
Leonardo	Gresta	Paulino	Murta
leomurta@ic.uff.br

Provenance	Gathering	from	Scripts:	
Challenges	and	Opportunities



IC/UFF

UFF
- 3.180	professors
- 66.186	students
IC
- 65	professors
- 90	PhD	students
- 110	MS	students
- 500	BS	(CC)	students
- 500	BS	(IS)	students
- 2.000	TSC	students

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts: 
Challenges and Opportunities 2



It	all	starts	with	the	Scientific	
Method
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In	fact,	it	is	not	linear
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In	the	beginning
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In-vivo In-vitro



However	in-vivo	and	in-vitro	
experiments	are...
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Costly Risky Slow



From	in-vivo	to	in-silico
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In-vivo In-vitro In-virtuo In-silico

Cost,	Risk,	Duration

Data	volume

Travassos and Barros "Contributions of in virtuo and in silico experiments for the future of empirical studies in 
software engineering." WSESE 2003



How	to	reason	from	the	data?
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Inputs Results

Trials

Programs

Which	parameter	
values	affected	the	

results?

Why	the	same	
program	generates	
different	results?

Which	input	files	
were	relevant	to	
the	results?



Provenance	is	the	key!
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Søren Kierkegaard, 1843.

“Life can only be understood backwards; but it must be lived
forwards.”
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Provenance	is	useful	for…
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Caching

Among others applications (attribution, reuse, trustworthiness, sharing, …)



Provenance	Gathering
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Manual

• Error	prone
• Time	consuming
• Unviable	for	complex	experiments

General-purpose	Script

• Complex	programming	model
• Primitive	execution	logs	(if	any)

SWfMS

• Visual	programming	interface
• Controlled	execution	environment
• Support	for	parallel	execution
• Built-in	provenance	support

Freire et al. "Provenance for computational tasks: A survey." CS&E 10(3) 2008



So,	let’s	use	SWfMS!	J
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Among many others…



However,	lots	of	people	still	
use	scripts	L
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*Survey sent to AMC@UvA (Olabarriaga), UFRJ (Mattoso), DATAONE (newsletter), DBBras (mailing list), 
FIOCRUZ (Davila), USP (Traina), INRIA-Montpellier (Zenith group), LNCC (Ocana), PW 2016 TPC, SciPyLA

(Telegram), Software Carpentry (mailing list), U. Nantes (Gaignard), UPENN (Davidson), receiving 85 answers.

of the respondents*

have scripts among 
their preferred/more 

often used tools to run 
experiments

Script	(32)

SWfMS (1)
System	

Programming	
Language	(0)

32 14

3

3



However,	lots	of	people	still	
use	scripts	L
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of the respondents*

have Python among 
their preferred/more 

often used tools to run 
experiments

*Survey sent to AMC@UvA (Olabarriaga), UFRJ (Mattoso), DATAONE (newsletter), DBBras (mailing list), 
FIOCRUZ (Davila), USP (Traina), INRIA-Montpellier (Zenith group), LNCC (Ocana), PW 2016 TPC, SciPyLA

(Telegram), Software Carpentry (mailing list), U. Nantes (Gaignard), UPENN (Davidson), receiving 85 answers.
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But	what	exactly	are	Scripts?

§ There	is	no	robust	definition	in	the	literature!
§ Our	to-be-improved	definition:	

– “A	script	is	a	program	conceived	for	gluing	
components,	which	may	have	been	written	in	
different	programming	languages”

§ Actually,	it	does	not	matter	much…
– “When	I	see	a	bird	that	walks	like	a	duck	and	swims	
like	a	duck	and	quacks	like	a	duck,	I	call	that	bird	a	
duck”	(James	Whitcomb	Riley)
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Scripts	are	
high-level	programs

§ Everything	is	Object
§ Multiparadigm
§ Typeless (dynamically-
typed)

§ Interpreted
§ Automatic	memory	
management

§ Extensive	component	
library
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Ousterhout “Scripting: Higher level programming for the 21st century.” Computer 31(3) 1998



Scripts	are	
easy	to	learn
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Guo “Python is Now the Most Popular Introductory Teaching Language at Top U.S. Universities”, BLOG@CACM 
July 2014



Scripts	
are	easy	to	code
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Ousterhout “Scripting: Higher level programming for the 21st century.” Computer 31(3) 1998



Scripts	
are	interactive
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http://n-s-f.github.io/2017/03/25/r-to-python.html



Scripts-based	initiatives	for	
science	miss	provenance
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noWorkflow
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not only Workflow
§ Transparently capture	provenance	from	Python	
scripts	at	fine	grain

§ Consider	multiple	executions	(trials)
§ Provide	visualizations for	provenance	analysis
§ Allows	querying provenance	in	different	
languages



Installing	and	running

Instead	of	running

$ python experiment.py

Install	noWorkflow (once)

$ pip install noworkflow[all]

And	run

$ now run experiment.py
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experiment.py
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import sys
from precipitation import read, sum_by_month
from precipitation import create_bargraph
from precipitation import write, remove_outliers

months = np.arange(12) + 1
d13, d14 = read("p13.dat"), read("p14.dat")

for i in range(int(sys.argv[1])):
write("temp13.dat",remove_outliers(d13), 2013)
write("temp14.dat",remove_outliers(d14), 2014)
d13,d14=read("temp13.dat"), read("temp14.dat") 

prec13 = sum_by_month(d13, months)
prec14 = sum_by_month(d14, months)
create_bargraph("out.png", months, ["2013", "2014"], prec13, prec14) 



Result	and	Provenance
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Architecture
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Definition	provenance
(function	definitions)

26

import csv
import json
threshold = 15
def run_simulation(data_a, 
data_b):

global threshold
...

def csv_read(f):
fc = open(f, 'rU')
...

def extract_column(data, column):
x = float(data[column])
...

def plot(x, y):
...
plt.savefig("output.png")

...

def run_simulation(data_a, data_b):
global threshold
...

def csv_read(f):
fc = open(f, 'rU')
...

Arguments: data_a, data_b
Global: threshold
…

Arguments: f
Calls: open
…

sha1: aaf5d6

sha1: d91403

AST
analysis
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Definition	provenance
(function	definitions)
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Arguments, Global variables, and Function calls

Function definitions
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Deployment	provenance
(module	dependencies)

28

sha1: 359aad

sha1: c6596a

csv re

sha1: 97f2ab

json sha1: d76350

json.decoder

sha1: 397207

Json.encoder

…

import csv
import json
threshold = 15
def run_simulation(data_a, 
data_b):

global threshold
...

def csv_read(f):
fc = open(f, 'rU')
...

def extract_column(data, column):
x = float(data[column])
...

def plot(x, y):
...
plt.savefig("output.png")

...

…
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Deployment	provenance
(module	dependencies)
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Deployment	provenance
(environment	variables)
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Execution	provenance
(function	calls	and	file	accesses)
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import csv
import json
threshold = 15
def run_simulation(data_a, 
data_b):

global threshold
...

def csv_read(f):
fc = open(f, 'rU')
...

def extract_column(data, column):
x = float(data[column])
...

def plot(x, y):
...
plt.savefig("output.png")

...

script

csv_read

open

reader

……

run_simulation

…

plot

scatter

xlabel

ylabel

savefig open

Profiling
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Execution	provenance
(function	calls	and	file	accesses)
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Monkey patching: builtins.open = self.new_open(open)

new_open

Register	
file	

access

Get	file	
content	
before

Open …
Get	file	
content	
after



Execution	provenance
(function	calls	and	file	accesses)
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Function calls

…

File accesses
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Execution	provenance
(data	dependencies)
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Program
slicing

a = 1
b = 2
c = 3

sum = a + b
product = b * c

print(product) 

print product

sum
a

b

product
b

c

printproduct

sum
a

b

c

1

2

3



Challenges	and	Opportunities
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Jerry Dunn



Additional	provenance	
sources
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Databases

Network



New	applications

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts: 
Challenges and Opportunities 37

Debugging

Education

Cyber security

What	
if?

Why	
not?

Debugger	1.0
• state-based

Debugger	2.0
• cause-effect

Cause	Analysis

Impact	Analysis
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Please,	download	noWorkflow at
http://gems-uff.github.io/noworkflow


