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TEST-DRIVEN 
DATA ANALYSIS

or
Why should anyone believe your analytical results?

or
Data analysis as if the answers actually mattered



“We're not just there to help with our 
sponsor's confirmation bias:
we're there to get it right.”

— Edward Tufte, 26 September 2016
     The Future of Data Analysis

https://channel9.msdn.com/Events/Machine-Learning-and-Data-Sciences-Conference/Data-Science-Summit-2016/MSDSS11



SOFTWARE DEVELOPMENT (WITH TDD)

Write some
(failing) tests*

Write/change code
to make tests pass

Simplify 
code

Add functionality 
/ Fix bugs

Constantly run 
tests with CI?

Often:
• Well-understood inputs
• Well-understood goal
• Many kinds of errors/failures are unmistakable 

* While mocking
almost everything





Why is this
lying bastard
lying to me?

—Jeremy Paxman



“Shouldn’t we do
  test-driven

  data analysis?”

— Patrick Surry, c. 2010



THE BIG IDEA

Transfer the ideas of
test-driven development

from software development
to data analysis

(mutatis mutandis*)

those things which need to be changed having been changed*



CORRECTNESS



“Ninety per cent of
   everything is crap”

— Theodore Sturgeon, Venture, 1958

STURGEON’S REVELATION



We need to extend TDD’s idea of testing for
software correctness

with the idea of testing for
meaningfulness of analysis,

correctness and validity of input data,
& correctness of interpretation.

TDD ↦ TDDA
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TDDA: LEVEL ZERO

REFERENCE TESTS
http://github.com/tdda/writabletestcase.py



ANALYTICAL 
PROCESS

INPUTS OUTPUTS
DATA 

& PARAMETERS
DATASETS, NUMBERS, 

GRAPHS, MODELS, 
DECISIONS ETC.

TDDA: LEVEL ZERO

Develop a verification procedure (diff) and periodically rerun:
do the same inputs (still) produce the same outputs?

Record
inputs

Capture as
scripted, parameterised
executable procedure

Record
(“reference”)

outputs
(“reproducible research”)



0 :$ python3 test_graphs.py 
..... 
File check failed. 
Compare with "diff /Users/njr/pycon/testoutput/tsr-288-DS-5.svg /Users/njr/pycon/
reference/tsr-288-DS-5.svg". 
Note exclusions: Copyright 
Compare preprocessed with "diff /tmp/actual-tsr-288-DS-5.svg /tmp/expected-tsr-288-
DS-5.svg". 
F 
=============================================================
========= 
FAIL: testTSRGraphs (__main__.TestGraphs) 
---------------------------------------------------------------------- 
Traceback (most recent call last): 
  File "test_graphs.py", line 111, in testTSRGraphs 
    maxPermutationCases=2) 
  File "/Users/njr/python/tdda/writabletestcase.py", line 170, in check_file 
    self.assertEqual(nFailures, 0) 
AssertionError: 1 != 0 

---------------------------------------------------------------------- 
Ran 9 tests in 11.320s 

FAILED (failures=1)



1 :$ python3 test_graphs.py -W 
Written /Users/njr/pycon/reference/pndate-graph.svg. 
.Written /Users/njr/pycon/reference/test-pnhbar-graph.svg. 
.Written /Users/njr/pycon/reference/pnd-295-SGLD-28.svg. 
Written /Users/njr/pycon/reference/pnd-295-SI-1136.svg. 
Written /Users/njr/pycon/reference/pnd-295-DS-235.svg. 
Written /Users/njr/pycon/reference/pnd-428-BH-44.svg. 
Written /Users/njr/pycon/reference/pnd-295-SI-1139.svg. 
Written /Users/njr/pycon/reference/pnd-295-SGLD-8.svg. 
Written /Users/njr/pycon/reference/pnd-295-BD-97.svg. 
Written /Users/njr/pycon/reference/pnd-295-BD-94.svg. 
Written /Users/njr/pycon/reference/pnd-428-BH-4.svg. 
… 
Written /Users/njr/pycon/reference/tsr-273-DS-4.svg. 
Written /Users/njr/pycon/reference/tsr-278-DS-4.svg. 
Written /Users/njr/pycon/reference/tsr-282-DS-3.svg. 
Written /Users/njr/pycon/reference/tsr-287-DS-3.svg. 
Written /Users/njr/pycon/reference/tsr-287-PW-3.svg. 
Written /Users/njr/pycon/reference/tsr-288-DS-5.svg. 
. 
---------------------------------------------------------------------- 
Ran 9 tests in 11.039s 

OK 



0 :$ python3 test_graphs.py 
......... 
---------------------------------------------------------------------- 
Ran 9 tests in 11.658s 

OK 
0 :$ 



TDDA: LEVEL ONE

CONSTRAINTS
See http://github.com/tdda

/constraints/examples/pdgenerate.py



SINGLE FIELD CONSTRAINTS DATASET CONSTRAINTS

Age ≤ 150 The dataset must contain field CID

type(Age) = int Number of records must be 118

CID ≠ NULL One field should be tagged O

CID unique Date should be sorted ascending

len(CardNumber) = 16 MULTI-FIELD CONSTRAINTS

Base in {“C”, “G”, “A”, T”} StartDate ≤ EndDate

Vote ≠ “Trump” AlmostEqual(F, m * a, 6)

StartDate < tomorrow() sum(Favourite*) = 1

v < 2.97e10 minVal ≤ medianVal ≤ maxVal

Height ~ N(1.8, 0.2) V ≤ H * w * d

EXAMPLE CONSTRAINTS







{ 
    "fields": { 
        "Z": {"type": "int", "min": 1, "max": 92, "sign": "positive", "max_nulls": 0, "no_duplicates": true}, 
        "Name": {"type": "string", "min_length": 3, "max_length": 12, "max_nulls": 0, "no_duplicates": true}, 
        "Symbol": {"type": "string", "min_length": 1,"max_length": 2, "max_nulls": 0, "no_duplicates": true}, 
        "Period": {"type": "int", "min": 1, "max": 7, "sign": "positive", "max_nulls": 0}, 
        "Group": {"type": "int", "min": 1, "max": 18,"sign": "positive"}, 
        "ChemicalSeries": {"type": "string", "min_length": 7, "max_length": 20, "max_nulls": 0, 
                                            "allowed_values": ["Actinoid", "Alkali metal", "Alkaline earth metal”, 
                                                                              "Halogen", “Lanthanoid", "Metalloid", "Noble gas”, 
                                                                              "Nonmetal", "Poor metal", "Transition metal”]}, 
        "AtomicWeight": {"type": "real", "min": 1.007946, "max": 238.028914, "sign": "positive", "max_nulls": 0}, 
        "Etymology": {"type": "string", "min_length": 4, "max_length": 39, "max_nulls": 0}, 
        "RelativeAtomicMass": {"type": "real", "min": 1.007946, "max": 238.028914, "sign": “positive", 
                                                    "max_nulls": 0}, 
        "MeltingPointC": {"type": "real", "min": -258.975, "max": 3675.0, "max_nulls": 1}, 
        "MeltingPointKelvin": {"type": "real", "min": 14.2, "max": 3948.0, "sign": "positive", "max_nulls": 1}, 
        "BoilingPointC": {"type": "real", "min": -268.93, "max": 5596.0, "max_nulls": 0}, 
        "BoilingPointF": {"type": "real", "min": -452.07, "max": 10105.0, "max_nulls": 0}, 
        "Density": {"type": "real", "min": 8.9e-05, "max": 22.610001, "sign": "positive", "max_nulls": 0}, 
        "Description": {"type": "string", "min_length": 1, "max_length": 83}, 
        "Colour": {"type": "string", "min_length": 4, "max_length": 80} 
    } 
} 

/tmp/elements92.tdda









#	pdverifyelements1.py	

from	__future__	import	print_function	
from	tdda.constraints.pdconstraints	import	verify_df	
from	pmmif.featherpmm	import	read_dataframe	

ds	=	read_dataframe('/miro/datasets/elements92.feather')	
v	=	verify_df(ds.df,	'/tmp/elements92.tdda')	
print('Passes:',	v.passes,	'Failures:',	v.failures)

pdverifyelements1.py

$	python	pdverifyelements1.py	
Passes:	72	Failures:	0

OUTPUT



#	pdverifyelements2.py	

from	__future__	import	print_function	
from	tdda.constraints.pdconstraints	import	verify_df	
from	pmmif.featherpmm	import	read_dataframe	

ds	=	read_dataframe('/miro/datasets/elements.feather')	
v	=	verify_df(ds.df,	'/tmp/elements92.tdda',	report='fields')	
print(str(v))	

dfv	=	v.to_frame()	
print(dfv[dfv.failures	>	0])	

pdverifyelements2.py



$ python pdverifyelements2.py 
FIELDS: 

AtomicWeight: 2 failures  3 passes  type ✓  min ✓  max ✗  sign ✓  max_nulls ✗ 

Name: 1 failure  4 passes  type ✓  min_length ✓  max_length ✗  max_nulls ✓  no_duplicates ✓ 

Density: 2 failures  3 passes  type ✓  min ✓  max ✗  sign ✓  max_nulls ✗ 

MeltingPointKelvin: 1 failure  4 passes  type ✓  min ✓  max ✓  sign ✓  max_nulls ✗ 

Symbol: 1 failure  4 passes  type ✓  min_length ✓  max_length ✗  max_nulls ✓  no_duplicates ✓ 

BoilingPointF: 1 failure  3 passes  type ✓  min ✓  max ✓  max_nulls ✗ 

Etymology: 2 failures  2 passes  type ✓  min_length ✓  max_length ✗  max_nulls ✗ 

RelativeAtomicMass: 2 failures  3 passes  type ✓  min ✓  max ✗  sign ✓  max_nulls ✗ 

MeltingPointC: 1 failure  3 passes  type ✓  min ✓  max ✓  max_nulls ✗ 

Z: 1 failure  5 passes  type ✓  min ✓  max ✗  sign ✓  max_nulls ✓  no_duplicates ✓ 

BoilingPointC: 1 failure  3 passes  type ✓  min ✓  max ✓  max_nulls ✗ 

SUMMARY: 

Passes: 57 
Failures: 15 

OUTPUT 1



																	field		failures		passes		type			min	min_length				max		\	
0									AtomicWeight									2							3		True		True								NaN		False				
2																	Name									1							4		True			NaN							True				NaN				
3														Density									2							3		True		True								NaN		False				
4			MeltingPointKelvin									1							4		True		True								NaN			True				
5															Symbol									1							4		True			NaN							True				NaN				
7								BoilingPointF									1							3		True		True								NaN			True				
8												Etymology									2							2		True			NaN							True				NaN				
9			RelativeAtomicMass									2							3		True		True								NaN		False				
11							MeltingPointC									1							3		True		True								NaN			True				
12																			Z									1							5		True		True								NaN		False				
13							BoilingPointC									1							3		True		True								NaN			True				

			max_length		sign	max_nulls	no_duplicates	allowed_values			
0									NaN		True					False											NaN												NaN			
2							False			NaN						True										True												NaN			
3									NaN		True					False											NaN												NaN			
4									NaN		True					False											NaN												NaN			
5							False			NaN						True										True												NaN			
7									NaN			NaN					False											NaN												NaN			
8							False			NaN					False											NaN												NaN			
9									NaN		True					False											NaN												NaN			
11								NaN			NaN					False											NaN												NaN			
12								NaN		True						True										True												NaN			
13								NaN			NaN					False											NaN												NaN		

OUTPUT 2 (DataFrame)



																	field		failures		passes		type			min	min_length				max		\	
0									AtomicWeight									2							3		True		True								NaN		False				
2																	Name									1							4		True			NaN							True				NaN				
3														Density									2							3		True		True								NaN		False				
4			MeltingPointKelvin									1							4		True		True								NaN			True				
5															Symbol									1							4		True			NaN							True				NaN				
7								BoilingPointF									1							3		True		True								NaN			True				
8												Etymology									2							2		True			NaN							True				NaN				
9			RelativeAtomicMass									2							3		True		True								NaN		False				
11							MeltingPointC									1							3		True		True								NaN			True				
12																			Z									1							5		True		True								NaN		False				
13							BoilingPointC									1							3		True		True								NaN			True				

			max_length		sign	max_nulls	no_duplicates	allowed_values			
0									NaN		True					False											NaN												NaN			
2							False			NaN						True										True												NaN			
3									NaN		True					False											NaN												NaN			
4									NaN		True					False											NaN												NaN			
5							False			NaN						True										True												NaN			
7									NaN			NaN					False											NaN												NaN			
8							False			NaN					False											NaN												NaN			
9									NaN		True					False											NaN												NaN			
11								NaN			NaN					False											NaN												NaN			
12								NaN		True						True										True												NaN			
13								NaN			NaN					False											NaN												NaN		

OUTPUT of to_frame()

CONSTRAINTS
True

FALSE

NaN

Satisfied

Not satisfied

No constraint



#	pdgenerate.py	

from	__future__	import	print_function	
import	pandas	as	pd	

from	tdda.constraints.pdconstraints	import	discover_constraints	

df	=	pd.read_csv('../testdata/elements92.csv')	
constraints	=	discover_constraints(df)	
with	open('elements92.tdda',	'w')	as	f:	
				f.write(constraints.to_json())	
print('Written	elements92.tdda')	

print(verify_df(df,	'elements92.tdda'))	

pdgenerate.py



{	
				"fields":	{	
								"AtomicWeight":	{	
												"type":	"real",		
												"min":	1.0079469999999999,		
												"max":	238.02891299999999,		
												"sign":	"positive",		
												"max_nulls":	0	
								},		
								"Group":	{	
												"type":	“real",	
.	
.	
.	
SUMMARY:	

Passes:	72	
Failures:	0

OUTPUT of pdgenerate.py



ABSENT CONSTRAINTS

Gregory (Scotland Yard detective): “Is there any other point 
to which you would wish to draw my attention?”
Holmes: “To the curious incident of the dog in the night-time.”
Gregory: “The dog did nothing in the night-time.”
Holmes: “That was the curious incident.”

— Silver Blaze, in Memoirs of Sherlock Holmes
Arthur Conan Doyle, 1892. 



SUMMARY
LEVEL ZERO Reference tests (writabletestcase.py)

• Support for sophisticated checking
• Useful differences
• Rewriting output verified as (now) correct

LEVEL ONE Input/Intermediate/Output Dataset Constraints
• Automatic constraint discovery
• Systematic constraint verification



@tdda0
http://github.com/tdda

Correct interpretation: Zero
Error of interpretation: Letter “Oh”

http://tdda.info

@njr0

njr@StochasticSolutions.com



OK, everything you need to know about TΕX has
been explained—unless you happen to be fallible.

— Donald E. Knuth, author TEX

     Chapter 27, The TEXbook,

                          Recovery from Errors

If you don’t plan to make any errors, don't bother
to read this chapter.



Situation normal
— analysis fouled* up.

ANALYTICAL SNAFU



TEST-DRIVEN 
DEVELOPMENT

REPRODUCIBLE 
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DATA QUALITY 
[ASSURANCE]

TEST-DRIVEN 
DATA ANALYSIS


