIzvMKb9WS9WO/Wx3x0xSp3DuEPrM8f9qCTSg==</latexit>

M1

<latexit sha1_base64="qb11SjSzTWHpmJJJGIOoWtuYYkw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpoi6LbtwIFewD2hAm02k7dDIJMxOhhnyJGxeKuPVT3Pk3TtostPXAwOGce7lnThBzprTjfFultfWNza3ydmVnd2+/ah8cdlSUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTG9yv/tIpWKReNCzmHohHgs2YgRrI/l2dRBiPSGYp3eZnzYy3645dWcOtErcgtSgQMu3vwbDiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx4hk6NMkSjSJonNJqrvzdSHCo1CwMzmcdUy14u/uf1Ez268lIm4kRTQRaHRglHOkJ5C2jIJCWazwzBRDKTFZEJlpho01XFlOAuf3mVdBp196Lu3p/XmtdFHWU4hhM4AxcuoQm30II2EEjgGV7hzXqyXqx362MxWrKKnSP4A+vzB/glk0s=</latexit>

M2
<latexit sha1_base64="KYTTiw0j+KL+NL8/wy3AK1T+47Y=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUZdFN26ECvYBbQiT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbNbre3td1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25yv/tIpWKReNDTmLohHgkWMIK1kbxadRBiPSaYp3eZl55lXq1uN+wZ0DJxClKHAi2v9jUYRiQJqdCEY6X6jh1rN8VSM8JpVhkkisaYTPCI9g0VOKTKTWfBM3RslCEKImme0Gim/t5IcajUNPTNZB5TLXq5+J/XT3Rw5aZMxImmgswPBQlHOkJ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAsfnmZdE4bzkXDuT+vN6+LOspwCEdwAg5cQhNuoQVtIJDAM7zCm/VkvVjv1sd8tGQVOwfwB9bnD/mqk0w=</latexit>

M3

<latexit sha1_base64="0wUm1kkHVCP3lIEm1THX2UGb7Lk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRoi6LbtwIFewD2hAm02k7dDIJMxOhhnyJGxeKuPVT3Pk3TtostPXAwOGce7lnThBzprTjfFultfWNza3ydmVnd2+/ah8cdlSUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTG9yv/tIpWKReNCzmHohHgs2YgRrI/l2dRBiPSGYp3eZnzYy3645dWcOtErcgtSgQMu3vwbDiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx4hk6NMkSjSJonNJqrvzdSHCo1CwMzmcdUy14u/uf1Ez268lIm4kRTQRaHRglHOkJ5C2jIJCWazwzBRDKTFZEJlpho01XFlOAuf3mVdM7r7kXdvW/UmtdFHWU4hhM4AxcuoQm30II2EEjgGV7hzXqyXqx362MxWrKKnSP4A+vzB/svk00=</latexit>

M4
<latexit sha1_base64="5XfqJkgl2FAZ8/+aEf/JpI6GplQ=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGzdCBfuANoTJdNIOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z48ecKW3b31ZpZXVtfaO8Wdna3tmt1vb2OypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1Jze5332kUrFIPOhpTN0QjwQLGMHaSF6tOgixHhPM07vMS88zr1a3G/YMaJk4BalDgZZX+xoMI5KEVGjCsVJ9x461m2KpGeE0qwwSRWNMJnhE+4YKHFLlprPgGTo2yhAFkTRPaDRTf2+kOFRqGvpmMo+pFr1c/M/rJzq4clMm4kRTQeaHgoQjHaG8BTRkkhLNp4ZgIpnJisgYS0y06apiSnAWv7xMOqcN56Lh3J/Vm9dFHWU4hCM4AQcuoQm30II2EEjgGV7hzXqyXqx362M+WrKKnQP4A+vzB/y0k04=</latexit>

M5
<latexit sha1_base64="SWl/xE79VbfQN3XK2YbQDM/H5AA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LbtwIFewD2hAm00k7dDIJMxOhhnyJGxeKuPVT3Pk3TtoutPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2+/ah8cdlScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTG4Kv/tIpWKxeNDThHoRHgkWMoK1kXy7OoiwHhPMs7vczxq5b9ecujMDWiXugtRggZZvfw2GMUkjKjThWKm+6yTay7DUjHCaVwapogkmEzyifUMFjqjyslnwHJ0aZYjCWJonNJqpvzcyHCk1jQIzWcRUy14h/uf1Ux1eeRkTSaqpIPNDYcqRjlHRAhoySYnmU0MwkcxkRWSMJSbadFUxJbjLX14lnfO626i79xe15vWijjIcwwmcgQuX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVmLnSP4A+vzB/45k08=</latexit>

M6
<latexit sha1_base64="mbwTkyJJVlYD4YfJl7rREhtasRo=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURsS6LbtwIFewD2hAm00k7dDIJMxOhhnyJGxeKuPVT3Pk3TtoutPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2+/ah8cdlScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTG4Kv/tIpWKxeNDThHoRHgkWMoK1kXy7OoiwHhPMs7vczxq5b9ecujMDWiXugtRggZZvfw2GMUkjKjThWKm+6yTay7DUjHCaVwapogkmEzyifUMFjqjyslnwHJ0aZYjCWJonNJqpvzcyHCk1jQIzWcRUy14h/uf1Ux1eeRkTSaqpIPNDYcqRjlHRAhoySYnmU0MwkcxkRWSMJSbadFUxJbjLX14lnfO6e1l37y9qzetFHWU4hhM4Axca0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVmLnSP4A+vzB/++k1A=</latexit>

M7

<latexit sha1_base64="mCgOYZzthoa8pqNX1AL7eV67b7M=">AAAB+HicbVDLSsNAFL3xWeujUZdugkVwVRIRdVl040aoYB/QhjCZTtqhM5MwMxFqyJe4caGIWz/FnX/jpM1CWw8MHM65l3vmhAmjSrvut7Wyura+sVnZqm7v7O7V7P2DjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrh5Kbwu49EKhqLBz1NiM/RSNCIYqSNFNi1AUd6jBHL7vIg43lg192GO4OzTLyS1KFEK7C/BsMYp5wIjRlSqu+5ifYzJDXFjOTVQapIgvAEjUjfUIE4UX42C547J0YZOlEszRPamam/NzLElZry0EwWMdWiV4j/ef1UR1d+RkWSaiLw/FCUMkfHTtGCM6SSYM2mhiAsqcnq4DGSCGvTVdWU4C1+eZl0zhreRcO7P683r8s6KnAEx3AKHlxCE26hBW3AkMIzvMKb9WS9WO/Wx3x0xSp3DuEPrM8fUduThg==</latexit>

Mm

<latexit sha1_base64="8hQms6AdcmpPL99fcdLp06oNJcs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mTftlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/f1aQzg==</latexit>↵1
<latexit sha1_base64="3gAQ+Lwwja1WqzFFRHBAX/sUDfo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtGpV77Lq3V9U6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIDbkM8=</latexit>↵2

<latexit sha1_base64="muGM5JpIWwgWUBSWf9SQO0PX6yk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mZz2yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5hdPyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDalkQ/CWX14lrYuqV6t695eV+k0eRxFO4BTOwYMrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8f3AeRCw==</latexit>↵n

<latexit sha1_base64="sWSPTZbOpCN3OKSdYbmGylX53iw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPbUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97HzSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVu7+o1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIJgkNA=</latexit>↵3

<latexit sha1_base64="T50uYVvcgMov7EUtkZTgYPFO6oc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3mXVu69V6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIPlkNE=</latexit>↵4

<latexit sha1_base64="YdVVsF8bSS4SBkP4oqcGaiaA2kk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5oHJEnons8mQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97GLSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVuz+v1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIVqkNI=</latexit>↵5

<latexit sha1_base64="yxiV86+WZZjAEveUXPxx1u324/w=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6qXq3q3V9W6jd5HEU4gVM4Bw+uoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIbvkNM=</latexit>↵6

Likely Invariants

<latexit sha1_base64="xY6yUDPiztd1aVaUPwVGIHk74M0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3lXVu7+s1G/yOIpwAqdwDh7UoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIh0kNQ=</latexit>↵7

<latexit sha1_base64="8hQms6AdcmpPL99fcdLp06oNJcs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7mTftlytu1Z2DrBIvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8GmpV6qWYJ0jEPWtVRixLSfzS+ekjOrDEgYK1vSkLn6eyLDSOtJFNjOCM1IL3sz8T+vm5rw2s+4TFLDJF0sClNBTExm75MBV4waMbEEqeL2VkJHqJAaG1LJhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/f1aQzg==</latexit>↵1
<latexit sha1_base64="sWSPTZbOpCN3OKSdYbmGylX53iw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPbUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8MOOE+REOJA85RWOlxy6KZIi97HzSK1fcqjsDWSZeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNSt1UswTpCAesY6nEiGk/m108ISdW6ZMwVrakITP190SGkdbjKLCdEZqhXvSm4n9eJzXhtZ9xmaSGSTpfFKaCmJhM3yd9rhg1YmwJUsXtrYQOUSE1NqSSDcFbfHmZNM+q3mXVu7+o1G7yOIpwBMdwCh5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AIJgkNA=</latexit>↵3

<latexit sha1_base64="xY6yUDPiztd1aVaUPwVGIHk74M0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0UyQj7WW3aL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m188JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjM3icDrhg1YmIJUsXtrYSOUCE1NqSSDcFbfnmVtC6q3lXVu7+s1G/yOIpwAqdwDh7UoA530IAmUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIh0kNQ=</latexit>↵7



Is the mutation-based selector successful for 
removing redundant/irrelevant assertions?
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Relevant 
AssertionsSpecFuzzer

Is grammar-based fuzzing effective at 
generating relevant assertions?

Experimental Setup

How does SpecFuzzer compare 
with alternative techniques?

Valerio Terragni, Gunel Jahangirova, Paolo Tonella, and Mauro Pezzè. Evolutionary Improvement of Assertion Oracles. FSE 2020

Facundo Molina, Pablo Ponzio, Nazareno Aguirre, and Marcelo Frias. EvoSpex: An Evolutionary Algorithm for Learning Postconditions. ICSE 2021.



Assertion 
Fuzzer

+ Daikon

The assertion fuzzer allowed us to detect 
61% of the ground truth assertions.

Detected: 40

spec() spec()

spec() spec()
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Effectiveness of Grammar-based Fuzzing
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}
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Ground truth: 65

Subjects: 43



Assertion 
Fuzzer

+ Daikon

The Assertion Selector reduced the reported assertions by 95%, 
allowing us to discover 52% of the ground truth assertions.

Performance of the Assertion Selector

P(x){
…
}

P(x){
…
}

P(x){
…
}

spec()spec()spec()

Ground truth: 65

Subjects: 43

Assertion 
Selector

spec()

Detected: 34
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+
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Discovered Assertions

Assertion Fuzzer
Assertion Selector

34

52%

The effectiveness of the Assertion Selector may be 
improved considering further mutation operators

40

top

theArray 2 5 1 4

StackAr.pop

assert(theArray[old(top)] == null)

No mutant modifies the null value 
after the pop array update

assert(abs(result) <= 1)crossproduct = Math.sin(ang2 - ang1);
if (crossproduct > 0)

return 1;
if (crossproduct < 0)

return -1;

return 0;

Angle.getTurn

No mutant makes the method return a 
value other than 1, -1 or 0

null

Performance of the Assertion Selector



Valerio Terragni, Gunel Jahangirova, Paolo Tonella, and Mauro Pezzè. Evolutionary Improvement of Assertion Oracles. FSE 2020

Facundo Molina, Pablo Ponzio, Nazareno Aguirre, and Marcelo Frias. EvoSpex: An Evolutionary Algorithm for Learning Postconditions. ICSE 2021.

SpecFuzzer vs Evolutionary Approaches

SpecFuzzer

EvoSpex

GAssert

10

18 25

34

SpecFuzzer missed 1 
assertion produced by GAssert

SpecFuzzer missed 8 assertions 
produced by EvoSpex

EvoSpex - 38%GAssert - 27% SpecFuzzer - 52%



Remarks

✦ The Oracle Problem is a relevant problem in Software Engineering.

✦ Specification Inference can still be improved.

Earl T. Barr, Mark Harman, Phil McMinn, Muzammil Shahbaz, and Shin Yoo. The Oracle Problem in Software Testing: A Survey. TSE 2015

Scalability Expressiveness Precision

✦ SpecFuzzer uses grammar-based fuzzing and mutation-based selection to effectively improve 
dynamic invariant detection.


