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Data Scientist: The Sexiest Job of
the 21st Century
Andrew McAfee and Erik Brynjolfsson

Andrew J Buboltz, silk screen on a page from a high school yearbook, 8.5" x 12", 2011  Tamar Cohen

When Jonathan Goldman arrived for work in June 2006 at LinkedIn, the
business networking site, the place still felt like a start-up. The company
had just under 8 million accounts, and the number was growing quickly as
existing members invited their friends and colleagues to join. But users
weren’t seeking out connections with the people who were already on the
site at the rate executives had expected. Something was apparently
missing in the social experience. As one LinkedIn manager put it, “It was
like arriving at a conference reception and realizing you don’t know
anyone. So you just stand in the corner sipping your drink—and you
probably leave early.”

Goldman, a PhD in physics from Stanford, was intrigued by the linking he
did see going on and by the richness of the user profiles. It all made for
messy data and unwieldy analysis, but as he began exploring people’s
connections, he started to see possibilities. He began forming theories,
testing hunches, and finding patterns that allowed him to predict whose
networks a given profile would land in. He could imagine that new features

DATA SCIENTISTS  SOFTWARE DEVELOPERS  
…BUT THEY DEVELOP SOFTWARE NONETHELESS

!
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How It Is Going

WHERE THERE IS SOFTWARE, THERE ARE BUGShttps://xkcd.com/2054/
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Excel spreadsheet error
blamed for UK’s 16,000 missing
coronavirus cases
The case went missing a!er the spreadsheet hit its filesize limit
By James Vincent  Oct 5, 2020, 9:41am EDT
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Covid-19: Only half of 16 000 patients missed from England’s official

figures have been contacted

Elisabeth
Mahase

Details of nearly 16 000 cases of covid-19 were not

transferred to England’s NHS Test and Trace service

and were missed from official figures because of an

error in the process for updating the data.

England’s health and social care secretary, Matt

Hancock, told the House of Commons on Monday 5

October that after the error was discovered on Friday

2 October “6500 hours of extra contact tracing” had

been carried out over the weekend. But as at Monday

morning only half (51%) of the people had been

reached by contact tracers.

In response, Labour’s shadow health secretary,

Jonathan Ashworth, said, “Thousands of people are

blissfully unaware they have been exposed to covid,

potentially spreading this deadly virus at a timewhen

hospital admissions are rising and we are in the

secondwave. This is not just a shambles, it is somuch

worse.”

The missed cases were added to the daily figures for

theweekend,meaning that 22 961 caseswere reported

on Sunday 4 October and 12 872 were reported on

Saturday.

Reports indicated that the problem may have been

caused by the row limit on Microsoft’s Excel

spreadsheet software, which caused numbers sent

from one laboratory to be missed off.

Hancockwouldnot confirm the cause of the technical

issue but said that he had already decided to replace

the system at fault in July. “I commissioned a new

data system to replace the legacy one, and the

contracts were awarded in August and the work on

the upgrade is already under way,” he told MPs.

The Guardian reported that the error occurred when

one laboratory sent its daily test report to Public

Health England in a CSV file.1 Although these files

can be any size, an Excel spreadsheet has a limit of

1 048 576 rows, or 65536 if an older version of the

softwarewas beingused.Whena file longer than that

is opened, the rows that exceed themaximumare cut

off, meaning once that laboratory had performed

more than a million tests, its reports were not seen

by PHE.

Commenting on the error, Peter Bannister, executive

chair of the InstitutionofEngineeringandTechnology

Healthcare Sector, said, “It’s widely known within

medical device development that the use of

commercial off-the-shelf products, such as Excel,

requires additional testing to ensure that they are

able to meet the stringent requirements of use in a

healthcare setting.

“In particular, regulatory authorities such as the FDA

in the US have called out the limitations of Excel

when applied to storing and manipulating medical

data and furthermore have issued guidance on

validation and risk management for these products

if they are to beused in such a safety criticalmanner.”

The error came as the Labour Party’s leader, Keir

Starmer, said that the prime minister had “lost

control”of covid-19,withno clear strategy for beating

it. Speaking to the Observer, Starmer set out his five

point plan for covid-19, which starts with publishing

the criteria for local restrictions, as the German

government did. Secondly, he said public health

messaging should be improved by adding a feature

to the NHS covid-19 app so people can search their

postcode and find out their local restrictions.

Starmer has also said hewould fix the contact tracing

system by investing in NHS and university

laboratories to expand testing and at the same time

put local public health teams in charge of contact

tracing in their areas. Routine regular testing in high

risk workplaces and high transmission areas would

then be carried out, with results within 24 hours.

Additionally, Starmer would outline a vaccine

manufacturing and distribution programme ready

for when a vaccine is approved.
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WHERE THERE IS DATA SCIENCE SOFTWARE 
THERE ARE INSIDIOUS SILENT BUGS



Jupyter Notebooks



Jupyter Notebooks
NOT JUST A PROTOTYPING TOOL
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Unexpected Data TESTING REQUIRES AWARENESS OF EXPECTATIONS: HARD!
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different data

duplicate values

different format

extra values

missing values

3

How It Is Going

WHERE THERE IS SOFTWARE, THERE ARE BUGS

https://xk
cd.com/2

054/



Data-Expectations Static Analysis



Data Expectations Analysis
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Tabular Data
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1ST CHALLENGE: MULTI-DIMENSIONAL DATA STRUCTURES



Abstract Interpretation Recipe

mathematical models  
of the program behavior

algorithmic approaches  
to decide program properties

practical tools  
targeting specific programs
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2ND CHALLENGE: INDIRECT REASONING

[[P]]

M
ic

ha
el

 J
. S

ei
dl

in
ge

r/@
m

js
ei

dl
in

ge
r o

n 
Tw

itt
er



Abstract Semantics
Column/Field Names Expectations
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import pandas as pd 
df = pd.read_csv(“HousePrices.csv”)

ex = df[df.SalePrice >= 1000000]
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dL = pd.read_csv(“L.csv”) 
dP = dL.pivot(index=c, columns=y, values=l) 
dR = pd.read_csv(“R.csv”) 
dG = dP.loc[:, 0:35].groupby(dR[r])
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3RD CHALLENGE: COMPLEX LIBRARY CALLS



Practical Static Analysis
Necessary vs Sufficient Expectations
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import pandas as pd 
df = pd.read_csv(“HousePrices.csv”)

ex = df[df.SalePrice >= 1000000]
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VIOLATING NECESSARY EXPECTATIONS CAUSES TROUBLE FOR SURE



Implementation
Wish List

INTERACTIVE STATIC ANALYSIS

MULTI-LANGUAGE SUPPORT

STATIC AND DYNAMIC ANALYSIS COMBINATIONS



Data Expectations Analysis

9

Concrete Semantics

12
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3RD CHALLENGE: COMPLEX LIBRARY CALLS

Tabular Data
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1ST CHALLENGE: MULTI-DIMENSIONAL DATA STRUCTURES

Implementation
Wish List

INTERACTIVE STATIC ANALYSIS

MULTI-LANGUAGE SUPPORT

STATIC AND DYNAMIC ANALYSIS COMBINATIONS


