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Data Science is Everywhere

data is cheap and ubiquitous

o transactions
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predictive models
patient selection

finance energy health care
predictive models - exploration and discovery * personalized treatments
customized product offerings »accident prevention * preventive care
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Ubiquitous Programming Errors

data science means programming

ia

Python jJuI'a

programming means programming errors
programming errors that do not cause failures can have serious consequences

finance™ : health care

Static Analysis for Data Science Caterina Urban




Anomalously Unused Data
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Rogoff, and the Excel Error

That Changed History

By Peter Coy ¥  April 18,2013
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The Excel Depression

By PAUL KRUGMAN
Published: April 18, 2013 @ 470 Comments

In this age of information, math errors can lead to disaster. NASA’s
Mars Orbiter crashed because engineers forgot to convert to metric
measurements; JPMorgan Chase’s “London Whale” venture went
bad in part because modelers divided by a sum instead of an
average. So, did an Excel coding error destroy the economies of the
Western world?

@, Enlarge This Image L he story so far: At the beginning of
2010, two Harvard economists,
Carmen Reinhart and Kenneth
Rogoff, circulated a paper, “Growth
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in a Time of Debt,” that purported to identify a critical
“threshold,” a tipping point, for government
indebtedness. Once debt exceeds 90 percent of gross
domestic product, they claimed, economic growth drops

Ms. Reinhart and Mr. Rogoff had credibility thanks to a
widely admired earlier book on the history of financial
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english = bool(input()) «.......
‘math = bool(input()) <.l

passing = True

if not english: |
english e ] ERROR: english SHOULD BE passing
if not math: |
passing = False or bonus é
|f not math: S e e e e e S et T T S TS AT e ERROR: math SHOULD BE science
5 passing = False or bonus 5

english science

® ==
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Unused Data Analysis

mathematical models

of the program behavior
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Maximal Trace Se

o ? . ®
T ® T Cours

S3
|

N
[

[Pl { 2

Static Analysis for Data Science Caterina Urban 10



..............................................................................................

_passing = True passing = True
1 @

.if not english: | | —o
english = False english = _ english = _
if not math: math = T math = T

~ passing = False or bonus science = _ science = _
if not math: bonus — _ bonus = _

' passing = False or bonus ! passing = ? passing = T

passing = True passing = False or bonus passing
@ @ @

False or bonus

english = _ english = _ english = _
math = F math = F math — F
science — _ science — _ science — _
bonus = T bonus = T bonus = T
passing — ? passing = T passing = T

passing = True passing = False or bonus passing
@ @

o
english = _
math = F
science — _
bonus = T
passing = T

False or bonus

@ @
english = _ english = _ english = _ english = _
math = F math = F math = F math = F
science — _ science — _ science — _ science — _
bonus = F bonus = F bonus = F bonus = F
passing — ? passing = T passing = F passing = F
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Input Data (Non-)Usage

&, B P) € P(t) | Vi e J C I,: UNUSED/([P]))

N ;is the set of all programs P (or, rather, their semantics [ P]])
that do not use the value of the input variables in J C Ip,

UNUSED,(TMT) €' v/ € [PlLv € 7 1,(i) # v = 3¢ € [P]:
(VO < j<|Ip|:j#i=1()) = 1p()))
AL = v
N

Intuitively: any possible program
outcome is possible from any value

of the input variable X0.i
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..............................................................................................

.passing = True passing = True

.if not english: e —o

english = False english = _ english = _

if not math: math = T math = T

passing = False or bonus science = _ science = _

if not math: bonus = _ bonus = _ I[P]]
| passing = False or bonus passing = ? passing = T

passing = True passing = False or bonus passing = False or bonus
@ @ @

o
english = _ english = _ english = _ english = _
math = F math = F math — F math = F
science — _ science — _ science — _ science — _
bonus = T bonus = T bonus = T bonus = T
passing — ? passing = T passing = T passing = T

False or bonus

passing = True passing = False or bonus passing
@ @ @ ]

english = _ english = _ english = _ english = _
math = F math = F math = F math = F
science — _ science — _ science — _ science — _
bonus = F bonus = F bonus = F bonus = F
passing — ? passing = T passing = F passing = F
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Input Data (Non-)Usage

&, B P) € P(t) | Vi e J C I,: UNUSED/([P]))

N ;is the set of all programs P (or, rather, their semantics [ P]])
that do not use the value of the input variables in J C Ip,

UNUSED(TMT) €' vs e [Py € 7 1(i) # v = 31 € [P]

(VO <j<|Ip|:j#i= 1)) =1t)))
INTOER
At, =1,

Intuitively: any possible program
outcome is possible from any value

of the input variable X0.i

Static Analysis for Data Science



Trace Properties

[P] c [P]"
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Program Properties
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Subset-Closed Properties

[P] c [P]"

Static Analysis for Data Science Caterina Urban 17



..............................................................................................

.passing = True passing = True

.if not english: e —o

english = False english = _ english = _

if not math: math = T math = T

passing = False or bonus science = _ science = _

if not math: bonus = _ bonus = _ I[P]]
| passing = False or bonus passing = ? passing = T

passing = True passing = False or bonus passing = False or bonus
@ @ @

o
english = _ english = _ english = _ english = _
math = F math = F math — F math = F
science — _ science — _ science — _ science — _
bonus = T bonus = T bonus = T bonus = T
passing — ? passing = T passing = T passing = T

False or bonus

passing = True passing = False or bonus passing
@ @ @ ]

english = _ english = _ english = _ english = _
math = F math = F math = F math = F
science — _ science — _ science — _ science — _
bonus = F bonus = F bonus = F bonus = F
passing — ? passing = T passing = F passing = F
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Input Data (Non-)Usage

&, B {IP] € P(E+) | UNUSED(TPT))

N ;is the set of all programs P (or, rather, their semantics [ P]])
that do not use the value of the input variables in J C Ip,

¢

UNUSED,([M) & Vie[[P1,VeZ: () #V=13rel[P]:
(VO < i< |Ip|:i&J=1)i) = 1D)
A=V
ANt, =1,

Intuitively: any possible program
outcome is possible from any value

of the input variables in J

Theorem

PEN, s [P} CH,

_ Static Analysis for Data Science
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Collecting Semantigs.

Intuition

Property (by extension): set of
elements that have that property

Property “being Patrick Cousot”

Property “being program P”
{LPT}
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(Another) Hierarchy of Semantics

IM] .. dependency semantics
A
a_,
[M]. outcome semantics
A
a,
{IM]} collecting semantics
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(Another) Hierarchy of Semantics

IM] .. dependency semantics
A
a_,
[M]]. outcome semantics
A
a,
{IM]} collecting semantics
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Outcome Semantics ® prtiioning » <ot o oo

that satisfies input data
(non-)usage with respect to
the program outcome yields
sets of traces that also SEIRY
input data (non-)usage

Caterina Urban
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Outcome Semantics

f
de {201_\}1 0=V} | v]a coey vk € %} U {Zw} outcomes

Lemma

PEWN, < {[PINO|0e0}C W,

RN

(P(PET), C)  (PPE™), C)

o (S) {T NO|TeSAO e 0} outcome abstraction
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..............................................................................................

.passing = True

{if not english:

: english = False
if not math:

f passing = False or bonus
{if not math:
| passing = False or bonus

-
-
-
-
---------
-------------------------
-
-

------------------------
-
-
-
-
*
L d

passing
®

','énglish =
math = T

False or bonus passing = False or bonus ™.

7 passing = True passing =

¥ ® o o

i english » _ english = _ english = _
i math = F math = F math = F
science = science — science —
L bonus = T bonus = T bonus = T
‘\\passing — ? passing = T passing = T

~

-------
---------------
'—

english = _ english =
math = F math = F
science = _ science = _
bonus = F bonus = F
passing — ? passing = T

english =
math = F
science =
bonus = F
passing = F

Static Analysis for Data Science
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Outcome Semantics

def

0O = {23_1=V1,...,0k=vk | Vi eeos Vi € %} U {Zw} outcomes

Lemma

PEN, o {[PINO|0€0}C W,

RN

(P(PET), C)  (PPE™), C)

a,(S) d=ef ITNO | TeSAO e 0} outcome abstraction

1P1. € o ({[P1}) = {[PINO| O € O}

Static Analysis for Data Science Caterina Urban 28




Outcome Semantics
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Outcome Semantics

NST 255

01 =UV1,4..430 =V — 01 =7UV1,4..40=Vk

Theorem 1. The oultome semantics Ay € P (P (X 1)) can be expressed as a
least fizpoint in (P (P|(X1°)),C, L, M, {X«,0}, {0, X*}) as:

Ao = Ifp= O,

(9)
O.(S) {02, —vy....on=vi | V1,-- -, EV}W{T;T|T € S}

def
where S1 Y Sy = {Sljlzvl,...,okzvk U S2j1=v1,...,ok=vk | v1,...,0% € VIUSYUSY.

N RRRRRRRRRREEEEEEEEEEDECECE—ECmmmmmmm
(proof by Kleenian Fixpoint Transfer [Urban8])

(R A\
Qo= fué"k && IR
xi \x\ PRI

.




Input Data (Non-)Usage

&, B {IP] € P(E+) | UNUSED(TPT))

N ;is the set of all programs P (or, rather, their semantics [ P]])
that do not use the value of the input variables in J C Ip,

Outcome Semantics |t0(J ) = V= 3dr e [P]:
o %f {23-1=V1,...,0k=vk | vy ..o v, € 77} U {29} outcomes J : tO(l) — t(/)(l))

Lemma

PEN, & {[PINO|O0OeO}CHN
J J ) —\Usage
RN x Data (Non )
(PPE=N.C)  (PPE=).C.) Inpu ) | UNUSED!
\/’ y dgf {“P“ S el S omantics PL
J her, Tl
a, ms P (9\" rat igples n J ="F
a,(S) def {TNO|TeSAO e 0} outcome abstraction W istne Sftl:‘e?:,\\g :,Z?ue of the input \Ia; o v ,(’06) P\
that do ™ def el o :‘;t@’to
171 € o (1PI) = {IPIn 0| 0 € O) o E e L e )=

Theorem

g PEN, & {[PI} C AN, & a({[PI}) C A, & [PL.CA, 2

of the P~
w o (IPV & N

| | | pr N
_ Static Analysis for Data Science  science




(Another) Hierarchy of Semantics

IM] .. dependency semantics
A
a_,
[M]. outcome semantics
A
a,
{IM]} collecting semantics
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Dependency Semantics

' to reason about input data

(non-)usage we do not heed to
consider all intermediate
computations between the
initial and final states of trace
(if any)

Caterina Urban
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Dependency Semantics

i 2 = SuqLs
/\ /
(P(PET™)), C. ) (PAZXL))), C.)

fralte oy, N
or L if a

\‘ He traceis infinite. ~
def
oS e e b el
¥ E Te X=™)] {<totu>e ==l teTes]
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..............................................................................................

. passing = True

[if not english: e

~ english = False english = _
if not math: me}th - T
passing = False or bonus ! science = _
-if not math: bonu.s —

' passing = False or bonus ! passing = ?

english = _
math = F
science — _
bonus = T
passing = ?

math = F
science = _
bonus = F

®
engliSh ; .

passing = ?

_ Static Analysis for Data Science Caterina Urban 36




Dependency Semantics

RN

(PPET).C) (P(PEXZ))), C)

~_ 7

~

a($) L (1) ETXT, |tET) | TES)

v ($) LT e PEt) | ((1,1,) EEXT, |tET) €S)

[P1- = a_(IP1.) = {{{tp.1,) EEXE|t€[PINO} | O € O}
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Dependency SemantiG&° Semanti

S
heor =6 =
em 7, , /\ S+

the outcome semantics A, can be equivalently expressed as follows: T b &,
Ao = AT UAY =lfp; OF U 1fp{§2w} oY :

- 5,0

Qj'(S) = {Q26,=v1,...06=0% | V1,- -, 0 EV}W {7 ;T |T € S} (13) } }

6:(5) & {r;T| T € 5} 15
e s | [ - %o
Lemma 2. The abstraction At = a(AY) € P(P(X x X)) can be expressed } { }
as a least fizpoint in (P (P (X x X1)),E, L, M, {X x {L},0},{0,X x X}) as:

AL, =1lipgy, 67
@:(S) = {001=v1,---,0k=vk X £26;=v1,...,0n=vs | v1,...,vk €V} U{ToR| R € S} x

Lemma 3. The abstraction A%, £ a..(A¢) € P (P (X x X)) can be expressed
Proof (Sketch). By @5 @ least firpoint in (P (P(XxX)),E L, m{X x{L},0},{0,X x X}) as:

w [« w
A% =Upres 1y €5

) (15)
e (S)ZL{roR|Re S}

Proof (Sketch). By Tarskian fixpoint transfer (cf. Theorem 18 in [12]). O

Lalterina urpan



Dependency Semantics

Lemma 2. The abstraction AL, = o, (AF) € P(P (X x X)) can be expressed
as a least fizpoint in (P (P (X x X1)),E, L, M, {X x {L},0},{0,X x X}) as:

AL, =1ipfy, 67,
67(5) = {£201=01,....0e=0, X 0,=v1,....06=vi | V1,..., 06 EV}U{ToR|RE S} x

def

Lemma 3. The abstraction A%, £ a..(AY) € P (P (X x X)) can be expressed

Proof (Sketch). By @s a least fizpoint in (P (P (X x X1)),E, L, M, {X x {1},0},{0,%X x X}) as:

w [« w
A% =UPres 1y O

) (15)
v (S)Z{roR|Re S}

Proof (Sketch). By Tarskian fixpoint transfer (cf. Theorem 18 in [12]). O

Theorem 3. The dependency semantics A, € P (P (X x X)) can be expressed
as a least fizpoint in (P (P (X x X1)),C, LM, {X x {L},0},{0,X x X}) as:

W 12

@W(S) = {Qol=vl,---,0k=vk X '901=’U1,---,0k=vk | V1y...,Vk € V} O {T oR | R € S}
(16)

Proof (Sketch). The proof follows immediately from Lemma 2 and Lemma 3. O

_ Static Analysis for Data Science Caterina Urban
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Input Data (Non-)Usage

&, B {IP] € P(E+) | UNUSED(TPT))

N ;is the set of all programs P (or, rather, their semantics [ P]])

that do not use the value of the input variables in J C Ip,

Dependency Semantics

V\
(P(PET™), C.) (P(PEXZ)), C.)

~_

~

a_($) ¥ (((t,1,) eEXZ, | t€T) | TES)

7($) (T € PE+) | ((1p,1,) €EXZ, [1ET) €S)

[P1- € a_(MP1) = {{{t1,) €EXE |1 €[PIN O} | O € O}

Static Analysis for Data Science

(J) # V= 3r e [P]:
J = 1,(i) = (i)




Unused Data Analysis

practical tools
targeting specific programs

algorithmic approaches
to decide program properties

mathematical models
of the program behavior

Caterina Urban
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Input Data (Non-)Usage
Abstractions

Over-Approximation of the Used Input Data
= Under-Approximation of the Unused Input Data

PE N pcy <= v alllPlla) € N pey

Static Analysis for Data Science Caterina Urban 42



Ap

non-interference

analysis
/yF
A Ao A, Ax
trace L e outcome , Y~ dependency strongly live
: S N .3 N B —— :
semantics oe ' semantics «.. ” semantics 7yx variable analysis

e

Aq

data usage
analysis
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Secure Information Flow

possibilistic non-interference coincides with input data (non-)usage
when the set J of unused input variables contains all input variables:
input variables are high-security variables
output variables are low-security variables

eplict tsage flows j e:

el Ox[skip](S) = 5

_lelnote[eandeleore
Su=skip |z = e|

e eloe: s [uning gy, (CPTOSiony)

Or[z =€](S) = {L~yeS|y#a}U{L~ z|Vr[e]S} F— ,
: S ?uaran S UNOp£
Y Op[if e: 51 else: 55](S) = Or[s1](5) Ur Ors:](5) it VF[[B].]S fore indepen 3
{L~zeS|xgwW(s1) UW(s2)} otherwise d: \/3[&85 ok lﬁPU'l‘ va na!ole
Op[while e: s](S) = lfpSF Or[if e: s else: skip] VC[[xjﬁ <=>L~»xeg
def .
Or[s1 s2](S) = Op[s2] 0 Or[s1](S)  s=tof vanables Gemantics o Flow
s | | | | | | | modifed bg S, Ay perco\\ ect f Alysis of Ini0
L : C ion
Q[ = { L H} : &4- O‘F &w 'q\le,\/elS 1‘, App‘icatlon Stat‘ }u\l.e:“iyga“ cumy Lab,
S ' aumann Softw Mecgi‘axST, Sac\ay; R
L M X &m‘&‘% Cﬁ\S'l"g\ and pavid A'Ng chnology first \ast@ce?

= {me, x ><3

<P(F) C Ce, Urd: abstract domain
S, CEc S, &F 5, = S,

5.4 L_lp Sz f !S.A ﬂ Sz

ram I8 correc eﬂl‘;S exie afeSS that the n
o chtrace P OIZ) e trace To e*P \\
A oX- H h avolve more the“ 0“\‘] ont h
_ Static Analysis for Data Science Caterina Urban




Secure Information Flow | =

possibilistic non-interference coincides with input data (non-)usage
when the set J of unused input variables contains all input variables:
input variables are high-security variables
output variables are low-security variables

oo r el feor
Or[skip](S) = S PlZ=e|ife:g else: s | while e. s|ss EefpreSSionS)
Orz =¢€](S) = {L~ye M
Or[if e: 51 else: 5] (S) = {{911; Elllj?su T f ;[[vsf(ﬂgu W(ss)} fﬂlfi@i
Op[while e: s](S) = lfps" Op[if e: s else: skip]
Or[s1 52](S) = Op[s2] 0 Or[s1](S)

..............................................................................................

| 3 CLLCELRLELEEEEEELEEEED L -» passing, H -» english, math, science, bonus
-passing = True 35 LICTTCPTTPICLIRTPPTEr L -» passing, H -» english, math, science, bonus
if not english:

english = False 3 LURLULLTCITECPITELEEEE L - passing, H -+ english, math, science, bonus
if not math:

j passing = False or bonus | &=sressereresreranees H -+ english, math, science, bonus, passing

if not math:

| passing = False or bonus | ===r=remremremreereans H - english, math, science, bonus, passing
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Secure Information Flow | =

possibilistic non-interference coincides with input data (non-)usage

when the set J of unused input variables contains all input variables:
input variables are high-security variables

- output variables are low-security variables

and the program is terminating

[P]r

| oim el e feon ——
Oz =€](S) E{L~yeS|y#a}U{L~ z|Vp[e]S}
Or[s1](S) Ur Or[s2](S) if Vr[e]S

Op[if e: 51 else: s3](S) = {

{L~xz€S|xgW(s1) UW(s2)} otherwise

def

Op[while e: s](S) = lps® Op[if e: s else: skip]
Or[s1 52](S) = Or[ss] 0 Or[s1](S)

: B B L - passing, H -—» english, math, science, bonus
:passing = True I LRI LL LR EEIEED L - passing, H -—» english, math, science, bonus
‘while not english:

: english = False IR CLLTELCLTERTELIELERELT L —» passing, H - english, math, science, bonus

Pr AN < v (ellPlp) € VT
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Strong-Liveness

a variable is strongly live if
it is used in an assignment to another strongly live variable
it is used in a statement other than an assignment

e:::v[:c[note[e
and
« def 1 s::zskipla?:elif .eleore (eX .
Ox[skip](S) = S € s else: g | while €:s|ss Pressions)
st [(S\ {z}) UvARS(e) z€ S (statements)
Ox[z = e](S) = |
S otherwise

Ox[if b: s, else: s5](S) & vaRrs(b) U Ox[s1](S) U Ox[s2](S)
Ox [while b: s](S) = vARrs(b) U Ox[s](S)
Ox[s1 52](S) = Ox[s1] 0 Ox[s2](S)
T D = /VJ = },q(yx([[P]]X)) C /VJ

.passing = True I8 RLLELLITEICIIEILIIERED { bonus, math, english }
-if not english: 3 LLRCPTTITECEEVERELECED { bonus, math, english }
english — False T T ETT TP { bonus, math }

if not math > TETTTTT TP TP T IPT PR rTY { bonus’ math }

passing = False or bonus & «-=r=srerrerrerennanss { bonus, math }

if not math: > LETTTTTTT TP T IPT PR rTY { bonUS, math }

’ passing = False or bonus | =s=sererereraninianaes { bonus }

R I TTI TP TIT T, { passing }
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Syntactic (Non-)Usage

/ \ e U: used in the current scope (or an inner scope)
e S: used in an outer scope

\ / * O: used in an outer scope and overridden in the current scope
N: not used O [skip](q) = g |[P]]U

def

Oqlz = e](¢g) = ASsIGN[z = e](q)

Oq[if b: 51 else: 53](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)
Lig POP o FILTER[b] o Oq[s2] o PUSH(q)
Oq[while b: s](q) = lfp%Q Oq[if b: s else: skip]

Oq[[s1 s2](q) = Oq[s1] 0 Oq[s2](q)
-

Static Analysis for Data Science Caterina Urban 51




e U: used in the current scope (or an inner scope)
e S: used in an outer scope
« O: used in an outer scope and overridden in the current scope

N: not used Olskiplld) 2 ¢ : I[P]]U

Oqlz = €](g) = assicN[z = €](q)

| _ Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q) -
passing = True 3 Lig POP o FILTER[[b]] o QQ [[82]] o PUSH(q)
: : Oq[while b: s](q) = Ifp-2 Oq[if b: s else: skip]

Eqls: s21(a) = 1] 0 Oals:](a)

L]

|f not english:

english = False

|f not math:

passing = False or bonus

|f not math:
passing = False or bonus

C YT .......................... paSSing - | (a—\:) ov~er Var\'able maPS {-b N)

Static Analysis for Data Science Caterina Urban 52




épassing = True
|f not english:

english = False

|f not math:

passing = False or bonus

|f not math:

U: used in the current scope (or an inner scope)
e S: used in an outer scope
« O: used in an outer scope and overridden in the current scope
 N: not used

Oq[skip)
Oqlz =e

UL UL

I(q) = assioN[z = €](q)

OQ[if b: s1 else: s2]

Oq[while b: s](q) =
Oqls1 s2](q) = Oqs1]  Oqls2](q)

(9) = q I[P]]U

(q) = POP o FILTER[] 0 Oq[s1] o PUSH(q)
Liqg POP o FILTER[b] 0 Oq[s2] ¢ PUSH(q)

Ifp,© Oq[if b: s else: skip

def

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

passing = False or bonus

Static Analysis for Data Science

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

dorna\n e\emen+s

AR RRR R AR A AR AN A i - are stacks of maps
SR Sngi R G maithing neshig level
P g WBoed s temertks

.



. y S|y U
Syntactic (Non-)Usage o
z N
! e U: used in the current scope (or an inner scope) w0 |w- U

e S: used in an outer scope
* O: used in an outer scope and overridden in the current scope

N: not used O[skipl(d) 2 ¢ i I[P]]U
Oqlz = €](g) = assiaN[z = €](q) :

; | Oq[if b: 51 else: s3](q) = PQP o FILTER[b] 0 Oq[s1] o PUSH(q)
passing = True ] Q POP o FILTERIIb]] o @Q [[82]] o PUSH(q) |
: : Oq[while b: s](q) Ifp,© Oq[if b: s else: skip] 7

Oqls1 s2Jkd) = Oq[s1] o Oq[s2](q)

LLL L L L]

|f not english:

english = False

1 itH~e assfg’ﬁec:l vadable was used ( Uor S)

if not math: itbecores overwnRen (O) if Mot also

5 vsed intre expression beirg assiged;
otrervise itbecomes F::esgnltj usec:\/(tﬂ

passing = False or bonus

|f not math:

[ T T T T T T T .......................... bonus - U, passing O] passing -» U
passing = False or bonus :

| e .......................... passing = S | passing = U

S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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. y S|y U
Syntactic (Non-)Usage o
z N
! e U: used in the current scope (or an inner scope) w0 |w- U

e S: used in an outer scope
* O: used in an outer scope and overridden in the current scope

N: not used O[skipl(d) 2 ¢ i I[P]]U

Oqlz = €](g) = assicN[z = €](q)

| _ Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)
passing = True ] Lig POP/o FILTERIIb]] o @Q [[82]] o PUSH(q) 7
: | Oq[while b: s](q) = Ifp-9 Oq[if b: s else: skip] »

Oq[[s1 s2](q) ZGq[s1] o Oqls2](q)

LLL L L L]

|f not english:

english = False

a varable beames used (U)

it appears 0 te boolesn Conditien

ofa statermant that uses (U) or modiRes(0)
aober vanable

|f not math:

passing = False or bonus

@ rrrssnssnssnssnsEasEs s EsEsEnaE R nnEnnn .......................... math, bonus, passing *—!

if not math: T
[ T T T T T T T .......................... bonus - U, passing O] passing -» U
passing = False or bonus :

| e .......................... passing = S | passing = U

S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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N: not used

LUl Ll Ll

épassing = True

|f not english:

english = False

e U: used in the current scope (or an inner scope)
e S: used in an outer scope

* O: used in an outer scope and overridden in the current scope
Oq[skip](q) = ¢

Bqlz = €](g) = AssioN[z = €] (q)

Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)

Oq[while b: s](q)
Oqls1 s3Hd) = Oqls1] o Oqls2](q)

restores He

def

LPlu

q POP o FILTER[b] 0 ©q[s2] o PUSH(q) |
Ifp-2 Oq[if b: s else: skip] »

previous Valie

'f folnec oF (\:/ar{ able&_\_C before increasimg the (E,S‘l-fﬂg level)
passing = False or bonus (it has oo d’“‘?ed Sl

@ - s as s s s RN R IR R R R AR N R R EEE AR EEEREEEEEEEEREEEREEEEEE math’ bonus’ paSS|ng e U \f‘ ---- -

-if not math: math, s 0, passiQr O
e bonus -+ U, passing -» O | passing -» U

passing = False or bonus

@ = s s EE s RN AR RS AR A SR EEEEEEEEEEEEEEEEEEEEEEEEEE paSSIng ) S | paSSIng Y U
s passing - U
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e U: used in the current scope (or an inner scope)
e S: used in an outer scope
« O: used in an outer scope and overridden in the current scope

N: not used Olskiplld) 2 ¢ | I[P]]U

Oqlz = e](g) = assioN[z = €](q)

| _ Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)
passing = True . Lig POP o FILTER[[b]] o QQ [[82]] o PUSH(q)

= def C

Oqlwhile b: s](q) = UPy? Oq[if b: s else: skip]
Oqls1 s2](q) = Oqlsife Oals2](a)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

UL UL

|f not english:

english = False

|f not math:

passing = False or bonus

N T R e R R s math, bonus, passing = U — ]
if not math: rmath, borus > U, passiQE> O Ua paSS\FSHU
: S AEACAEARACOEARACOEARACAEAEACAEAEACaED .......................... bonus -» U, passing -*» O | passing =» U
passing = False or bonus :
| e .......................... passing = S | passing = U
S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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épassing = True
|f not english:

english = False

|f not math:

passing = False or bonus

U: used in the current scope (or an inner scope)
S: used in an outer scope
O: used in an outer scope and overridden in the current scope

N: not used Olskiplld) 2 ¢ | I[P]]U

Oqlz = €](g) = assicN[z = €](q)

Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)

UL UL

Oq[[s1 s2](q) = Oq[s1] o Oq[s2](q)

: L .......................... math, bonus’ passing b S | math, bonus, passing > |
@ rrrssnssnssnssnsEasEs s EsEsEnaE R nnEnnn .......................... math, bonus, passing -» U
if not math:
S AEACAEARACOEARACOEARACAEAEACAEAEACaED .......................... bonus -» U, passing -* O | passing ~» U
passing = False or bonus :
| e .......................... passing = S | passing = U
S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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e U: used in the current scope (or an inner scope)

e S: used in an outer scope
« O: used in an outer scope and overridden in the current scope

* N:notused Olskiplld) 2 ¢ | I[P]]U

Oqlz = €](g) = assicN[z = €](q)

Oq[if b: 51 else: s3](q) = BOP o FILTER[b] 0 Oq[s1] o PUSH(q)
Liqg POP o FILTER[b] 0 Oq[s2] o PUSH(q)

Oq[while b: s](¢f = Ifp,© Oq[if b: s else: skip]

L 9q[[s1] o Oq[s2] ()
english = False B s s e ik

UL UL

épassing = True

|f not english:

|f not math:

s .......................... math -+ S, bonus -» U, passing =» O I
passing = False or bonus
: L .......................... math, bonus’ passing b S | math, bonus, passing > |
. .......................... math, bonus, passing -» U
if not math:
: S AEACAEARACOEARACOEARACAEAEACAEAEACaED .......................... bonus -» U, passing -* O | passing ~» U
passing = False or bonus :
| e .......................... passing = S | passing = U
N T T CEEEE TS TP PR RTREOE passing - U
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-~ y S|y U
Syntactic (Non-)Usage o
z N
U
/ \ e U: used in the current scope (or an inner scope) w-0|w- U
S o S: used in an outer scope
\ / « O: used in an outer scope and overridden in the current scope
N > notusegy Oalskipl() ™ g [PJu

1 Oqlz = e](q) = AssioN[z = €](q)

| _ Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)
‘passing = True S Liq POP #/FILTER[b] 0 Oq[s2] o PUSH(q) |
| : Oq[while b: s]i :

LLL L L L]

def

= JB5 7" Oq[if b: s else: skip]

|f not english:

Rests 7] )= Oq[si] o Oq[s2](q)

english = False a .
| @ .......................... math, bonus, passing - U
[if not math:
s .......................... math -+ S, bonus -» U, passing =» O I
passing = False or bonus :
: L .......................... math, bOhUS, passing b S | math, bonus’ passing > |
@ rrrssnssnssnssnsEasEs s EsEsEnaE R nnEnnn .......................... math, bonus, passing -» U
if not math:
[ T T T T T T T .......................... bonus - U, passing O] passing -» U
passing = False or bonus :
| e .......................... passing -» S | passing -+ U
S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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. y S|y U
Syntactic (Non-)Usage o
~ z -+ N
2 e U: used in the current scope (or an inner scope) w->0|w-- U

e S: used in an outer scope
* O: used in an outer scope and overridden in the current scope

N: not used | 60 [skip](q) = g i |[P]]U

Bqlz = €](g) = AssioN[z = €] (q)

LLL L L L]

| _ Oq[if b: 51 else: s3](q) = POP o FILTER[b] 0 Oq[s1] o PUSH(q)
passing = True ] Lig POP o FILTERIIb]] o @Q [[82]] o PUSH(q) 7
: | Oq[while b: s](q) = Ifp-2 Oq[if b: s else: skip] »

|f not english: ? "
é Oq[s1 s2](q) = Oq[s1] 0 Oq[s2](q)

english = False

E e .......................... math, bonus, passing -» S | math, bonus, passing =» U
 LCCE L L L LT L L LTI, .......................... math, bonus, paSSing = |J
[if not math:
s .......................... math -+ S, bonus -» U, passing =» O I
passing = False or bonus :
: L .......................... math, bOhUS, passing b S | math, bonus’ passing > |
@ rrrssnssnssnssnsEasEs s EsEsEnaE R nnEnnn .......................... math, bonus, passing -» U
if not math:
[ T T T T T T T .......................... bonus - U, passing O] passing -» U
passing = False or bonus :
| e .......................... passing -» S | passing -+ U
S TLTTTTTTTTT T T T T T T T T T T LTI T, T CEEEE TS TP PR RTREOE passing - U
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L y S|y U
Syntactic (Non-)Usage o
| z N
U ; :
e U: used in the current scope (or an inner scope) w-0|w- U
e S: used in an outer scope
* O: used in an outer scope and overridden in the current scope
e N: not used |[P]]U
He ioput vanables enclish
@t T EEPPEPI PP RIS | math, bonus -+ U} passing -+ O
‘passing = True
@ - rrrsnsssnssasssas s sa s a s n A naan .......................... math, bonus’ paSS|ng REN U
-if not english:
C STLTLLLL L L L L L LTI, .......................... math, bonus’ paSS|ng RN S | math’ bonus’ paSS|ng - |J
english = False
@ - -rrrrsssrssssssssss s aann s .......................... math’ bonus’ pass'ng ) S | math’ bonus’ paSS|ng ) U
. ........................................... ................. 7. ~wmanath l’)OI’]US, passing =
TEROLMA e IR N e
passing = False or bonus | Qlz = e](g) ASSIGN[z — :
i @ - rrrrrnnnssssnnsssnn s s n R ann R --------------- 1 @Qﬂlf b: S1 else: def eﬂ(Q)
S j Ho2(g) = POP o FILTRR [
® z ] HO@Q[ISIHOPUSH( )
- if not math: ! Uq Pop © FILTER[] 0 @ ? |
@ rerrerrrrrrnrrnrrarrnrranrarranas S e 31 Oq[while p. sl(g) = 1ppEe g 1. Qls] ©PUSH(q)
~ passing = False or bonus Oals: sa](q) ¢ OQlif b: 5 e1ge; skip]
L L L L L) JeAaRRRRRRRRR: — - 7) = 0q[s1] o QQ[[S2H(Q)
: @ rrrsrssssassssEEEsssEE s EsEE s EEEEEEEEEEssEEEEsssEEEEsEEEEssEEEEES pass|ng o S T TR
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Syntactic (Non-)Usage

/ \ e U: used in the current scope (or an inner scope)
e S: used in an outer scope

\ / e O: used in an outer scope and overridden in the current scope
e N: not used ﬂPﬂU

€

_lelnoteleandeleore

(expressions)

(Statements)

Oq[skip](q) = ¢
Oqlz = el(g) = assian[e = e](q)

Oq[if b: s1 else: s2](q) < poPo FILTER[b] 0 ©q[s1] o PUSH(q)
Liqg POP o FILTER[b] 0 Oq[s2] o PUSH(q)

Oq[while b: s](q) = lfp%Q Oq[if b: s else: skip]
Oqls1 s2](q) = Oqls1] © Oqls2](a)

IF e Selse.sl

: > TETTTTTTTTTTIPT PR rTY passing - 0
épassing — True > FETTEEPT T PTT TP ETIT paSSing - U
‘while not english:

: eng“sh = False > PETTTTTPTT TP PE PP PP passing -

PE W% <y (1y([P1y) € H*
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Piecewise Syntactic

(Non-)Usage

{0} N {i} U {i+1} O {len}

{0} N {len}

{0} S {len} | {0} U {len}

e:=v|x|note|eande|eore | ale] | len(a) |e @ e|e x e (expressions)
s:=skip|xz=e|if e: s else: s |whilee: s|ss |ale] =e (statements)
égrades = list(map(int, input().split())) Sradesl:o] iSQbR”"l'elf) |[P]]S
4{ rotused) by Tre Prag sy
count =0
R grades {0} N {1} U {2}? U {len(grades)}?
| — ] e errssnnnrrn s ssasanrrrr R aEr ERROR: 1 SHOULD BE 0
LT e S | - =/ o 1 o oo’ = grades - {0} N {i}? U {i+1}? U {len(grades)}?
‘while i < len(grades):
o {HeRRERRRESRSSARR grades - {0} N {i? U {i+1}? S {i+2}? S {len(grades)}? | ...

if gradesli] < 4:
count = count + 1

@)= = = e o 4 el grades
N SN grades
i=i+1
P U grades

grades

|f 2 * count < len(grades):
: passing = True

§else:

; passing = False 3
.-----------------------------------------"-"""-"i --------------- grades
. print(passing) :

Lesson 10 Static Analysis for Data Science

- {0} N {i+1}? S{i+2}? S {len(grades)}? | ... | ...
-+ {0} N {i+1}? S{i+2}? S {len(grades)}? | ...

- {0} N {i}? S {i+1}? S {len(grades)}? | ...
-+ {0} N {len(grades)}?

-+ {0 }N{len(grades) J?
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Unused Data Analysis

practical tools

targeting specific programs
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eoee® [~ < > # github.com

— O caterinaurban / Lyra

¢> Code (%) Issues 1 i1 Pull requests 1 (v) Actions [ Projects ) Security 6 |~ Insights 5! Settings

ﬂ [_yra Pul %/ Unpin & Unwatch 4 ~ i 17 Star 25

= master ~ ¥ 1branch ©0tag Go to file Add file ~ <> Code ~

ﬂ caterinaurban update for Python 3.9 v e37b228 onNov7 1,144

docs

src
.gitignore
Atravis.yml
LICENSE
README.md
icon.png
lyra.png Releases

requirements.txt

setup.py

Packages
README.md

Lyra - Static Analyzer for Data Science Applications

Contributors 9
NHOGO®MEO
T

Deployments 188




Jupyter Notebooks

localhost

: Ju pyte I Gradebook Last Checkpoint: a few seconds ago (autosaved) ﬁ Logout

File Edit View Insert Cell Kernel Help Trusted | Python3 O

B + < & D 4 v PRin B C W Code

<«
B

In [1]: import pandas as pd

In [2]: df = pd.read_csv('Grades.csv', index_col=0)
df.head()

Out[2]:

Name Q1 Q2 Q3

L)

@ netflixtechblog C
.Com

@@"gg

I;.“/J!JI‘ Ing Pp %

1.0, 'F': 0.0 }
.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gpa.get)

@ databricks.com

i g o dotsiecis Databricks for Data S
Pushing e - " 9Uick protogy, among g atabricks for Data Science
se jt d Uldarieg ve g and avni. SClentios.. .
s dl
this Visi Wi tthey can g An open and unified platform to collaboratively run all types of analytics workloads, from data preparation
10n g reality A SR S OO R D @ to exploratory analysis and predictive analytics, at scale.
In thjs Post , | can tell you that my job with 120+ data scientists + data analysts on our team, we
com SRS we’]] Share ou use jupyter on centos in prod. It actually is working out very well for us. Everyone n Analy o? &
P eumg. L knows how to use it, we can let jr devs work in prod immediately. We also have a & @ demo-cumw - = J BAnM  #Cume L SCammwts O : ’

To demonstiate, table from the lases Gatabase that we craated n e previous Notenook.

In this next call, we 1080 e ilver_less_stats

e’l] )
eXPIOre som also In trodu d very wide range of analysis types running from basic sql and pandas to spark
. € Noye I based machine learning. All in jupyter. Also jupyter is easy to configure to work in
Ways  security guidelines.

If youp
Y ureshorton time

24 upvotes 5 replies ) : .
Wi 2 wEnricoT0 + Commented on 12 months ago @
M - Sugge -
Otj ; fmyess 0 % Aera0ts  Dnceees . et Wrtent w2 1o s A ax wy
thatIOns My former employer uses notebooks in production for all DS tasks. My current ' ¢ I I ) )
Data Powe — employer does not. They are both big companies with large teams. Rayies. 09 Mednss. (te1ee e e A o
ro A1 o
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Jupyter Notebooks

~

[1]1|d = genfromtxt('data.csv')
[2]lrse1ector = SelectKBest (k=25)
2|x = selector.fit_transform(d)
[311]|x = genfromtxt('data2.csv')
[4]1 x_train, x_test, y_train, y_test =
2 traln_test_split(x, ...)
1|1r = LogisticRegression()
(51, lr.fit(x_train, y_train)
3|y_pred = lr.predict(x_test)

P. Suboti¢ et al. - A Static Analysis Framework for Data Science Notebooks (ICSE 2022)

Static Analysis for Data Science

Caterina Urban
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Jupyter Notebooks

[1]1rﬂ = genfromtxt('data.csv') J

[Z]IVSelector = SelectKBest (k=25)
2|x = selector.fit_transform(d)

r~

[311|x = genfromtxt('data2.csv')

.

~

[4]1 x_train, x_test, y_train, y_test =
2 train_test_split(x, ...)

3

1|1lr = LogisticRegression()
[51, lr.fit(x_train, y_train)
3|y_pred = 1lr.predict(x_test)

P. Suboti¢ et al. - A Static Analysis Framework for Data Science Notebooks (ICSE 2022)
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Jupyter Notebooks

d = genfromtxt('data.csv') J
rselector = SelectKBest (k=25)
2|x = selector.fit_transform(d)

r~

x = genfromtxt('data2.csv')

.

~

x_train, x_test, y_train, y_test =
train_test_split(x, ...)

3

1|1lr = LogisticRegression()
lr.fit(x_train, y_train)
3|y_pred = 1lr.predict(x_test)

P. Suboti¢ et al. - A Static Analysis Framework for Data Science Notebooks (ICSE 2022)
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Unexpected Data

Static Analysis for Data Science
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Unexpected Data

missing values

» extra values
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localhost

: Ju pyte I Gradebook Last Checkpoint: a few seconds ago (autosaved)

File Edit View Insert Cell Kernel Help

B + < @& B 4 v PRn B C MW Code

<
B

In [1]: import pandas as pd

In [2]: df = pd.read_csv('Grades.csv', index_col=0)

df.head()
Out[2]:

Name Q1 Q2 Q3
ID
23904 Alice A A A
4583 Bob F B B
3956 Carol F A C
9578 David D F C

In [3]: grade2gpa = { 'A': 4.0, 'B': 3.0, 'C': 2.0, 'D': 1.0, 'F': 0.0 }

In [4]: df['Mean'] = df.iloc[:, df.columns.str.startswith('Q')].mean(axis=1)

In [5]: es = pd.read_csv('Emails.csv', index_col=0)

In [6]: un

df.join(es)

In [7]: res = un[["Email", "Mean"]]
res.head()

Out([7]:
Email Mean

ID

2394 alice@uni.eu 4.0
4583 bob@uni.eu 2.0

3956 carol@uni.eu 2.0

9578 david@uni.eu 1.0

S ——————————————

Lesson 10 Static Analysis for Data Science

df.iloc[:, df.columns.str.startswith('Q')] = df.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gpa.get)

ﬁ Logout

Trusted ] Python3 O
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— Jupyter Gradebook @

File Edit View Insert Cell Ken

B + < @ B 4+ ¥ PAu

In [1]: import pandas as pd
In [2]: df = pd.read_csv('Grat
df.head()
Out[2]:
Name Q1 Q2 Q3
ID
2304 Alice A A A
4583 Bob F B B
3956 Carol F A C
9578 David D F C
In [3]: grade2gpa = { 'A': 4.
df.iloc[:, df.columns
In [4]: df['Mean'] = df.ilocl

In [5]: es = pd.read_csv(’EméE

In [6]: un

df.join(es)

In [7]: res = un[["Email", "ﬁﬂ
res.head()

Out([7]:
Email Mean

ID

2394 alice@uni.eu 4.0
4583 bob@uni.eu 2.0

3956 carol@uni.eu 2.0

9578 david@uni.eu 1.0

Lesson 10

wcalhost

: Ju pyte I Gradebook Last Checkpoint: a minute ago (unsaved changes)

File Edit View Insert Cell Kernel Help

B+ =< @B 44 v PRin B C MW Code

localhost

Trustec

In [1]: import pandas as pd
In [2]: df = pd.read_csv('Grades.csv', index_col=0)

df.head()
Out[2]:

Name Q1 Q2 Q3
ID

2394 Aice A A A

4583  Bob F B B

9578 David D F C
In [3]: |grade2gpa = { 'A': 4.0, 'B': 3.0, 'C': 2.0, 'D': 1.0, 'F': 0.0 }

df.iloc[:, df.columns.str.startswith('Q')] = df.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gj
In [4]: df['Mean'] = df.iloc[:, df.columns.str.startswith('Q')].mean(axis=1)
In [5]: es = pd.read_csv('Emails.csv', index_col=0)
In [6]: un = df.join(es)
In [7]: res = un[["Email", "Mean"]]

res.head()
Out[7]:

Email Mean

ID

2394 alice@uni.eu 4.0

4583 bob@uni.eu 2.0

3956 carol@uni.eu 3.0

9578 david@uni.eu 1.0
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In [1]:

Tn [2]:

Out([2]:

[3]:

[4]:

[5]:

[6]:

(7]
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View

Insert Cell Ken

—

import pandas as pd

df = pd.read_csv('Grat
df.head()

Name Q1 Q2 Q3

ID
2394 Alice A A A
4583 Bob F B B
3956 Carol F A C
9578 David D F C

grade2gpa = { 'A': 4.
df.iloc[:, df.columns

df['Mean'] = df.iloc|

es = pd.read_csv('Emal
un = df.join(es)
res = un[["Email™, "Mg

res.head()

Email Mean

ID
2394 alice@uni.eu 4.0
4583 bob@uni.eu 2.0
3956 carol@uni.eu 20
9578 david@uni.eu 1.0

: Ju pyter Gradebook Last Checkpoint: 2 minutes ago (unsaved changes)

File Edit

B + x @

In[11z

In [2]:

Out[2]:

In [3]:

In [41:

In .[5]a

In [6]:

Tn [71:

Out[7]:

View

localhost

localhost

Insert Cell Kernel Help

Trusted
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import pandas as pd

df = pd.read_csv('Grades.csv', index_col=0)
df.head()

ID Name Q1 Q2 Q3

2394 Alice A A A A
4583 Bob F B B NaN
3956 Carol F A C NaN
9578 David D F C NaN
grade2gpa = { 'A': 4.0, 'B': 3.0, 'C': 2.0, 'D': 1.0, 'F': 0.0 }

df.iloc[:, df.columns.str.startswith('Q')] = df.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gj

df['Mean'] = df.iloc[:, df.columns.str.startswith('Q')].mean(axis=1)

es = pd.read_csv('Emails.csv', index_col=0)
un = df.join(es)
res = un[["Email", "Mean"]]

res.head()

Email Mean

2394 alice@uni.eu 4.0

4583

bob@uni.eu 3.0

3956 carol@uni.eu 3.0

9578 david@uni.eu 1.0
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In [1]: import pandas as pd

In [2]: df = pd.read_csv('Gra(

df.head()
Out[2]:
Name Q1 Q2 Q3
ID
2304 Alice A A A
4583 Bob F B B
3956 Carol F A C
9578 David D F C
In [3]: grade2gpa = { 'A': 4.(
df.iloc[:, df.columns
In [4]: df['Mean'] = df.ilocl
In [5]: es = pd.read_csv('Emal
In [6]: un = df.join(es)

.
In [7]: res = un[["Email", "M¢
res.head()

Out([7]:
Email Mean

ID

2394 alice@uni.eu 4.0
4583 bob@uni.eu 2.0

3956 carol@uni.eu 2.0

9578 david@uni.eu 1.0

: Ju pyte I Gradebook Last Checkpoint: a few seconds ago (autosaved)
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localhost

: Ju pyte I Gradebook Last Checkpoint: 14 minutes ago (unsaved changes)

File Edit View Insert Cell Kernel Help

Trusted
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In [1]: import pandas as pd

In [2]: df = pd.read_csv('Grades.csv', index_col=0)

df.head()

Out[2]:
Name Q1 Q2 Q3
ID

2394 Aice A A A

4583 Bob F B+ B

3956 Carol F A C

9578 David D F C
In [3]: grade2gpa = { 'A': 4.0, 'B': 3.0, 'C': 2.0, 'D': 1.0, 'F': 0.0 }

df.iloc[:, df.columns.str.startswith('Q')] = df.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gj
In [4]: df['Mean'] = df.iloc[:, df.columns.str.startswith('Q')].mean(axis=1)
In [5]: es = pd.read_csv('Emails.csv', index_col=0)
In [6]: un = df.join(es)
In [7]: res = un[["Email”, "Mean"]]

res.head()
Out[7]:

Email Mean

ID

2394 alice@uni.eu 4.0
4583 bob@uni.eu 15
3956 carol@uni.eu 2.0

9578 david@uni.eu

1.0
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localhost

: Ju pyter Gradebook Last Checkpoint: a few seconds ago (autosaved)

e Logout

File Edit View Insert Cell Kernel Help Trusted \ Python3 O
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In [1]: import pandas as pd

In [2]: df = pd.read_csv('Grades.csv', index_col=0)
df.head()

Out[2]:
Name Q1 Q2 Q3

2394 Alice A
4583 Bob F

3956 Carol F

nm > o >
0o o @ »
L]

9578 David D

In [3]: grade2gpa = { 'A': 4.0, 'B': 3.0, 'C': 2.0, 'D': 1.0, 'F': 0.0 } °
df.iloc[:, df.columns.str.startswith('Q')] = df.iloc[:, df.columns.str.startswith('Q')].applymap(grade2gpa.get)

In [4]: df['Mean'] = df.iloc[:, df.columns.str.startswith('Q')].mean(axis=1) e
In [5]: es = pd.read_csv('Emails.csv', index_col=0) ®

In [6]: un = df.join(es) °

In [7]: res = un[["Email”, "Mean"]] o

res.head()

out[7]1: °
Email Mean [ ]

2394  alice@uni.eu 4.0
4583  bob@uni.eu 20

3956 carol@uni.eu 20 L]

9578 david@unieu 1.0 E

S ————————
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Expected Unused Data Analysis

practical tools

targeting specific programs
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import pandas as pd

df: pd.DataFrame = read_csv(pandas, "...")

drop(df, ["id"])

head(df["t"])

Caterina Urban
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import pandas as pd

df: pd.DataFrame = read_csv(pandas, "...")

sub: pd.DataFrame = dff["A", "B", "C"]]

sub["B"]: pd.DataFrame = 1

head(sub)
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