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https://www.epa.gov/water-research/storm-water-management-model-swmm 

scientific model 
developer

users (e.g.,National 
Stormwater Calculator)

… and many other stakeholders

https://www.epa.gov/water-research/storm-water-management-model-swmm


SWMM tracks the quantity and quality of runoff made 
within each sub-catchment.



Characteristics of SWMM

● Development began in 1969, released in 1971

● Version 5.1.012 was released in 2017

● Computational engine is written in C & the UI in 

Delphi.XE2

● C code size is about 45,500 LoC



PEST++

● First version of PEST 

was released in 1994

● Version 13.3 was 

released in 2014

● C++ code size is about 

180,000 LoC



SWMM2PEST

● Python

● 2,500 LoC

“A Novel Coupling Pattern
in Computational Science
and Engineering Software”



R2

search engines

sine(x), cosine(x), log(x), sqrt(x), ...

develop software to find answers which are previously unknown

...

Oracle Problem



Metamorphic Testing



Metamorphic Relations

In each paper, 5 MRs are defined at one-shot, organized at 
the same level, and executed & analyzed separately:

● J. Ding et al. “An application of metamorphic testing for testing 
scientific software”, In International Workshop on Metamorphic 
Testing, pages 37-43, May 2016.

● Z. Zhou et al. “Metamorphic testing for software quality 
assessment: a study of search engines”, IEEE Transactions on  
Software Engineering, 42(3): 260-280, March 2016.



Hierarchical Metamorphic Relations

We define and organize 
MRs in a hierarchical 
manner where one MR’s 
execution & analysis will 
influence the follow-up MRs

MRSP: Singleton versus Pair

MRPT: Pair to Triplet

MRFL: Fault Localization



MRSP: Singleton versus Pair

Source TC: calibrate Pi & calibrate Pj

Follow-up TC: calibrate Pi ^ Pj



MRSP: Singleton versus Pair

Source TC: calibrate Pi & calibrate Pj

Follow-up TC: calibrate Pi ^ Pj



MRSP: Singleton versus Pair (N=431 pairs)



MRPT: Pair to Triplet

Source TC: a “suspicious” pair

Pi ^ Pj according to MRSP

Follow-up TC: Pi ^ Pj ^ Pk such

that Pk is “desired” w.r.t MRSP

Note that MRSP influences MRPT

MRSP: Singleton versus Pair

MRPT: Pair to Triplet

MRFL: Fault Localization



MRPT: Pair to Triplet (N=1,905 triplets)



MRPT: An Example



MRFL: Pair to Triplet
MRSP: Singleton versus Pair

MRPT: Pair to Triplet

MRFL: Fault Localization



MRFL: SWMM Fault Localization



Lessons Learned

● Metamorphic testing is effective in overcoming the oracle 
problem
○ Software integration
○ Speed, e.g., 50 hours in executing 1,905 triplets

● Hierarchical MRs are intended for (scientific model) 
developers to investigate more sensible test cases, given 
some (initial) testing results
○ Relations versus absolute values
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