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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
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It all starts with the Scientific Cpt“
Method ESI

de Sistemas e Informacao

scientific method!

] Make an
Form a

hypothesis.

4Anolyze

the data.

Report your findings.

6|nvite others to §\'- ‘
reproduce the resuh‘s.
(. -
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In fact, it is not linear ESI

Laboratério de Engenharia
de Sistemas e Informagao

“¢Cientific method!

.|Moke an
Form a

hypothesis.

4Anolyze

the data.

Report your findings.

6lnvife others to A %
==
reproduce the resulfs.
(. -} 4
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In the beginning ES}

de Sisf

In-vitro
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However in-vivo and in-vitro Cp“
experiments are... ESI

eeeeeeeeeeeeeeeeeeeee
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From in-vivo to in-silico "¢

Laboratério de Engenharia

de Sistemas e Informago

+ Cost, Risk, Duration ]
VN &P

Travassos and Barros "Contributions of in virtuo and in silico experiments for the future of empirical studies in
software engineering." WSESE 2003
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How to reason from the data? ES}

Why the same
program generates

different results? ]
Which parameter

values affected the
results?

Which input files
were relevant to

the results?

Programs
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computacao

Provenance is the key! ESI

ooooooooooooooooooooo

eeeeeeeeeeeeeeeeeeeee

wasDerivedFrom

wasDerivedFrom

e Cook
Used(ingredient) wasAssoh
wasAssouatedeh wasAssociatedWith
Used(ingredient)
Used(ingredient)

Used(ingredient)

Used

wasStartedBy wasStartedBy
Bake <€

N

Decorate

Mix

wasGeneratedBy
(coating)

Used(bakmg)

Used
. Kohwalter @ BreSci 2013

“Life can only be understood backwards; but it must be lived

forwards.”
Saren Kierkegaard, 1843.
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Provenance is useful for... ES}

Laboratério de Engenharia
de Sistemas e Informacao

Interpreting and
Understanding
results

Auditing

Caching

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

Provenance Gathering from Scripts:
Challenges and Opportunities

CEFET-RJ WEIC 2017



Instituto de m

computacao

Provenance Gathering ESI

Laboratério de Engenharia

de Sistemas e Informacao

import vtk jmmmm=mmemmmmememmmm—————————-a
data = vtk. oo0ooooo
= v

) .
data.setFileName(®../../../examples/data/head.120.vtk") vtkStructuredPomtsRead%r

= vtk.vt 4itex() . Memmemmeemem T S
contour.SetInput (¢, data.GetOutput(}) .
contour.SatValue(0, 6€7) R Read File
boooooooood »
vtkCountourFilter

[ra]m]

CeNAUAWNE
-
'

10 mapper = vtk.vtkPolyDataMapper (}

11 mapper.SetInput (contour.GetOutput())

12 mapper.ScalarVisibilityOff ()

13

14 actor = vtk.vtkictor()

15 actor.SatMapper (mapper}

16

17 cam = vtk.vtkCamera()

18 cam.SetViewUp(0,0,-1)

19 cam.8etPosition(745,-453,369)

20 cam. M'Oul?oiﬂt(ll’t 135,150)

21 cam 10) pommmmmm e o

:g vtk.vtkRenderer() = > mooooo »
Ten = . Ter '

24 ren.rddActor (actor) i | vtkCamera . vtkActor

25 ren.SetActiveCamera{cam)

26 ren.ResetCamera()

27

28 renwin = vtk.vtkRenderWindow()

29 renwin.AddRenderer (ren)

30

31 style = vtk.v 1Camera()

32 iren = vtk.v or ()

33 iren. sotmndnrlmﬂmv(nn\d.n)

34 iren.SetIntaractorsStyla(atylea)

35 iren.Initialize()

36 iren.start()

dooooooooo » v

vtkDataSetMapperm

[ — @ Extract
] Isosurface

v

ooooodooag »

vtkRenderer i +---@ Display on

Screen

ofoo - » H
VTKCell O H

e Error prone e Complex programming model e Visual programming interface
e Time consuming * Primitive execution logs (if any) ¢ Controlled execution environment
e Unviable for complex experiments e Support for parallel execution

® Built-in provenance support

Freire et al. "Provenance for computational tasks: A survey." CS&E 10(3) 2008
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So, let’s use SWfMS! © CéSI

L1bom|or|o de Engenhana

'/-\A

SciCumulus

»® Workflow middleware
[

S

CHIHDN1

Kepler<s«

[*)e-science central é .t

) Apache Taverna —
=y P --Galaxy

Among many others...
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However, lots of people still ,..-&
use scripts @ ESI

of the respondents”

14
h‘flve scripts among S
their preferred/ more Programming SWFMS (1)
L 0
often used tools to run anguage (0)
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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However, lots of people still Cpm
use scripts @ ESI

eeeeeeeeeeeeeeeeeeeee

@ Python 61%
Shell script 42%
i 0  —
Matlab 15%

of the respondents’ ke 1 5%
have Py—thon among JavaScript 4%
. Perl 2%
thelr preferred/more Octave 1%
often used tools to run o | 1%

eXpeI'imentS 0% 20% 40% 60% 80%

"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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computacao

But what exactly are Scripts? ESI

oooooooooooooooooooooo
ccccccccccccccccccccc

= 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 | see a bird that walks like a duck and swims
like a duck and quacks like a duck, | call that bird a
duck” (James Whitcomb Riley)

Provenance Gathering from Scripts:

CEFET-RJ WEIC 2017
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Scripts are Cp“
high-level programs Bl

eeeeeeeeeeeeeeeeeeeee

= Everything is Object

. . 1,000 —
" Multiparadigm Scripting
[ Visual Basic
= Typeless (dynamically- & | | .
typed) : Teper .
* |nterpreted S Y .
= Automatic memory | Assemby
System programmin
management L0 Sl
None Strong
= Extensive component RegeRioityg
library

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

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts:
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Scripts are C,,L‘
easy to learn ESI

Number of top 39 U.S. computer science departments
that use each language to teach introductory courses

30
25
20
I5

5
0 ....-

Python  Java MATLAB ++  Scheme Scratch

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

Provenance Gathering from Scripts:
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Application (contributor) ...

Database application
(Ken Corey)

Computer system test and installation

(Andy Belsey)

e e
{Kon Coroy) Ty 7% Lr a1

Security scanner
(Jim Graham)

Display oil well production curves
(Dan Schenck) ...,

Query dispatcher
(Paul Healy)

Spreadsheettool

e L

(Randy Wang)

Scripts

Comparison ......c........coderatio”

C++ version: 2 months
Tcl version: 1 day

272,000 lines, 120 months
C FIS application: 90,000 lines,
60 months

Tcl/Perl version: 7,700 lines,

.e 8m0nms . Sessessssessesess et et ess et s et et et B Rt as B RsRR R B RE RE B E "
C++ verS|on 2 3 months
Tl vession: T weslBPglain & A0 P TS ey S

C version: 3,000 lines 10

C version: 3 months
Tcl version: 2 weeks

C version: 1, 200I|nes 4- SWQGKS 25

Tcl version: 500 lines, 1 week

Cvemon1460lmes4
... Xcl version: 380 lines
Java version: 3,400 Ilnes 3 4weeks 2

Tcl version: 1,600 lines, <1 week

are easy to code

Effort ratio” ...

60

. Iclversion: 300lines

Instituto de “

computacao

ESI

Laboratério de Engenharia
de Sistemas e Informacao

Comments ..o

C++ version
implemented first; Tcl version

_had more functionality

C version implemented first;
Tcl/Perl version replaced both
C applications

C++ version implemented first

C version implemented first;
__Tcl version had more functionality

Tcl version implemented first

C version implemented first,
uncommented; Tcl version had

__comments, more functionality

Tcl version |mplemented first

Tl version had 10 to 20 percent

more functionality and was
implemented first

* Code ratio is the ratio of lines of code for the two implementations (<1 means the system programming language required more lines).

** Effort ratio is the ratio of development times. In most cases the two versions were implemented by different people.

Ousterhout “Scripting: Higher level programming for the 21st century.” Computer 31(3) 1998
Provenance Gathering from Scripts:
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SC ri pts Computacio
are interactive ESI

de Sistemas e Informacao

Z my_notebook

133% | & ||Q search "B ¥ A O F O =

~ Jupyter ; A
VJ py my_notebook Last Checkpoint: 15 hours ago (unsaved changes) Logout
File Edit View Insert Cell Kernel Widgets Help 4 ‘Pylhons (o]
+ x @ B 4 ¢ M B C Code j & CellToolbar

Out[4]: array([1l, 13, 15])

In [5]: import matplotlib.pyplot as plt

%matplotlib inline 1

In [6]: X
y

np.linspace(0®, np.pi * 2)
np.sin(x)

In [7]: plt.plot(x, y)
plt.plot(x, x)

Out[7]: [<matplotlib.lines.Line2D at ©x7f2f9826ee80>]

http://n-s-f.github.io/2017/03/25/r-to-python.html
CEFET-RJ WEIC 2017 Provenance Gathering from Scripts:
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Scripts-based initiatives for
science miss provenance

A

Chidles  julia Jpwmes 2o
43‘? ’ 6 IPLyl:
IPython
iy || |||.l -. pandas $
IOltljantlEcc:':\ & BEPSISESCG

ROp ensci

nteroct

scbftware
carpentry

Provenance Gathering from Scripts:
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ESI
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sunpy

5

DATA

CARPENTRY

"D

CEFET-RJ WEIC 2017
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C,

cbmputacao

noWorkflow ESI

uuuuuuuuuuuuuuuuuuuuuuuu

ccccccccccccccccccccc

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

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts:
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computacao

Installing and running ESI

Laboratério de Engenharia

eeeeeeeeeeeeeeeeeeeee

Instead of running

$ python experiment.py

Install noWorkflow (once)

$ pip install noworkflow[all]

And run

$ now run experiment.py

Provenance Gathering from Scripts:
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computacao

experiment.py ESI

oooooooooooooooooooooo

sssssssssssssssssssss

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, di14 = read("pl3.dat"), read("pl4.dat")

for i in range(int(sys.argv[1])):
write("templ3.dat",remove outliers(dl3), 2013)
write("templ4.dat",remove outliers(dl4), 2014)
d13,d1l4=read("templ3.dat"), read("templd.dat")

precl3 = sum by month(d13, months)
precld = sum by month(d14, months)
create _bargraph("out.png", months, ["2013", "2014"], precl3, precl4d)

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts:
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Instituto de

Result and Provenance "7

P13.dat P14.dat

Laboratério de Engenharia

de Sistemas e Informago

' kp13.dat pl4.dat

9 read 9 read
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("pl3.dat"), read("pl4.dat")

. 12 remove_outliers 12 remove_outliers
for i in range(int(sys.argv[1])):

\
\
‘\
\
write("temp13.dat",remove_outliers(d13), 2013)

\

\

: / 3

|

13 remove_outliers 13 remove_outliers [

1

i

i

i

write("templ4.dat",remove_outliers(di4), 2014) 14 read 7 module.aran: arange /'
d13,d14=read("templ3.dat"), read("templ4.dat") - ]

14 read
prec13 = sum_by_month(d13, months)

precl4

sum_by_month(d14, months)
create_|

bargraph("out.png", months, ["2013"

L }A’

(tempm daﬂ '(14 d14j

, "2014"], precl3, precl4d)

400 Precipitation by Month

21 create_bargraph
!
: out.png

CEFET-RJ WEIC 2017 Provenance Gathering from Scripts:
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Architecture ESI

L1bom|or|o de Engenharia

eeeeeeeeeeeeeeeeeeeee

Provenance Capture
r—— - - - -"-—-"—-"—- - - — — — — "
| DerINmoN PROVENANCE DepLOYMENT PROVENANCE Execunon PROVENANCE |
| AST Python's modules Profiling,
. (os, socket, platform, —}Program slicing,
| Analysis modulefinder) and Reflection | |
L — — — — —_ e —_— —_— —_— —_— e — — 4
stores
r— - — - — A r —— - — — — — "
= r D '
| @ lreadsl g [DiffAnalysis |
| Content Datab | | Provenance _ |
nten .aa ase | Graph (Querylng)
.noworkflow directory
L — — — — — —'4 L — — — — — — — 4
Provenance Storage Provenance Analysis
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Definition provenance Cpt“

(function definitions) ES

sha1: aaf5d6

def run simulation(data a, data Db):
global threshold

import csv
import json
threshold = 15

def run simulation (data a, AST
data D) : . Arguments: data_a, data b
glebal threshold analysis Global: threshold

def csv_read(f):
fc = open(£f, 'rU'")

def extract column(data, column):
x = float (datal[column]) def csv_read(f) :

fc = open(f, 'rU')

sha1: d91403

def plot(x, Vv):

plt.savefig ("output.png")

Arguments: f
Calls: open

Provenance Gathering from Scripts:
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Definition provenance -
(function definitions) Bl

de Sistemas e Informacao

Function definitions

id name code_hash trial_id
1 |plot |ae6522036cfcfeb70bc75646f.... |1
2 |run_simulation |aaf5d621671bdad6f6f91d66... |1
3 |extract_column |36fca5011c32e5bc8fe2309¢... |1
4 |csv_read |d914038c94dcbd4abfags6cle. . |1

Arguments, Global variables, and Function calls

id name type function_def_id
1 X ARCUMENT |1
2 y ARCUMENT |1
3 data_a ARCUMENT 2
4 data_b ARGUMENT |2
5 threshold [GLOBAL 2
6 data ARCUMENT |3
7 column ARCUMENT 3
8 float FUNCTION 3
9 f ARCUMENT |4
10 open FUNCTION 4

Provenance Gathering from Scripts:
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Deployment provenance Cptm
(module dependencies) ESI

de Sistemas e Informago

sha1: 359aad sha1: 97f2ab

import csv
import Jjson
threshold = 15
def run simulation (data a,
data b):
global threshold

sha1: c6596a

def csv_read(f):
fc = open(£f, 'rU'")

sha1: d76350

def extract column(data, column):
x = float (data[column]) json.decoder

def plot(x, vy):

ce | sha1: 397207
plt.savefig("output.png")

Json.encoder

Provenance Gathering from Scripts:
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Deployment provenance
(module dependencies)

Instituto de m

computacao

ESI

Laboratério de Engenharia

de Sistemas e Informacao

578
266
51
40
370
41
53
94
152
533
535
703
700
583
95
153
610
39
<4
669
385

name

parser

logging
PIL.JpegimagePlugin
PIL.BmplmagePlugin
multiprocessing
PIL.GiflmagePlugin
PIL.PngimagePlugin
_Csv

csv

numpy.ma
numpy.ma.extras
zlib

xmlrpclib

platform

_Ctypes

ctypes

setuptools

PIL

PIL.Image

urllib

nose

version
0.5
(ST e2
0.6

0.7
0.70al
0.9

0.9

1.0

1.0

1.0

1.0

1.0
1.0.1
1.0.7
1.1.0
1.1.0
1.1.6
1l L
gl
1.17
1zl

file

[/Applications/Canopy.ap...
[/Applications/Canopy.ap...
fUsers/leomurta/Library...
fUsers/leomurta/Library...
[/Applications/Canopy.ap...
/Users/leomurta/Library...
fUsers/leomurta/Library...
[Applications/Canopy.ap...
[/Applications/Canopy.ap...
/Users/leomurta/Library...
fUsers/leomurta/Library...
[/Applications/Canopy.ap...
/Applications/Canopy.ap...
[Applications/Canopy.ap...
/Applications/Canopy.ap...
[/Applications/Canopy.ap...
[/Applications/Canopy.ap...
fUsers/leomurta/Library...
fUsers/leomurta/Library...
[/Applications/Canopy.ap...
/Users/leomurta/Library...

code_hash

1c3d29a3964c7ccceb10...
0f25732b370c8a9b5ef0...
4c15e4929257f41438ee...
81aa83040648239fcl115...
29a75113696caffaaecs8s...
f32e15956af93ce5b32bf...
Obcca794a0059096acf6a...
ef4d2e093e01bdc577cba...
35%9aad7eca382bb46c9a...
964546e27356efd234ce...
92edld612e3c5fb8682e...
464f5b374771708a6823...
bc8883c8aed46b737b123...
080d6c19c0535cealc45...
e297fc0053a23edad4162...
9631395474bf01bc81c9...
367e53014dcff4ale82c2...
bdea292f3d7f3141d5fea...
c552a828c9f418951e26...
575f9e37b4b4c45cac90...
df681a5f034cf907160eb...

trial_id

= b e b b e e e b e e b e e b b e e b e

CEFET-RJ WEIC 2017

Provenance Gathering from Scripts:

Challenges and Opportunities



CEFET-RJ WEIC 2017

Deployment provenance
(environment variables)

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

name
OS_VERSION
CS_XBSS5_LP64_OFF64_LIBS
SC_AIO_PRIO_DELTA_MAX
SC_THREAD_STACK_MIN
TERM_PROGRAM_VERSION
SC_STREAM_MAX

OS_RELEASE

SC_MEMLOCK

HOME

TERM_PROGRAM

LANG
SC_SHARED_MEMORY_OBJECTS
Apple_PubSub_Socket_Render
SC_THREAD_THREADS_MAX
SC_COLL_WEIGHTS_MAX
SC_THREAD_ATTR_STACKADDR

SC_THREAD_ATTR_STACKSIZE
PYTHON_IMPLEMENTATION
SC_JOB_CONTROL

SC_FSYNC

value

Darwin Kernel Version 13.0.0:...

-1

8192

326

256

13.0.0

-1

/Users/leomurta
Apple_Terminal

pt_BR.UTF-8

-1
/tmp/launch-UolEq3/Render
-1

2
200112

/Users/leomurta/Library/Ent...

200112
CPython
200112
200112

trial_id

T T =

Provenance Gathering from Scripts:
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Execution provenance
(function calls and file accesses)

import csv
import Jjson
threshold = 15
def run simulation (data a,
data b):
global threshold

def csv_read(f):

fc = open(£f, 'rU'")

x = float (data[column])
def plot(x, vy):

plt.savefig("output.png")

def extract column(data, column):

csv_read

script run_simulation

Profiling

Provenance Gathering from Scripts:

Instituto de m
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reader

scatter
xlabel
ylabel

savefig open

CEFET-RJ WEIC 2017
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Execution provenance Ca;n;,ng,
(function calls and file accesses) ESI

eeeeeeeeeeeeeeeeeeeee

new_open )

Get file
-y - 3 content
after

Register Get file

file content
access before

Monkey patching: builtins.open = self.new_open(open)

Provenance Gathering from Scripts:
Challenges and Opportunities
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Execution provenance Cbmputa‘ﬂ
(function calls and file accesses) ESI

eeeeeeeeeeeeeeeeeeeee

Function calls

id name line start finish caller_id trial_id
1 /Users/leo... |58 2013-11-01 ... [2013-11-01 ... 1
2 csv_read 43 2013-11-01 ... |2013-11-01 ... |1 1
3 open 17 2013-11-01 ... |2013-11-01 ... |2 1
4 reader 17 2013-11-01 ... |2013-11-01 ... |2 1
5 list.append |[20 2013-11-01 ... |2013-11-01 ... |2 1

File accesses

id name mode buffering content_hash_before content_hash_after timestamp  function_call_id trial_id
1 |datal.dat |rU |default  |28f4192700d9e5d... [28f4192700d9e5... [2013-11-... |3 1
2 |data2.dat  |ru |default  |802a73cb49af958... |802a73cb4a9af9s... [2013-11-... |187 |1
3 loutput.png |wb |default | |a305209040143f... [2013-11-... [1102 |1

Provenance Gathering from Scripts:
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Execution provenance :
(data dependencies)

1 print product

b 2

c =3 Program
slicing

sum = a +

b
product b * c ‘ b

product
print (product) C

a

product

Provenance Gathering from Scripts:
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)
Ch W
allenge your limits!

Jerry Dunn
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Additional provenance e
sources Bl

E \ Databases
Network 1 I

Provenance Gathering from Scripts:
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" Cause Analysis

New applications

Debugger 1.0 § Debugger 2.0

Debugging

e state-based o cause-effect
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