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PrefacePreface

This book chronicles my six years of working towards a Ph.D. in com-This book chronicles my six years of working towards a Ph.D. in com-

putputer sciener science at ce at StaStanfonford Univrd Universersitity y frofrom m 2002006 6 to 2012. to 2012. A A divdiversersee

variety of people can benefit from reading it, including:variety of people can benefit from reading it, including:

••  undergraduates who might be interested in pursuing a Ph.D., undergraduates who might be interested in pursuing a Ph.D.,

••  current Ph.D. students who are seeking guidance or inspiration, current Ph.D. students who are seeking guidance or inspiration,

••  professors who want to better understand Ph.D. students, professors who want to better understand Ph.D. students,

••  employers who hire and manage people with Ph.D. degrees, employers who hire and manage people with Ph.D. degrees,

••  professionals working in any creative or competitive field where professionals working in any creative or competitive field where

self-driven initiative is crucial,self-driven initiative is crucial,

••  and educated adults (or precocious kids) who are curious about and educated adults (or precocious kids) who are curious about

how academic research is produced.how academic research is produced.

The Ph.D. Grind The Ph.D. Grind  differs from existing Ph.D.-related writings due differs from existing Ph.D.-related writings due

to its unique format, timeliness, and tone:to its unique format, timeliness, and tone:

FormatFormat    ––  The Ph.D. Grind  The Ph.D. Grind   is a memoir for a general educated  is a memoir for a general educated

audience, not a “how-to guide” for current Ph.D. students. Althoughaudience, not a “how-to guide” for current Ph.D. students. Although

PhPh.D.D. . ststududenents ts cacan n glgleaean n lelessssonons s frfrom om mmy y exexperperieiencnceses, , mmy y gogoal al isis

not to not to expexpliclicitlitly y proprovidvide e advadviceice. . TheThere re are plenare plentty y of of hohow-tw-to o guiguidesdes

and advice columns for Ph.D. students, and I am not interested inand advice columns for Ph.D. students, and I am not interested in

concontritributbuting ing to to the fraythe fray. . TheThese se artarticlicles es are filled are filled witwith h gengeneraeralitlitiesies
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such as “such as “be persistent be persistent ” and “” and “make some progress every day,make some progress every day,” but an” but an

advantage of the memoir format is that I can be concrete and detailedadvantage of the memoir format is that I can be concrete and detailed

when telling my own story.when telling my own story.

TimelinessTimeliness  – I wrote – I wrote  The Ph.D. Grind  The Ph.D. Grind   immediately after finish-  immediately after finish-

ing my Ph.D., which is the ideal time for such a memoir. In contrast,ing my Ph.D., which is the ideal time for such a memoir. In contrast,
current Ph.D. students cannot reflect on the entirety of their experi-current Ph.D. students cannot reflect on the entirety of their experi-

ences like I can, and senior researchers who attempt to reflect back onences like I can, and senior researchers who attempt to reflect back on

their Ph.D. years might suffer from selective hindsight.their Ph.D. years might suffer from selective hindsight.

ToneTone – Although it’s impossible to be unbiased, I try to maintain a– Although it’s impossible to be unbiased, I try to maintain a

balanced tone throughoutbalanced tone throughout The Ph.D. Grind  The Ph.D. Grind . In contrast, many people. In contrast, many people

who write Ph.D.-related articles, books, or comics are either:who write Ph.D.-related articles, books, or comics are either:

••    successful professors or research sciensuccessful professors or research scientists who pontificate statelytists who pontificate stately

adadvivicece, , adadopoptiting ng ththe e totone ne of of ““grgrad ad scschohool ol is is totougugh, h, bubut t itit’s ’s a a 

delectable intellectual journey that you should enjoy and make delectable intellectual journey that you should enjoy and make 
ththe mose most of t of .. .. . . bbeeccauause I se I susurre dide did! ! ””

••  or bitter Ph.D. graduates/dropouts who have been traumatized or bitter Ph.D. graduates/dropouts who have been traumatized

by by thetheir ir expeexperieriencences, s, adoadoptipting ng a a memelodralodramatmatic, ic, disdisillillusiusioneoned,d,

self-loathing tone of “self-loathing tone of “ahhh my world was a living hell, what did ahhh my world was a living hell, what did 

I do with my life?!? I do with my life?!? ””

StaStatetely ly advadvice ice can can motmotivivate ate somsome e stustudendents, ts, and and bitbitteter r whiwhininningg

might help distressed students to commiserate, but a general audi-might help distressed students to commiserate, but a general audi-

ence will probably not be receptive to either extreme.ence will probably not be receptive to either extreme.

Finally, before I begin my story, I want to emphasize that there is aFinally, before I begin my story, I want to emphasize that there is a

great deal of diversity in Ph.D. student experiences depending on one’sgreat deal of diversity in Ph.D. student experiences depending on one’s

schschool, ool, depadepartmertment, field of nt, field of studystudy, , and funding situatand funding situation. ion. I feel veryI feel very

fortunate that I have been granted so much freedom and autonomyfortunate that I have been granted so much freedom and autonomy

throughout my Ph.D. years; I know students who have experiencedthroughout my Ph.D. years; I know students who have experienced

far more resfar more restritrictictionsons. . My story is only a My story is only a sinsingle data poingle data point, so t, so whawhatt

I I prepresensent t migmight not ht not gengeneraeralizlize. e. HoHowewevever, r, I I wilwill l try my try my best to best to avavoidoid

being overly specific. Happy reading!being overly specific. Happy reading!

Philip Guo, June 2012Philip Guo, June 2012



  

ProloguePrologue

Since I majored in Electrical Engineering and Computer Science inSince I majored in Electrical Engineering and Computer Science in

college, the majority of my classmates started working in engineeringcollege, the majority of my classmates started working in engineering

 jobs  jobs immediately immediately after after graduating graduating with with either either a a bachelorbachelor’s ’s or or master’smaster’s

dedegrgreeee. . I I cchohose se to to pupursrsue a ue a PhPh.D.D. . ininststeaead d dudue e to to a a cocommbibinanatition on of of 

subliminal parental influences and my own negative experiences withsubliminal parental influences and my own negative experiences with
engineering internships throughout college.engineering internships throughout college.

My parents never pressured me to pursue a Ph.D., but I could tellMy parents never pressured me to pursue a Ph.D., but I could tell

that the job they respected the most was that of a tenured universitythat the job they respected the most was that of a tenured university

proprofesfessorsor, , and a and a Ph.Ph.D. was requD. was requireired d for that job. for that job. WhWhy y wawas s beinbeing g aa

profeprofessor regardessor regarded as d as their goldetheir golden ideal? n ideal? It wasn’It wasn’t due t due to some loftyto some lofty

revreverenerence for ce for the puritthe purity y of scholarof scholarly pursuits. ly pursuits. AlthoAlthough my parentugh my parentss

respected intellectuals, they were highly pragmatic immigrants whorespected intellectuals, they were highly pragmatic immigrants who

were more captivated by the lifetime job security offered by a tenuredwere more captivated by the lifetime job security offered by a tenured

professorship.professorship.

Many of my parents’ friends were Chinese immigrants who workedMany of my parents’ friends were Chinese immigrants who worked

in in corcorporaporate enginte engineeeerinring g jobjobs. s. Due to Due to thetheir ir wweak Englieak English sh lanlanguaguagege

skills and lack of American cultural literacy, they mostly had negativeskills and lack of American cultural literacy, they mostly had negative

experiences throughout their engineering careers, especially as theyexperiences throughout their engineering careers, especially as they

grew older. At holiday parties, I would constantly hear jaded-soundinggrew older. At holiday parties, I would constantly hear jaded-sounding

stories of people suffering under oppressive managers, encountering agestories of people suffering under oppressive managers, encountering age

discrimination and “glass ceiling” effects, and facing massive roundsdiscrimination and “glass ceiling” effects, and facing massive rounds

of of laylayoffs offs follofollowewed d by prolonged unemploby prolonged unemploymenyment. t. AlthAlthough my ough my fathefatherr

was not an engineer, he worked in the high-tech sector and had similarwas not an engineer, he worked in the high-tech sector and had similar

11
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tales of struggling with management and bureaucracy, culminating intales of struggling with management and bureaucracy, culminating in

his final corporate layoff at the relatively young age of 45.his final corporate layoff at the relatively young age of 45.

My mother was the only exception to this dismal trend. She lovedMy mother was the only exception to this dismal trend. She loved

her job as a tenured professor of sociology at UCLA. Unlike mosther job as a tenured professor of sociology at UCLA. Unlike most

of of her her ChineChinese se immigimmigranrant t friefriends, nds, she she enjoenjoyeyed d lifetlifetime ime job job secusecuritrityy,,

never needed to report to a boss, could pursue her own intellectualnever needed to report to a boss, could pursue her own intellectual

interests with nearly full freedom, and was famous within her academicinterests with nearly full freedom, and was famous within her academic

field. Seeing the stark contrast between my mother’s successful careerfield. Seeing the stark contrast between my mother’s successful career

trajectory and the professional downward spirals of my father andtrajectory and the professional downward spirals of my father and

many of their friends made a lasting impression on me throughout mymany of their friends made a lasting impression on me throughout my

high school and college years.high school and college years.

Of course, it would be foolish to pursue a Ph.D. solely out of ir-Of course, it would be foolish to pursue a Ph.D. solely out of ir-

ratiorational childnal childhood hood fearsfears. . TTo o get a get a prevpreview of iew of corporacorporate workite working life,ng life,

I did internships at engineering companies every summer during col-I did internships at engineering companies every summer during col-
lege. Since I happened to work in offices where I was the only intern,lege. Since I happened to work in offices where I was the only intern,

I was given the full responsibilities of a junior engineer, which wasI was given the full responsibilities of a junior engineer, which was

a a rarrare e priprivilvilegeege. . AltAlthouhough gh I I lealearnerned d a a lot of lot of tetechchnicnical skillsal skills, , I I foufoundnd

the day-tothe day-to-da-day y worwork k to to be be mind-mind-numnumbinglbingly y dull. dull. My My cocowoworkerkers rs wewerere

alsalso o uneunentnthuhusiasiastistic c about about thetheir ir jobjobs, s, and and thethere re wwere ere few few appeappealialingng

proprospecspects ts for for carcareeeer r advadvancancemeemennt. t. Of Of coucourserse, , I’m not I’m not claclaimiiming ng thathatt

all all   engineering jobs are mind-numbingly dull; it just happened that  engineering jobs are mind-numbingly dull; it just happened that

the compthe companianies I es I wworkorked for ed for wwere not ere not firsfirst-rt-rateate. . ManMany y of of my collmy collegeege

friends who interned at first-rate companies such as Microsoft andfriends who interned at first-rate companies such as Microsoft and

Google loved their experiences and signed on to work at those compa-Google loved their experiences and signed on to work at those compa-

nies full-time after graduation.nies full-time after graduation.

Since I felt bored by my engineering internships and somewhat en-Since I felt bored by my engineering internships and somewhat en-

 joy joyed ed my my time time as as an an undergraduate undergraduate teaching teaching and and researcresearch h assistantassistant

back in college, I set my sights on university-level teaching and aca-back in college, I set my sights on university-level teaching and aca-

demic research as future career goals. By the middle of my third yeardemic research as future career goals. By the middle of my third year

of college at MIT, I had made up my mind to pursue a Ph.D. degreeof college at MIT, I had made up my mind to pursue a Ph.D. degree

since it was required for those kinds of jobs. I planned to stay at MITsince it was required for those kinds of jobs. I planned to stay at MIT

for a five-year combined bachelor’s and master’s program, since thatfor a five-year combined bachelor’s and master’s program, since that
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would give me more research experience before applying to Ph.D. pro-would give me more research experience before applying to Ph.D. pro-

grams and hopefully increase my chances of admissions into top-rankedgrams and hopefully increase my chances of admissions into top-ranked

departments.departments.

I found a master’s thesis advisor and, like any ambitious kid, beganI found a master’s thesis advisor and, like any ambitious kid, began

proposing my own half-baked quasi-research project ideas to him. Myproposing my own half-baked quasi-research project ideas to him. My

advisor patiently humored me but ultimately persuaded me to workadvisor patiently humored me but ultimately persuaded me to work

on more mainstream kinds of research that fit both his academic inter-on more mainstream kinds of research that fit both his academic inter-

ests and, more importantly, the conditions of his grant funding. Sinceests and, more importantly, the conditions of his grant funding. Since

my master’s program tuition was partially paid for by amy master’s program tuition was partially paid for by a research grant  research grant 

that my advisor had won from the U.S. government, I was obliged tothat my advisor had won from the U.S. government, I was obliged to

wowork on rk on projects withiprojects within the scope n the scope of that grant. of that grant. ThThus, I us, I follofollowewed hisd his

suggestions and spent two and a half years creating new kinds of pro-suggestions and spent two and a half years creating new kinds of pro-

totype tools to analyze the run-time behavior of computer programstotype tools to analyze the run-time behavior of computer programs

written in the C and C++ languages.written in the C and C++ languages.
Although I wasn’t passionately in love with my master’s thesisAlthough I wasn’t passionately in love with my master’s thesis

project, it turned out that aligning with my advisor’s research inter-project, it turned out that aligning with my advisor’s research inter-

esests ts wwas as a a wiwise se dedecicisisionon: : UnUndeder r hihis s ststrorong ng guguididanancece, , I I wwas as abable le toto

publish two papers—one where I was listed as thepublish two papers—one where I was listed as the first (lead) author first (lead) author

and the other aand the other a  latter author latter author—and write a—and write a  master’s thesis master’s thesis  that won that won

the annual departmentthe annual department  Best Thesis Award  Best Thesis Award . . ThesThese accome accomplishmplishmenents,ts,

along with my advisor’s help in crafting my application essays, won mealong with my advisor’s help in crafting my application essays, won me

admissions into several top-ranked computer science Ph.D. programs.admissions into several top-ranked computer science Ph.D. programs.

Since Stanford was my top choice, I felt ecstatic and could barely sleepSince Stanford was my top choice, I felt ecstatic and could barely sleep

during the night when I received my admissions notice.during the night when I received my admissions notice.

I was also lucky enough to win the prestigious NSF and NDSEGI was also lucky enough to win the prestigious NSF and NDSEG

gragraduaduate te resresearearcch h felfellolowshwshipsips, , eaceach h of of whiwhicch h wwas as awawardarded ed to to onlonlyy

around five percent of all applicants. These two fellowships fully paidaround five percent of all applicants. These two fellowships fully paid

for five out of the six years of my Ph.D. studies and freed me fromfor five out of the six years of my Ph.D. studies and freed me from

the obligatthe obligations of working on specific grantions of working on specific grant-fund-funded projects. ed projects. In con-In con-

trast, most Ph.D. students in my field are funded by a combinationtrast, most Ph.D. students in my field are funded by a combination

of professor-provided grants and by serving as teaching assistants forof professor-provided grants and by serving as teaching assistants for

theitheir r depardepartmentment. t. FFundinunding g for for Ph.D. studenPh.D. students ts paypays s for for univuniversitersity y tu-tu-

http://www.pgbovine.net/projects/pubs/abstract-type-issta2006.pdf
http://www.pgbovine.net/projects/pubs/infer-repair-issta2006.pdf
http://www.pgbovine.net/projects/pubs/guo-mixedlevel-mengthesis.pdf
http://www.pgbovine.net/projects/pubs/guo-mixedlevel-mengthesis.pdf
http://www.pgbovine.net/projects/pubs/infer-repair-issta2006.pdf
http://www.pgbovine.net/projects/pubs/abstract-type-issta2006.pdf
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ition and also provides a monthly stipend of around $1,800 to coverition and also provides a monthly stipend of around $1,800 to cover

living expenses. (Almost nobody in my field pays their own money toliving expenses. (Almost nobody in my field pays their own money to

pursue a Ph.D. degree, since it’s not financially worthwhile to do so.)pursue a Ph.D. degree, since it’s not financially worthwhile to do so.)

Since I had a decent amount of research and paper writing experi-Since I had a decent amount of research and paper writing experi-

ence, I felt well-prepared to handle the rigors of Ph.D.-level researchence, I felt well-prepared to handle the rigors of Ph.D.-level research
when I came to Stanford in September 2006. However, at the time, Iwhen I came to Stanford in September 2006. However, at the time, I

had absolutely no idea that my first year of Ph.D. would be the mosthad absolutely no idea that my first year of Ph.D. would be the most

demoralizing and emotionally distressing period of my life thus far.demoralizing and emotionally distressing period of my life thus far.
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In the summer of 2006, several months prior to starting my Ph.D. atIn the summer of 2006, several months prior to starting my Ph.D. at

Stanford, I thought about ideas for research topics that I felt moti-Stanford, I thought about ideas for research topics that I felt moti-

vvateated d to to purpursuesue. . In In gengeneraeral, l, I I wwananted to ted to crecreate innoate innovvatiative tools tove tools to

help people become more productive when doing computer program-help people become more productive when doing computer program-

ming (i.e., improvingming (i.e., improving  programmer productivity  programmer productivity ). ). ThiThis s arearea a of intof intereerestst
arose from my own programming experiences during summer intern-arose from my own programming experiences during summer intern-

ships: Since my assigned day-to-day work wasn’t mentally stimulating,ships: Since my assigned day-to-day work wasn’t mentally stimulating,

I spent a lot of time in my cubicle reflecting on the inefficiencies inI spent a lot of time in my cubicle reflecting on the inefficiencies in

the computer programming process at the companies where I worked.the computer programming process at the companies where I worked.

I thought it would be neat to work on research that helps alleviateI thought it would be neat to work on research that helps alleviate

some of those inefficiencies. More broadly, I was interested in researchsome of those inefficiencies. More broadly, I was interested in research

that could help other types of computer users—not only professionalthat could help other types of computer users—not only professional

programmers—become more productive. For example, I wanted to de-programmers—become more productive. For example, I wanted to de-

sign new tools to assist scientists who are analyzing and graphing data,sign new tools to assist scientists who are analyzing and graphing data,

system administrators who are customizing server configurations, orsystem administrators who are customizing server configurations, or

novices who are learning to use new pieces of software.novices who are learning to use new pieces of software.

Although I had these vague high-level interests back then, I wasAlthough I had these vague high-level interests back then, I was

still many years away from being able to turn them into legitimatestill many years away from being able to turn them into legitimate

publishable research projects that could form apublishable research projects that could form a dissertation  dissertation . To grad-. To grad-

uate with a Ph.D. from the Stanford Computer Science Department,uate with a Ph.D. from the Stanford Computer Science Department,

students are expected to publish two to four related papers as the firststudents are expected to publish two to four related papers as the first

(lead) author and then combine those papers together into a book-(lead) author and then combine those papers together into a book-

lengtlength h tectechnicahnical l documendocument t callecalled d a a dissedissertatirtation. on. A A studestudent is nt is alloallowewedd

55
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to graduate as soon as a three-professorto graduate as soon as a three-professor   thesis   thesis cocommittemmittee e   approves  approves

their dissertation. Most students in my department take between fourtheir dissertation. Most students in my department take between four

to eight years to graduate, depending on how quickly they can publish.to eight years to graduate, depending on how quickly they can publish.

At new student orientation in September 2006, professors in myAt new student orientation in September 2006, professors in my

department encouraged all incoming Ph.D. students to find andepartment encouraged all incoming Ph.D. students to find an  advi- advi-

sor sor   as soon as possible, so my classmates and I spent the first few  as soon as possible, so my classmates and I spent the first few

months chatting with professors to try to find a match. The advisor ismonths chatting with professors to try to find a match. The advisor is

the most important member of a student’s thesis committee and hasthe most important member of a student’s thesis committee and has

the final say in approthe final say in approvinving g a a stustudendent t to graduto graduateate. . In my field, advi-In my field, advi-

sors are responsible for providing funding for their students (usuallysors are responsible for providing funding for their students (usually

via research grants) and working with them to develop ideas and tovia research grants) and working with them to develop ideas and to

write papers. I met with a few professors, and the one whose researchwrite papers. I met with a few professors, and the one whose research

interests and style seemed most closely related to mine was Dawson,interests and style seemed most closely related to mine was Dawson,

so I chose him as my advisor.so I chose him as my advisor.
When I arrived on campus, Dawson was a recently-tenured pro-When I arrived on campus, Dawson was a recently-tenured pro-

fessor who had been at Stanford for the past eight years; professorsfessor who had been at Stanford for the past eight years; professors

usually earnusually earn   tenure   tenure   (a lifetime employment guarantee) if they have  (a lifetime employment guarantee) if they have

published enough notable papers in their first seven years on the job.published enough notable papers in their first seven years on the job.

Dawson’s main research interest was in building innovative tools thatDawson’s main research interest was in building innovative tools that

could could automautomaticaatically lly findfind   bugs   bugs   (errors in software code) in complex  (errors in software code) in complex

piecpieces of es of real-real-woworld softwrld software. are. OvOver the er the past decadepast decade, , DaDawson and wson and hishis

students built several tools that were able to find far more bugs thanstudents built several tools that were able to find far more bugs than

any of any of theitheir r competicompetitors. tors. TheiTheir r reseresearcarch h tectechniquhniques es wewere re so so effeceffectivtivee

that they created a successful startup company to sell software bug-that they created a successful startup company to sell software bug-

finding services based on those techniques. Although I somewhat likedfinding services based on those techniques. Although I somewhat liked

Dawson’s projects, what appealed more to me was that his researchDawson’s projects, what appealed more to me was that his research

philosophy matched my own: He was an ardent pragmatist who caredphilosophy matched my own: He was an ardent pragmatist who cared

more about achieving compelling results than demonstrating theoret-more about achieving compelling results than demonstrating theoret-

ical “interestingness” for the sake of appearing scholarly.ical “interestingness” for the sake of appearing scholarly.

During my first meeting with Dawson, he seemed vaguely inter-During my first meeting with Dawson, he seemed vaguely inter-

ested in my broader goals of making computer usage and programmingested in my broader goals of making computer usage and programming

mormore e prodproductuctivive. e. HoHowewevever, r, he he madmade e it it vevery ry cleclear ar thathat t he he wwananteted d toto
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recruit new students to work on an automatic bug-finding tool calledrecruit new students to work on an automatic bug-finding tool called

Klee Klee  that  that his granhis grant t monmoney was curreey was currentntly ly funfundinding. g. (Th(The e tool has tool has hadhad

sevseveral names, but I eral names, but I will call it will call it “Kle“Klee” for e” for simplsimpliciticityy.) .) FFrom talkingrom talking

with other professors and senior Ph.D. students in my department, Iwith other professors and senior Ph.D. students in my department, I

realized it was the norm for new students to join an existing grant-realized it was the norm for new students to join an existing grant-
funded research project rather than to try creating their own originalfunded research project rather than to try creating their own original

project right away. I convinced myself that automatically finding soft-project right away. I convinced myself that automatically finding soft-

ware bugs was an indirect way to make programmers more productive,ware bugs was an indirect way to make programmers more productive,

so I decided to join the Klee project.so I decided to join the Klee project.

When I started working on Klee in December 2006, Dawson wasWhen I started working on Klee in December 2006, Dawson was

supervisupervising five other studensing five other students who ts who wewere already workre already working on ing on it. it. TheThe

project leader, Cristi, was a third-year Ph.D. student who, togetherproject leader, Cristi, was a third-year Ph.D. student who, together

with Dawson, built the original version of Klee. Dawson, Cristi, and awith Dawson, built the original version of Klee. Dawson, Cristi, and a

few other colleagues had recently coauthored and published their firstfew other colleagues had recently coauthored and published their first

paper describing the basic Klee system and demonstrating its effec-paper describing the basic Klee system and demonstrating its effec-

tivtiveneeness ss at at findfinding ing new kinds new kinds of of bugbugs. s. ThaThat t papepaper r wwas as wewell-ll-recreceiveiveded

by the academic community, and Dawson wanted to keep up the mo-by the academic community, and Dawson wanted to keep up the mo-

mentum by publishing a few follow-up papers. Note that it’s possiblementum by publishing a few follow-up papers. Note that it’s possible

to publish more than one paper on a particular research project (i.e.,to publish more than one paper on a particular research project (i.e.,

follow-up papers), as long as each paper contains new ideas, improve-follow-up papers), as long as each paper contains new ideas, improve-

ments, and results that are different enough from the previous ones.ments, and results that are different enough from the previous ones.

The paper submission deadline for the next relevantThe paper submission deadline for the next relevant top-tier conference  top-tier conference 

was in March 2007, so the Klee team had four months to create enoughwas in March 2007, so the Klee team had four months to create enough

innovations beyond the original paper to warrant a new submission.innovations beyond the original paper to warrant a new submission.

∼∼

Before I continue my story, I want to briefly introduce how aca-Before I continue my story, I want to briefly introduce how aca-

demidemic c papers are papers are peer-repeer-reviewviewed and ed and publipublished. shed. In computer scienIn computer science,ce,

the the mosmost t preprestistigiogious us vevenunues es for for pubpublislishinhing g papepapers rs areare   conferences   conferences ..

Note that in many other academic disciplines,Note that in many other academic disciplines,  journals  journals  are the most are the most

prestigious venues, and the word “conference” means something quiteprestigious venues, and the word “conference” means something quite
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differdifferenent. t. The computer science conferenThe computer science conference ce publicpublication process ation process worworksks

roughly as follows:roughly as follows:

1. Each conference issues a call for papers with a list of topics of 1. Each conference issues a call for papers with a list of topics of 

interest and a specific submission deadline.interest and a specific submission deadline.

2. 2. ReseResearcarchers submit theihers submit their papers r papers by that deadlby that deadline. ine. EacEach confereh conferencence

typically receives 100 to 300 paper submissions, and each papertypically receives 100 to 300 paper submissions, and each paper

contains the equivalent of 30 to 40 pages of double-spaced text.contains the equivalent of 30 to 40 pages of double-spaced text.

3. 3. The confeThe conferenrencece  program committee  program committee  (PC), consisting of around 20 (PC), consisting of around 20

expeexpert rt resresearearccherhers, s, splsplits its up up the the subsubmitmitted ted papepapers rs and and revreviewiewss

ththemem. . EaEacch h papaper is per is rereviviewewed by ed by ththreree e to five peopto five peoplele, , whwho o araree

either PC members or volunteer external reviewers solicited by PCeither PC members or volunteer external reviewers solicited by PC

members. The review process takes about three months.members. The review process takes about three months.

4. 4. AfteAfter everr everyonyone on the PC e on the PC is done with their reviis done with their reviews, the PC meetsews, the PC meets

and decides which papers to accept and which to reject based onand decides which papers to accept and which to reject based on

reviewer preferences.reviewer preferences.

5. 5. The PC The PC emaemails all ils all autauthorhors s to notifto notify y thethem m of whethof whether theier their r papepapersrs

have been accepted or rejected and attaches the written reviews tohave been accepted or rejected and attaches the written reviews to

the the notifinotificatiocation n emailemails.s.

6. Authors of accepted papers attend the conference to give a 30-6. Authors of accepted papers attend the conference to give a 30-

minminute talk on ute talk on theitheir paper. r paper. All accepAll accepted papers are then ted papers are then arcarchivhiveded

online in a digital library.online in a digital library.

A prestigiousA prestigious  top-tier  top-tier   conference accepts 8 to 16 percent of sub-  conference accepts 8 to 16 percent of sub-

mitted papers, and amitted papers, and a  second-tier  second-tier  conference accepts 20 to 30 percent. conference accepts 20 to 30 percent.

Due to these relatively low acceptance rates, it’s not uncommon for aDue to these relatively low acceptance rates, it’s not uncommon for a

paper to paper to be be rejerejectedcted, , revirevised, and sed, and resubresubmittemitted d sevseveral times before eral times before be-be-

ing accepted for publication—a process that might take several years.ing accepted for publication—a process that might take several years.

(A paper can be submitted to only one conference at a time.)(A paper can be submitted to only one conference at a time.)
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∼∼

After Dawson made it clear that he wanted to aim for that par-After Dawson made it clear that he wanted to aim for that par-

ticular March 2007 top-tier conference submission deadline, he toldticular March 2007 top-tier conference submission deadline, he told

me what the other five students were currently working on and gaveme what the other five students were currently working on and gave

opoptitionons s fofor r tatasksks s ththat at I I cocoululd d atattetempmpt. t. I I cchohose to se to ususe e KlKlee to ee to finfindd

new bugs innew bugs in  Linux device drivers  Linux device drivers . . AA   device driver   device driver   is a piece of soft-  is a piece of soft-

ware code that allows the operating system to communicate with aware code that allows the operating system to communicate with a

hardware peripheral such as a mouse or keyboard. Thehardware peripheral such as a mouse or keyboard. The  Linux  Linux   operat-  operat-

ing system (similar to Microsoft Windows or Apple Mac OS) containsing system (similar to Microsoft Windows or Apple Mac OS) contains

thousands of device drivers to connect it with many different kinds of thousands of device drivers to connect it with many different kinds of 

hardwhardware peripherare peripherals. als. Bugs in device drivBugs in device driver code are er code are both hard to both hard to findfind

using traditional means and also potentially dangerous, because theyusing traditional means and also potentially dangerous, because they

can cause the operating system to freeze up or crash.can cause the operating system to freeze up or crash.

Dawson believed that Klee could find new bugs that no automatedDawson believed that Klee could find new bugs that no automated

tool or human being had previously found within the code of thou-tool or human being had previously found within the code of thou-

sands of Linux device drivers. I remember thinking that although newsands of Linux device drivers. I remember thinking that although new

Linux device driver bugs could be cool to present in a paper, it wasn’tLinux device driver bugs could be cool to present in a paper, it wasn’t

clear to me how these results constituted a real research contribution.clear to me how these results constituted a real research contribution.

From my understanding, I was going to use Klee to find new bugs—From my understanding, I was going to use Klee to find new bugs—

an application of existing research—rather than improving Klee in anan application of existing research—rather than improving Klee in an

innovative way. Furthermore, I couldn’t see how my project would fitinnovative way. Furthermore, I couldn’t see how my project would fit

together with the other five students’ projects into one coherent papertogether with the other five students’ projects into one coherent paper

submisubmission in ssion in MarcMarch. h. HoHowewevever, I r, I trusttrusted that Dawson had the ed that Dawson had the high-high-
level paper writing strategy in his head. I had just joined the project,level paper writing strategy in his head. I had just joined the project,

so I didn’t want to immediately question these sorts of professor-levelso I didn’t want to immediately question these sorts of professor-level

decisions. I was given a specific task, so I wanted to accomplish it todecisions. I was given a specific task, so I wanted to accomplish it to

the best of my abilities.the best of my abilities.
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∼∼

I spent the first four months of my Ph.D. career painstakingly get-I spent the first four months of my Ph.D. career painstakingly get-

ting Klee to analyze the code of thousands of Linux device driversting Klee to analyze the code of thousands of Linux device drivers

in in an an attattempempt t to to find new find new bugbugs. s. AltAlthouhough gh my task was concemy task was conceptuptuallallyy
straightforward, I was overwhelmed by the sheer amount of grimy de-straightforward, I was overwhelmed by the sheer amount of grimy de-

tails invtails involvolved in ed in gettgetting Klee to ing Klee to wowork on rk on devicdevice driver code. e driver code. I wouldI would

often spend hours setting up the delicate experimental conditions re-often spend hours setting up the delicate experimental conditions re-

quired for Klee to analyze a particular device driver only to watchquired for Klee to analyze a particular device driver only to watch

helplessly as Klee crashed and failed due to bugs in its own code.helplessly as Klee crashed and failed due to bugs in its own code.

When I reported bugs in Klee to Cristi, he would try his best to ad-When I reported bugs in Klee to Cristi, he would try his best to ad-

dress them, but the sheer complexity of Klee made it hard to diagnosedress them, but the sheer complexity of Klee made it hard to diagnose

and fix and fix its muits multiltitudtude e of bugs. of bugs. I’m not tryiI’m not trying to ng to picpick k on Klee specion Klee specifi-fi-

cally: Any piece of prototype software developed for research purposescally: Any piece of prototype software developed for research purposes

will have lots of unforeseen bugs. My job was to use Klee to find bugswill have lots of unforeseen bugs. My job was to use Klee to find bugs

in Linux device driver code, but ironically, all I ended up doing in thein Linux device driver code, but ironically, all I ended up doing in the

firsfirst t monmonth was findinth was finding g bugbugs s in Klee itselin Klee itself. f. (T(Too oo bad Klee coulbad Klee couldn’dn’tt

autautomaomaticticallally y find bugs in find bugs in its own code!its own code!) ) As the As the dadays ys paspassedsed, , I I gregreww

more and more frustrated doing what I felt was pure manual labor—more and more frustrated doing what I felt was pure manual labor—

 just  just trying trying to to get get Klee Klee to to work—wwork—without ithout any any intellecintellectual tual contencontent.t.

This was the first time in my life that I had ever felt hopelesslyThis was the first time in my life that I had ever felt hopelessly

ovoverwherwhelmeelmed d by a by a worwork k assignassignmenment. t. In the In the past, my past, my summesummer r inintern-tern-

ship projects were always manageable, and although lots of schoolworkship projects were always manageable, and although lots of schoolwork

in college was challenging, there was always a correct answer waitingin college was challenging, there was always a correct answer waiting
to be discovered. If I didn’t understand something in class, then teach-to be discovered. If I didn’t understand something in class, then teach-

ing assistants and more advanced students would be available to assist.ing assistants and more advanced students would be available to assist.

Even when doing research as an undergraduate, I could always ask myEven when doing research as an undergraduate, I could always ask my

mentor (who was then a fourth-year Ph.D. student) to help me, sincementor (who was then a fourth-year Ph.D. student) to help me, since

I worked on relatively simple problems that he usually knew how toI worked on relatively simple problems that he usually knew how to

solvsolve. e. The stakeThe stakes s wewere also re also lowlower as er as an an undeundergradurgraduate researcate research h assis-assis-

tant, since research was only a small fraction of my daily schedule. If tant, since research was only a small fraction of my daily schedule. If 

I was stuck on a research task, then I could instead focus on class-I was stuck on a research task, then I could instead focus on class-

worwork or k or hang out with friendhang out with friends. s. My collegMy college graduatie graduation didn’t dependon didn’t depend
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on on excexcellelling in ing in resresearearchch. . HoHowwevever, er, nonow w thathat t I I wwas as a a Ph.Ph.D. D. stustudendent,t,

research was my only job, and I wouldn’t be able to earn a degreeresearch was my only job, and I wouldn’t be able to earn a degree

unlunless I ess I sucsucceceedeeded d at it. at it. My mood My mood wwas as ineinextrxtricaicably tied to bly tied to hohow w wewellll

I was progressing every day, and during those months, progress wasI was progressing every day, and during those months, progress was

painfully slow.painfully slow.

I was now treading in unfamiliar territory, so it was much harderI was now treading in unfamiliar territory, so it was much harder

to seek help than during my undergraduate years when answers wereto seek help than during my undergraduate years when answers were

clcleaear-r-cucut. t. SiSincnce e I I wwas as ththe e ononly ly perpersoson n trtryiying ng to to ususe e KlKlee on ee on dedevivicece

driver code, my colleagues were unable to provide any guidance. Daw-driver code, my colleagues were unable to provide any guidance. Daw-

son son gagavve e highigh-lh-levevel el strstrateategic advicgic advice e frofrom m timtime e to to timtime, e, but but liklike e allall

tenured professors, his role was not to be “fighting in the trenches”tenured professors, his role was not to be “fighting in the trenches”

alongside his students. It was our job to figure out all of the intricatealongside his students. It was our job to figure out all of the intricate

details required to produce results—in my case, to find new bugs indetails required to produce results—in my case, to find new bugs in

LinLinux ux devdevice drivice drivers that ers that nobody had nobody had preprevioviouslusly y foufound. nd. ProProfesfessorsorss
love to repeat the refrain, “If it’s already been done before, then itlove to repeat the refrain, “If it’s already been done before, then it

wouldn’t be research!” For the first time, I viscerally felt the meaningwouldn’t be research!” For the first time, I viscerally felt the meaning

of those words.of those words.

Despite my daily feelings of hopelessness, I kept on telling myself:Despite my daily feelings of hopelessness, I kept on telling myself:

I’m just getting started here, so I should be patient.I’m just getting started here, so I should be patient.   I didn’t want to  I didn’t want to

appear weak in front of my advisor or colleagues, especially becauseappear weak in front of my advisor or colleagues, especially because

I was the youngesI was the youngest student student in t in DaDawson’wson’s group. s group. So I So I trudtrudged forwged forwardard

day after day for over 100 consecutive days, fixing Klee-related prob-day after day for over 100 consecutive days, fixing Klee-related prob-

lems as they arose and then inevitably encountering newer and nastierlems as they arose and then inevitably encountering newer and nastier

obstacles in my quest to find those coveted Linux device driver bugs.obstacles in my quest to find those coveted Linux device driver bugs.

During almost every waking moment, I was either working, think-During almost every waking moment, I was either working, think-

ing about work, or agonizing over how I was stuck on obscure technicaling about work, or agonizing over how I was stuck on obscure technical

problems at work. Unlike a regular nine-to-five job (e.g., my summerproblems at work. Unlike a regular nine-to-five job (e.g., my summer

internships) where I could leave my work at the office and chill everyinternships) where I could leave my work at the office and chill every

night in front of the television, research was emotionally and mentallynight in front of the television, research was emotionally and mentally

allall-c-consonsumiuming. ng. I I foufound it nd it almalmost impossost impossiblible e to shut off to shut off my braimy brain n andand

relax in the evenings, which I later discovered was a common ailmentrelax in the evenings, which I later discovered was a common ailment

afflicafflicting Ph.D. studenting Ph.D. students. ts. SometSometimes I imes I eveeven n had trouble sleepihad trouble sleeping dueng due
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to stressing about how my assigned task was unbelievably daunting.to stressing about how my assigned task was unbelievably daunting.

There was no way to even fathom taking a break because there wasThere was no way to even fathom taking a break because there was

so much work to do before the paper submission deadline in March.so much work to do before the paper submission deadline in March.

In the midst of all of this manual labor, I tried to come up withIn the midst of all of this manual labor, I tried to come up with

sosome me sesemimi-a-aututomomatated ed wwayays s to to mamakke e mmy y dadailily y grgrinind d leless ss papaininfuful. l. II
disdiscuscussed sed a a few few preprelimliminainary ry ideideas as witwith h DaDawsowson, n, but but wwe e ultultimaimatetelyly

concluded that there was no way to avoid such time-consuming grind-concluded that there was no way to avoid such time-consuming grind-

ing if ing if wwe e wwananted Kleted Klee e to find to find bugbugs s in Linin Linux devicux device e dridrivevers. rs. I I had tohad to

tough it out for a few more months until we submitted the paper.tough it out for a few more months until we submitted the paper.

My rational brain understood that experimental research in scienceMy rational brain understood that experimental research in science

and engineering fields often involves a tremendous amount of unglam-and engineering fields often involves a tremendous amount of unglam-

oroorous, us, grugrungy labor ngy labor to producto produce e resresultults. s. Ph.Ph.D. studeD. studennts, ts, espeespeciaciallylly

first- and second-years, are the ones who must bear the brunt of thefirst- and second-years, are the ones who must bear the brunt of the

most tedious labor; it’s what we are paid to do. In a typical researchmost tedious labor; it’s what we are paid to do. In a typical research

group, the professor and senior Ph.D. students create the high-levelgroup, the professor and senior Ph.D. students create the high-level

project plans and then assign the junior students to grind on makingproject plans and then assign the junior students to grind on making

all of the details work in practice. First- and second-year students areall of the details work in practice. First- and second-year students are

rarely able to affect the overall direction of the group’s project. Evenrarely able to affect the overall direction of the group’s project. Even

though I fully accepted my lowest rank on the pecking order, my emo-though I fully accepted my lowest rank on the pecking order, my emo-

tional brain still took a huge beating during those first few monthstional brain still took a huge beating during those first few months

because the work was so damn hard and unrewarding.because the work was so damn hard and unrewarding.

∼∼

After two months of grinding, I began to win some small victories.After two months of grinding, I began to win some small victories.

I got Klee working well enough to find my first few bugs in the smallestI got Klee working well enough to find my first few bugs in the smallest

devicdevice driverse drivers. . TTo o conficonfirm whether those bugs were real (as rm whether those bugs were real (as opposedopposed

to false positives due to limitations of Klee), I sent emails describ-to false positives due to limitations of Klee), I sent emails describ-

ing each potential bug to the Linux programmers who created thoseing each potential bug to the Linux programmers who created those

drivers. Several driver creators confirmed that I had indeed found realdrivers. Several driver creators confirmed that I had indeed found real

bubugs gs in in ththeieir r codcode. e. I I wwas as vverery y exexciciteted d whwhen en I I rerececeivived ed ththosose e ememaiaill

confirmations, since they were my first small nuggets of external val-confirmations, since they were my first small nuggets of external val-

idatiidation. on. EveEven n though I though I wawasn’t doing groundbresn’t doing groundbreaking new researcaking new research, h, II
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still felt some satisfaction knowing that my efforts led to the discoverystill felt some satisfaction knowing that my efforts led to the discovery

of new bugs that were difficult to find without a tool such as Klee.of new bugs that were difficult to find without a tool such as Klee.

My morale improved a bit after those first few bug confirmationsMy morale improved a bit after those first few bug confirmations

on the smallest device drivers, so I set my sights on trying to get Kleeon the smallest device drivers, so I set my sights on trying to get Klee

to to wowork rk on on larlargerger, , mormore e comcompleplex x dridrivevers. rs. HoHowwevever, er, the new the new tetechchni-ni-

cal problems that arose in subsequent weeks became unbearable andcal problems that arose in subsequent weeks became unbearable and

almalmost droost drove me to ve me to the pointhe point of t of burburnounout. t. HeHere is re is a a sumsummarmary y of theof the

diffidifficulcultieties: s: KleKlee e can effeccan effectivtively find ely find bugbugs s onlonly y in in sofsofttwware that are that concon--

tains less than approximately 3,000 lines of code (written in the Ctains less than approximately 3,000 lines of code (written in the C

langulanguage). age). The smallesThe smallest t LinLinux device driveux device drivers contairs contain n about 100 about 100 lineslines

of code, of code, so so thethey y are weare well withill within n KleKlee’s capae’s capabilbilitiities. es. LarLarger drivger driversers

have about 1,000 lines of code but are intricately connected to 10,000have about 1,000 lines of code but are intricately connected to 10,000

to 20,000 lines of code in other parts of the Linux operating system.to 20,000 lines of code in other parts of the Linux operating system.

The resulting combination is far beyond Klee’s capabilities to ana-The resulting combination is far beyond Klee’s capabilities to ana-
lyze, since it’s impossible for Klee to “surgically extract” the code of lyze, since it’s impossible for Klee to “surgically extract” the code of 

eaeacch h dedevivice ce drdriviver er anand d ananalalyzyze e itits s 1,1,00000 0 lilinenes s in in isisololatatioion. n. I I mamadede

various attempts to reduce the number of these external connectionsvarious attempts to reduce the number of these external connections

(called(called dependencies  dependencies ), but doing so required several days of intricate), but doing so required several days of intricate

customized manual effort for each driver.customized manual effort for each driver.

I met with Dawson to express my exasperation at the dauntingI met with Dawson to express my exasperation at the daunting

tastask k thathat t I I wwas now facinas now facing. g. It seemIt seemed absured absurd d to havto have e to spend sev-to spend sev-

eral dayeral days to s to get Klee worget Klee working with eacking with each new h new devicdevice drivere driver. . Not onlyNot only

wawas s it physicit physically wearally wearing me ing me out, but out, but it wasn’t eveit wasn’t even n reseresearcarch! h! WhatWhat
would I write about in our paper—that I had spent nearly 1,000 hourswould I write about in our paper—that I had spent nearly 1,000 hours

of manual labor getting Klee to work on device drivers without ob-of manual labor getting Klee to work on device drivers without ob-

taining any real insights? That wasn’t a research contribution; it justtaining any real insights? That wasn’t a research contribution; it just

sousoundended d foolfoolishish. . I I alsalso o begabegan n to panic becato panic because theruse there e wewere only fivere only five

weeks left until the paper submission deadline, and Dawson had notweeks left until the paper submission deadline, and Dawson had not

yeyet t menmentionetioned d anyanything about thing about our group’s paper our group’s paper writwriting strategying strategy. . ItIt

usually takes at least four weeks to write up a respectable paper sub-usually takes at least four weeks to write up a respectable paper sub-

mission, especially when there are six students involved in the projectmission, especially when there are six students involved in the project

who need to coordinate their efforts.who need to coordinate their efforts.
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Several days after our meeting, Dawson came up with a plan forSeveral days after our meeting, Dawson came up with a plan for

improving Klee to overcome the dependency problems I was facing.improving Klee to overcome the dependency problems I was facing.

The new technique that he invented, calledThe new technique that he invented, called   underconstrained execu-  underconstrained execu-

tion tion  (abbreviated “UC”), might allow Klee to “surgically extract” the (abbreviated “UC”), might allow Klee to “surgically extract” the

Linux device driver code from the 10,000 to 20,000 lines of surroundingLinux device driver code from the 10,000 to 20,000 lines of surrounding
extexternernal al code and code and ththus us anaanalyzlyze e the drivthe drivers in ers in isoisolatlationion. . He immedHe immedi-i-

ately set out to work with a senior student to incorporate the UCately set out to work with a senior student to incorporate the UC

technique into Klee; they called the improved versiontechnique into Klee; they called the improved version  Klee-UC  Klee-UC . Even. Even

though I was exhausted and almost burned-out, I was glad that mythough I was exhausted and almost burned-out, I was glad that my

struggles at least motivated Dawson to invent a brand-new idea withstruggles at least motivated Dawson to invent a brand-new idea with

the potential to become a worthy research contribution.the potential to become a worthy research contribution.

Dawson and the other student spent the next few weeks workingDawson and the other student spent the next few weeks working

on Klee-UC. In the meantime, they told me to keep trying to findon Klee-UC. In the meantime, they told me to keep trying to find

Linux device driver bugs the old-fashioned manual way. They plannedLinux device driver bugs the old-fashioned manual way. They planned
to show the effectiveness of Klee-UC by re-finding the bugs that I hadto show the effectiveness of Klee-UC by re-finding the bugs that I had

foufound nd manmanualually ly usiusing ng regregulaular r KleKlee. e. ThThe e argargumeument they wannt they wanted toted to

make in the paper submission was that instead of having a Ph.D. stu-make in the paper submission was that instead of having a Ph.D. stu-

dendent t (me(me!) !) tedtediouiously spend a sly spend a few dafew days settiys setting up ng up KlKlee to ee to find eacfind eachh

bug, Klee-UC could automatically find all of those bugs in a matterbug, Klee-UC could automatically find all of those bugs in a matter

of minutes without any setup effort.of minutes without any setup effort.

After grinding furiously for a few more weeks, I was ultimatelyAfter grinding furiously for a few more weeks, I was ultimately

able to get the original Klee to analyze 937 Linux device drivers andable to get the original Klee to analyze 937 Linux device drivers and

discover 55 new bugs (32 of which were confirmed by each respectivediscover 55 new bugs (32 of which were confirmed by each respective

driver’s creator via email). I then had to set up the fledgling Klee-UCdriver’s creator via email). I then had to set up the fledgling Klee-UC

tool to analyze those same 937 drivers, which was even more trickytool to analyze those same 937 drivers, which was even more tricky

because Dawson and the other student were in the process of imple-because Dawson and the other student were in the process of imple-

menting (programming) Klee-UC while I was trying to analyze driversmenting (programming) Klee-UC while I was trying to analyze drivers

with it. Thankfully, Klee-UC was indeed able to re-find most of thosewith it. Thankfully, Klee-UC was indeed able to re-find most of those

bugs, so at least we had some research contribution and results tobugs, so at least we had some research contribution and results to

write up for our paper submission.write up for our paper submission.

TheThere was one re was one huhuge problge problem, thougem, though. h. By the By the timtime e wwe e got thosgot thosee

favorable results, there were onlyfavorable results, there were only   three days   three days   left until the paper sub-  left until the paper sub-
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mission deadline, and nobody had even begun writing the paper yet.mission deadline, and nobody had even begun writing the paper yet.

In that tiny amount of time, it’s physically impossible to write, edit,In that tiny amount of time, it’s physically impossible to write, edit,

and polish a paper submission that stands any chance of being ac-and polish a paper submission that stands any chance of being ac-

ceptcepted to ed to a top-tier compua top-tier computer scienter science conferce conferenceence. . But we still tried.But we still tried.

In the final 72 hours before the deadline, Dawson and five of us stu-In the final 72 hours before the deadline, Dawson and five of us stu-
dents (one had dropped out of the project by now) camped out at thedents (one had dropped out of the project by now) camped out at the

office for two consecutive all-nighters to finish up the experiments andoffice for two consecutive all-nighters to finish up the experiments and

to write the paper. All of us students knew in the back of our mindsto write the paper. All of us students knew in the back of our minds

that there was absolutely no way that this paper would get accepted,that there was absolutely no way that this paper would get accepted,

but we followed Dawson’s lead and obediently marched forward.but we followed Dawson’s lead and obediently marched forward.

We ended up submitting an embarrassing jumble of text filled withWe ended up submitting an embarrassing jumble of text filled with

typos, nonsensical sentence fragments, graphics without any explana-typos, nonsensical sentence fragments, graphics without any explana-

tiotions, and no ns, and no conconclucludinding paragg paragrapraphs. hs. It was a horrid meIt was a horrid mess. ss. AAt thatt that

moment, I had no idea how I would ever complete a Ph.D. if it meantmoment, I had no idea how I would ever complete a Ph.D. if it meant

working in this terrible and disorganized manner. As expected, threeworking in this terrible and disorganized manner. As expected, three

months later our paper reviews came back overwhelmingly negative,months later our paper reviews came back overwhelmingly negative,

filled with scathing remarks such as, “The [program committee] feelsfilled with scathing remarks such as, “The [program committee] feels

that this paper is blatantly too sloppy to merit acceptance; please dothat this paper is blatantly too sloppy to merit acceptance; please do

not submit papers that are nowhere near ready for review.”not submit papers that are nowhere near ready for review.”

∼∼

Right after this ordeal, I applied for and accepted a summer intern-Right after this ordeal, I applied for and accepted a summer intern-

ship at Google, since I desperately longed for a change of environment.ship at Google, since I desperately longed for a change of environment.
The internship wasn’t at all relevant to my research interests, but IThe internship wasn’t at all relevant to my research interests, but I

didn’t care. I just wanted to get away from Stanford for a few months.didn’t care. I just wanted to get away from Stanford for a few months.

It was now April 2007, and there were still ten weeks left until myIt was now April 2007, and there were still ten weeks left until my

internship started in June. I had no idea what I could work on, but Iinternship started in June. I had no idea what I could work on, but I

wanted to get as far away as possible from my previous four monthswanted to get as far away as possible from my previous four months

of dealiof dealing with Klee and Linng with Klee and Linux drivux driversers. . I I diddidn’t care if we ended upn’t care if we ended up

never revising and resubmitting our failed paper (we didn’t); I justnever revising and resubmitting our failed paper (we didn’t); I just

wawantnted to ed to escape from those memoriesescape from those memories. . But since I But since I had accumhad accumulateulatedd

nearly 1,000 hours of experience using Klee and it was the only projectnearly 1,000 hours of experience using Klee and it was the only project
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Dawson cared about, I figured that it was a wise starting point forDawson cared about, I figured that it was a wise starting point for

devdeveloelopinping g new project ideasnew project ideas. . ThThus, us, I I taltalkeked d to to DaDawsowson n about ideaabout ideass

for using Klee in unconventional ways beyond simply finding bugs.for using Klee in unconventional ways beyond simply finding bugs.

However, I quickly realized that I didn’t need to be bound by KleeHowever, I quickly realized that I didn’t need to be bound by Klee

at all since I was funded by the NDSEG fellowship, not by Dawson’sat all since I was funded by the NDSEG fellowship, not by Dawson’s

grangrants. ts. In contraIn contrast, all st, all of Dawsonof Dawson’s other studen’s other students had ts had no choice butno choice but

to continue working on Klee since they were funded by his Klee-relatedto continue working on Klee since they were funded by his Klee-related

gragrantnts. s. So I So I kekept Dawpt Dawson as son as my advimy advisorsor, , but I but I lefleft t the Klethe Klee e projecprojectt

and set out to create my own research project from scratch.and set out to create my own research project from scratch.

WhWhy y diddidn’t I n’t I “go solo” sooner“go solo” sooner? ? BeBecaucause se eveven thougen though h my fellmy fellowow--

ship theoretically gave me the financial freedom to pursue whatevership theoretically gave me the financial freedom to pursue whatever

research direction I wanted, I knew that I still needed the support of research direction I wanted, I knew that I still needed the support of 

some advisor in order to eventually graduate. Dawson was clearly in-some advisor in order to eventually graduate. Dawson was clearly in-

terested in having all of his new students work on Klee, so I spent fourterested in having all of his new students work on Klee, so I spent four
months as a “good soldier” grinding on Klee rather than arrogantlymonths as a “good soldier” grinding on Klee rather than arrogantly

demanding to do my own project from the beginning. Besides, if I haddemanding to do my own project from the beginning. Besides, if I had

chosen another advisor, I would still need to prove myself by initiallychosen another advisor, I would still need to prove myself by initially

working on their projects. There was no way to avoid paying my dues.working on their projects. There was no way to avoid paying my dues.

I spent the next ten weeks daydreaming of my own research ideasI spent the next ten weeks daydreaming of my own research ideas

in in a a comcompleplete vacte vacuum withuum without talkiout talking ng to to ananyoyone. ne. SinSince I ce I had suchad such h aa

negative initial experience working in a research group for the past fewnegative initial experience working in a research group for the past few

months, I now wanted to be left alone to think for myself. Dawson wasmonths, I now wanted to be left alone to think for myself. Dawson was

fine with my absence, since he wasn’t funding me through his grants.fine with my absence, since he wasn’t funding me through his grants.

I lived in complete isolation, mentally burned-out yet still tryingI lived in complete isolation, mentally burned-out yet still trying

to make some gradual progress. Every single day, I tried reading sev-to make some gradual progress. Every single day, I tried reading sev-

eral computer science research papers and taking notes to get inspirederal computer science research papers and taking notes to get inspired

to to thithink of nk of my own cremy own creatiative ideave ideas. s. But withBut without proper guidout proper guidancance e oror

context, I ended up wasting a lot of time and not extracting any mean-context, I ended up wasting a lot of time and not extracting any mean-

ingingful insigful insighthts s frofrom m my readmy readingings. s. I I alsalso o rode my rode my bicbicyclycle e aimaimleslessly insly in

the neighborhoods around campus in futile attempts to think of newthe neighborhoods around campus in futile attempts to think of new

research ideas. Finally, I procrastinated more than I had ever done inresearch ideas. Finally, I procrastinated more than I had ever done in

mmy y lilife fe ththus us fafar: r: I I wwatatcchehed d lolots ts of of TV shoTV showsws, , tootook k mamanny y nanapsps, , anandd
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wasted countless hours messing around online. Unlike my friends withwasted countless hours messing around online. Unlike my friends with

nine-to-five jobs, there was no boss to look over my shoulder day tonine-to-five jobs, there was no boss to look over my shoulder day to

day, so I let my mind roam free without any structure in my life.day, so I let my mind roam free without any structure in my life.

AlthAlthough ough my my reseresearcarch h brainbrainstormstorming ing wawas s largelargely ly unfocusunfocused, ed, mymy

thoughts slowly gravitated towards ideas related to the following ques-thoughts slowly gravitated towards ideas related to the following ques-

tion:tion:  How can we empirically measure the quality of software?  How can we empirically measure the quality of software?    This  This

was one of my broad research interests prior to starting my Ph.D.,was one of my broad research interests prior to starting my Ph.D.,

inspired by my encounters with low-quality software during engineer-inspired by my encounters with low-quality software during engineer-

ing inteing internsrnshiphips. s. HoHowewevever, r, the problthe problem em witwith h dredreamiaming ng up up ideideas as in in aa

vacuum back then was that I lacked the experience necessary to turnvacuum back then was that I lacked the experience necessary to turn

those ideas into real research projects. Having full intellectual freedomthose ideas into real research projects. Having full intellectual freedom

was actually a curse, since I was not yet prepared to handle it.was actually a curse, since I was not yet prepared to handle it.

Although I was interested in developing new ways to measure soft-Although I was interested in developing new ways to measure soft-

ware quality, I acknowledged that it was only a fuzzy dream with noware quality, I acknowledged that it was only a fuzzy dream with no
grounding in formal research methodologies that the academic com-grounding in formal research methodologies that the academic com-

mmuniunitty y wowould deeuld deem m accaccepteptablable. e. If I If I tritried to ed to purpursue this projecsue this project t onon

my own, then I would be yet another quack outsider spouting non-my own, then I would be yet another quack outsider spouting non-

sensense. se. TheThere was no re was no waway y I I coucould ld possipossibly get bly get thothose ideas publise ideas publisheshedd

in a top-tier or even second-tier conference, and if I couldn’t get myin a top-tier or even second-tier conference, and if I couldn’t get my

work published, then I wouldn’t be able to graduate. I no longer hadwork published, then I wouldn’t be able to graduate. I no longer had

lofty dreams of becoming a tenured professor: I just wanted to figurelofty dreams of becoming a tenured professor: I just wanted to figure

out some way to eventually graduate.out some way to eventually graduate.

I hardly talked to anybody during those ten solitary weeks—notI hardly talked to anybody during those ten solitary weeks—not
eveven friends or en friends or familfamilyy. . TherThere was no e was no point in complainipoint in complaining, since no-ng, since no-

body coulbody could d unundedersrstatand what I nd what I wwas as gogoining g ththrorougugh h at at ththe e titimeme. . MyMy

friends who were not in Ph.D. programs thought that I was merelyfriends who were not in Ph.D. programs thought that I was merely

“i“in n scschoohool” l” anand d tatakiking ng clclasasseses s lilikke e a a reregugulalar r ststududenent. t. AnAnd d ththe e fefeww

friends I had made in my department were equally depressed withfriends I had made in my department were equally depressed with

their own first-year Ph.D. struggles—most notably, the shock of be-their own first-year Ph.D. struggles—most notably, the shock of be-

ing thrown head-first into challenging, open-ended research problemsing thrown head-first into challenging, open-ended research problems

without the power to affect the high-level direction of their assignedwithout the power to affect the high-level direction of their assigned

projects. Here we were, talented young computer scientists voluntarilyprojects. Here we were, talented young computer scientists voluntarily
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working on tasks that were both excruciatingly difficult and seeminglyworking on tasks that were both excruciatingly difficult and seemingly

pointless, all while earning one-fourth as much salary as our friendspointless, all while earning one-fourth as much salary as our friends

in in the corpothe corporatrate e wworkorking woring world. ld. It was so It was so sad that it sad that it wwas as pervperverserselyely

funny. However, I didn’t feel that group whining would be productive,funny. However, I didn’t feel that group whining would be productive,

so so I I kekept pt silsilenent. t. I I avavoidoided ed comcoming to ing to the Compthe Computeuter r SciSciencence e DepDepartart--
ment building to work, since I dreaded running into colleagues. I wasment building to work, since I dreaded running into colleagues. I was

afraid that they would inevitably ask me what I was working on, andafraid that they would inevitably ask me what I was working on, and

I didn’t have a respectable answer to give. Instead, I preferred hidingI didn’t have a respectable answer to give. Instead, I preferred hiding

out in libraries and coffee shops.out in libraries and coffee shops.

In retrospect, going solo so early during grad school was a terribleIn retrospect, going solo so early during grad school was a terrible

decdecisiision. on. ConContratrary ry to to romromananticticizeized d notnotionions s of of a a lonlone e scscholholar ar sitsittintingg

outside sipping a latte and doodling on blank sheets of notebook paper,outside sipping a latte and doodling on blank sheets of notebook paper,

rereal al rereseseararcch h is is nenevver done in er done in a a vvacacuuuum. m. ThTherere e neneededs s to be to be sosolilidd

intellectual, historical, and sometimes even physical foundations (e.g.,intellectual, historical, and sometimes even physical foundations (e.g.,

laborlaboratoatory ry equequipmipmenent) t) for for devdeveloelopinping g oneone’s ’s inninnovovatiationsons. . The The wiswiserer

course of action during those weeks would have been to talk to Dawsoncourse of action during those weeks would have been to talk to Dawson

mormore e frefrequequentntlyly, , and and to to actactivively ely seeseek k out out colcollabolaboratrationions s witwith h othotherer

professors or senior students. But back then, I was so burned-out andprofessors or senior students. But back then, I was so burned-out and

frustrated with the traditional pecking order of group-based research—frustrated with the traditional pecking order of group-based research—

putting new Ph.D. students through the meat grinder on the mostputting new Ph.D. students through the meat grinder on the most

unglamorous work—that I recoiled and went off on my own.unglamorous work—that I recoiled and went off on my own.

∼∼

TTowowards the ards the end of end of my ten weeks of my ten weeks of isolation—righisolation—right bt before I efore I startedstarted

my summer internship at Google—I emailed Dawson a blurb from amy summer internship at Google—I emailed Dawson a blurb from a

technical blog post I had recently read and reflected upon. That blogtechnical blog post I had recently read and reflected upon. That blog

post made me think about measuring software quality by analyzingpost made me think about measuring software quality by analyzing

patterns in how programmers edit code throughout the lifetimes of patterns in how programmers edit code throughout the lifetimes of 

software projects. To my pleasant surprise, Dawson shot back a quicksoftware projects. To my pleasant surprise, Dawson shot back a quick

reply saying that he had a side interest in these sorts of measurementreply saying that he had a side interest in these sorts of measurement

techniques, especially in how they might assist automatic bug-findingtechniques, especially in how they might assist automatic bug-finding

tools such as Klee.tools such as Klee.
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I grew hopeful when I learned about Dawson’s interest in an areaI grew hopeful when I learned about Dawson’s interest in an area

that I also found interesting, since he might be able to help makethat I also found interesting, since he might be able to help make

mmy y ideideas as mormore e subsubstastantntivive. e. I I jotjotted dowted down n somsome e notnotes es on on my newlmy newly-y-

proposedproposed  empirical software measurement  empirical software measurement  project with the intention project with the intention

of returning to it after my summer internship. Thus, I ended my firstof returning to it after my summer internship. Thus, I ended my first
year of Ph.D. on a somewhat optimistic note after four months of year of Ph.D. on a somewhat optimistic note after four months of 

traumatic Klee grinding followed by ten weeks of aimless meandering.traumatic Klee grinding followed by ten weeks of aimless meandering.
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YYear ear TwTwo: o: IncIncepteptionion

My summer internship at Google was a welcome break from research.My summer internship at Google was a welcome break from research.

The work was low-stress, and I had fun socializing with fellow interns.The work was low-stress, and I had fun socializing with fellow interns.

By the end of the summer, I had recuperated enough from my previousBy the end of the summer, I had recuperated enough from my previous

year’s burnout to make a fresh start at being a Ph.D. student again.year’s burnout to make a fresh start at being a Ph.D. student again.

At the end of the summer, I wrote an email to Dawson reaffirm-At the end of the summer, I wrote an email to Dawson reaffirm-
ing my desire to pursue my personal interests while simultaneouslying my desire to pursue my personal interests while simultaneously

acacknoknowledwledging the ging the need to need to do do legitlegitimate publisimate publishable researhable research: ch: “I’v“I’vee

realized from this summer and my previous work experiences that it’srealized from this summer and my previous work experiences that it’s

going to be really hard for me to push ahead with a Ph.D. projectgoing to be really hard for me to push ahead with a Ph.D. project

unless I feel a strong sense of ownership and enthusiasm about it, sounless I feel a strong sense of ownership and enthusiasm about it, so

I really want to work to find the intersection of what I feel passionateI really want to work to find the intersection of what I feel passionate

about and what is actually deemed ‘research-worthy’ by professors andabout and what is actually deemed ‘research-worthy’ by professors and

the greater academic community.”the greater academic community.”

I planned to continue working with Dawson on the empirical soft-I planned to continue working with Dawson on the empirical soft-

ware measurement project that we had discussed at the end of my firstware measurement project that we had discussed at the end of my first

year. However, I had a sense that this project might be risky becauseyear. However, I had a sense that this project might be risky because

it was not within his main areas of expertise or interest; Klee was stillit was not within his main areas of expertise or interest; Klee was still

his top priority. Therefore, I wanted to hedge my bets by looking forhis top priority. Therefore, I wanted to hedge my bets by looking for

another project to concurrently work on and hoping that at least oneanother project to concurrently work on and hoping that at least one

of them woulof them would d sucsucceeceed. d. I’lI’ll l desdescricribe be my main project with Dawmy main project with Dawsonson

later in this chapter, but first I’ll talk about my other project.later in this chapter, but first I’ll talk about my other project.

∼∼

2121
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Right before starting my second year of Ph.D. in September 2007,Right before starting my second year of Ph.D. in September 2007,

I I took a took a oneone-w-weeeek k vvacaacatiotion n to Boston to to Boston to visvisit colleit college frienge friends. ds. SinSince Ice I

was in the area, I emailed a few MIT professors whom I knew from mywas in the area, I emailed a few MIT professors whom I knew from my

undundergergradraduatuate e dadays ys to to ask for ask for thetheir ir guiguidandancece. . WheWhen n thethey y met withmet with

me, they all told me roughly the same thing:me, they all told me roughly the same thing:  Be proactive in talking  Be proactive in talking 
with professors to find research topics that are mutually interesting,with professors to find research topics that are mutually interesting,

and no matter what, don’t just hole up in isolation.and no matter what, don’t just hole up in isolation.  This simple piece This simple piece

of advice, repeatedly applied over the next five years, would ultimatelyof advice, repeatedly applied over the next five years, would ultimately

lead me to complete my Ph.D. on a happy note.lead me to complete my Ph.D. on a happy note.

I immediately took this advice to heart while I was still in Boston.I immediately took this advice to heart while I was still in Boston.

II cold-emailed  cold-emailed  (sent an unsolicited email to) an MIT computer science (sent an unsolicited email to) an MIT computer science

proprofesfessor named Rob sor named Rob to pto polioliteltely y reqrequesuest t a a meemeetinting g witwith h himhim. . In In thithiss

initial email, I briefly introduced myself as a recent MIT alum andinitial email, I briefly introduced myself as a recent MIT alum and

current Stanford Ph.D. student who wanted to build tools to improvecurrent Stanford Ph.D. student who wanted to build tools to improve

the productivity of computer programmers. Since I knew that Rob wasthe productivity of computer programmers. Since I knew that Rob was

also interested in this research area, I hoped that he would respondalso interested in this research area, I hoped that he would respond

favorably rather than marking my email as spam. Rob graciously metfavorably rather than marking my email as spam. Rob graciously met

with me for an hour in his office, and I pitched a few project proposalswith me for an hour in his office, and I pitched a few project proposals

to get his to get his feedfeedbacback. k. He seemed to like themHe seemed to like them, , so I so I grew encogrew encourageuraged thatd that

my ideas were at least somewhat acceptable to a professor who workedmy ideas were at least somewhat acceptable to a professor who worked

in this in this reseresearcarch h area. area. UnfoUnfortunartunatelytely, , I I wowouldn’t be uldn’t be able to able to wowork withrk with

Rob since I was no longer an MIT student. At the end of our meeting,Rob since I was no longer an MIT student. At the end of our meeting,

Rob suggested for me to talk to a Stanford computer science professorRob suggested for me to talk to a Stanford computer science professor

named Scott to see if I could sell him on my ideas.named Scott to see if I could sell him on my ideas.
When I returned to Stanford, I cold-emailed Scott to set up anWhen I returned to Stanford, I cold-emailed Scott to set up an

appoiappointntmenment t to to chchat. at. I I camcame e ininto to the meetthe meeting prepaing prepared with notesred with notes

about three specific ideas and pitched them in the following format:about three specific ideas and pitched them in the following format:

1. 1. WhatWhat’s the prob’s the problem?lem?

2. 2. WhatWhat’s my proposed sol’s my proposed solutionution??

3. 3. What compellWhat compelling experimeing experimentnts can s can I run I run to demonstto demonstrate the effec-rate the effec-

tiveness of my solution?tiveness of my solution?
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My friend Greg, one of Rob’s Ph.D. students, taught me the im-My friend Greg, one of Rob’s Ph.D. students, taught me the im-

portance of the third point—thinking in terms of experiments—whenportance of the third point—thinking in terms of experiments—when

proposinproposing g researesearcrch h project ideas. project ideas. ProfeProfessors are ssors are motivmotivated by ated by havhavinging

their names appear on published papers, and computer science con-their names appear on published papers, and computer science con-

ference papers usually need strong experiments to get accepted forference papers usually need strong experiments to get accepted for
pubpubliclicatiation. on. ThThus, us, it’it’s s crucruciacial l to to thithink nk about experabout experimeiment desint design gn atat

project inception time.project inception time.

Although none of my specific ideas won Scott over, he still wantedAlthough none of my specific ideas won Scott over, he still wanted

to work with me to develop a project related to my general interests.to work with me to develop a project related to my general interests.

At the time, he was an assistant (pre-tenure) professor who had beenAt the time, he was an assistant (pre-tenure) professor who had been

at Stanford for only three years, so he was eager to publish more papersat Stanford for only three years, so he was eager to publish more papers

in his quest to earn tenure. Since I had a fellowship, Scott didn’t needin his quest to earn tenure. Since I had a fellowship, Scott didn’t need

to fund me from his grants, so there was no real downside for him.to fund me from his grants, so there was no real downside for him.

∼∼

Scott specialized in a pragmaticScott specialized in a pragmatic subfield  subfield  of computer science called of computer science called

HCI (Human-HCI (Human-CompComputer Interuter Interactiaction). on). In In concontrast to trast to manmany y other sub-other sub-

fields, the HCI methodology for doing research centers on the needs of fields, the HCI methodology for doing research centers on the needs of 

real people. Here is how HCI projects are typically done:real people. Here is how HCI projects are typically done:

1. 1. ObseObservrve people to find e people to find out what theiout what their real problemr real problems are.s are.

2. 2. DesiDesign gn innoinnovvativative e tools to tools to help alleviahelp alleviate those problems.te those problems.

3. 3. Experimentally evExperimentally evaluate the tools to see if aluate the tools to see if they actually help they actually help people.people.

Since I wanted to create tools to help improve the productivity of Since I wanted to create tools to help improve the productivity of 

programmers, Scott first suggested for me to observe some program-programmers, Scott first suggested for me to observe some program-

mers at work in their natural habitat to discover what real problemsmers at work in their natural habitat to discover what real problems

they werthey were facing. e facing. In particulIn particular, Scott was ar, Scott was intintriguerigued d by how modern-by how modern-

day programmers write code using an assortment of programming lan-day programmers write code using an assortment of programming lan-

guages and rely guages and rely heavily on Wheavily on Web search and copying-and-pasting of coeb search and copying-and-pasting of codede

snisnippetppets. s. The prevThe previouious s few decafew decades of des of resresearearcch h in in proprogragrammemmer r propro--

ductivity tools have assumed that programmers work exclusively withductivity tools have assumed that programmers work exclusively with
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a single language in a homogeneous environment, which is a grosslya single language in a homogeneous environment, which is a grossly

outdaoutdated assumptited assumption. on. By observing what problemBy observing what problems s modern-modern-day pro-day pro-

grammers face, I might be able to design new tools to suit their needs.grammers face, I might be able to design new tools to suit their needs.

Now that Scott had provided a high-level goal, I set out to findNow that Scott had provided a high-level goal, I set out to find

some professional programmers whom I could observe at work. First,some professional programmers whom I could observe at work. First,

I tried to drum up some leads at Google, since I had just interned thereI tried to drum up some leads at Google, since I had just interned there

and my former manager agreed to forward my email solicitation to hisand my former manager agreed to forward my email solicitation to his

colcollealeaguegues. s. I I quiquicckly recekly receivived ed a a few polite rejefew polite rejectictionsons, , sinsince nobodyce nobody

wanted to deal with possible intellectual property issues arising fromwanted to deal with possible intellectual property issues arising from

a non-employee looking at their code. I then emailed a dozen friends ata non-employee looking at their code. I then emailed a dozen friends at

various startup companies near Stanford, figuring that they would notvarious startup companies near Stanford, figuring that they would not

be subject to the same constraints as programmers at a big company.be subject to the same constraints as programmers at a big company.

Unfortunately, they were even less accommodating since they had aUnfortunately, they were even less accommodating since they had a

greatgreater need for er need for secrsecrecy due to ecy due to competcompetitivitive reasons. e reasons. Also, they wereAlso, they were
far busier than their big-company counterparts and thus unwilling tofar busier than their big-company counterparts and thus unwilling to

indulge the intellectual fancy of some random graduate student.indulge the intellectual fancy of some random graduate student.

My last-ditch attempt was to try to My last-ditch attempt was to try to observe programmers at Mozilla,observe programmers at Mozilla,

the nonprofit software development foundation that makes the popularthe nonprofit software development foundation that makes the popular

FirefFirefox web browsox web browser. er. Since MozilSince Mozilla’s softwla’s software proare projectjects s wewere all re all open-open-

source, I figured that they would not be afraid of an outsider comingsource, I figured that they would not be afraid of an outsider coming

in in to to wwatcatch h thetheir ir proprogragrammemmers rs wworkork. . RatRather than her than colcold-ed-emaimailinling g (I(I

didn’t even know who to email!), I decided to drive to the Mozilladidn’t even know who to email!), I decided to drive to the Mozilla

heaheadqudquartarters and walk in ers and walk in the fronthe front t door. door. I I accaccostosted the ed the firsfirst t perspersonon

I I sasaw w and intand introducroduced myseed myself. lf. He generHe generousously ly gagave me ve me the namethe names s andand

email addresses of two Mozilla Foundation leaders who might be in-email addresses of two Mozilla Foundation leaders who might be in-

terested in such a research collaboration. I cold-emailed both of themterested in such a research collaboration. I cold-emailed both of them

later that day and later that day and wawas s amazeamazed d that one that one respondresponded favored favorablyably. . UnforUnfor--

tunately, that was the last I heard from him; he never responded totunately, that was the last I heard from him; he never responded to

my requests to follow up.my requests to follow up.

In retrospect, I’m not surprised that my workplace shadowing at-In retrospect, I’m not surprised that my workplace shadowing at-

tempts failed, since I had absolutely nothing to offer these professionaltempts failed, since I had absolutely nothing to offer these professional

programmers; I would just be disrupting their workday. Fortunately, aprogrammers; I would just be disrupting their workday. Fortunately, a
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few years later I managed to observe a different set of (nonprofessional)few years later I managed to observe a different set of (nonprofessional)

programmers—fellow graduate students doing programming for scien-programmers—fellow graduate students doing programming for scien-

tific research—who welcomed my light intrusions and were more thantific research—who welcomed my light intrusions and were more than

happhappy y to talk to talk to me to me about their workinabout their working g enenvironvironmenments. ts. Those intThose inter-er-

views would end up directly inspiring my dissertation work.views would end up directly inspiring my dissertation work.

∼∼

Since I had no luck in shadowing professional programmers, I de-Since I had no luck in shadowing professional programmers, I de-

cidcided to ed to look withlook within Stanfin Stanford for opportuord for opportunitnitiesies. . WheWhen n I I sasaw w a a flyflyerer

announcing an annual computer programming competition being heldannouncing an annual computer programming competition being held

soon in soon in my departmy departmenment, I t, I immedimmediateiately cold-emaly cold-emailed the organiziled the organizer. er. II

pitched him on the idea of having me observe students during thepitched him on the idea of having me observe students during the

competition, and he happily agreed.competition, and he happily agreed.

Although a student programming competition was not indicativeAlthough a student programming competition was not indicative

of real-world programming environments, at least it was better thanof real-world programming environments, at least it was better than

nothing. Joel, one of Scott’s students who entered the Ph.D. programnothing. Joel, one of Scott’s students who entered the Ph.D. program

one year before me, wantone year before me, wanted to come observe as wed to come observe as well. ell. Joel and I spJoel and I spent anent an

entire Saturday morning watching a few students participating in theentire Saturday morning watching a few students participating in the

four-four-hour competithour competition. ion. It was a It was a pretpretty boring sight, and ty boring sight, and we didn’we didn’t endt end

up up lealearnirning ng mmucuch h frofrom m the notethe notes s wwe e tooktook. . HoHowwevever, er, thithis s expeexperieriencence

gave us the idea to plan a more controlledgave us the idea to plan a more controlled   laboratory study   laboratory study ..

At this point, Scott decided to have Joel and me team up to createAt this point, Scott decided to have Joel and me team up to create

a lab a lab study togetstudy together rather than workher rather than working on ing on separseparate projects. ate projects. SincSincee
Joel and I shared similar research interests, Scott could reduce hisJoel and I shared similar research interests, Scott could reduce his

manmanageagemenment t ovoverherhead by ead by hahavinving g us us joijoin n forforceces. s. I I wawas s haphappy to py to letlet

Joel take the lead on the lab study design, since I was concurrentlyJoel take the lead on the lab study design, since I was concurrently

working on another project with Dawson.working on another project with Dawson.

Joel, Scott, and I designed a lab study where we asked StanfordJoel, Scott, and I designed a lab study where we asked Stanford

students to spend 2.5 hours programming a simple Web-based chatstudents to spend 2.5 hours programming a simple Web-based chat

room application from scratch. They were allowed to use any resourcesroom application from scratch. They were allowed to use any resources

they wanted, most notably searching the Web for existing code andthey wanted, most notably searching the Web for existing code and

tuttutoriorialsals. . WWe e recrecruiruiteted d 20 20 stustudendents ts as as parparticticipaipantnts, s, mosmost t of of thethemm
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coming from thecoming from the  Introduction to HCI  Introduction to HCI  course that Scott was teaching course that Scott was teaching

at the time.at the time.

Over the next few weeks, Joel and I sat in our department’s base-Over the next few weeks, Joel and I sat in our department’s base-

ment computer lab for 50 hours (2.5 hours x 20 students) observingment computer lab for 50 hours (2.5 hours x 20 students) observing

study participants and recording a video feed of the lab’s computerstudy participants and recording a video feed of the lab’s computer

monmonitoitor. r. WWatcatchinhing g the studthe studenents ts at work was engagat work was engaging at ing at firsfirst t butbut

quickly grew tedious as we observed the same actions and mistakesquickly grew tedious as we observed the same actions and mistakes

oovver er anand d oovver er agagaiain. n. WWe e ththen en spespennt t alalmomost st as as mmucuch h titime me wwatatcch-h-

ing replays of the recorded videos and marking occurrences of criticaling replays of the recorded videos and marking occurrences of critical

events. Finally, we analyzed our notes and the marked events to gar-events. Finally, we analyzed our notes and the marked events to gar-

ner insights about what kinds of problems these students faced whenner insights about what kinds of problems these students faced when

working on a simple yet realistic real-world programming task.working on a simple yet realistic real-world programming task.

We wrote up our lab study findings and submitted our paper to aWe wrote up our lab study findings and submitted our paper to a

top-ttop-tier HCI confereier HCI conference. nce. ThreThree months later, we found out e months later, we found out thatthat  ourour
paperpaper was accepted with great reviews and even nominated for a was accepted with great reviews and even nominated for a  Best  Best 

Paper Award Paper Award . Joel was listed as the. Joel was listed as the  first author  first author  on this paper, and I on this paper, and I

was the second author. Almost all computer science papers are coau-was the second author. Almost all computer science papers are coau-

thored by multiple collaborators, and the order in which authors arethored by multiple collaborators, and the order in which authors are

lislisted actuted actuallally y matmatterters. s. The authThe author or whowhose name se name appeappears first is ars first is thethe

project leader (e.g., Joel) who does more work than all subsequentlyproject leader (e.g., Joel) who does more work than all subsequently

listed authors and thus deserves most of the credit. All other authorslisted authors and thus deserves most of the credit. All other authors

are project assistants—usually younger students (e.g., me) or distantare project assistants—usually younger students (e.g., me) or distant

colleagues—who contributed enough to warrant their names being oncolleagues—who contributed enough to warrant their names being on

the paper. the paper. Ph.D. studPh.D. studenents often list their advisor (e.gts often list their advisor (e.g., Scott) as the., Scott) as the

last author, since the advisor helps with idea formulation, project plan-last author, since the advisor helps with idea formulation, project plan-

ning, and paper writing.ning, and paper writing.

Since I wasn’t the first author on this paper, it didn’t contributeSince I wasn’t the first author on this paper, it didn’t contribute

towards my dissertation; however, this experience taught me a greattowards my dissertation; however, this experience taught me a great

deal both about how to do research and about how to write researchdeal both about how to do research and about how to write research

papers. papers. Most importanMost importantlytly, , I felt I felt satissatisfied to fied to see this prosee this project conclject concludeude

successfully with a prestigious top-tier conference publication, in starksuccessfully with a prestigious top-tier conference publication, in stark

contrast to the embarrassing Klee paper rejection from my first year.contrast to the embarrassing Klee paper rejection from my first year.

http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
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Joel continued down this research path by turning our paper intoJoel continued down this research path by turning our paper into

the first contrithe first contributiobution of n of his dissertahis dissertation. tion. OvOver the er the next few years, henext few years, he

built several tools to help programmers overcome some of the prob-built several tools to help programmers overcome some of the prob-

lems we identified in that initial study and published papers describ-lems we identified in that initial study and published papers describ-

ing those tools. ing those tools. In the meantiIn the meantime, Scott didn’t activme, Scott didn’t actively recruiely recruit me t me toto
become his student, so I never thought seriously about switching ad-become his student, so I never thought seriously about switching ad-

visors. It seemed like my interests were too similar to Joel’s, and Joelvisors. It seemed like my interests were too similar to Joel’s, and Joel

was already carving out a solid niche for himself in his subfield. Thus,was already carving out a solid niche for himself in his subfield. Thus,

I focused my efforts on my main project with Dawson, since he wasI focused my efforts on my main project with Dawson, since he was

still my advisor. Progress was not as smooth on that front, though.still my advisor. Progress was not as smooth on that front, though.

∼∼

Recall that at the end of my first year, I started exploring researchRecall that at the end of my first year, I started exploring research

ideas in a subfield calledideas in a subfield called empirical software measurement  empirical software measurement —specifically,—specifically,
trying to measure software quality by analyzing the development his-trying to measure software quality by analyzing the development his-

tortory y of of sofsoftwtware projectare projects. s. It It turturned out ned out thathat t DaDawsowson n wwas as alsalso o ininteter-r-

ested in this topic, so we continued working together on it throughoutested in this topic, so we continued working together on it throughout

mmy y secsecond yeaond year. r. HiHis s maimain n ininterterest was in est was in buibuildilding ng new autonew automatmateded

bug-finding tools (e.g., Klee), but he had a side interest in softwarebug-finding tools (e.g., Klee), but he had a side interest in software

quality in general. He was motivated by research questions such as:quality in general. He was motivated by research questions such as:

••  If a large software project has, say, 10 million lines of code, which If a large software project has, say, 10 million lines of code, which

portions of that code are crucial to the project, and which areportions of that code are crucial to the project, and which are

not as important?not as important?

••  What factors affect whether a section of code is more likely to What factors affect whether a section of code is more likely to

concontaitain n bugbugs? s? FFor or exaexamplmple, e, does code does code thathat t has been has been recrecenentlytly

modified by novices contain more bugs? What about code thatmodified by novices contain more bugs? What about code that

has been modified by many people over a short span of time?has been modified by many people over a short span of time?

••  If an automated bug-finding tool finds, say, 1,000 possible bugs, If an automated bug-finding tool finds, say, 1,000 possible bugs,

whicwhich ones h ones are likeare likely to ly to be importantbe important? ? PrograProgrammermmers have nei-s have nei-

ther the time nor energy to triage all 1,000 bug reports, so theyther the time nor energy to triage all 1,000 bug reports, so they

must prioritize accordingly.must prioritize accordingly.
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I investigated these kinds of questions by analyzing data sets re-I investigated these kinds of questions by analyzing data sets re-

lated to the Linux kernel software project. I chose to study Linux sincelated to the Linux kernel software project. I chose to study Linux since

it was the largest and most influential open-source software project atit was the largest and most influential open-source software project at

the time, with tens of thousands of volunteer programmers contribut-the time, with tens of thousands of volunteer programmers contribut-

ing tens of millions of lines of code over the span of two decades. Theing tens of millions of lines of code over the span of two decades. The
fullfull  revision control history  revision control history  of Linux was available online, so that be- of Linux was available online, so that be-

came my primary source of data. A project’s revision control historycame my primary source of data. A project’s revision control history

contains a record of all modifications made to all code files throughoutcontains a record of all modifications made to all code files throughout

that project’s lifetime, including when each modification was made,that project’s lifetime, including when each modification was made,

and more importantand more importantlyly, , by whom. by whom. TTo o corrcorrelate project activitelate project activity y withwith

bugs, I obtained a data set from Dawson’s software bug-finding com-bugs, I obtained a data set from Dawson’s software bug-finding com-

pany containing 2,000 bugs that one of its bug-finding tools had foundpany containing 2,000 bugs that one of its bug-finding tools had found

in Linin Linuxux. . Of couOf coursrse, e, ththosose e wwerere e nonot t ththe e ononly ly bubugs in gs in LiLinnuxux, , bubut t itit

was the only accessible data source with the information I needed towas the only accessible data source with the information I needed to

investigate our research questions.investigate our research questions.

My daily workflow consisted of writing computer programs to ex-My daily workflow consisted of writing computer programs to ex-

tract, clean up, reformat, and analyze the data from the Linux revisiontract, clean up, reformat, and analyze the data from the Linux revision

control history and those 2,000 bug reports. To help obtain insights, Icontrol history and those 2,000 bug reports. To help obtain insights, I

taught myself the basics of quantitative data analysis, statistics, andtaught myself the basics of quantitative data analysis, statistics, and

data visualization techniques. As I worked, I kept a meticulous log of data visualization techniques. As I worked, I kept a meticulous log of 

my experimental progress in amy experimental progress in a research lab notebook  research lab notebook , noting which tri-, noting which tri-

als did and did not work. Every week or so, I would meet with Dawsonals did and did not work. Every week or so, I would meet with Dawson

to present my findings. Our meetings usually consisted of me showingto present my findings. Our meetings usually consisted of me showing

him printouts of graphs or data tables that my analyses had gener-him printouts of graphs or data tables that my analyses had gener-
ated, followed by him making high-level suggestions such as, “Wow,ated, followed by him making high-level suggestions such as, “Wow,

thithis s parpart of t of the grathe graph looks weiph looks weird, whrd, why is y is thathat? t? SplSplit the data up it the data up inin

this way and dig deeper.” Years later, I learned that this working stylethis way and dig deeper.” Years later, I learned that this working style

was fairly common amongstwas fairly common amongst computational researchers  computational researchers   in a variety of  in a variety of 

academic fields; for my dissertation, I created tools to eliminate com-academic fields; for my dissertation, I created tools to eliminate com-

mon mon ineffiinefficienciencies in cies in this pervasthis pervasivive e type of type of woworkflorkflow. w. HoHowewevever, r, bacbackk

at that time, I had no such long-term visions; I just wanted to makeat that time, I had no such long-term visions; I just wanted to make

interesting discoveries and get them published.interesting discoveries and get them published.



  

YYeeaar  r  TTwwoo:  :  IInncceeppttiioon  n  2299

∼∼

Dawson and I had a lot of trouble getting our results published.Dawson and I had a lot of trouble getting our results published.

Throughout the year, we made two paper submissions that were bothThroughout the year, we made two paper submissions that were both

rejrejectected. ed. It It wwoulould d taktake e anoanothether r fulfull l yeyear ar befobefore re thithis s wwork finallork finally y gotgot
published as apublished as a shorter-length, second-tier conference paper shorter-length, second-tier conference paper, which held, which held

almost no prestige and didn’t “count” as a contribution to my disser-almost no prestige and didn’t “count” as a contribution to my disser-

tation. But by then, I didn’t care because I had already moved on totation. But by then, I didn’t care because I had already moved on to

other projects.other projects.

The underlying cause of our publication troubles was that we wereThe underlying cause of our publication troubles was that we were

not “insiders” in the empirical software measurement subfield (some-not “insiders” in the empirical software measurement subfield (some-

times also calledtimes also called empirical software engineering  empirical software engineering ) to which our project) to which our project

belbelonongeged. d. AAt t ththe e titime Dawme Dawsoson n anand d I I ststararteted d wwororkiking ng in in ththis is susub-b-

field, teams of researchers from dozens of universities and corporatefield, teams of researchers from dozens of universities and corporate

resresearearcch h lablabs s wwere alreere already doing similady doing similar ar wworkork. . DaDawsowson n and I and I wewerere

severely outgunned by the competition, which consisted of professorsseverely outgunned by the competition, which consisted of professors

and research scientists specializing in empirical software measurementand research scientists specializing in empirical software measurement

who were advising armies of Ph.D. students to do the heavy numberwho were advising armies of Ph.D. students to do the heavy number

crunching. These people were hungry to publish a ton of papers, sincecrunching. These people were hungry to publish a ton of papers, since

lots of lots of them werthem were e youyoung professorng professors s who wanwho wanted to ted to earn tenuearn tenure. re. TheyThey

were also experts in the statistical methodologies, framing of relatedwere also experts in the statistical methodologies, framing of related

work, and “marketing pitches” required to get these sorts of paperswork, and “marketing pitches” required to get these sorts of papers

accepted. Most importantly, they frequently served on program com-accepted. Most importantly, they frequently served on program com-

mittees and as external reviewers for the relevant conferences, so theymittees and as external reviewers for the relevant conferences, so they
knew exactly what it took to write publishable papers in this subfield.knew exactly what it took to write publishable papers in this subfield.

Recall that each paper submission getsRecall that each paper submission gets  peer-reviewed  peer-reviewed  by three to by three to

five volunteer experts—usually professors or research scientists—whofive volunteer experts—usually professors or research scientists—who

cricritiqtique ue its meritits merit. . If If revreviewiewers deem ers deem a a papepaper r wwortorthy of hy of pubpubliclicatiation,on,

then it gets published; otherwise, authors must revise and resubmit atthen it gets published; otherwise, authors must revise and resubmit at

a later date. a later date. The purpose of peer review is to The purpose of peer review is to ensuensure that all publishere that all publishedd

papers are up to a certain level of acceptable quality, as determinedpapers are up to a certain level of acceptable quality, as determined

by the by the scscholarholarly ly commcommunitunityy. . This vettThis vetting process ing process is is absoluabsolutely nec-tely nec-

essary, since there needs to be some arbiters of “goodness” to filteressary, since there needs to be some arbiters of “goodness” to filter

http://www.pgbovine.net/projects/pubs/guo_usenix09_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_usenix09_camera_ready.pdf
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out crackout crackpot pot claimclaims. s. HoHoweweverver, , the peer-revithe peer-review process ew process is is inheinherenrentlytly

imperfect since, despite their best efforts at being impartial, reviewersimperfect since, despite their best efforts at being impartial, reviewers

are human beings with their own subjective tastes and biases.are human beings with their own subjective tastes and biases.

Since conferences usually accept less than 20 percent of paper sub-Since conferences usually accept less than 20 percent of paper sub-

missions, if reviewers get a bad first impression when reading a paper,missions, if reviewers get a bad first impression when reading a paper,
thethen n thethey y are likare likely to ely to rejrejecect t it. it. DaDawsowson n and I and I wwere not speciaere not specialisliststs

in the empirical software measurement subfield, so we weren’t able toin the empirical software measurement subfield, so we weren’t able to

“pitch” our paper submissions in a way that appealed to reviewers’“pitch” our paper submissions in a way that appealed to reviewers’

expeexpectactatiotions. ns. ThThus, us, we repeatwe repeatedledly y got got demdemoraoralizlized ed by negatby negativive e re-re-

views such as, “In the end, I find I just don’t have much confidenceviews such as, “In the end, I find I just don’t have much confidence

in the in the resresultults s the auththe authors presors presenent. t. TheThere are re are ttwo sourwo sources of ces of doudoubt: bt: II

don’t trust their interpretation of the measures, and they don’t usedon’t trust their interpretation of the measures, and they don’t use

ververy y effeceffectivtive e statistatisticastical l tectechniquhniques.” es.” In In the cutthrthe cutthroat world of oat world of aca-aca-

demic publishing, simply being passionate about a topic is nowheredemic publishing, simply being passionate about a topic is nowhere

near sufficient for success; one must be well-versed in the preferencesnear sufficient for success; one must be well-versed in the preferences

of senior colleagues in a particular subfield who are serving as paperof senior colleagues in a particular subfield who are serving as paper

revreviewiewersers. . In shortIn short, , our data sets werour data sets were e not as not as good, good, our tecour technihniquequess

were not as refined, and our results and presentation style were lesswere not as refined, and our results and presentation style were less

impressive than what the veterans in this subfield expected.impressive than what the veterans in this subfield expected.

In contrast, my paper submission with Scott and Joel was far moreIn contrast, my paper submission with Scott and Joel was far more

successful because Scott was an insider who had previously publishedsuccessful because Scott was an insider who had previously published

and reviewed many papers in the HCI conference where we submittedand reviewed many papers in the HCI conference where we submitted

our paper. Of course, being an insider didn’t mean that our paper wasour paper. Of course, being an insider didn’t mean that our paper was

scrutscrutinizinized ed any less any less rigororigorouslyusly, , since that would bsince that would be e unfaiunfair. r. HoHoweweverver,,
Scott could leverage his experience to present our project’s motivationsScott could leverage his experience to present our project’s motivations

and findings in a way that was the most palatable to those sorts of and findings in a way that was the most palatable to those sorts of 

reviewers, thereby raising our paper’s chances of acceptance.reviewers, thereby raising our paper’s chances of acceptance.

∼∼



  

YYeeaar  r  TTwwoo:  :  IInncceeppttiioon  n  3311

By the end of my second year of Ph.D. (June 2008), I was growingBy the end of my second year of Ph.D. (June 2008), I was growing

frustrated by my lack of compelling results and overwhelmed by thefrustrated by my lack of compelling results and overwhelmed by the

flurry of papers being published in the empirical software measure-flurry of papers being published in the empirical software measure-

ment subfield. I still hadn’t been able to publish my own findings andment subfield. I still hadn’t been able to publish my own findings and

realirealized that zed that I I couldcouldn’t effectin’t effectivevely ly competcompete e with the veterawith the veterans: ns: SincSincee
neither Dawson nor I knew what those paper reviewers wanted to see,neither Dawson nor I knew what those paper reviewers wanted to see,

I sensed that trying to publish in this subfield would be a continual up-I sensed that trying to publish in this subfield would be a continual up-

hill strugglhill struggle. e. And since publishiAnd since publishing was ng was a a prerprerequisequisite for ite for graduagraduation,tion,

I had to find another project as soon as possible, or else I wouldn’t beI had to find another project as soon as possible, or else I wouldn’t be

able to earn a Ph.D. As I prepared to begin my third year at Stanford,able to earn a Ph.D. As I prepared to begin my third year at Stanford,

I was desperate to cling onto anything that had a reasonable chanceI was desperate to cling onto anything that had a reasonable chance

of producing publishable results. And that’s when I returned back toof producing publishable results. And that’s when I returned back to

the project that haunted me from my first year—Klee.the project that haunted me from my first year—Klee.
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As I began my third year of Ph.D. in the middle of 2008, I rejoined theAs I began my third year of Ph.D. in the middle of 2008, I rejoined the

Klee project, again as the most junior student. At that time, the onlyKlee project, again as the most junior student. At that time, the only

two remaining people on the Klee team were its original co-creators:two remaining people on the Klee team were its original co-creators:

DaDawsowson n and Crisand Cristi ti (hi(his s mosmost t sensenior Ph.D. studior Ph.D. studenent). t). All otheAll other r KleKleee

team members had already left the project.team members had already left the project.
I had mixed feelings about returning. On one hand, my traumaticI had mixed feelings about returning. On one hand, my traumatic

first-year experiences with Klee made me dread both the project andfirst-year experiences with Klee made me dread both the project and

also the team dynamics. On the other hand, Cristi and Dawson werealso the team dynamics. On the other hand, Cristi and Dawson were

both very passionate about Klee and wanted to publish additionalboth very passionate about Klee and wanted to publish additional

folfollolow-uw-up p papepapers. rs. SinSince ce thethey y wwere vetere veteraeran n insinsideiders rs in in the softthe softwawarere

bug-finding subfield, I felt like I had a strong chance of publishing pa-bug-finding subfield, I felt like I had a strong chance of publishing pa-

pers together with them. The alternative would have been to continuepers together with them. The alternative would have been to continue

the empirical software measurement project from my second year. Al-the empirical software measurement project from my second year. Al-

though I was much more interested in that project, I knew that itthough I was much more interested in that project, I knew that it

would be a continual struggle to publish in a subfield where Dawsonwould be a continual struggle to publish in a subfield where Dawson
and I were both outsiders. And since my goal was to publish and earnand I were both outsiders. And since my goal was to publish and earn

a Ph.D., I tucked away my ego and took the plunge into Klee again.a Ph.D., I tucked away my ego and took the plunge into Klee again.

I wrote Dawson an email announcing, “my main plan is to team upI wrote Dawson an email announcing, “my main plan is to team up

with you and cristi on klee to do something solid and hopefully makewith you and cristi on klee to do something solid and hopefully make

some [paper] submission in a few months. i think that leveraging kleesome [paper] submission in a few months. i think that leveraging klee

and aligning with both of your interests and incentives will be the bestand aligning with both of your interests and incentives will be the best

way for me to both make a contribution and also to feel satisfied aboutway for me to both make a contribution and also to feel satisfied about

making concrete forward progress every day.”making concrete forward progress every day.”

3333
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∼∼

Cristi and Dawson wanted me to experiment with a new way of Cristi and Dawson wanted me to experiment with a new way of 

running Klee calledrunning Klee called  cross-checking  cross-checking , which allowed it to find inconsis-, which allowed it to find inconsis-

tencies between two different versions of similar software. For the nexttencies between two different versions of similar software. For the next
four months (July to October 2008), my day-to-day grind was similarfour months (July to October 2008), my day-to-day grind was similar

to my first-year Klee assignment with Linux device drivers, except thatto my first-year Klee assignment with Linux device drivers, except that

I now paced myself a lot better to remain healthy and avoid burnout.I now paced myself a lot better to remain healthy and avoid burnout.

Just like during my first year, I was doing a lot of grungy manual laborJust like during my first year, I was doing a lot of grungy manual labor

to use Klee to discover new bugs in software rather than improvingto use Klee to discover new bugs in software rather than improving

Klee in Klee in any substanany substantivtive e wawayy. . My daily My daily woworkflorkflow w consiconsisted of sted of settisettingng

up dozens of Klee configuration options, launching Klee to run for ap-up dozens of Klee configuration options, launching Klee to run for ap-

proximately ten hours to cross-check a set of test software programs,proximately ten hours to cross-check a set of test software programs,

coming back the next morning to collect, analyze, visualize, and inter-coming back the next morning to collect, analyze, visualize, and inter-

pret the results, making the appropriate adjustments to Klee’s options,pret the results, making the appropriate adjustments to Klee’s options,

and then firing off another ten-hour round of experiments.and then firing off another ten-hour round of experiments.

LikLike e othother er sopsophishisticticateated d sofsofttwware are toolstools, , KlKlee ee had had dozdozens ens of of ad-ad-

 justable  justable configuration configuration options. options. And And since since it it was was a a researcresearch h prototypeprototype

hacked together by students, the behaviors of most of those optionshacked together by students, the behaviors of most of those options

wewere not re not cleclearlarly y docudocumenmentedted. . As a As a resresultult, , I I wwastasted a ed a lot of lot of timtime e duedue

to misunderstanding the subtle interactions between options as I wasto misunderstanding the subtle interactions between options as I was

adjusting them. I filled my research lab notebook with curses such as:adjusting them. I filled my research lab notebook with curses such as:

“OH SHIT, I think my mistake was in not realizing that there are cer-“OH SHIT, I think my mistake was in not realizing that there are cer-

tain options you’re supposed to pass into Klee (e.g., -emit-all-errors)tain options you’re supposed to pass into Klee (e.g., -emit-all-errors)
and others that you’re supposed to pass into the target program to beand others that you’re supposed to pass into the target program to be

used to set up the model environment (e.g., –sym-args), and if theseused to set up the model environment (e.g., –sym-args), and if these

are confused, then strange things happen because Klee is executingare confused, then strange things happen because Klee is executing

the target program with different argc and argv than you expect.”the target program with different argc and argv than you expect.”

Throughout those months, Cristi and Dawson sometimes talkedThroughout those months, Cristi and Dawson sometimes talked

about submitting a Klee cross-checking paper, so I was motivated byabout submitting a Klee cross-checking paper, so I was motivated by

that seemingly-concrete goal. As I was working, I wrote up an outlinethat seemingly-concrete goal. As I was working, I wrote up an outline

for a paper submission and incrementally filled it in with my notes andfor a paper submission and incrementally filled it in with my notes and

resulresults. ts. HoHowewevever, r, to my to my surprsurprise, neither Cristi nor Dawson showise, neither Cristi nor Dawson showeded
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much urgency in getting this paper polished and submitted. I was notmuch urgency in getting this paper polished and submitted. I was not

yet capable of submitting a respectable paper on this topic withoutyet capable of submitting a respectable paper on this topic without

their expertise and assistance, since I was merely an assistant doingtheir expertise and assistance, since I was merely an assistant doing

manmanual ual labolabor: r: The The trutrue e resresearearcch h insinsighights ts and and highigh-lh-levevel el perspersuasuasivivee

pitch still needed to come from them. In the end, we never submittedpitch still needed to come from them. In the end, we never submitted
a paper, and my four months of work was again in vain, just like duringa paper, and my four months of work was again in vain, just like during

my first-year Klee grind.my first-year Klee grind.

This project fizzled due to a combination of my own lack of tech-This project fizzled due to a combination of my own lack of tech-

nical expertise and insufficient mentorship from senior colleagues. Al-nical expertise and insufficient mentorship from senior colleagues. Al-

though Cristi was patient in advising me on cross-checking ideas andthough Cristi was patient in advising me on cross-checking ideas and

debugging Klee idiosyncrasies, his heart wasn’t fully into our project.debugging Klee idiosyncrasies, his heart wasn’t fully into our project.

Since he was in the process of finishing up his Ph.D., his main prioritySince he was in the process of finishing up his Ph.D., his main priority

at the time was applying for jobs as an assistant professor. The facultyat the time was applying for jobs as an assistant professor. The faculty

 job  job application application process process takes takes several several grueling grueling months months of of serious serious effort,effort,
and many applicaand many applicantnts s still end up still end up with no offers. with no offers. EacEach h univuniversitersity y de-de-

partment offers at most one or two tenure-track professor job positionspartment offers at most one or two tenure-track professor job positions

per year, and over a hundred highly-qualified senior Ph.D. students,per year, and over a hundred highly-qualified senior Ph.D. students,

postdocs (temporary postdoctoral researchers), and research scientistspostdocs (temporary postdoctoral researchers), and research scientists

fighfight for t for those cothose coveveted spots. ted spots. The acadeThe academic job hunt is a mic job hunt is a stresstressful pro-sful pro-

cess that consumes almost all of one’s waking time and mental energy.cess that consumes almost all of one’s waking time and mental energy.

Thus, Cristi had no incentive to spend hundreds of hours working onThus, Cristi had no incentive to spend hundreds of hours working on

yet another paper submission, since even if it got accepted, the noti-yet another paper submission, since even if it got accepted, the noti-

fication would come too late to matter for his job applications.fication would come too late to matter for his job applications.

In hindsight, I can see why this project was likely to fail becauseIn hindsight, I can see why this project was likely to fail because

of misaligned incentives, but back then, I lacked the wisdom to foreseeof misaligned incentives, but back then, I lacked the wisdom to foresee

sucsuch h a a faifailurlure. e. RecRecall that I all that I decdecideided d to become a to become a KlKlee assisee assistantant t forfor

Cristi and Dawson since I wanted to join an older Ph.D. student andCristi and Dawson since I wanted to join an older Ph.D. student and

professor who were experienced in publishing papers in their givenprofessor who were experienced in publishing papers in their given

subsubfielfield. d. I I did so did so becabecause this plan woruse this plan workeked d marmarveveloulously durinsly during g thethe

previous year when I helped Joel (an older Ph.D. student) and Scottprevious year when I helped Joel (an older Ph.D. student) and Scott

(a (a prprofofesessosor) r) on on ththeieir r HCHCI I prprojecoject, t, whwhicich h leled d to to a a totop-p-titier er aawwarard-d-

nominated paper.nominated paper.
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So So whawhat t wwas as diffdiffereerent herent here? ? In In shoshort, rt, neineithether r CriCristi nor sti nor DaDawsowsonn

were truly hungry to publish. They had already published several Kleewere truly hungry to publish. They had already published several Klee

papers together, and a cross-checking paper coauthored with me wouldpapers together, and a cross-checking paper coauthored with me would

have been a “nice-to-have” but not mandatory follow-up publication.have been a “nice-to-have” but not mandatory follow-up publication.

Cristi was in his final year of Ph.D. and didn’t need to publish any moreCristi was in his final year of Ph.D. and didn’t need to publish any more
papers to graduate, and Dawson already had tenure, so he wasn’t in apapers to graduate, and Dawson already had tenure, so he wasn’t in a

rush to publish either. In contrast, Joel was a mid-stage Ph.D. studentrush to publish either. In contrast, Joel was a mid-stage Ph.D. student

who was itching to publish thewho was itching to publish the first  first  paper of his dissertation, and Scott paper of his dissertation, and Scott

was an assistant professor who needed to publish prolifically to earnwas an assistant professor who needed to publish prolifically to earn

tenure. These two opposing experiences taught me the importance of tenure. These two opposing experiences taught me the importance of 

deeply understanding the motivations and incentives of one’s potentialdeeply understanding the motivations and incentives of one’s potential

collaborators before working with them.collaborators before working with them.

∼∼

Since the cross-checking project went nowhere and Cristi was busySince the cross-checking project went nowhere and Cristi was busy

with his faculty job applications, I decided to take the lead on mywith his faculty job applications, I decided to take the lead on my

own Klee-related project rather than continue serving as an assistant.own Klee-related project rather than continue serving as an assistant.

After some discussions with Dawson, he suggested for me to try toAfter some discussions with Dawson, he suggested for me to try to

improve a core component of Klee—itsimprove a core component of Klee—its  search algorithm  search algorithm . . KlKlee fiee findndss

bugs by searching through a “maze” of executable software code, sobugs by searching through a “maze” of executable software code, so

improving its search algorithm might enable it to find more bugs.improving its search algorithm might enable it to find more bugs.

For the first time, I was modifying Klee in a novel way—improvingFor the first time, I was modifying Klee in a novel way—improving

its search algorithm—rather than simply doing manual labor to runits search algorithm—rather than simply doing manual labor to run
Klee to find bugs in Klee to find bugs in softwsoftware. are. One waOne way to measure how well I was doingy to measure how well I was doing

was to compute the percentwas to compute the percent   coverage   coverage   that   that KleKlee e acachiehieveves s (i.(i.e., e., hohoww

much of the code maze was “covered” by Klee’s searching) on a set of much of the code maze was “covered” by Klee’s searching) on a set of 

test software programs. Dawson’s goal was simple: to get significantlytest software programs. Dawson’s goal was simple: to get significantly

better coverage than the current search algorithm reported in better coverage than the current search algorithm reported in thethe latest latest

Klee paper.Klee paper.  On a suite of 89 test programs, Klee already achieved an On a suite of 89 test programs, Klee already achieved an

average of 91 percent coverage on each program (100 percent is perfectaverage of 91 percent coverage on each program (100 percent is perfect

coverage). My job was to improve those coverage numbers as much ascoverage). My job was to improve those coverage numbers as much as

possible. Every day, I would modify Klee’s search algorithm, run Kleepossible. Every day, I would modify Klee’s search algorithm, run Klee

http://www.pgbovine.net/PhD-memoir/klee-osdi-2008.pdf
http://www.pgbovine.net/PhD-memoir/klee-osdi-2008.pdf
http://www.pgbovine.net/PhD-memoir/klee-osdi-2008.pdf
http://www.pgbovine.net/PhD-memoir/klee-osdi-2008.pdf
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on the 89 test programs (which would take approximately ten hours),on the 89 test programs (which would take approximately ten hours),

come back the next morning to see the coverage numbers, and thencome back the next morning to see the coverage numbers, and then

make another round of modifications to Klee’s code and rerun it onmake another round of modifications to Klee’s code and rerun it on

the test programs.the test programs.

It was now the middle of my third year, and many of my fellowIt was now the middle of my third year, and many of my fellow

students and I fell into a state of “limbo” where it became difficult tostudents and I fell into a state of “limbo” where it became difficult to

motivate ourselves to consistently come into the office every single day.motivate ourselves to consistently come into the office every single day.

We also experienced isolation and loneliness from spending day andWe also experienced isolation and loneliness from spending day and

night grinding on obscure, ultra-specialized problems that few peoplenight grinding on obscure, ultra-specialized problems that few people

aroaround us und us undunderserstood tood or or eveven cared abouten cared about. . Our adviOur advisorsors s and seniand senioror

colleagues sometimes provided high-level guidance, but they rarely satcolleagues sometimes provided high-level guidance, but they rarely sat

down together with us to work out all of the grimy details.down together with us to work out all of the grimy details.

Unlike our peers with regular nine-to-five jobs, there was no im-Unlike our peers with regular nine-to-five jobs, there was no im-

mediate pressure for grad students to produce anything tangible—nomediate pressure for grad students to produce anything tangible—no
short-term deadlines to meet or middle managers to please. For mostshort-term deadlines to meet or middle managers to please. For most

students in my department, nobody would notice or care if they tookstudents in my department, nobody would notice or care if they took

one day off, so by extension, why not take two days off, a whole weekone day off, so by extension, why not take two days off, a whole week

off, or even a whole month off? Therefore, it’s unsurprising that manyoff, or even a whole month off? Therefore, it’s unsurprising that many

Ph.D. students who drop out do so around their third year.Ph.D. students who drop out do so around their third year.

TTo o fefend nd off off prprocrocrasastitinanatitionon, , I I wwororkked ed titirerelelessssly ly to to imimpospose e seselflf--

disdiscipciplinline e and and strstructucture on ure on mmy y woworkdrkdayays. s. I I tritried ed to to “mi“microcromanmanageage””

myself by setting small, bite-sized goals and attacking them every day,myself by setting small, bite-sized goals and attacking them every day,

hopinhoping g that positivthat positive results would evee results would eventntually come. ually come. But it But it was hardwas hard

to keep myself motivated when I didn’t see noticeable daily progress.to keep myself motivated when I didn’t see noticeable daily progress.

Discipline alone wasn’t enough; I failed to achieve any favorable re-Discipline alone wasn’t enough; I failed to achieve any favorable re-

sults after three months of tuning Klee’s search algorithms. Since Kleesults after three months of tuning Klee’s search algorithms. Since Klee

already achieved 91 percent average coverage on our test programs, italready achieved 91 percent average coverage on our test programs, it

was excruciatingly difficult for me to improve those numbers by a fewwas excruciatingly difficult for me to improve those numbers by a few

percent up to an average of, say, 94 percent. Even worse, these kindspercent up to an average of, say, 94 percent. Even worse, these kinds

of minor improvements simply don’t look impressive in a paper sub-of minor improvements simply don’t look impressive in a paper sub-

mimissssioion. n. ThThe e onone-e-liline ne ststorory y of of ouour r papaper per wwouould ld be be sosomemeththining g lilikke:e:

“We improved Klee’s search algorithm in some ways to get its average“We improved Klee’s search algorithm in some ways to get its average
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coverage up from 91 to 94 percent.” This is hardly an exciting or evencoverage up from 91 to 94 percent.” This is hardly an exciting or even

interesting result in the eyes of reviewers; it’s a typical example of bor-interesting result in the eyes of reviewers; it’s a typical example of bor-

ing ing increincremenmental tal improimprovevemenments ts to to an an existexisting ing project. project. UnsuUnsurprisirprisinglyngly,,

Dawson wasn’t interested in attempting to submit such a lame paper.Dawson wasn’t interested in attempting to submit such a lame paper.

If I had improved Klee’s search algorithm in a fascinating and ef-If I had improved Klee’s search algorithm in a fascinating and ef-
fective way, then Dawson might have been more excited and workedfective way, then Dawson might have been more excited and worked

hahardrder to er to trtry y to to susubmbmit a it a papaperper. . BuBut t in in JaJannuauary 2009ry 2009, , afafteter r ththrereee

monmonths ths of of futfutile ile grigrindinding, ng, I I coucouldnldn’t ’t see see hohow w my my daday-ty-to-do-day ay incincre-re-

mental efforts would ever result in a breakthrough that met Dawson’smental efforts would ever result in a breakthrough that met Dawson’s

expectations. I hate being labeled as a quitter, but I felt like this Kleeexpectations. I hate being labeled as a quitter, but I felt like this Klee

search algorithm project was a dead-end, so I quit.search algorithm project was a dead-end, so I quit.

Looking back now, I take perverse solace in one tragic fact: AfterLooking back now, I take perverse solace in one tragic fact: After

I stopped working on Klee’s search algorithm, two of Dawson’s otherI stopped working on Klee’s search algorithm, two of Dawson’s other

Ph.D. students worked on this exact same problem, and neither hasPh.D. students worked on this exact same problem, and neither has

published a single paper in the pastpublished a single paper in the past  three years  three years . I don’t think I could. I don’t think I could

have done any better than those two students, so if I had stayed thehave done any better than those two students, so if I had stayed the

course on this particular project, then I might have also been stuck incourse on this particular project, then I might have also been stuck in

a three-year-long limbo.a three-year-long limbo.

∼∼

Despite repeated failures with Klee, I still wanted to keep workingDespite repeated failures with Klee, I still wanted to keep working

on it on it becabecause that wause that was s the only projecthe only project t DaDawsowson n carcared about. ed about. I I wwasas

starting to hate Klee, but I had already sunk thousands of hours intostarting to hate Klee, but I had already sunk thousands of hours into
wrestling with its code, so I wanted something concrete to show forwrestling with its code, so I wanted something concrete to show for

my efforts. It was now the middle of my third year, and I was desper-my efforts. It was now the middle of my third year, and I was desper-

ate to publish a first-author paper that could form the basis for myate to publish a first-author paper that could form the basis for my

dissertation; I felt a bit behind since a few of my classmates had al-dissertation; I felt a bit behind since a few of my classmates had al-

ready published their first dissertation-worthy paper. I naively hopedready published their first dissertation-worthy paper. I naively hoped

that Klee would be the “path of least resistance” to earning my Ph.D.,that Klee would be the “path of least resistance” to earning my Ph.D.,

since it was perfectly aligned with my advisor’s interests.since it was perfectly aligned with my advisor’s interests.

At this time, a first-year Ph.D. student named Peter joined Daw-At this time, a first-year Ph.D. student named Peter joined Daw-

soson’n’s s lalab b grgrououp p anand d wwas lookias looking for ng for a a prprojecoject. t. I I tatalklked to ed to DaDawswsonon
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aboabout ut teteamamining g up up wiwith th PPeteterer, , figfigururining g ththat at ththe e ttwwo o of of us us wwororkikingng

togtogethether er migmight get ht get bettbetter er resresultults s thathan n eaceach h wworkorking ing aloalone. ne. DaDawsowsonn

liked the idea, so he suggested for Peter and me to reimplementliked the idea, so he suggested for Peter and me to reimplement   un-un-

dercderconstraineonstrained d execution execution  in Klee (abbreviated “Klee-UC”). Recall that in Klee (abbreviated “Klee-UC”). Recall that

Dawson and another student implemented the first version of Klee-UCDawson and another student implemented the first version of Klee-UC
durduring my first yearing my first year. . TheThey y crecreateated d a a rourough first draftgh first draft, , subsubmitmitted ated a

shoddy paper hastily written in three days (a debacle I remember allshoddy paper hastily written in three days (a debacle I remember all

too well), and then the project halted when that student dropped outtoo well), and then the project halted when that student dropped out

of of ththe e PhPh.D.D. . prprogograram m shshorortltly y ththerereaeaftfterer. . So So nonow, w, ttwwo o yyeaears rs lalateter,r,

it was up to Peter and me to reimplement Dawson’s initial Klee-UCit was up to Peter and me to reimplement Dawson’s initial Klee-UC

vision and hopefully get it working well enough to publish a paper.vision and hopefully get it working well enough to publish a paper.

I came into this new assignment with as much optimism as I couldI came into this new assignment with as much optimism as I could

muster, trying my best to forget my past with Klee. I convinced myself muster, trying my best to forget my past with Klee. I convinced myself 

that if I had any chance of publishing a Klee-related paper, it wouldthat if I had any chance of publishing a Klee-related paper, it would

be with this current Klee-UC project. I wholeheartedly believed thatbe with this current Klee-UC project. I wholeheartedly believed that

Dawson’s Klee-UC idea was innovative and interesting from a researchDawson’s Klee-UC idea was innovative and interesting from a research

perspective, so if Peter and I could do a good enough job of imple-perspective, so if Peter and I could do a good enough job of imple-

menting it and finding important software bugs, then we would havementing it and finding important software bugs, then we would have

a strong paper submission. Moreover, I could reuse most of the exper-a strong paper submission. Moreover, I could reuse most of the exper-

imental infrastructure I had set up for the Linux device drivers workimental infrastructure I had set up for the Linux device drivers work

from my first year, since we wanted to show how Klee-UC improvesfrom my first year, since we wanted to show how Klee-UC improves

upon regulupon regular ar KleKlee e in in terterms ms of of findfinding bugs ing bugs in in thothose se dridrivevers. rs. FinFinallallyy,,

I fantasized about a successful Klee-UC paper being the ultimate re-I fantasized about a successful Klee-UC paper being the ultimate re-
demption for all of those thousands of hours of manual labor I haddemption for all of those thousands of hours of manual labor I had

spent on Klee. After all, it was my struggles with using Klee on Linuxspent on Klee. After all, it was my struggles with using Klee on Linux

device drivers during my first year that directly inspired Dawson todevice drivers during my first year that directly inspired Dawson to

come up with the Klee-Ucome up with the Klee-UC idea. C idea. ThThus, it us, it wowould be uld be a fitting conclua fitting conclusionsion

if I were to first-author the paper that brought this idea to fruitionif I were to first-author the paper that brought this idea to fruition

(professors in my field usually let their students be the first author,(professors in my field usually let their students be the first author,

eveven if en if the studethe studentnt’s ’s projecproject t wwas as basbased ed on on thetheir ir ideideas)as). . I I eveven hopeden hoped

that this project would form the beginning of my dissertation and pavethat this project would form the beginning of my dissertation and pave

the way for my eventual graduation.the way for my eventual graduation.
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Over the next two months (February and March 2009), Peter and IOver the next two months (February and March 2009), Peter and I

busted our butts to build Klee-UC. We had a lot of fun programmingbusted our butts to build Klee-UC. We had a lot of fun programming

together in the office every day; it was a welcome change from the soli-together in the office every day; it was a welcome change from the soli-

tary day-to-day grind that most Ph.D. students experience. However,tary day-to-day grind that most Ph.D. students experience. However,

after a while, Dawson seemed visibly disappointed with the relativelyafter a while, Dawson seemed visibly disappointed with the relatively
sloslow w pacpace e of our of our proprogregress. ss. PePeter and I ter and I thothoughught t wwe e wewere doing fine,re doing fine,

but Dawson didn’t seem happy with our work, so he no longer felt likebut Dawson didn’t seem happy with our work, so he no longer felt like

aiming for an upcoming paper submission deadline.aiming for an upcoming paper submission deadline.

At the time, I couldn’t understand why Dawson was so impatientAt the time, I couldn’t understand why Dawson was so impatient

with us, but I can now sympathize with his feelings of frustration. Hewith us, but I can now sympathize with his feelings of frustration. He

had such a crystal-clear vision for Klee-UC in his mind, and he wantedhad such a crystal-clear vision for Klee-UC in his mind, and he wanted

somsome e taltalenenteted d and hardwand hardworkorking studeing studentnts s to carry out to carry out his visiohis vision. n. If If 

Dawson were still a Ph.D. student, then he would have surely beenDawson were still a Ph.D. student, then he would have surely been

able to get Klee-UC done in a matter of weeks and then singlehandedlyable to get Klee-UC done in a matter of weeks and then singlehandedly
wriwrite up te up and publiand publish a sh a toptop-ti-tier paper. er paper. His publHis publishishing tracing track k recrecordord

when he was a student was beyond prolific, which is how he got awhen he was a student was beyond prolific, which is how he got a

top-ttop-tier facultier faculty y job at job at StanfStanford. ord. HowHowevever, since er, since he was he was now busy withnow busy with

professor duties such as teaching, committee work, paper reviewing,professor duties such as teaching, committee work, paper reviewing,

anand d ototheher r ererrarandnds, s, he he cocoululd d nonot t dedevvotote e ththe e ththouousasandnds s of of hohoururs s of of 

focused labor necessary to turn this idea into a publishable paper.focused labor necessary to turn this idea into a publishable paper.

Like all professors in labor-intensive research fields, Dawson neededLike all professors in labor-intensive research fields, Dawson needed

students to execute on his visions.students to execute on his visions.

I think that Dawson expected Peter and me to have gotten pub-I think that Dawson expected Peter and me to have gotten pub-
lishable results much faster, so to him, we either seemed incompetentlishable results much faster, so to him, we either seemed incompetent

or or nonot t seseririouous s enenouough gh aboabout our ut our jojobsbs. . As a As a prprofofesessosor r at a at a totop-p-titierer

university, it’s a sad reality that all of Dawson’s students are probablyuniversity, it’s a sad reality that all of Dawson’s students are probably

lesless s comcompetepetent than he nt than he wwas as as as a a Ph.Ph.D. studeD. studentnt. . The expThe explanlanatiation ison is

simsimpleple: : OnlOnly y abouabout t 1 1 out of out of evevery 75 ery 75 Ph.Ph.D. studeD. studentnts s frofrom m a a toptop-ti-tierer

university has what it takes to become a professor at a school likeuniversity has what it takes to become a professor at a school like

Stanford (or maybe 1 out of every 200 Ph.D. students from a regularStanford (or maybe 1 out of every 200 Ph.D. students from a regular

uniuniveversirsitty). y). UnUnsursurpriprisinsinglygly, , neineithether r PePeter ter nor nor I I wwas as of of thathat t calcaliberiber..

If Dawson had worked with a younger clone of himself, then progressIf Dawson had worked with a younger clone of himself, then progress
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would have been a lot faster!would have been a lot faster!

Even though we put in a solid effort during those two months, PeterEven though we put in a solid effort during those two months, Peter

and I felt like we had really let Dawson down on a project he caredand I felt like we had really let Dawson down on a project he cared

deeply about. Peter was so discouraged that he switched advisors anddeeply about. Peter was so discouraged that he switched advisors and

thethen n latlater droppeer dropped d out of out of the Ph.Dthe Ph.D. . proprogragram m altaltogeogethether. r. WitWith h mymy
teamteammate gone, I mate gone, I grew more disillusigrew more disillusioned and oned and decidecided to ded to quit Klee forquit Klee for

the final time.the final time.

∼∼

Two years after Peter and I left the Klee project, Dawson finallyTwo years after Peter and I left the Klee project, Dawson finally

found a new Ph.D. student who could properly implement his Klee-found a new Ph.D. student who could properly implement his Klee-

UC vision to fruition. In 2011, Dawson and his new student publishedUC vision to fruition. In 2011, Dawson and his new student published

aa   great paper  great paper  incorporating both Klee-UC and cross-checking ideas.  incorporating both Klee-UC and cross-checking ideas.

In the end, it took three attempts by four Ph.D. students over theIn the end, it took three attempts by four Ph.D. students over the

course of five years before Dawson’s initial Klee-UC idea turned into acourse of five years before Dawson’s initial Klee-UC idea turned into a

publipublished paper. shed paper. Of those four Of those four studestudentsnts, , only one only one “surv“surviveived”—I quitd”—I quit

the Klee project, and two others quit the Ph.D. program altogether.the Klee project, and two others quit the Ph.D. program altogether.

From an individual student’s perspective, the odds of success were low.From an individual student’s perspective, the odds of success were low.

FFrom rom a a proprofesfessorsor’s ’s persperspectpectivive, e, thothoughugh, , KlKlee-ee-UC UC wwas as a a rourousinsingg

sucsuccecess! ss! SinSince Dawce Dawson had tenson had tenureure, , his job was nevhis job was never in er in dandangerger. . InIn

fact, one of the purposes of tenure is to allow professors to take risksfact, one of the purposes of tenure is to allow professors to take risks

by atteby attemptmpting bolder projecing bolder project t ideideas. as. HoHowewevever, r, the dark side of the dark side of thithiss

privilege is that professors will often assign students to grind on riskyprivilege is that professors will often assign students to grind on risky
projects with low succesprojects with low success rates. s rates. And the studenAnd the students often can’t refuse,ts often can’t refuse,

sinsince ce thethey y are fundeare funded d by their advisby their advisorsors’ ’ gragrantnts. s. ThaThankfnkfullullyy, , sinsince ce II

was funded by fellowships, it was much easier for me to quit Klee.was funded by fellowships, it was much easier for me to quit Klee.

I I dodon’n’t t memean to an to sisingngle out le out DaDawswson on or Kleor Klee e in partin particiculularar. . ThThisis

mismatch of incentives between tenured professors and Ph.D. studentsmismatch of incentives between tenured professors and Ph.D. students

is a common problem inis a common problem in  most  most   labor-intensive science and engineering labor-intensive science and engineering

research projects. What often happens is that a professor starts withresearch projects. What often happens is that a professor starts with

a pile of grant money and some high-level vision (e.g., Klee-UC ora pile of grant money and some high-level vision (e.g., Klee-UC or

cross-checking). The professor then hires several students and advisescross-checking). The professor then hires several students and advises

http://www.pgbovine.net/PhD-memoir/ucklee-cav-2011.pdf
http://www.pgbovine.net/PhD-memoir/ucklee-cav-2011.pdf
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them on implementing that vision, possibly (but not always) as part of them on implementing that vision, possibly (but not always) as part of 

their dissertation work. Without thousands of hours of student labor,their dissertation work. Without thousands of hours of student labor,

there would be no tangible results and thus no publications.there would be no tangible results and thus no publications.

The professor might need to go through several rounds of studentThe professor might need to go through several rounds of student

failures and dropouts before one set of students eventually succeeds.failures and dropouts before one set of students eventually succeeds.
Sometimes that might take two years, sometimes five years, or some-Sometimes that might take two years, sometimes five years, or some-

times evtimes even ten years to achieven ten years to achieve. e. ManMany proy projectjects last s last longelonger than r than indi-indi-

vidual Ph.D. student “lifetimes.” But as long as the original vision isvidual Ph.D. student “lifetimes.” But as long as the original vision is

realirealized and publishezed and published, then the d, then the project is project is consiconsideredered a d a succesuccess. ss. TheThe

professor is happy, the university department is happy, the grant fund-professor is happy, the university department is happy, the grant fund-

ing agency is happy, and the final surviving set of students is happy.ing agency is happy, and the final surviving set of students is happy.

BuBut t whwhat at aboabout ut ththe e ststududenent t cacasusualaltities es alalonong g ththe e wwaay? y? A A tetennurureded

professor can survive several years’ worth of failures, but a Ph.D. stu-professor can survive several years’ worth of failures, but a Ph.D. stu-

dent’s fledgling career—and psychological health—will likely be ruineddent’s fledgling career—and psychological health—will likely be ruined

by such a chain of disappointments.by such a chain of disappointments.

∼∼

I attended Cristi’sI attended Cristi’s  oral defense  oral defense   in May 2009, the end of my third in May 2009, the end of my third

year. The oral defense is the final rite of passage before a student earnsyear. The oral defense is the final rite of passage before a student earns

their Ph.D. degree: The student gives a one-hour presentation on theirtheir Ph.D. degree: The student gives a one-hour presentation on their

dissertation research and must answer critical questions from a paneldissertation research and must answer critical questions from a panel

of of proprofesfessorsors. s. DaDawsowson, n, who is who is nornormalmally ly quiquiet and et and resreserverved, ed, beambeamededwith visible pride as he introduced Cristi to the audience and ravedwith visible pride as he introduced Cristi to the audience and raved

about what a pleasure it was to have worked together over the pastabout what a pleasure it was to have worked together over the past

few yefew years to ars to crecreate Kleeate Klee. . His praiHis praise was wellse was well-de-deserserveved: d: CriCristi did sti did aa

wonderful job throughout his Ph.D., and the ideas embodied by Kleewonderful job throughout his Ph.D., and the ideas embodied by Klee

helped create a brand-new subfield (calledhelped create a brand-new subfield (called   mixed   mixed concrconcrete/symbolic ete/symbolic 

program execution program execution ) within the software bug-finding research world.) within the software bug-finding research world.

As I watched Cristi’s oral defense presentation, it finally sank inAs I watched Cristi’s oral defense presentation, it finally sank in

that it would be almost impossible for me to get a substantive disserta-that it would be almost impossible for me to get a substantive disserta-

tion out of Klee, so I felt more confident in my decision to quit. Cristi’stion out of Klee, so I felt more confident in my decision to quit. Cristi’s



  

YYeeaar  r  TThhrreeee:  :  RReellaappsse  e  4433

phenomenal success made it more difficult for Dawson’s younger stu-phenomenal success made it more difficult for Dawson’s younger stu-

dents to publish and graduate. The groundbreaking initial Klee workdents to publish and graduate. The groundbreaking initial Klee work

had had alralreadeady y been been dondone; e; all all thathat t remremainained ed wwere ere folfollolow-uw-up p incincremremen-en-

tal enhancements such as improving the search algorithm, Klee-UC,tal enhancements such as improving the search algorithm, Klee-UC,

cross-checking, and applying Klee to new types of software such ascross-checking, and applying Klee to new types of software such as
LinLinux ux devdevice ice dridrivevers. rs. AltAlthouhough gh thethese se projeprojects cts coucould ld cercertaitainly nly makmakee

for publishable papers and maybe even a dissertation, Dawson wasn’tfor publishable papers and maybe even a dissertation, Dawson wasn’t

nearly as hungry to publish as our newly-arrived competitors were.nearly as hungry to publish as our newly-arrived competitors were.

Since Klee (and a few related projects from 2005 to 2008) cre-Since Klee (and a few related projects from 2005 to 2008) cre-

ated a new subfield, dozens of assistant professors and young researchated a new subfield, dozens of assistant professors and young research

scientists quickly jumped on the bandwagon and ferociously crankedscientists quickly jumped on the bandwagon and ferociously cranked

out paper after paper describing incremental improvements to try toout paper after paper describing incremental improvements to try to

wiwin n tetennurure e or or jojob b prpromomototioionsns. . It It wwas as lilikke e an an acacadadememic ic gogold ld rurushsh,,

prompted by the insights of Cristi, Dawson, and a few other early pi-prompted by the insights of Cristi, Dawson, and a few other early pi-
oneers. Since Dawson had tenure and was already famous for creatingoneers. Since Dawson had tenure and was already famous for creating

Klee and other notable projects, he was above the fray and didn’t haveKlee and other notable projects, he was above the fray and didn’t have

a desire to publish for the sake of padding his resume.a desire to publish for the sake of padding his resume.

In effect, In effect, Ph.D. students working with those Ph.D. students working with those young researcheyoung researchers werers were

more easily able to publish and graduate, while Dawson’s students hadmore easily able to publish and graduate, while Dawson’s students had

a much harder time by comparison. In the three years since I quit Klee,a much harder time by comparison. In the three years since I quit Klee,

dozens of research groups around the world have published hundredsdozens of research groups around the world have published hundreds

of papers based on Klee-like ideas. Amazingly, fifteen of those papersof papers based on Klee-like ideas. Amazingly, fifteen of those papers

described enhancements to Klee itself, which our lab released as open-described enhancements to Klee itself, which our lab released as open-

sourcsource e softsoftwarware e to to encoencourage furtheurage further r reseresearcarch. h. In the In the meanmeantimetime, , fivfivee

of Dawson’s Ph.D. students have seriously attempted to work on Klee;of Dawson’s Ph.D. students have seriously attempted to work on Klee;

so far,so far,  only one  only one  has published a single paper (on has published a single paper (on Klee-UC Klee-UC).).

The sad irony here is that since Dawson’s direct competition wasThe sad irony here is that since Dawson’s direct competition was

now serving as conference program committee members and paper re-now serving as conference program committee members and paper re-

viewers, it was much harder to get his papers published despite theviewers, it was much harder to get his papers published despite the

fact that he co-founded this subfield in the first place. Because Dawsonfact that he co-founded this subfield in the first place. Because Dawson

had not had not been activebeen actively publishing in ly publishing in recerecent yearnt years, s, he no he no longelonger r knew allknew all

of the rhetorical tricks, newfangled buzzwords, and marketing-relatedof the rhetorical tricks, newfangled buzzwords, and marketing-related

http://www.pgbovine.net/PhD-memoir/ucklee-cav-2011.pdf
http://www.pgbovine.net/PhD-memoir/ucklee-cav-2011.pdf
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contortions required to satisfy reviewers and get his papers acceptedcontortions required to satisfy reviewers and get his papers accepted

ininto to toptop-ti-tier er conconferferencences. es. AlsAlso, o, the more the more furfuriouiously sly his compethis competitoitorsrs

published, the more strict the reviewers became about demanding forpublished, the more strict the reviewers became about demanding for

him and his students to justify the originality of their ideas in relationhim and his students to justify the originality of their ideas in relation

to the piles of related work, and the more frustrating the paper re-to the piles of related work, and the more frustrating the paper re-
 jections  jections became. became. After After all, all, without without Dawson’s Dawson’s groundbreaking groundbreaking insightsinsights

from the past decade, these picky reviewers would not even be workingfrom the past decade, these picky reviewers would not even be working

in this subfield, much less criticizing and rejecting his papers!in this subfield, much less criticizing and rejecting his papers!

I calculated that the only advantage of staying with Klee was thatI calculated that the only advantage of staying with Klee was that

DaDawsowson n deedeeply lovply loved the ed the projecproject. t. EvEven if en if I I coucouldnldn’t get ’t get anany y papepapersrs

published, he could maybe appeal to let me “pity graduate” with zeropublished, he could maybe appeal to let me “pity graduate” with zero

publications. But given my painful past with Klee, I couldn’t stomachpublications. But given my painful past with Klee, I couldn’t stomach

the possibility of grinding on it for an unknown number of additionalthe possibility of grinding on it for an unknown number of additional

years just for the hope of a pathetic “pity graduation.”years just for the hope of a pathetic “pity graduation.”

By now, I had finished three years of my Ph.D. still without anyBy now, I had finished three years of my Ph.D. still without any

ideidea a of of hohow w I I wwas as goigoing ng to evento eventuatually put lly put togtogetether a her a disdissersertattationion. . II

had no concrete plan looking forward, but I knew that I wanted to gethad no concrete plan looking forward, but I knew that I wanted to get

away from Klee once and for all.away from Klee once and for all.



  

IntermissionIntermission

Immediately after my third year of Ph.D., I spent the summer of 2009Immediately after my third year of Ph.D., I spent the summer of 2009

in Seattle, Washington as an intern at the headquarters of Microsoftin Seattle, Washington as an intern at the headquarters of Microsoft

ReReseseararcch. h. It It wwas as onone e of of ththe e momost fun st fun anand d prproduoductctivive e susummmmerers s of of 

mmy y lilifefe: : My My ininteternrnshship ip prprojecoject t leled d to to ththe e pupublblicicatatioion n of of ththreree e totop-p-

tietier r conconferferencence e papepapers rs andand, , mormore e imporimportantantlytly, , helhelped ped estestablablish ish thethe
motivation for my dissertation work.motivation for my dissertation work.

At present, Microsoft Research is the premier corporate institutionAt present, Microsoft Research is the premier corporate institution

for producfor producing top-ning top-notcotch h acaacademdemic ic resresearearcch. h. ResResearearcch h lablabs s in in mosmostt

comcompanpanies ies are are usuusuallally y focufocused sed on on R&D R&D effoefforts rts to to dirdirecectly tly impimproroveve

their own future products. However, the primary mission of Microsofttheir own future products. However, the primary mission of Microsoft

Research (abbreviated “MSR”) is to perform fundamental science andResearch (abbreviated “MSR”) is to perform fundamental science and

engineering research with the intent of publishing top-tier academicengineering research with the intent of publishing top-tier academic

papers in computer science and a few related fields.papers in computer science and a few related fields.

The best way to think of MSR is as a giant research universityThe best way to think of MSR is as a giant research university
witwithouhout t anany y stustudendents. ts. The The fulfull-tl-time ime resresearearccherhers s are are liklike e proprofesfessorsors,s,

except that they can focus nearly all of their time on research sinceexcept that they can focus nearly all of their time on research since

they don’t have teaching or advising duties. But perhaps their favoritethey don’t have teaching or advising duties. But perhaps their favorite

 job  job benefit benefit is is that that they they don’t don’t need need to to apply apply for for grant funding, grant funding, which iswhich is

a tedious recurring activity that saps professors’ time. Since Microsofta tedious recurring activity that saps professors’ time. Since Microsoft

is an immensely profitable company, it allocates hundreds of millionsis an immensely profitable company, it allocates hundreds of millions

of dollars each year to funding academic (paper-producing) research.of dollars each year to funding academic (paper-producing) research.

Microsoft is betting that some of the intellectual property created byMicrosoft is betting that some of the intellectual property created by

its researchers might inspire future products, and it also wants theits researchers might inspire future products, and it also wants the

4545
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best minds in best minds in compucomputer scienter science on ce on staff for consultastaff for consultation. tion. ThatThat’s why’s why

the company gives its researchers access to all of the resources requiredthe company gives its researchers access to all of the resources required

to do their best work.to do their best work.

Getting a full-time researcher position at MSR is as difficult asGetting a full-time researcher position at MSR is as difficult as

gettgetting a ing a job as job as a a profeprofessor at ssor at a a prestprestigious univigious universiersityty. . AlthAlthough MSRough MSR

researchers don’t technically have tenure, job security is fairly good,researchers don’t technically have tenure, job security is fairly good,

especiaespecially if lly if they conthey contintinually publishually publish. . Since lots of Since lots of compucomputer sciencter sciencee

researesearcrch h is is labor-ilabor-intentensivnsive, e, researesearcrchers often hers often hire hire Ph.DPh.D. . studestudentnts s asas

sumsummer inmer interterns to ns to helhelp p impimplemlemenent t thetheir ideasir ideas. . It’It’s s a a gregreat deal forat deal for

both both parpartieties: s: ReReseasearcrcherhers s get get stustudendents ts to to assassist ist witwith h manmanual ual laborlabor,,

and students get the chance to publish top-tier papers with famousand students get the chance to publish top-tier papers with famous

researchers outside of their universities and possibly get letters of rec-researchers outside of their universities and possibly get letters of rec-

ommendation for future jobs. In the past decade, a significant fractionommendation for future jobs. In the past decade, a significant fraction

of the papers at top-tier computer science conferences were written byof the papers at top-tier computer science conferences were written by
MSR researchers and their interns.MSR researchers and their interns.

WhWhen en I I ararririvved ed at at ththe e MSMSR R heheadadququararteters rs in in ththe e begbegininnining ng of of 

the summer, the campus was abuzz with the energy of hundreds of the summer, the campus was abuzz with the energy of hundreds of 

Ph.D. students meeting their managers and preparing to get to work.Ph.D. students meeting their managers and preparing to get to work.

Since we were there for only three months, our managers planned well-Since we were there for only three months, our managers planned well-

defined projects that would likely result in a paper submission. Mostdefined projects that would likely result in a paper submission. Most

of us were able to submit at least one paper from our summer work,of us were able to submit at least one paper from our summer work,

and a fraction of those papers ended up getting published. Of course,and a fraction of those papers ended up getting published. Of course,

resresearearch ch is is inhinhereerentntly ly risriskyky, , so so somsome e ininteterns rns wewere re assassignigned ed projecprojectsts

that nevethat never r pannepanned d out into publicatout into publications. ions. NoneNonetheletheless, ss, almost evealmost every-ry-

one had a wonderful time—we were paid over four times our usual gradone had a wonderful time—we were paid over four times our usual grad

school stipends, treated to fun Microsoft-sponsored social outings, andschool stipends, treated to fun Microsoft-sponsored social outings, and

attended lots of stimulating talks by top-notch researchers.attended lots of stimulating talks by top-notch researchers.

Perhaps the longest-lasting impact of an MSR internship is thePerhaps the longest-lasting impact of an MSR internship is the

frifriendendshiships ps we all we all madmade. e. DurDuring that summeing that summer, r, I I had the had the priprivilvilege of ege of 

getting to know some of the brightest and most inspiring young com-getting to know some of the brightest and most inspiring young com-

putputer er scisciencence e resresearearccherhers s of of my genermy generatiation. on. FFor or insinstantance, ce, one one of of mmyy

three officemates was about to start her Ph.D. at MIT, and she hadthree officemates was about to start her Ph.D. at MIT, and she had
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already published more top-tier papers from her undergraduate re-already published more top-tier papers from her undergraduate re-

search than most Ph.D. students could ever hope to publish. Anothersearch than most Ph.D. students could ever hope to publish. Another

officemate was a UC Berkeley Ph.D. student who spent his nights andofficemate was a UC Berkeley Ph.D. student who spent his nights and

weekends working on a separate research project with collaboratorsweekends working on a separate research project with collaborators

across the country in addition to doing his internship project duringacross the country in addition to doing his internship project during
workdays. These peers will likely grow into award-winning professors,workdays. These peers will likely grow into award-winning professors,

research leaders, and high-tech entrepreneurs, so I am humbled to haveresearch leaders, and high-tech entrepreneurs, so I am humbled to have

been in their presence for a summer.been in their presence for a summer.

∼∼

The story of how I arrived at MSR that summer illustrates the im-The story of how I arrived at MSR that summer illustrates the im-

portance of combining concrete achievements with professional con-portance of combining concrete achievements with professional con-

necnectiotions. ns. ManMany y Ph.Ph.D. D. stustudendents ts get integet internsrnshiphips s (an(and d latlater er fulfull-tl-timeime

 jobs)  jobs) through through some some sort sort of of connection, connection, and and I I was was no no exception.exception.

I first applied to be an intern at MSR during my second year while II first applied to be an intern at MSR during my second year while I

was working with Scott and Joel on their HCI programming lab studywas working with Scott and Joel on their HCI programming lab study

project. I applied through regular channels by submitting my resumeproject. I applied through regular channels by submitting my resume

online, and my application was quickly rejected in favor of those stu-online, and my application was quickly rejected in favor of those stu-

dents with more publications and usually some inside connections.dents with more publications and usually some inside connections.

One year later, during my third year, an MSR researcher saw thatOne year later, during my third year, an MSR researcher saw that

my work with Scott and Joel had beenmy work with Scott and Joel had been  published in an HCI confer- published in an HCI confer-

enceence, so he emailed me to ask whether I was interested in doing an, so he emailed me to ask whether I was interested in doing an

internship with him on a loosely related project. He sought me out ininternship with him on a loosely related project. He sought me out in
particular because my first undergraduate research supervisor at MITparticular because my first undergraduate research supervisor at MIT

had introduced us to one another several years earlier, so he had somehad introduced us to one another several years earlier, so he had some

recollection of who I was.recollection of who I was.

I was honored by his offer but told him that I was no longer workingI was honored by his offer but told him that I was no longer working

on on HCHCI I rereseseararcch; h; bby y ththenen, , I I hahad d alalrereadady y gogone ne babacck k to to bubug-g-finfindidingng

work with Klee. However, I expressed a strong interest in working onwork with Klee. However, I expressed a strong interest in working on

empirical software measurement research at MSR, since I had spentempirical software measurement research at MSR, since I had spent

my seconmy second d yeyear doing ar doing that sort of that sort of wowork with Dawson. rk with Dawson. He immediaHe immediatelytely

forwarded my resume to his colleague Tom, who was a rising star inforwarded my resume to his colleague Tom, who was a rising star in

http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
http://www.pgbovine.net/projects/pubs/brandt_chi09_webuse.pdf
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the empirical software measurement subfield. After introducing myself the empirical software measurement subfield. After introducing myself 

via email, I sent Tom thevia email, I sent Tom the short paper short paper that I coauthored with Dawson that I coauthored with Dawson

from our from our LinLinux bug ux bug report measurereport measuremenment t wowork. rk. TTom liked my om liked my paper,paper,

so he so he decdecideided d to hire me as to hire me as his summhis summer inter internern. . I had I had rearead seved several of ral of 

Tom’s research papers during my second year, so I was very excitedTom’s research papers during my second year, so I was very excited
about the possibility of working with him.about the possibility of working with him.

If I had blindly submitted my resume online like hundreds of otherIf I had blindly submitted my resume online like hundreds of other

applicants, I would have probably not been able to attract Tom’s at-applicants, I would have probably not been able to attract Tom’s at-

tention. Most of my fellow interns also got their jobs through connec-tention. Most of my fellow interns also got their jobs through connec-

tions, although usually their advisors made a direct recommendationtions, although usually their advisors made a direct recommendation

to to a a relrelevevanant t MSR colleMSR colleaguague. e. InInterterestestinginglyly, , it it wwasnasn’t ’t DaDawsowson, n, butbut

rather one of my undergraduate research supervisors (from a projectrather one of my undergraduate research supervisors (from a project

I did over six years earlier) who provided the much-needed connectionI did over six years earlier) who provided the much-needed connection

for me. for me. This same supervisoThis same supervisor would later pror would later provide a crucial intrvide a crucial introduc-oduc-

tition on ththat at leled d to to mmy y firfirst st fufullll-t-timime e jojob b afafteter r grgradaduauatitionon. . FFrorom m ththisis

experience, I learned about the importance of being endorsed by anexperience, I learned about the importance of being endorsed by an

influential person; simply doing good work isn’t enough to get noticedinfluential person; simply doing good work isn’t enough to get noticed

in a hyper-competitive field.in a hyper-competitive field.

∼∼

Tom defined the high-level scope of my internship project and setTom defined the high-level scope of my internship project and set

a realistic yet ambitious goal of submitting a paper to a top-tier con-a realistic yet ambitious goal of submitting a paper to a top-tier con-

ference at the end of the summer. My project was to quantify people-ference at the end of the summer. My project was to quantify people-
related factors that affect whether software bug reports are success-related factors that affect whether software bug reports are success-

fully fixed, reassigned to others, or reopened after supposedly beingfully fixed, reassigned to others, or reopened after supposedly being

fixed. To obtain these insights, I wrote computer programs to analyzefixed. To obtain these insights, I wrote computer programs to analyze

software bug databases and employee personnel data sets within Mi-software bug databases and employee personnel data sets within Mi-

crosoft. I was well-prepared to do this sort of data mining and analysiscrosoft. I was well-prepared to do this sort of data mining and analysis

work, since I had spent most of my second year doing similar analyseswork, since I had spent most of my second year doing similar analyses

with Dawson on Linux bug report and revision control history data.with Dawson on Linux bug report and revision control history data.

Tom would drop by my office at 5pm each afternoon before he leftTom would drop by my office at 5pm each afternoon before he left

wowork to rk to cchecheck k up on up on my progrmy progressess. . AltAlthouhough gh daidaily ly cchecheck-uk-ups ps coucouldld

http://www.pgbovine.net/projects/pubs/guo_usenix09_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_usenix09_camera_ready.pdf
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potentially be stressful, I actually found them immensely helpful sincepotentially be stressful, I actually found them immensely helpful since

TTom om wawasn’sn’t t inintimtimidaidatinting g or or judjudgmegmentntal al at at allall. . GetGettinting g immimmediediateate

daily feedback made it easy for me to stay focused and motivated. Thedaily feedback made it easy for me to stay focused and motivated. The

combination of a well-defined, short-term goal and continual helpfulcombination of a well-defined, short-term goal and continual helpful

feedback made my internship workdays much more productive thanfeedback made my internship workdays much more productive than
thothose durinse during g my premy previovious three yeus three years of ars of gragrad d scschool. hool. The best partThe best part

was that I worked only during normal office hours (9am to 6pm). Therewas that I worked only during normal office hours (9am to 6pm). There

was no possible way to take my work home with me since the data waswas no possible way to take my work home with me since the data was

available only within Microsoft, so I just chilled every evening and hadavailable only within Microsoft, so I just chilled every evening and had

fun without worrying about whether I ought to be working more; backfun without worrying about whether I ought to be working more; back

at school, I constantly worried about whether I was working enoughat school, I constantly worried about whether I was working enough

since I could potentially be working during all waking moments.since I could potentially be working during all waking moments.

Since Tom had published and reviewed dozens of empirical soft-Since Tom had published and reviewed dozens of empirical soft-

ware measurement papers, he was definitely an “insider” who knewware measurement papers, he was definitely an “insider” who knew

what sorts of results and write-ups were well-liked by reviewers inwhat sorts of results and write-ups were well-liked by reviewers in

ththat subat subfiefieldld. . WhWhen it en it cacame timme time e to submto submit our paper at it our paper at ththe e enendd

of the summer, Tom was able to deftly frame our contributions inof the summer, Tom was able to deftly frame our contributions in

the context of related work, argue for why our results were novel andthe context of related work, argue for why our results were novel and

sigsignifinificancant, t, and get and get our paper our paper as as polispolished as hed as possipossibleble. . ThrThree montee monthshs

later, I was delighted to learn thatlater, I was delighted to learn that   our paper on studying causes of   our paper on studying causes of 

bug fixesbug fixes was accepted at a top-tier conference where only 14 percent was accepted at a top-tier conference where only 14 percent

of all papers submitted that year were accepted.of all papers submitted that year were accepted.

But TBut Tom wasn’t done yet! om wasn’t done yet! Since he Since he wawas s a a newlnewly-hiry-hired researced researcherher

at MSR, he was eager to establish his reputation by publishing moreat MSR, he was eager to establish his reputation by publishing more
folfollolow-uw-up p papepapers. rs. OvOver er the next few the next few yeyearsars, , wwe e useused d the resuthe results fromlts from

my summer 2009 internship to write two additional top-tier conferencemy summer 2009 internship to write two additional top-tier conference

papers, one aboutpapers, one about  bug report reassignments bug report reassignments  and another about and another about   bugbug

report report reopenireopeningsngs (which won a (which won a  Best Paper Award  Best Paper Award ).).

∼∼

http://www.pgbovine.net/projects/pubs/guo_icse10_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_icse10_camera_ready.pdf
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http://www.pgbovine.net/projects/pubs/zimmermann_icse12_seip.pdf
http://www.pgbovine.net/projects/pubs/zimmermann_icse12_seip.pdf
http://www.pgbovine.net/projects/pubs/guo_cscw11.pdf
http://www.pgbovine.net/projects/pubs/guo_icse10_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_icse10_camera_ready.pdf
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My success in doing empirical software measurement research atMy success in doing empirical software measurement research at

MSR with Tom (resulting in three top-tier papers) was a satisfyingMSR with Tom (resulting in three top-tier papers) was a satisfying

redemption from the failures that I had experienced when workingredemption from the failures that I had experienced when working

in this same subfield throughout my second year (resulting in twoin this same subfield throughout my second year (resulting in two

rejections followed by a shorter-length, second-tier paper). Since I hadrejections followed by a shorter-length, second-tier paper). Since I had
not grown much smarter between those two contrasting experiences,not grown much smarter between those two contrasting experiences,

I give most of the credit for my internship project’s success to twoI give most of the credit for my internship project’s success to two

sources: Microsoft and Tom.sources: Microsoft and Tom.

First, as an intern at MSR, I had access to a rich array of internalFirst, as an intern at MSR, I had access to a rich array of internal

data sets about data sets about MicrMicrosoft’osoft’s softws software bugs and are bugs and personnpersonnel files. el files. TherTheree

was no way that I could have gotten access to those confidential datawas no way that I could have gotten access to those confidential data

setsets s as as an outsian outsiderder. . The ricThe richnehness ss of the of the MicMicrosrosoft data sets enabloft data sets enableses

MSR researchers such as Tom to more easily obtain groundbreakingMSR researchers such as Tom to more easily obtain groundbreaking

publishable results than their competitors who don’t have access topublishable results than their competitors who don’t have access to

sucsuch h data. data. In contraIn contrast, when I st, when I wawas working with Daws working with Dawson, the Linuxson, the Linux

data sets data sets I obtained were much smaller and of I obtained were much smaller and of lowlower qualityer quality, , since open-since open-

source software projects usually don’t maintain records as meticulouslysource software projects usually don’t maintain records as meticulously

as one of the world’s largest software companies.as one of the world’s largest software companies.

Second, Tom deserves lots of credit: Since he was a veteran insiderSecond, Tom deserves lots of credit: Since he was a veteran insider

in the empirical software measurement subfield, he knew how to advisein the empirical software measurement subfield, he knew how to advise

me as a technical mentor and also how to craft the nuances of our paperme as a technical mentor and also how to craft the nuances of our paper

subsubmismissiosions ns to to maxmaximiimize ze thetheir ir cchanhanceces s of of accaccepteptancance. e. In In concontratrast,st,

Dawson was an outsider who merely had a passing interest in theseDawson was an outsider who merely had a passing interest in these

topics, so he had neither the motivation nor the abilities to advisetopics, so he had neither the motivation nor the abilities to advise
projects in this subfield (even though he was world-famous in anotherprojects in this subfield (even though he was world-famous in another

subfield—softsubfield—software ware bug-finding).bug-finding).

During my second year, I lamented about how hard it was for Daw-During my second year, I lamented about how hard it was for Daw-

son and me to publish our work, since we had to compete with hordesson and me to publish our work, since we had to compete with hordes

of professionals who specialized in empirical software measurement.of professionals who specialized in empirical software measurement.

Now, it felt amazing to finally experience what it was like to be on theNow, it felt amazing to finally experience what it was like to be on the

winning team working alongside one of those professionals.winning team working alongside one of those professionals.

∼∼
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Even though I had a wonderful summer “intermission” from myEven though I had a wonderful summer “intermission” from my

Ph.D. program, I still didn’t have any plans for my dissertation projectPh.D. program, I still didn’t have any plans for my dissertation project

whewhen n I I retreturnurned to ed to StaStanfonford in rd in the falthe fall. l. All I All I kneknew was that I w was that I diddidn’tn’t

want to keep working on Klee, but I had no idea what I could do thatwant to keep working on Klee, but I had no idea what I could do that

was both personally motivating and, more importantly, publishable.was both personally motivating and, more importantly, publishable.
I contemplated trying to extend my current internship work intoI contemplated trying to extend my current internship work into

my dissertation. However, I ultimately concluded that it would be toomy dissertation. However, I ultimately concluded that it would be too

hard to publish more papers once I returned to Stanford and no longerhard to publish more papers once I returned to Stanford and no longer

had access to Microsofthad access to Microsoft’s inter’s internal data sets. nal data sets. In an In an ideal worideal world, I ld, I wowoulduld

have been able to do all of my dissertation work within MSR. Thishave been able to do all of my dissertation work within MSR. This

option didn’t seem feasible, though, since I didn’t know any studentsoption didn’t seem feasible, though, since I didn’t know any students

who had previously done so.who had previously done so.

As a last-ditch effort, I contacted my former internship managerAs a last-ditch effort, I contacted my former internship manager

at Google to ask whether I could become an intern again and ac-at Google to ask whether I could become an intern again and ac-

cess Google’s internal software bug data sets to do empirical softwarecess Google’s internal software bug data sets to do empirical software

measumeasuremerement researnt research. ch. He seemed recepHe seemed receptivtive to e to my idea, but my idea, but I didn’tI didn’t

folfollolow-uw-up p witwith h the proposthe proposal al sinsince it ce it seeseemed unlikmed unlikely to ely to pan out: pan out: HeHe

wasn’t an academic researcher himself, and I didn’t know anybody elsewasn’t an academic researcher himself, and I didn’t know anybody else

at Google who would be willing to support such a special arrangement.at Google who would be willing to support such a special arrangement.

Thus, I decided not to pursue empirical software measurement for myThus, I decided not to pursue empirical software measurement for my

dissertation, so the three papers that I eventually published from mydissertation, so the three papers that I eventually published from my

MSR inteMSR internsrnship hip diddidn’t n’t helhelp p me me gragraduaduate. te. HoHowwevever, er, thithis s expeexperieriencence

was still useful for improving my research and technical writing skills.was still useful for improving my research and technical writing skills.

Desperate to generate another plausible dissertation idea, I spentDesperate to generate another plausible dissertation idea, I spent
my nights and weekends throughout the summer reading research pa-my nights and weekends throughout the summer reading research pa-

pers and brainstorming at coffee shops. At one point, I even thoughtpers and brainstorming at coffee shops. At one point, I even thought

about creating a dissertation project based on Klee-like ideas but with-about creating a dissertation project based on Klee-like ideas but with-

ouout t ususining g ththe e KlKlee tool ee tool ititseselflf. . ThThis is scscheheme me wwouould ld alallolow w me to me to frfreeee

myself from Klee while still capturing some of Dawson’s interest. Un-myself from Klee while still capturing some of Dawson’s interest. Un-

fortunately, I wasn’t able to generate any substantive ideas along thosefortunately, I wasn’t able to generate any substantive ideas along those

lines that hadn’t already been published.lines that hadn’t already been published.
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And And thethen, n, on on JulJuly y 24, 24, 2002009—h9—halfalfwway ay thrthrougough h my my ininteternsrnshiphip——

insinspirpiratiation on sudsuddendenly ly strstrucuck. k. In In the midst of the midst of wriwritinting g comcomputputer er propro--

grams in my MSR office to process and analyze data, I came up withgrams in my MSR office to process and analyze data, I came up with

the initial spark of an idea that would eventually turn into the firstthe initial spark of an idea that would eventually turn into the first

projecproject t of of my dissemy dissertartatiotion. n. I I frafrannticticallally y scrscribbibbled dowled down n pagpages es uponupon
pages of notes and then called my friend Robert to make sure mypages of notes and then called my friend Robert to make sure my

ththououghghts ts wwererenen’t ’t tototatalllly y luludidicrcrouous. s. AAt t ththe e titimeme, , I I hahad d no no sesensnse e of of 

whether this idea was going to be taken seriously by the wider aca-whether this idea was going to be taken seriously by the wider aca-

demic community, but at least I now had a clear direction to pursuedemic community, but at least I now had a clear direction to pursue

when I returned to Stanford to begin my fourth year.when I returned to Stanford to begin my fourth year.
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Throughout my second year of Ph.D. and my summer 2009 intern-Throughout my second year of Ph.D. and my summer 2009 intern-

ship at MSR, I performed empirical software measurement researchship at MSR, I performed empirical software measurement research

by writing computer programs in a popular language called Pythonby writing computer programs in a popular language called Python

to to procprocessess, , anaanalyzlyze, e, and visualand visualize data ize data setsets. s. AfAfter writiter writing ng huhundrndredseds

of these sorts of Python programs, I noticed that I kept facing similarof these sorts of Python programs, I noticed that I kept facing similar
ineinefficifficiencencies ovies over and er and ovover again. er again. In In parparticticulaular, r, I I had to had to tetediodiousluslyy

keep track of a multitude of data files on my computer and whichkeep track of a multitude of data files on my computer and which

programs they depended upon; I also needed to make my programsprograms they depended upon; I also needed to make my programs

unnecessarily complex so that they could execute (run) quickly afterunnecessarily complex so that they could execute (run) quickly after

each round of incremental changes to my analyses. After letting theseeach round of incremental changes to my analyses. After letting these

observations simmer in the back of my mind during the summer, theobservations simmer in the back of my mind during the summer, the

following idea suddenly came to me on that quiet July afternoon atfollowing idea suddenly came to me on that quiet July afternoon at

MSR: By altering the Python run-time environment (called anMSR: By altering the Python run-time environment (called an    in-in-

terpreter terpreter ) in some innovative ways, I could eliminate many of these) in some innovative ways, I could eliminate many of these

inefficiencies, thereby improving the productivity of computational re-inefficiencies, thereby improving the productivity of computational re-
searchers who use Python. I named my proposed modification to thesearchers who use Python. I named my proposed modification to the

Python interpreter “IncPy,” which stands forPython interpreter “IncPy,” which stands for   IncIncremental remental   Py Py thon thon ..

∼∼

Like any pragmatic researcher, the first thing I did after coming upLike any pragmatic researcher, the first thing I did after coming up

with my IncPy idea (after calming down from the initial excitement)with my IncPy idea (after calming down from the initial excitement)

was to frantically search the Web for research papers describing relatedwas to frantically search the Web for research papers describing related

5353
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wowork. rk. ThaThankfnkfullullyy, , nobody had nobody had crecreateated d exaexactlctly y whwhat at I I wwas as plaplanninningng

to create, but there were some past research projects with a similarto create, but there were some past research projects with a similar

flaflavovor. r. ThaThat t wwas as finefine, , thothoughugh; ; no idea no idea is is trutruly originly original, so al, so thethere willre will

alwalways be ays be relatrelated proed projectjects. s. HoHowewevever, r, in order to in order to evevenentualltually y publispublish,h,

I had to make a convincing case for how IncPy was different enoughI had to make a convincing case for how IncPy was different enough
from similar projects. Within a few days, I had sketched out an initialfrom similar projects. Within a few days, I had sketched out an initial

project plan, which included arguments for why IncPy was unique,project plan, which included arguments for why IncPy was unique,

innovative, and research-worthy.innovative, and research-worthy.

Since I still had over a month left at MSR, I took advantage of Since I still had over a month left at MSR, I took advantage of 

the fact that I was around lots of smart colleagues who were also per-the fact that I was around lots of smart colleagues who were also per-

forming similar kinds of data analysis programming for their research.forming similar kinds of data analysis programming for their research.

I grabbed coffee with several colleagues and interviewed them aboutI grabbed coffee with several colleagues and interviewed them about

their data analysis work habits and inefficiencies. I then pitched themtheir data analysis work habits and inefficiencies. I then pitched them

my IncPy idea and discussed possible refinements to make it both moremy IncPy idea and discussed possible refinements to make it both more

useuseful ful and also and also mormore e ininterterestesting from ing from a a resresearearcch h persperspectpectivive. e. TheThesese

early conversations helped boost my confidence that I was on the rightearly conversations helped boost my confidence that I was on the right

track, since other people shared my frustrations with performing datatrack, since other people shared my frustrations with performing data

analysis and my enthusiasm for the ideas that IncPy embodied.analysis and my enthusiasm for the ideas that IncPy embodied.

For the rest of the summer, I spent my nights and weekends atFor the rest of the summer, I spent my nights and weekends at

coffee shops refining my fledgling IncPy idea, strengthening its “mar-coffee shops refining my fledgling IncPy idea, strengthening its “mar-

kketetining g pipitctch,h,” ” anand d gegettttining g momore re fefeededbabacck k frfrom om MSMSR R cocolllleaeagugueses. . II

emailed drafts of my idea to Dawson, but I didn’t actually care howemailed drafts of my idea to Dawson, but I didn’t actually care how

enthusiastic he was about it since this was going to be my own under-enthusiastic he was about it since this was going to be my own under-

taktakinging. . I I wawasn’sn’t t askasking for his ing for his permpermississionion; ; I I wawas s jusjust t infinformorming himing him
about what I planned to do once I returned to Stanford in the fall.about what I planned to do once I returned to Stanford in the fall.

∼∼

I rebooted my Ph.D. career as I began my fourth year at Stanford,I rebooted my Ph.D. career as I began my fourth year at Stanford,

sevseverering my ing my tieties s to the to the prepreviovious us thrthree yearee years s and startand starting anewing anew. . NoNo

more working on already-established research projects, no more try-more working on already-established research projects, no more try-

ing to scheme up ways to align with the supposed interests of professorsing to scheme up ways to align with the supposed interests of professors
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and senior colleagues, and no more worrying about what kinds of re-and senior colleagues, and no more worrying about what kinds of re-

search the academic establishment liked to see. I was now hell-bent onsearch the academic establishment liked to see. I was now hell-bent on

implementing my new IncPy idea, turning it into a publishable paper,implementing my new IncPy idea, turning it into a publishable paper,

and making it the first part of my dissertation.and making it the first part of my dissertation.

Although I was filled with newfound excitement and passion, a partAlthough I was filled with newfound excitement and passion, a part

of me was scared because I was breaking away from the establishmentof me was scared because I was breaking away from the establishment

to do something new and unproven without any professor support.to do something new and unproven without any professor support.

Most Ph.D. students in my department work on projects that theirMost Ph.D. students in my department work on projects that their

advisors or other professors are interested in, since it’s much easier toadvisors or other professors are interested in, since it’s much easier to

publish papers with the help of professors’ enthusiasm and expertise.publish papers with the help of professors’ enthusiasm and expertise.

However, even without professor backing, my hunch was that IncPyHowever, even without professor backing, my hunch was that IncPy

coucould ld becobecome me a a pubpublislishabhable le ideidea; a; I I had had accaccumumulaulated ted enoenough ugh batbattletle

scars from the past three years of research failures to develop betterscars from the past three years of research failures to develop better

inintuituitiotions ns for for whiwhicch h ideideas as migmight ht sucsucceceed. ed. TTrusrustinting g thithis s gut gut insinstintinctct
became the turning point of my Ph.D. career.became the turning point of my Ph.D. career.

On a pragmatic note, I still kept Dawson as my advisor since heOn a pragmatic note, I still kept Dawson as my advisor since he

was okay with me doing my own project and occasionally giving mewas okay with me doing my own project and occasionally giving me

high-level feedback on it. Since I was still self-funded by fellowships, Ihigh-level feedback on it. Since I was still self-funded by fellowships, I

didn’t have an obligation to continue working on Klee like the rest of didn’t have an obligation to continue working on Klee like the rest of 

Dawson’s students did. My relationship with Dawson was much moreDawson’s students did. My relationship with Dawson was much more

hanhands-ds-off off thrthrougoughouhout t the rest of the rest of mmy y Ph.Ph.D. D. yeyearsars. . WWe e proprobabbably ly metmet

less than a dozen times to talk about research; I was mostly workingless than a dozen times to talk about research; I was mostly working

on my own or seeking out collaborations with others. I didn’t want toon my own or seeking out collaborations with others. I didn’t want to

formally switch advisors, because then I would need to “pay my dues”formally switch advisors, because then I would need to “pay my dues”

all over again with a new research group. Besides, I didn’t know of anyall over again with a new research group. Besides, I didn’t know of any

professors in my department who were excited by IncPy-like ideas, orprofessors in my department who were excited by IncPy-like ideas, or

else I might have contemplated switching.else I might have contemplated switching.

To eventually graduate, I needed to form a thesis committee con-To eventually graduate, I needed to form a thesis committee con-

sisting of three professors who agree to read and approve my disserta-sisting of three professors who agree to read and approve my disserta-

tion. tion. Most students simply havMost students simply have their advisors choose committee mem-e their advisors choose committee mem-

bers for them, since they are working on “official” advisor-sanctionedbers for them, since they are working on “official” advisor-sanctioned

projects. projects. SincSince I e I wawas going s going rogue and not workinrogue and not working on g on DawDawson’s Kleeson’s Klee
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project, I didn’t have that luxury. I tried hard to find professors bothproject, I didn’t have that luxury. I tried hard to find professors both

in my own department and in other related departments (e.g., statis-in my own department and in other related departments (e.g., statis-

tics, bioinfotics, bioinformatrmatics) to ics) to servserve on e on my commitmy committee. tee. I I cold-cold-emailemailed a ed a fewfew

professors and attempted to reach others via their current students. Iprofessors and attempted to reach others via their current students. I

even made a PowerPoint slide deck to pitch my dissertation proposaleven made a PowerPoint slide deck to pitch my dissertation proposal
to potential committee members, but unfortunately, no professor wasto potential committee members, but unfortunately, no professor was

ininterterestested in ed in memeetieting with me. ng with me. HoHowwevever, insteer, instead of ad of givgiving up ing up andand

crawling back to a traditional project with more institutional support,crawling back to a traditional project with more institutional support,

I took a risk by marching forward with IncPy and hoping that theI took a risk by marching forward with IncPy and hoping that the

thesis committee issue would sort itself out later.thesis committee issue would sort itself out later.

∼∼

Taking inspiration from my HCI (Human-Computer Interaction)Taking inspiration from my HCI (Human-Computer Interaction)

work with Scott and Joel during my second year, as soon as I returnedwork with Scott and Joel during my second year, as soon as I returned

to Stanford in the fall of 2009, I began interviewing colleagues whoto Stanford in the fall of 2009, I began interviewing colleagues who

wrowrote te PytPython progrhon programs to ams to anaanalyzlyze e datdata a for their resefor their researcarch. h. My My goagoall

was was to to discdiscovover er what what their their progrprogramminamming-relg-related ated inefficinefficienciencies ies wewere,re,

and how IncPy couland how IncPy could d elieliminminate thosate those e ineinefficifficiencenciesies. . I I alsalso o had somehad some

friends arrange for me to give talks on IncPy—which was only a half-friends arrange for me to give talks on IncPy—which was only a half-

bakbaked ed ideidea a at at the timethe time—at thei—at their r lab group meetlab group meetingings. s. My My iniinitiatiativtivee

in conducting interviews and making presentations at this preliminaryin conducting interviews and making presentations at this preliminary

stage was helpful both for providing fresh ideas and also for refiningstage was helpful both for providing fresh ideas and also for refining

IncPy’s “marketing pitch.” I’m immensely grateful for the friends whoIncPy’s “marketing pitch.” I’m immensely grateful for the friends who
helped me get my project off the ground when I had nothing to showhelped me get my project off the ground when I had nothing to show

except for a few shabby PowerPoint slides.except for a few shabby PowerPoint slides.

I grew more and more encouraged as I found out that researchers inI grew more and more encouraged as I found out that researchers in

a variety of computation-based fields such as machine learning, phar-a variety of computation-based fields such as machine learning, phar-

macology, bioengineering, bioinformatics, neuroscience, and ocean en-macology, bioengineering, bioinformatics, neuroscience, and ocean en-

gineegineering all ring all performperformed similar sorts ed similar sorts of of data analysis for data analysis for theitheir r reseresearcarchh

and could benefit from a tool such as IncPy. After a few weeks of inter-and could benefit from a tool such as IncPy. After a few weeks of inter-

views and subsequent refinements to my design plans, I felt confidentviews and subsequent refinements to my design plans, I felt confident

that I had a good enough pitch to “sell” the project convincingly inthat I had a good enough pitch to “sell” the project convincingly in
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a future paper submission. The argument I wanted to make was thata future paper submission. The argument I wanted to make was that

lots of computational researchers in diverse fields struggle with severallots of computational researchers in diverse fields struggle with several

common inefficiencies in their daily programming workflow, and IncPycommon inefficiencies in their daily programming workflow, and IncPy

provides a new kind of fully automated solution to such inefficienciesprovides a new kind of fully automated solution to such inefficiencies

that nobody else has previously implemented. This initial pitch wouldthat nobody else has previously implemented. This initial pitch would
later evolve into the theme of my entire dissertation.later evolve into the theme of my entire dissertation.

With an overall strategy in place, I was ready to begin the thou-With an overall strategy in place, I was ready to begin the thou-

sands of hours of hard labor—grinding—required to turn IncPy fromsands of hours of hard labor—grinding—required to turn IncPy from

an idea inan idea into a to a rereal woral workiking protng protototype tool. ype tool. I I hahad d spespennt t ththe e enend d of of 

my summer playing the “professor role” of sketching out high-levelmy summer playing the “professor role” of sketching out high-level

desigdesigns, giving talks, and refining concepns, giving talks, and refining conceptual ideas. tual ideas. Now I was readyNow I was ready

to play the “student role” of massively grinding throughout the nextto play the “student role” of massively grinding throughout the next

year to implement IncPy.year to implement IncPy.

∼∼

By now it should be clear that having a good idea is necessaryBy now it should be clear that having a good idea is necessary

but but nonowhewhere re neanear r suffisufficiecient nt for for produproducincing g pubpublislishabhable le resresearearchch. . Ju-Ju-

nior researchers—usually Ph.D. students—must spend anywhere fromnior researchers—usually Ph.D. students—must spend anywhere from

hundreds to thousands of hours “sweating the details” to bring thathundreds to thousands of hours “sweating the details” to bring that

idea to fruition. In computer science research, the main form of laboridea to fruition. In computer science research, the main form of labor

is performing computer programming to build, test, and evaluate newis performing computer programming to build, test, and evaluate new

softsoftwaware-bare-based prototsed prototype ype tools tools and technand techniquesiques. . The nearly ten The nearly ten thou-thou-

sand hours I had spent doing many types of programming over the pastsand hours I had spent doing many types of programming over the past
decade—in classroom, hobby, research lab, and engineering internshipdecade—in classroom, hobby, research lab, and engineering internship

settings—prepared me to endure the intensely intricate programmingsettings—prepared me to endure the intensely intricate programming

required to implement research ideas such as IncPy.required to implement research ideas such as IncPy.

Implementing IncPy involved some of the grimiest programmingImplementing IncPy involved some of the grimiest programming

grgrinind d ththat I at I hahad d evever doner done. e. If I If I dididndn’t ha’t havve e alall l of thoof those house hours of rs of 

trial-by-fire training over the past decade, then I would have nevertrial-by-fire training over the past decade, then I would have never

eveven en atteattemptempted d sucsuch h a a labor-inlabor-intensitensive prove projectject. . OtheOther r people have un-people have un-

doubtedly recognized the same inefficiencies that I observed in com-doubtedly recognized the same inefficiencies that I observed in com-

putational research workflows, but what set me apart from would-beputational research workflows, but what set me apart from would-be
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competitors was that these people didn’t have the deep programmingcompetitors was that these people didn’t have the deep programming

expertise required to create aexpertise required to create a   fully automated  fully automated  solution such as IncPy. solution such as IncPy.

At best, they might create semi-automated solutions that would notAt best, they might create semi-automated solutions that would not

be substantive enough to publish in a respectable conference.be substantive enough to publish in a respectable conference.

Even though I wasn’t in love with my previous research projectsEven though I wasn’t in love with my previous research projects
earlier in grad school and during college, the technical skills and judg-earlier in grad school and during college, the technical skills and judg-

ment that I gained from those experiences made it possible for mement that I gained from those experiences made it possible for me

to now impleto now implemenment t my owmy own n ideideas as thathat t I I trutruly ly carcared about. ed about. OvOver theer the

next three years (2009 to 2011), I grinded non-stop on creating fivenext three years (2009 to 2011), I grinded non-stop on creating five

new prototype tools to help computational researchers (IncPy was thenew prototype tools to help computational researchers (IncPy was the

first), published one or more first-author papers describing each tool,first), published one or more first-author papers describing each tool,

and then combined all of that work together into a Ph.D. dissertationand then combined all of that work together into a Ph.D. dissertation

thathat t I I wwas as extextremremely proud of. ely proud of. ThThose three yeaose three years—rs—my lattemy latter r halhalf f of of 

grad school—were the most creative and productive of my life thusgrad school—were the most creative and productive of my life thus

far, in stark contrast to my meandering first half of grad school.far, in stark contrast to my meandering first half of grad school.

I became fiercely self-driven by an enormous amount of I became fiercely self-driven by an enormous amount of  productive  productive 

rage rage . . I turneI turned steed steelyly, , detdetermermineined, d, and ultand ultra-ra-focufocusedsed. . EvEvery tiery time Ime I

reflected back on the inefficiencies, failures, and frustrations that I hadreflected back on the inefficiencies, failures, and frustrations that I had

endured during my first three years of grad school, I would grow moreendured during my first three years of grad school, I would grow more

enraged and push myself to grind even harder; I was motivated by anenraged and push myself to grind even harder; I was motivated by an

obsesobsessivsive urge to e urge to makmake up e up for supposedlfor supposedly lost time. y lost time. Of courseOf course, those, those

early years weren’t actually lost; without those struggles, I wouldn’tearly years weren’t actually lost; without those struggles, I wouldn’t

have gained the inspiration or abilities to create the five projects thathave gained the inspiration or abilities to create the five projects that

comprised my dissertation.comprised my dissertation.

∼∼

HoHowweveverer, , as as I I wwas as aboabout ut to to bebegigin n mmy y fofoururth th yyeaear r of of PhPh.D.D. . inin

September 2009, I had no sense of what awaited me in the futureSeptember 2009, I had no sense of what awaited me in the future

and definitely no grand plans for a five-project, 230-page dissertation.and definitely no grand plans for a five-project, 230-page dissertation.

I didn’t even know whether any professors would take my unprovenI didn’t even know whether any professors would take my unproven

ideas seriously enough to agree to serve on my thesis committee. All Iideas seriously enough to agree to serve on my thesis committee. All I
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wanted to do was implement IncPy, try to get it published, and thenwanted to do was implement IncPy, try to get it published, and then

figure out my next move when the time came.figure out my next move when the time came.

I was about to start implementing (programming) IncPy when anI was about to start implementing (programming) IncPy when an

unexpected bit of fortune struck. At the time, I had no idea that thisunexpected bit of fortune struck. At the time, I had no idea that this

one minor event would lead to a cascade of other good luck that wouldone minor event would lead to a cascade of other good luck that would

pave the way for my graduation. One day at lunch, my friend Robertpave the way for my graduation. One day at lunch, my friend Robert

told me he was planning to submit a paper about his new researchtold me he was planning to submit a paper about his new research

project to a workshop whose deadline was in 2.5 months.project to a workshop whose deadline was in 2.5 months.

Normally, I wouldn’t have thought twice about such an announce-Normally, I wouldn’t have thought twice about such an announce-

menment t for twfor two o reareasonsons: s: FirFirst, st, RobeRobert’rt’s s resresearearcch h toptopic ic (in a (in a subsubfielfieldd

calledcalled data provenance  data provenance ) was unrelated to IncPy, so where he planned to) was unrelated to IncPy, so where he planned to

submit papers had no relevance to me. Second, a publishedsubmit papers had no relevance to me. Second, a published  workshop workshop

paper paper   usually does not “count” as a dissertation contribution in our  usually does not “count” as a dissertation contribution in our

depadepartmenrtment. t. WWorkshorkshop papers op papers are meant to are meant to dissedisseminatminate e early ideasearly ideas
and are not scrutinized as rigorously as conference papers. Whereas aand are not scrutinized as rigorously as conference papers. Whereas a

conference paper submission has an 8 to 30 percent chance of accep-conference paper submission has an 8 to 30 percent chance of accep-

tance, a workshop paper submission has a 60 to 80 percent chance.tance, a workshop paper submission has a 60 to 80 percent chance.

Most professors in our department don’t encourage students to sub-Most professors in our department don’t encourage students to sub-

mit to workshops, since if the paper gets accepted (which is likely),mit to workshops, since if the paper gets accepted (which is likely),

the professor must pay around $1,500 of travel, hotel, and registrationthe professor must pay around $1,500 of travel, hotel, and registration

costs using their grant money for the student to attend and give acosts using their grant money for the student to attend and give a

tatalk lk at the at the wwororkskshohop. p. It costIt costs s aboabout as ut as mmucuch h to send a to send a ststududenent t toto

a workshop as to a conference, and conference papers are much morea workshop as to a conference, and conference papers are much more

prestigious both for the student and the professor. Thus, top-tier com-prestigious both for the student and the professor. Thus, top-tier com-

puter science professors strongly encourage students to publish moreputer science professors strongly encourage students to publish more

selective conference papers and eschew workshops altogether.selective conference papers and eschew workshops altogether.

I asked Robert why his advisor encouraged him to submit his early-I asked Robert why his advisor encouraged him to submit his early-

stage idea to a workshop rather than developing it further and sub-stage idea to a workshop rather than developing it further and sub-

mitting to a conference at a later date. He said that it was partly outmitting to a conference at a later date. He said that it was partly out

of convenience, since the workshop was located in nearby San Jose.of convenience, since the workshop was located in nearby San Jose.

His entire research group planned to attend since it was only 20 milesHis entire research group planned to attend since it was only 20 miles

from Stanford, so he also wanted to present a paper there.from Stanford, so he also wanted to present a paper there.
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Out of curiosity, I looked at the workshop’s website to see whatOut of curiosity, I looked at the workshop’s website to see what

topics were of interest to the organizers. Although it was a workshoptopics were of interest to the organizers. Although it was a workshop

on data provenance (Robert’s research area), the topics list included aon data provenance (Robert’s research area), the topics list included a

bullet point entitled “efficient/incremental recomputation.” I thoughtbullet point entitled “efficient/incremental recomputation.” I thought

to myself:to myself:    Hmmm, Hmmm, IncPy IncPy prprovides ovides efficient efficient incrincremental reemental reccomputation omputation 
 for  for Python Python prproogrgrams, ams, so so if if I I pitch pitch my my ppapaper er prpropoperly, erly, then then maybmaybe e it’s it’s 

sort of appropriate for this workshop! sort of appropriate for this workshop!     SinSince I ce I diddidn’t neen’t need d to travto travelel

to attend the workshop, I wasn’t afraid to ask Dawson to pay for myto attend the workshop, I wasn’t afraid to ask Dawson to pay for my

registration fee if my paper was accepted. I emailed Dawson my plansregistration fee if my paper was accepted. I emailed Dawson my plans

to submit a paper to this workshop, and he wrote back with a luke-to submit a paper to this workshop, and he wrote back with a luke-

warm response. As expected, he wasn’t enthusiastic about workshopswarm response. As expected, he wasn’t enthusiastic about workshops

in general, but he was okay with me submitting since he respected thein general, but he was okay with me submitting since he respected the

workshop’s program committee co-chair, a Harvard professor namedworkshop’s program committee co-chair, a Harvard professor named

Margo (who would later play a pivotal role in helping me to graduate).Margo (who would later play a pivotal role in helping me to graduate).

The timiThe timing was perfecng was perfect: t: I I nonow w had 2.5 had 2.5 monmonths to ths to supesuper-gr-grinrind d onon

implementing a first working prototype of IncPy and then write aimplementing a first working prototype of IncPy and then write a

woworksrkshop paper hop paper subsubmismissiosion. n. SinSince ce I I kneknew w thathat t the bar the bar for workfor workshoshopp

paper acceptance was a lot lower than for a conference paper, I wasn’tpaper acceptance was a lot lower than for a conference paper, I wasn’t

too too strstressessed. ed. I I jusjust t neeneeded to ded to get a get a basbasic protoic protottype ype wworkorking reasoing reason-n-

ablably y wwell and ell and aneanecdocdotaltally ly disdiscuscuss s my experimy experiencences. es. I I disdiscocovevered red thathatt

this strategy of finding and setting short-term deadlines for myself this strategy of finding and setting short-term deadlines for myself 

would work wonders in keeping me focused throughout the rest of mywould work wonders in keeping me focused throughout the rest of my

Ph.D. yePh.D. years. ars. WithWithout self-iout self-imposed deadlimposed deadlines, it bnes, it becomecomes easy to es easy to fallfall
into a rut and succumb to chronic procrastination.into a rut and succumb to chronic procrastination.

My paperMy paper   w  was as accacceptepted ed witwith h gregreat at revreviewiews, s, and and I I attattendended ed thethe

wwororkskshohop p in in FFebebruruarary y 202010 10 to to gigivve e a a 3030-m-mininutute e tatalk lk on on itit. . In In papar-r-

ticular, I was honored that Margo, the program committee co-chair,ticular, I was honored that Margo, the program committee co-chair,

personally praised my paper and mentioned how it was related to apersonally praised my paper and mentioned how it was related to a

new Python-new Python-based project based project that her that her studestudent Elaine was startingnt Elaine was starting. . SinceSince

Elaine wasn’t at the workshop, Margo gave me Elaine’s email addressElaine wasn’t at the workshop, Margo gave me Elaine’s email address

and suggested for us to get in touch.and suggested for us to get in touch.

http://www.pgbovine.net/projects/pubs/guo_tapp10_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_tapp10_camera_ready.pdf
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At first, I was afraid that Elaine would be my direct competitionAt first, I was afraid that Elaine would be my direct competition

anand d pupublblisish h a a coconfnfererenence ce papaper per befbeforore e I I didid, d, whwhicich h wwouould ld mamakke e itit

harharder for me der for me to publito publish a sh a conconferferencence e papepaper r on IncPon IncPy: y: SinSince beingce being

first is highly valued in academia, once another researcher publishesfirst is highly valued in academia, once another researcher publishes

a similar idea and “scoops” you, then it becomes much harder to geta similar idea and “scoops” you, then it becomes much harder to get
youyour r owown n idea publisheidea published. d. But after exchaBut after exchanging some reconnainging some reconnaissancssancee

emails and video chatting with her, I was relieved to find out that sheemails and video chatting with her, I was relieved to find out that she

didn’t have plans to gear up for a conference paper submission. Also,didn’t have plans to gear up for a conference paper submission. Also,

her tool lacked the fully automatic capabilities that set IncPy aparther tool lacked the fully automatic capabilities that set IncPy apart

from related work. Once we realized that we weren’t rivals, we quicklyfrom related work. Once we realized that we weren’t rivals, we quickly

became friends. I’m glad that Elaine and I kept in touch over the nextbecame friends. I’m glad that Elaine and I kept in touch over the next

few years, since she would be partially responsible for reuniting mefew years, since she would be partially responsible for reuniting me

with Margo towards the end of my Ph.D. journey.with Margo towards the end of my Ph.D. journey.

∼∼

Although giving a talk on my IncPy workshop paper was great forAlthough giving a talk on my IncPy workshop paper was great for

getting feedback and especially for meeting Margo, that paper didn’tgetting feedback and especially for meeting Margo, that paper didn’t

coucount as nt as a a “re“real” publial” publicatcation for ion for my dissemy dissertartatiotion. n. I I kneknew w thathat t I I stistillll

needed to publish this work in a conference that professors in my de-needed to publish this work in a conference that professors in my de-

partmpartmenent t recorecognizegnized d as as legitlegitimateimate. . The biggest differeThe biggest difference betwnce between aeen a

workshop and a conference paper is that a conference paper must haveworkshop and a conference paper is that a conference paper must have

a convincinga convincing  experimental evaluation  experimental evaluation   that shows the effectiveness of   that shows the effectiveness of 

the tool or the tool or tectechnihnique being descque being describeribed d in the in the papepaper. r. A A papepaper’s evr’s eval-al-
uation section can come in many flavors ranging from measurementsuation section can come in many flavors ranging from measurements

of run-time performance to a controlled laboratory study of user be-of run-time performance to a controlled laboratory study of user be-

havior. Since many researchers come up with similar ideas, reviewershavior. Since many researchers come up with similar ideas, reviewers

carefully scrutinize how those ideas are implemented and experimen-carefully scrutinize how those ideas are implemented and experimen-

tally evaluated when deciding which papers to accept or reject.tally evaluated when deciding which papers to accept or reject.

Even at the start of my IncPy project, I knew that it would be diffi-Even at the start of my IncPy project, I knew that it would be diffi-

cult to present a convincing evaluation because the argument I wantedcult to present a convincing evaluation because the argument I wanted

to make—that IncPy can improve the productivity of computationalto make—that IncPy can improve the productivity of computational

researchers—was a subjective and fuzzy notion. After reading severalresearchers—was a subjective and fuzzy notion. After reading several
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other papers that presented similar productivity improvement claims,other papers that presented similar productivity improvement claims,

I devised a two-part evaluation strategy:I devised a two-part evaluation strategy:

1.1.   Case Studies  Case Studies: Get a collection of programs written in the Python: Get a collection of programs written in the Python

lanlanguaguage ge frofrom m a a vvariarietety y of of comcomputputatiationaonal l resresearearccherhers s and and thethenn
simulate the productivity improvements they would have achievedsimulate the productivity improvements they would have achieved

if they had used IncPy during their research rather than regularif they had used IncPy during their research rather than regular

Python.Python.

2.2.   Deployment  Deployment: Get some researchers to use IncPy rather than reg-: Get some researchers to use IncPy rather than reg-

ular Python in their daily work and have them report if and howular Python in their daily work and have them report if and how

IncPy improved their productivity.IncPy improved their productivity.

The next relevant top-tier conference submission deadline was inThe next relevant top-tier conference submission deadline was in

sesevven monen monthths, s, so so I I aiaimemed d to to hahavve e a a papapeper r rereadady y bby y ththenen. . I I spespenntt

lots of time trying to find case study subject programs and potentiallots of time trying to find case study subject programs and potential

users for deployusers for deploymenment. t. WithWithout those, there woulout those, there would d be be no evalno evaluationuation,,

no no conconferferencence e pubpubliclicatiation, on, no no disdissersertattationion, , and no and no gragraduaduatiotion. n. (O(Of f 

cocourursese, , I I ststilill l spespennt t ththe e majomajoriritty y of of mmy y wwakakining g hohoururs s dodoining g grgrimimyy

programming, debugging, and testing to implement IncPy.)programming, debugging, and testing to implement IncPy.)

I learned to be part-salesman and part-beggar, persistently askingI learned to be part-salesman and part-beggar, persistently asking

colleagues whether they had Python programs I could use for casecolleagues whether they had Python programs I could use for case

studies or, even better, whether they would be willing to install and usestudies or, even better, whether they would be willing to install and use

IncPy on a daily basis for their research and report their impressionsIncPy on a daily basis for their research and report their impressions

to me. As expected, I mostly got “No” replies, but I politely asked forto me. As expected, I mostly got “No” replies, but I politely asked for

recommendations of other people I could contact. I also invited myself recommendations of other people I could contact. I also invited myself 

to give several more talks at various lab group meetings to drum upto give several more talks at various lab group meetings to drum up

interest in IncPy. After a few months of “begging,” I obtained Pythoninterest in IncPy. After a few months of “begging,” I obtained Python

programs from half a dozen researchers in a diverse variety of fields,programs from half a dozen researchers in a diverse variety of fields,

whiwhicch h wwas as enoenough ugh to to begibegin n my case my case stustudiedies. s. I I appapprecreciatiated ed eveveryeryoneone

who helped me out during that time, since they had nothing to gainwho helped me out during that time, since they had nothing to gain

besides the goodwill of an unknown Ph.D. student.besides the goodwill of an unknown Ph.D. student.

∼∼
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Although case studies might have been sufficient for the evalua-Although case studies might have been sufficient for the evalua-

tion section of my paper submission, what I truly craved wastion section of my paper submission, what I truly craved was  deploy- deploy-

ment ment —get—getting real researcting real researchers to hers to use IncPyuse IncPy. . Not only did Not only did I feel I feel thatthat

deployment would make for a stronger evaluation, but more impor-deployment would make for a stronger evaluation, but more impor-

tantly, I genuinely believed that IncPy could improve the day-to-daytantly, I genuinely believed that IncPy could improve the day-to-day
productproductivitivity y of of compcomputatiutational researconal researchers. hers. The maThe majoritjority y of of reseresearcarchh

prototype tools are built to demonstrate a novel idea and then dis-prototype tools are built to demonstrate a novel idea and then dis-

carded, but I wanted IncPy to be practical and enduring. I didn’t justcarded, but I wanted IncPy to be practical and enduring. I didn’t just

dream up IncPy in a vacuum for the sake of publishing papers; it wasdream up IncPy in a vacuum for the sake of publishing papers; it was

inspired by real-world problems I faced when performing programminginspired by real-world problems I faced when performing programming

for my research, so I wanted real-world people to actually use it.for my research, so I wanted real-world people to actually use it.

In spite of my idealism, I understood why almost no research pro-In spite of my idealism, I understood why almost no research pro-

tottotype ype tools get tools get succsuccessfuessfully deploylly deployed. ed. The underlThe underlying reason is ying reason is thatthat

people don’t want to try a new tool unless they can instantly seepeople don’t want to try a new tool unless they can instantly see
major benefits without any drawbacks; researchers simply don’t havemajor benefits without any drawbacks; researchers simply don’t have

the time or resources to get their prototypes working well enough tothe time or resources to get their prototypes working well enough to

meet these stringemeet these stringent requirent requiremenments. ts. In In partiparticularcular, , my target users my target users areare

happy enough using regular Python—despite its inefficiencies—thathappy enough using regular Python—despite its inefficiencies—that

thethey y dondon’t ’t wwanant t to to taktake e a a risrisk k by switby switcchinhing g to to IncIncPyPy. . TTo o conconvinvincece

someone to try IncPy, I would need to guarantee that it works bettersomeone to try IncPy, I would need to guarantee that it works better

thathan n regregulaular r PytPython in hon in all possiball possible scenale scenariorios. s. WhiWhile that’le that’s s trutrue e inin

theory, in reality IncPy is a research prototype tool being maintainedtheory, in reality IncPy is a research prototype tool being maintained

by one student, so it’s bound to have numerous bugs. In contrast, theby one student, so it’s bound to have numerous bugs. In contrast, the

official Python project is over twenty years old and being maintainedofficial Python project is over twenty years old and being maintained

by hundreds of veteran programmers, so it’s much more stable andby hundreds of veteran programmers, so it’s much more stable and

reliable. As soon as someone hits a single IncPy bug, they will imme-reliable. As soon as someone hits a single IncPy bug, they will imme-

diately dismiss it as lame and switch back to using regular Python. Idiately dismiss it as lame and switch back to using regular Python. I

knew the odds were against me, but I didn’t care.knew the odds were against me, but I didn’t care.

After failing to find anybody at Stanford who was willing to installAfter failing to find anybody at Stanford who was willing to install

and use and use IncIncPyPy, , I I looklooked for ed for lealeads ds at nearbat nearby y uniuniveversirsitieties. s. In In MarMarcchh

2010, I cold-emailed a few Ph.D. students at UC Davis (a two-hour2010, I cold-emailed a few Ph.D. students at UC Davis (a two-hour

drive from Stanford) who were friends with one of my former MSRdrive from Stanford) who were friends with one of my former MSR
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intern colleagues. I appealed to their sense of altruism at helping outintern colleagues. I appealed to their sense of altruism at helping out

a fellow grad student in need and managed to invite myself over for aa fellow grad student in need and managed to invite myself over for a

visit to advertise IncPy. A few gracious professors even agreed to meetvisit to advertise IncPy. A few gracious professors even agreed to meet

with me, including one I had met at the data provenance workshop.with me, including one I had met at the data provenance workshop.

Although I received more helpful feedback, I didn’t manage to findAlthough I received more helpful feedback, I didn’t manage to find
any subjects for case studies or deployment.any subjects for case studies or deployment.

I spent the night at UC Davis and planned to return to StanfordI spent the night at UC Davis and planned to return to Stanford

the next morning. Then I thought of an impulsive idea—cold-emailingthe next morning. Then I thought of an impulsive idea—cold-emailing

FFernernandando, o, a a resresearearcch h sciscienentistist t at at UC UC BerBerkekeley ley who who wwas as paspassiosionatnatee

about the use about the use of Pythoof Python n in compuin computattationional reseaal researcrch. h. A A few monfew monthsths

eaearlrlieier, r, a a fefelllloow w grgrad ad ststududenent t whwho o atattetendnded ed onone e of of mmy y InIncPcPy y tatalklkss

emailed me a link to one of Fernando’s blog posts, and I jotted downemailed me a link to one of Fernando’s blog posts, and I jotted down

a reminder to contact Fernando sometime in the future. Now seemeda reminder to contact Fernando sometime in the future. Now seemed

liklike e a a good good timtime: e: SinSince UC ce UC BerBerkekeley was locateley was located d betbetwweeeen n UC DaviUC Daviss
and Stanford, I could potentially drop by his office on the drive backand Stanford, I could potentially drop by his office on the drive back

homhome. e. I I colcold-ed-emaimailed Fled Fernernandando o and askeand asked d if if he had he had timtime e to to cchat thehat the

nexnext mornit morning. ng. It waIt was a s a lonlong shot, but he agreg shot, but he agreed to meet wited to meet with me. h me. II

had a wonderful initial one-hour meeting with Fernando; it felt greathad a wonderful initial one-hour meeting with Fernando; it felt great

to see a well-established senior scientist support my IncPy idea.to see a well-established senior scientist support my IncPy idea.

The most significant outcome of our first meeting was that Fer-The most significant outcome of our first meeting was that Fer-

nando invited me to return to UC Berkeley the following month tonando invited me to return to UC Berkeley the following month to

givgive e a a taltalk k on IncPyon IncPy. . He told me He told me thathat t my audimy audiencence e wowould consuld consist of ist of 

neuroscientists who were using Python to run their computational re-neuroscientists who were using Python to run their computational re-
search experiments. When I gave my one-hour talk, I was a bit takensearch experiments. When I gave my one-hour talk, I was a bit taken

aback by three researchers continually interrupting and pestering meaback by three researchers continually interrupting and pestering me

with detailwith detailed questioned questions s about how well IncPy workabout how well IncPy worked in ed in practpractice. ice. AtAt

first, I thought those guys were being overly pedantic, but afterwardsfirst, I thought those guys were being overly pedantic, but afterwards

they came up to me and expressed a strong interest in trying IncPy.they came up to me and expressed a strong interest in trying IncPy.

They lamented about how they’re currently suffering from the exactThey lamented about how they’re currently suffering from the exact

kinds of inefficiencies that inspired me to create IncPy in the firstkinds of inefficiencies that inspired me to create IncPy in the first

plaplacece! ! It It turturned out ned out thathat t thethey y wwereeren’t tryinn’t trying g to to be be annannoyoying durining duringg

my talk; they just wanted to understand the details to assess whethermy talk; they just wanted to understand the details to assess whether
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it was feasible to deploy IncPy on their research lab computers.it was feasible to deploy IncPy on their research lab computers.

I was thrilled by the possibility of getting my first set of real users.I was thrilled by the possibility of getting my first set of real users.

I exchanged some emails with them and offered to drive up to UCI exchanged some emails with them and offered to drive up to UC

BerkBerkeley again to help eley again to help them instathem install and ll and set up IncPyset up IncPy. . My first emailMy first email

started with a cautiously optimistic tone:started with a cautiously optimistic tone:

ThaThanks for nks for expexpresressinsing g an an ininterterest est in in becobecominming g the the firsfirst t reareall

useuser r of my of my IncIncPy memoiPy memoizinzing g PytPython inthon interperpretreter! er! I’m realI’m reallyly

enthusiastic about getting IncPy to a state where you can useenthusiastic about getting IncPy to a state where you can use

it in your daily workflow. I think the main issues will be mostlyit in your daily workflow. I think the main issues will be mostly

grugrunge nge wwork ork witwith h insinstaltallatilation on / / setsetup up / / conconfigufiguratrationion, , whiwhichch

I am more than happy to deal with in order to give you theI am more than happy to deal with in order to give you the

smoothest possible user experience.smoothest possible user experience.

By the time I tried installing IncPy on the Berkeley neuroscien-By the time I tried installing IncPy on the Berkeley neuroscien-

tists’ computers, I had been building and testing it for seven months,tists’ computers, I had been building and testing it for seven months,

so I so I felt reasonfelt reasonably confidenably confident that t that it would work for them. it would work for them. HoHowewevever,r,

shortly after installation, we discovered that IncPy was not compatibleshortly after installation, we discovered that IncPy was not compatible

with dozens of third-party Python add-ons (calledwith dozens of third-party Python add-ons (called  extension modules  extension modules ))

thathat t thethese sciense scientistists ts wwere usinere using g in in thetheir ir daidaily ly wworkork. . In In mmy y owown n pripri--

vate testing, I tested only the basic use cases without any extensionvate testing, I tested only the basic use cases without any extension

modmodululeses. . I I wwas as hihit t wiwith th a a lelesssson on in in ththe e haharsrshnhnesess s of of rerealal-w-wororld ld dede--

ploploymenyment: t: failurfailures come in es come in unexunexpected formspected forms, , and once the and once the user getsuser gets

a bad a bad first impresfirst impression, then it’s oversion, then it’s over! ! LikLike most e most reseresearcarchers creathers creatinging

prototypes in an ivory tower, I could have never predicted that thisprototypes in an ivory tower, I could have never predicted that this

unforeseen banal extension module issue would completely derail myunforeseen banal extension module issue would completely derail my

first deployment attempt.first deployment attempt.

I I wwasasn’n’t t aboabout to ut to gigivve e upup, , ththououghgh. . I I spespennt t ththe e nenext few weext few weeksks

redesigning and reimplementing a critical portion of the IncPy coderedesigning and reimplementing a critical portion of the IncPy code

so that it now worked perfectly with any arbitrary Python extensionso that it now worked perfectly with any arbitrary Python extension

modules. I emailed the UC Berkeley neuroscientists again to ask for amodules. I emailed the UC Berkeley neuroscientists again to ask for a

second chance, but I got no response. I had one shot, and I blew it.second chance, but I got no response. I had one shot, and I blew it.

∼∼
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This disappointment spurred me to keep improving IncPy in prac-This disappointment spurred me to keep improving IncPy in prac-

tictical al waways: ys: AlAlong with ong with fixifixing ng manmany y subsubtle bugs, I tle bugs, I crcreateated ed an an IncIncPyPy

project websiteproject website   containing a short video demo, documentation, and  containing a short video demo, documentation, and

begibeginnenner r tuttutoriorialsals. . NonNone e of these huof these hundrndreds of eds of houhours of rs of effoeffort madert made

any improvements to my original research contribution, but they wereany improvements to my original research contribution, but they were
necessary if I wanted to get real user anecdotes for an evaluation sec-necessary if I wanted to get real user anecdotes for an evaluation sec-

tion of a future paper submission.tion of a future paper submission.

After a few months passed, three strangers from different parts of After a few months passed, three strangers from different parts of 

the world found IncPy via its website, downloaded a copy, and used itthe world found IncPy via its website, downloaded a copy, and used it

to speed up some of their research programming activities. Althoughto speed up some of their research programming activities. Although

three is a pathetically small number of users, at least it’s more thanthree is a pathetically small number of users, at least it’s more than

zerzero, o, whiwhicch h is is the numthe number ber of of useusers rs mosmost t resresearearch protoch protottypes ypes hahaveve. . II

felt satisfiefelt satisfied d that IncPy was in that IncPy was in a a polished enough state—polished enough state—thankthanks s to myto my

post-Berkeley improvements—that strangers were now able to use itpost-Berkeley improvements—that strangers were now able to use it
without my guidance. These three people emailed me anecdotes aboutwithout my guidance. These three people emailed me anecdotes about

how they found IncPy to be mildly useful for some parts of their work.how they found IncPy to be mildly useful for some parts of their work.

Their anecdotes weren’t strong evidence of effectiveness, but they wereTheir anecdotes weren’t strong evidence of effectiveness, but they were

better than nothing.better than nothing.

As my fourth year of Ph.D. came to an end in September 2010, IAs my fourth year of Ph.D. came to an end in September 2010, I

submitted my IncPy paper to a top-tier conference with an evaluationsubmitted my IncPy paper to a top-tier conference with an evaluation

consisting of case studies and three brief deployment anecdotes. Onlyconsisting of case studies and three brief deployment anecdotes. Only

14 percent of papers submitted to that same conference last year were14 percent of papers submitted to that same conference last year were

accepted. Thus, I knew that my paper would most likely be rejected,accepted. Thus, I knew that my paper would most likely be rejected,

both due to those meager odds and especially since IncPy didn’t neatlyboth due to those meager odds and especially since IncPy didn’t neatly

fit fit ininto to anany y tratraditditionional al acaacademdemic ic subsubfielfield. d. NonNonethetheleeless, ss, it it wwas as stistillll

wise to first aim for the top tier and then resubmit to a second-tierwise to first aim for the top tier and then resubmit to a second-tier

conference if necessary, since a top-tier publication would carry moreconference if necessary, since a top-tier publication would carry more

weight in my future graduation case.weight in my future graduation case.

I still didn’t have a clearly paved path to graduation, but at least II still didn’t have a clearly paved path to graduation, but at least I

was able to start taking charge of my own research agenda rather thanwas able to start taking charge of my own research agenda rather than

tagging along on other people’s projects. I was happy that within thetagging along on other people’s projects. I was happy that within the

past year, I had turned IncPy from the spark of an idea in my mind intopast year, I had turned IncPy from the spark of an idea in my mind into

http://www.pgbovine.net/incpy.html
http://www.pgbovine.net/incpy.html
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a semi-practical tool that benefited three strangers who downloaded ita semi-practical tool that benefited three strangers who downloaded it

from the from the IntInterneernet. t. EvEven en thougthough h this minor this minor accoaccomplismplishmenhment t wowouldn’uldn’tt

help my graduation case at all—professors respect real-world deploy-help my graduation case at all—professors respect real-world deploy-

ment far less than theoretical novelty—it was a somewhat satisfyingment far less than theoretical novelty—it was a somewhat satisfying

end to my fourth year.end to my fourth year.
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YYear ear FivFive: e: ProducProductiontion

At the beginning of my fifth year (September 2010), I still had noth-At the beginning of my fifth year (September 2010), I still had noth-

ing to ing to incluinclude in de in my (nonemy (nonexistexistentnt) disserta) dissertation. tion. By now, most of By now, most of mymy

classmates had published at least one dissertation-worthy first-authorclassmates had published at least one dissertation-worthy first-author

confeconferencrence e paper. paper. Since I Since I didn’didn’t t havhave e any dissertany dissertation-ation-woworthrthy y paperspapers

yet (the IncPy paper was still under review), I was afraid that it wouldyet (the IncPy paper was still under review), I was afraid that it would
take me seven or eight total years to graduate.take me seven or eight total years to graduate.

Within the next twelve months, though, I would publish four con-Within the next twelve months, though, I would publish four con-

ference papers and one workshop paper (all as the first author), therebyference papers and one workshop paper (all as the first author), thereby

paving a clear path for my graduation. Without a doubt, my fifth yearpaving a clear path for my graduation. Without a doubt, my fifth year

was my most productive of grad school. I was relentlessly focused.was my most productive of grad school. I was relentlessly focused.

∼∼

In the middle of summer 2010, progress on IncPy was steady, and IIn the middle of summer 2010, progress on IncPy was steady, and I
was on track to submitting a paper by the September deadline. How-was on track to submitting a paper by the September deadline. How-

ever, I knew that IncPy would not be substantive enough for an entireever, I knew that IncPy would not be substantive enough for an entire

disdissersertattationion. . So So besibesides des wworkorking ing totowawards rds the upcomithe upcoming ng papepaper r deadead-d-

line, I also spent some time thinking about my next project idea.line, I also spent some time thinking about my next project idea.

I wish I could say that my solo brainstorming sessions were moti-I wish I could say that my solo brainstorming sessions were moti-

vated by a true love for the pure essence of academic scholarship. Butvated by a true love for the pure essence of academic scholarship. But

the truth was that I the truth was that I wawas driven by straighs driven by straight-up fear: t-up fear: I was afraid of I was afraid of notnot

being able to graduate within a reasonable time frame, so I pressuredbeing able to graduate within a reasonable time frame, so I pressured

myself to come up with new ideas that could potentially lead to pub-myself to come up with new ideas that could potentially lead to pub-
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lications. I was all too aware that it might take two to three years forlications. I was all too aware that it might take two to three years for

a paper to get accepted for publication, so if I wanted to graduate bya paper to get accepted for publication, so if I wanted to graduate by

the end of my sixth year, I would need to submit several papers thisthe end of my sixth year, I would need to submit several papers this

yeyear and ar and prapray y thathat t at least twat least two o get accget acceptepted. ed. I I felfelt t rusrushed becauhed becausese

my fellowship lasted only until the end of this year. After my fundingmy fellowship lasted only until the end of this year. After my funding
expired, I would need to either find grant funding from a professor andexpired, I would need to either find grant funding from a professor and

face all of the requisite restrictions (e.g., working on Klee again), orface all of the requisite restrictions (e.g., working on Klee again), or

else become a perpetual teaching assistant and delay my graduationelse become a perpetual teaching assistant and delay my graduation

even further. Time was running out.even further. Time was running out.

On July 29, 2010, almost exactly one year after I conceived the ini-On July 29, 2010, almost exactly one year after I conceived the ini-

tial idea for IncPy, I came up with a related idea, again inspired by realtial idea for IncPy, I came up with a related idea, again inspired by real

problems that computational researchers encounter while performingproblems that computational researchers encounter while performing

datdata a anaanalyslysis. is. I I obsobserverved ed thathat t becabecause reseause researcrcherhers s wriwrite te comcomputputerer

programs in an ad-hoc “sloppy” style, their programs often crash forprograms in an ad-hoc “sloppy” style, their programs often crash for

silly reasons without producing any analysis results, thus leading tosilly reasons without producing any analysis results, thus leading to

tabletable-poundi-pounding frustrating frustration. on. My insighMy insight was that t was that by alteriby altering the ng the run-run-

time environment (time environment (interpreter interpreter ) of the Python programming language,) of the Python programming language,

I could eliminate all of those crashes and allow their sloppy programsI could eliminate all of those crashes and allow their sloppy programs

to producto produce e parpartiatial l resresultults s ratrather than no her than no resresultults. s. I I namnamed this pro-ed this pro-

posed modification to the Python interpreter “SlopPy,” which standsposed modification to the Python interpreter “SlopPy,” which stands

forfor  Slop  Slop py py   Py Py thon thon ..

Although SlopPy and IncPy are very different ideas, I implementedAlthough SlopPy and IncPy are very different ideas, I implemented

both by altering the behaviboth by altering the behavior of or of the Python intthe Python interprerpretereter. . The nearlThe nearlyy

one thousand hours I had spent over the past year hacking (modifying)one thousand hours I had spent over the past year hacking (modifying)
the Python interpreter for IncPy gave me confidence that I could im-the Python interpreter for IncPy gave me confidence that I could im-

plemeplement SlopPy fairly easilynt SlopPy fairly easily. . It took It took me only me only twtwo o monmonths to ths to creatcreate ae a

basic working prototype, run some preliminary experiments, and sub-basic working prototype, run some preliminary experiments, and sub-

mit a mit a papepaper r to a to a secsecondond-ti-tier confeer conferenrencece. . I I aimaimed for ed for thathat t conconferferencencee

both because its deadline was conveniently timed and also because Iboth because its deadline was conveniently timed and also because I

didn’t think that SlopPy was a “big” enough idea to get accepted indidn’t think that SlopPy was a “big” enough idea to get accepted in

a top-tier conference.a top-tier conference.

∼∼
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By By OcOctotober 2010ber 2010, , I I hahad d ttwwo o papaperpers s unundeder r susubmbmisissisionon. . AAt t ththisis

point, I had given up all hope of getting a job as a professor, since Ipoint, I had given up all hope of getting a job as a professor, since I

still had not published a single paper for my dissertation; competitivestill had not published a single paper for my dissertation; competitive

computer science faculty job candidates have all already published acomputer science faculty job candidates have all already published a

few acclaimed first-author papers by this time in their Ph.D. careers.few acclaimed first-author papers by this time in their Ph.D. careers.
Unless a miracle struck, I would not be able to get a respectable re-Unless a miracle struck, I would not be able to get a respectable re-

search university job, so I aimed to do only enough work to graduatesearch university job, so I aimed to do only enough work to graduate

without worrying about how my resume would appear.without worrying about how my resume would appear.

I received the opposite of a miracle: Both my IncPy and SlopPy pa-I received the opposite of a miracle: Both my IncPy and SlopPy pa-

per submissions were rejected. I was disappointed but not too shocked,per submissions were rejected. I was disappointed but not too shocked,

since I had already grown accustomed to paper rejections by this time.since I had already grown accustomed to paper rejections by this time.

There were lots of legitimate criticisms of my work, so I felt that ad-There were lots of legitimate criticisms of my work, so I felt that ad-

dressing them would strengthen my future resubmissions.dressing them would strengthen my future resubmissions.

Most notably, I had unwisely framed the pitch for IncPy in a wayMost notably, I had unwisely framed the pitch for IncPy in a way
that led to my paper being reviewed by researchers in a subfield thatthat led to my paper being reviewed by researchers in a subfield that

wawasn’t as sn’t as “frie“friendly” to ndly” to my researcmy research h philosphilosophophyy. . In In theotheoryry, , tectechnicahnicall

papers should be judged on their merit alone, but in reality, reviewerspapers should be judged on their merit alone, but in reality, reviewers

each have their own unique subjective tastes and philosophical biases.each have their own unique subjective tastes and philosophical biases.

So I drastically rewrote my introductory pitch with the aim of gettingSo I drastically rewrote my introductory pitch with the aim of getting

more amicable reviewers and then resubmitted to a second-tier con-more amicable reviewers and then resubmitted to a second-tier con-

ference to further improve its chances of acceptance. My plan worked,ference to further improve its chances of acceptance. My plan worked,

and theand the IncPy conference paper IncPy conference paper was accepted—albeit with lukewarm was accepted—albeit with lukewarm

reviews—on my second submission attempt in early 2011.reviews—on my second submission attempt in early 2011.

I later revised and resubmitted my SlopPy paper to a workshopI later revised and resubmitted my SlopPy paper to a workshop

that was being held together with the conference where I would bethat was being held together with the conference where I would be

prespresententing IncPying IncPy. . This strategThis strategy y worworked welked well l since it since it wawas s far easier tofar easier to

get a paper accepted in a workshop than in a conference. Also, Dawsonget a paper accepted in a workshop than in a conference. Also, Dawson

wouldn’t need to pay much extra for me to attend the workshop since Iwouldn’t need to pay much extra for me to attend the workshop since I

was already going to the conference to present IncPy. As expected, thewas already going to the conference to present IncPy. As expected, the

SlopPy workshop paperSlopPy workshop paper was accepted, and although it didn’t “count” was accepted, and although it didn’t “count”

as a standalone dissertation contribution, at least it was better thanas a standalone dissertation contribution, at least it was better than

no publication; I hoped to incorporate this paper as a smaller chapterno publication; I hoped to incorporate this paper as a smaller chapter

http://www.pgbovine.net/projects/pubs/guo_issta11_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_woda11_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_woda11_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_issta11_camera_ready.pdf


  

772  2  TThhe  e  PPhh..DD.  .  GGrriinndd

in my dissertation to supplement the more substantive chapters, whichin my dissertation to supplement the more substantive chapters, which

would all derive from conference papers.would all derive from conference papers.

∼∼

Back in October 2010, right after submitting the IncPy and SlopPyBack in October 2010, right after submitting the IncPy and SlopPy

papers, I asked Dawson what it would take for me to graduate in thepapers, I asked Dawson what it would take for me to graduate in the

nexnext t few yeafew years. rs. PrePredicdictabtablyly, , he he repreplielied d thathat t I I neeneeded publided publicatcationionss

as as prproof oof of of ththe e lelegigititimamacy cy of of mmy y wworork. k. He did He did hahavve e onone e coconcncreretete

suggesuggestionstion, , thougthough: h: AnotAnother her dissedissertatrtation-wion-worthorthy y project would bproject would be e forfor

me to combine my interest in Python with Klee-like ideas that he lovedme to combine my interest in Python with Klee-like ideas that he loved

in order to create an automated bug-finding tool for Python programs.in order to create an automated bug-finding tool for Python programs.

Since I wasn’t keen on returning to Klee in any form, I discarded hisSince I wasn’t keen on returning to Klee in any form, I discarded his

suggestion and continued thinking about possible extensions to IncPysuggestion and continued thinking about possible extensions to IncPy

and SlopPy that could make for a follow-up paper submission.and SlopPy that could make for a follow-up paper submission.

By this time, a nascent dissertation theme was beginning to formBy this time, a nascent dissertation theme was beginning to form

in my in my heahead: d: BotBoth h IncIncPy and Py and SloSlopPy wepPy werere   software tools to improve   software tools to improve 

the productivity of computational researchers the productivity of computational researchers . . ThThusus, , to thto thinink of k of mmyy

next project idea, I returned to identifying problems computationalnext project idea, I returned to identifying problems computational

researchers faced in their work and then designing new tools to addressresearchers faced in their work and then designing new tools to address

those problems.those problems.

SpecificallySpecifically, I , I noticed that researchers edit and execute their Pythonnoticed that researchers edit and execute their Python

programs dozens to hundreds of times per day while running computa-programs dozens to hundreds of times per day while running computa-

tional experiments; they repeat this process for weeks or months at ational experiments; they repeat this process for weeks or months at a
time before making a significant discovery. I had a hunch that record-time before making a significant discovery. I had a hunch that record-

ing and comparing what changed between program executions coulding and comparing what changed between program executions could

be be usefuseful ul for debugging problemfor debugging problems s and obtaining insighand obtaining insights. ts. TTo o facifacilitatlitatee

such comparisons, I planned to extend IncPy to record details aboutsuch comparisons, I planned to extend IncPy to record details about

which pieces of code and data were accessed each time a Python pro-which pieces of code and data were accessed each time a Python pro-

gram executes, thereby maintaining a rich history of a computationalgram executes, thereby maintaining a rich history of a computational

expeexperimrimenent. t. I I alsalso o thothoughught t it it wwoulould d be be cool for cool for resresearearccherhers s to shareto share

thesethese experiment histories  experiment histories  with colleagues so that they can learn from with colleagues so that they can learn from

what worked and didn’t work during experimental trials.what worked and didn’t work during experimental trials.
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My gut told me that some ideas along these lines could be innova-My gut told me that some ideas along these lines could be innova-

tive and publishable, but I couldn’t quite form a crisp research pitchtive and publishable, but I couldn’t quite form a crisp research pitch

yeyet; t; my thoughmy thoughts were all ts were all fuzzfuzzy y and squishyand squishy. . I I felt stucfelt stuck, k, so I so I soughsoughtt

another meeting with Fernando, whom I first met during my fourthanother meeting with Fernando, whom I first met during my fourth

year when I introduced IncPy and gave a talk at his UC Berkeley labyear when I introduced IncPy and gave a talk at his UC Berkeley lab
group meetgroup meeting. ing. FFernanernando fit do fit me into his schedume into his schedule, and le, and our one-houour one-hourr

meeting planted the seeds for my next project idea.meeting planted the seeds for my next project idea.

∼∼

As soon as I mentioned my ideas about extending IncPy to recordAs soon as I mentioned my ideas about extending IncPy to record

Python-based experiment histories, Fernando launched into a passion-Python-based experiment histories, Fernando launched into a passion-

ate sermon about a topic that I had never heard of but was fascinatedate sermon about a topic that I had never heard of but was fascinated

by:by:   reproducible research   reproducible research ..

One of the cornerstones of experimental science is that colleaguesOne of the cornerstones of experimental science is that colleagues

should be able to reproduce anyone’s research findings to verify, com-should be able to reproduce anyone’s research findings to verify, com-

pare againpare against, and build upon them. st, and build upon them. In the past decadIn the past decade, more and moree, more and more

scientists in diverse fields have been writing computer programs to an-scientists in diverse fields have been writing computer programs to an-

alyze data and make scientific discoveries. Thousands of scientific pa-alyze data and make scientific discoveries. Thousands of scientific pa-

pers published each year are filled with quantitative findings backed bypers published each year are filled with quantitative findings backed by

nunumbersmbers, , graphsgraphs, , and tables. and tables. HowHowevever, the er, the unspokunspoken shame in en shame in mod-mod-

ern science is that it’s nearly impossible to reproduce or verify any of ern science is that it’s nearly impossible to reproduce or verify any of 

those findings, since the original computer code and data sets used tothose findings, since the original computer code and data sets used to

produce those findings are rarely available. As a result, lots of papersproduce those findings are rarely available. As a result, lots of papers
containing egregious errors—due to both honest mistakes and out-containing egregious errors—due to both honest mistakes and out-

right fraud—have gone unchallenged, sometimes resulting in scientificright fraud—have gone unchallenged, sometimes resulting in scientific

claims that have led to human deaths. In recent years, reform-mindedclaims that have led to human deaths. In recent years, reform-minded

scientists such as Fernando have been trying to raise awareness for thescientists such as Fernando have been trying to raise awareness for the

importance of reproducible research in the computational sciences.importance of reproducible research in the computational sciences.

WhWhy y is is rereprproduoducicibibililitty y so so hahard rd to to acachihieveve e in in prpracactiticece? ? A A fefeww

ultra-competitive scientists purposely hide their computer code andultra-competitive scientists purposely hide their computer code and

data to fend off potential rivals, but the majority are willing to sharedata to fend off potential rivals, but the majority are willing to share

code and code and datdata a upon requeupon request. st. The main tecThe main technihnical barrical barrier, thouger, though, h, isis
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that simply obtaining someone’s code and data isn’t enough to rerunthat simply obtaining someone’s code and data isn’t enough to rerun

and reprodand reproduce theiuce their r expeexperimrimenents. ts. EvEveryeryoneone’s ’s code needcode needs s a a highighlyhly--

specificspecific   environment   environment   in which to run, and the environments on any  in which to run, and the environments on any

two computers—even those with the same operating system—differ intwo computers—even those with the same operating system—differ in

subtlsubtle and e and incoincompatimpatible wable ways. ys. ThuThus, if s, if you send your code and you send your code and datadata
to colleagues, they probably won’t be able to rerun your experiments.to colleagues, they probably won’t be able to rerun your experiments.

Fernando liked my IncPy experiment history recording idea be-Fernando liked my IncPy experiment history recording idea be-

cause it could also record information about the software environmentcause it could also record information about the software environment

wherwhere an e an experimexperimenent originally occurret originally occurred. d. Then reseThen researcarchers who usehers who use

Python can send their code, data, and environment to colleagues whoPython can send their code, data, and environment to colleagues who

want to reproduce their experiments. I came out of that meeting feel-want to reproduce their experiments. I came out of that meeting feel-

ing pumped that I had found a concrete application for my idea. Theing pumped that I had found a concrete application for my idea. The

reproducible research motivation seemed compelling enough to formreproducible research motivation seemed compelling enough to form

the storyline for a second independent IncPy-based paper submissionthe storyline for a second independent IncPy-based paper submission

and dissertation contribution.and dissertation contribution.

As I was jotting down more detailed notes, a moment of extremeAs I was jotting down more detailed notes, a moment of extreme

clarity struck:clarity struck:    Why Why limit limit this this expexperimeriment ent rreeccorording ding to to only only PythPython on 

programs programs ? ? WiWith th sosome me gegeneneraralilizazatitionons s to to mmy y idideaea, , I I cocoululd d mamakke e aa

tool that enables the easy reproduction of computational experimentstool that enables the easy reproduction of computational experiments

written in any programming language! Still in a mad frenzy, I sketchedwritten in any programming language! Still in a mad frenzy, I sketched

out the design for a new tool named “CDE,” which stands forout the design for a new tool named “CDE,” which stands for   C C oode de ,,

D D ata ata , and, and   E E nvironment nvironment ..

∼∼

When I told my idea to Dawson, he responded favorably but chal-When I told my idea to Dawson, he responded favorably but chal-

lenged me to think even bigger:lenged me to think even bigger:  Why limit CDE to targeting only sci- Why limit CDE to targeting only sci-

entisentists’ ts’ ccoode? de? Why not Why not make it make it a a genergeneral-pal-purpurpose packose packaginaging g totool ol for for 

all kinds of software programs? all kinds of software programs?    ThosThose were wise we were wise words. ords. A varA varietiety of y of 

software creators and distributors—not only scientists—have troublesoftware creators and distributors—not only scientists—have trouble

getting other people to run their programs due to the same environ-getting other people to run their programs due to the same environ-

ment incompatibility problem, which is affectionately known as “de-ment incompatibility problem, which is affectionately known as “de-

pendencpendency hell.” y hell.” DependDependency hell is especially wideency hell is especially widesprespread on ad on LinLinux-ux-
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based operating systems due to the multitude of semi-incompatiblebased operating systems due to the multitude of semi-incompatible

LinLinux ux vvariarianants ts thathat t peoppeople le useuse; ; proprogragrams ms thathat t run run on on one one persperson’on’ss

Linux computer are unlikely to run on someone else’s slightly differ-Linux computer are unlikely to run on someone else’s slightly differ-

enent t LinLinux compuux computeter. r. WitWith h somsome e adjadjustustmenments to ts to my origmy originainal l ideidea,a,

CDE could enable anybody to package up their Linux programs soCDE could enable anybody to package up their Linux programs so
that others can run them without worrying about these environmentthat others can run them without worrying about these environment

mismismatmatchches. es. I I felfelt t thrthrillilled ed thathat t CDCDE E coucould ld potepotentntialially ly allallevieviate theate the

decades-old problem of dependency hell on Linux.decades-old problem of dependency hell on Linux.

As my usual reality check, I scoured the Web for related work,As my usual reality check, I scoured the Web for related work,

looking for both research prototypes and production-quality tools withlooking for both research prototypes and production-quality tools with

similar functionality. To my relief, there wasn’t much prior work, andsimilar functionality. To my relief, there wasn’t much prior work, and

CDE stood out from the sparse competition in two important ways:CDE stood out from the sparse competition in two important ways:

FirstFirst, I , I desigdesigned CDE to be ned CDE to be mucmuch easier to use than similar tools. h easier to use than similar tools. As aAs a

user, you create a self-contained code, data, and environment packageuser, you create a self-contained code, data, and environment package
by simpby simply ly runrunninning g the progthe program that you ram that you wwanant t to to pacpackkageage. . ThThus, us, if if 

you can run a set of programs on your Linux computer, then CDEyou can run a set of programs on your Linux computer, then CDE

enables others to rerun those same programs on their Linux computersenables others to rerun those same programs on their Linux computers

withwithout any enviout any environmeronment instalnt installatiolation or n or configconfiguratiuration. on. SeconSecond, d, thethe

technical mechanism that CDE employs—a technique calledtechnical mechanism that CDE employs—a technique called   system   system 

call redirection call redirection —enables it to be more reliable than related tools in a—enables it to be more reliable than related tools in a

variety of complex, real-world use cases.variety of complex, real-world use cases.

At this point, CDE existed only as a collection of notes and designAt this point, CDE existed only as a collection of notes and design

sketches, but I sensed its potential when I realized that it was con-sketches, but I sensed its potential when I realized that it was con-
ceptually simpler, easier to use, and more reliable than all other toolsceptually simpler, easier to use, and more reliable than all other tools

in in exexisistetencnce. e. A A papart rt of of me was shocme was shockked and ed and papararanonoidid::   Why hasn’t   Why hasn’t 

anybanyboody dy else else implimplementementeed d this befothis beforre?!? e?!? This idea seeThis idea seems ms so so obvioobvious us 

in in retrretrospeospect! ct!     OnOne e possipossible reasble reason I on I dredreadeaded d wwas that nobody as that nobody hadhad

previously built something like CDE because it was impossible to getpreviously built something like CDE because it was impossible to get

the details right to make it work effectively in practice. Maybe it wasthe details right to make it work effectively in practice. Maybe it was

one of those ideas that looked good on paper but wasn’t practicallyone of those ideas that looked good on paper but wasn’t practically

feasible. I figured that there was no better way to find out than to tryfeasible. I figured that there was no better way to find out than to try

implementing CDE myself.implementing CDE myself.
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Over three intense weeks spanning October and November 2010, IOver three intense weeks spanning October and November 2010, I

super-grinded on creating the first version of CDE. As I suspected, al-super-grinded on creating the first version of CDE. As I suspected, al-

though the research idea behind CDE was straightforward, there werethough the research idea behind CDE was straightforward, there were

manmany y grigrimy my proprogragrammimming-ng-relrelateated d concontortortiotions ns reqrequiruired ed to to get get CDECDE

working on real Linux programs. I lived and breathed CDE for thoseworking on real Linux programs. I lived and breathed CDE for those
weweekseks, , forforgetgettinting g eveveryerythithing ng elselse e in in mmy y liflife. e. I I proprogragrammemmed d daday y andand

night, often dreaming in my sleep about the intricate details that mynight, often dreaming in my sleep about the intricate details that my

code had to wrestle with. Every morning, I would wake up and jumpcode had to wrestle with. Every morning, I would wake up and jump

straight to programming, feeling scared that this would finally be thestraight to programming, feeling scared that this would finally be the

day when I hit an insurmountable obstacle proving that it was, in fact,day when I hit an insurmountable obstacle proving that it was, in fact,

impossible to get CDE to work. But the days kept passing, and I keptimpossible to get CDE to work. But the days kept passing, and I kept

gettgetting closer to ing closer to my first milestonmy first milestone: e: demondemonstratstrating how CDE ing how CDE alloallowsws

me to transfer a sophisticated scientific program between two Linuxme to transfer a sophisticated scientific program between two Linux

computers and reproduce an experiment without hassle.computers and reproduce an experiment without hassle.

I felt ecstatic when, I felt ecstatic when, after three weeks of coffee-fueled fully-immersedafter three weeks of coffee-fueled fully-immersed

grinding, I finally got CDE working on my scientific program demo. Atgrinding, I finally got CDE working on my scientific program demo. At

that point, I knew that CDE had the potential to work on many kindsthat point, I knew that CDE had the potential to work on many kinds

of real-world Linux programs if I kept testing and improving its code.of real-world Linux programs if I kept testing and improving its code.

I made a ten-minute video demo introducing CDE, created aI made a ten-minute video demo introducing CDE, created a  project project

websitewebsite  containing the video and a downloadable copy of CDE, and containing the video and a downloadable copy of CDE, and

thethen n emaemaileiled d the webthe websitsite e linlink k to to somsome e frifriendends. s. UnUnbeknbeknowownst to nst to me,me,

one of my friends posted the following blurb about CDE on Slashdot,one of my friends posted the following blurb about CDE on Slashdot,

a popular online computer geek forum:a popular online computer geek forum:

A Stanford researcher, Philip Guo, has developed a tool calledA Stanford researcher, Philip Guo, has developed a tool called

CDE to automatically package up a Linux program and all itsCDE to automatically package up a Linux program and all its

dependdependencieencies (includis (including system-leng system-level librvel libraries, fontsaries, fonts, , etc!) etc!) soso

that it can be run out of the box on another Linux machinethat it can be run out of the box on another Linux machine

without a lot of complicated work setting up libraries and pro-without a lot of complicated work setting up libraries and pro-

gram versions or dealing with dependency version hell. He’s gotgram versions or dealing with dependency version hell. He’s got

binbinariaries, sources, source e codecode, , and a and a scrscreeneencascast t up. up. LookLooks s to to be be reareallylly

useful for large cluster/cloud deployments as well as programuseful for large cluster/cloud deployments as well as program

sharing.sharing.

http://www.pgbovine.net/cde.html
http://www.pgbovine.net/cde.html
http://www.pgbovine.net/cde.html
http://www.pgbovine.net/cde.html
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Within 24 hours, the Slashdot forum thread had hundreds of mes-Within 24 hours, the Slashdot forum thread had hundreds of mes-

sages, and I began receiving dozens of emails from Linux enthusiastssages, and I began receiving dozens of emails from Linux enthusiasts

around the world who downloaded and tried CDE, including gemsaround the world who downloaded and tried CDE, including gems

sucsuch h as: as: “i just wan“i just wanted to ted to teltell l u u thathat t U U RROCOCK! i’m K! i’m reareally imprlly impressesseded

to see this idea woto see this idea workirking. ng. I will promoI will promote the usage of it te the usage of it on my linuon my linuxx
commcommunitunity y hear [sic] in hear [sic] in TijuTijuana, Mexico.” ana, Mexico.” ThesThese e unfiltunfilteredered, , off-thoff-the-e-

cuff compliments from actual users meant more to me than any fellowcuff compliments from actual users meant more to me than any fellow

researcher praising my previous ideas or papers.researcher praising my previous ideas or papers.

∼∼

From a research standpoint, my mission was now accomplished: IFrom a research standpoint, my mission was now accomplished: I

successfully built an initial prototype of CDE and demonstrated thatsuccessfully built an initial prototype of CDE and demonstrated that

it it wwororkked ed on on a a rerealalisistitic c exexamamplple e ususe e cacasese. . ThThe e cocommmmon on wiwisdsdom om inin

mosmost t appapplielied d engengineineerering ing fielfields ds is is thathat t resresearearch ch proprotottotypes ypes sucsuch h asas

CDE only serve to demonstrate the feasibility of novel ideas. The jobCDE only serve to demonstrate the feasibility of novel ideas. The job

of a researcher is to create prototypes, experimentally evaluate theirof a researcher is to create prototypes, experimentally evaluate their

effectiveness, write papers, and then move on to the next idea. As a re-effectiveness, write papers, and then move on to the next idea. As a re-

searcher, it’s foolish to expect people to use your prototypes as thoughsearcher, it’s foolish to expect people to use your prototypes as though

they were real products; if your ideas are good, then professional en-they were real products; if your ideas are good, then professional en-

gingineereers s migmight adapt ht adapt thethem m ininto to thetheir ir comcompanpany’s y’s futfuture producure products. ts. AAtt

best, a few other research groups might use your prototypes as thebest, a few other research groups might use your prototypes as the

basis for building their own prototypes and then write papers citingbasis for building their own prototypes and then write papers citing

yoyours urs (e.(e.g., g., ovover er a a dozdozen en othother er uniuniveversirsity ty resresearearcch h grogroups ups hahave ve ex-ex-
tended the Klee tool and written papers about their improvements).tended the Klee tool and written papers about their improvements).

But it’s almost unheard of for non-researchers to use research proto-But it’s almost unheard of for non-researchers to use research proto-

types in their daily work. In sum, the purpose of academic research istypes in their daily work. In sum, the purpose of academic research is

to produce validated ideas, not polished products.to produce validated ideas, not polished products.

Thus, the wise course of action at the time would have been toThus, the wise course of action at the time would have been to

submit a paper on CDE and then move on to generating a new idea,submit a paper on CDE and then move on to generating a new idea,

implementing a new prototype, submitting a new paper, and repeatingimplementing a new prototype, submitting a new paper, and repeating

ununtil I til I had enouhad enough contgh contenent t to fill to fill up a up a disdissersertattationion. . I I did submdid submit andit and

publish two conference papers on CDE (apublish two conference papers on CDE (a   short introductory paper  short introductory paper

http://www.pgbovine.net/projects/pubs/guo_usenix11_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/guo_usenix11_camera_ready.pdf
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and aand a longer follow-up paper) longer follow-up paper). . BuBut t rarathther thaer than n momoviving on ng on to a to a neneww

project idea like a prudent researcher would do, I dedicated most of myproject idea like a prudent researcher would do, I dedicated most of my

fifth year to turning CDE into a production-quality piece of software.fifth year to turning CDE into a production-quality piece of software.

I had an urge to make CDE useful for as many people as possible.I had an urge to make CDE useful for as many people as possible.

I didn’t want it to languish as yet another shoddy research prototypeI didn’t want it to languish as yet another shoddy research prototype
that barely wothat barely workerked well enough to publish papers. d well enough to publish papers. I knew my effortsI knew my efforts

to polish up CDE wouldn’t be rewarded by the research communityto polish up CDE wouldn’t be rewarded by the research community

and might even delay my graduation since I could’ve spent that timeand might even delay my graduation since I could’ve spent that time

devdeveloelopinping new disseg new dissertartatiotion project iden project ideas. as. But I didn’t carBut I didn’t care. e. SinSincece

I was still funded by fellowships for the rest of the year, I had fullI was still funded by fellowships for the rest of the year, I had full

freedom to spend my time as a pro bono software maintainer ratherfreedom to spend my time as a pro bono software maintainer rather

than as a traditional researcher tied to grant funding.than as a traditional researcher tied to grant funding.

Back in my fourth year, I desperately wanted people to use IncPy,Back in my fourth year, I desperately wanted people to use IncPy,

so that’so that’s s whwhy y I I felfelt t thrthrillilled to ed to get threget three e meameasly usersly users. s. EvEven thougen thoughh

almost nobody ended up using IncPy, my irrational desire to make italmost nobody ended up using IncPy, my irrational desire to make it

into a real-world tool led me to reach out to Fernando at UC Berkeley,into a real-world tool led me to reach out to Fernando at UC Berkeley,

and it was Fernando who inspired me to create CDE. Now at theand it was Fernando who inspired me to create CDE. Now at the

beginning of my fifth year in November 2010—within a few days of beginning of my fifth year in November 2010—within a few days of 

having my video demo appear on the popular Slashdot website—CDEhaving my video demo appear on the popular Slashdot website—CDE

already had dozens of users and the potential for a lot more. Judgingalready had dozens of users and the potential for a lot more. Judging

from early email feedback, I realized that I had created somethingfrom early email feedback, I realized that I had created something

that people wanted to use in a variety of settings I hadn’t originallythat people wanted to use in a variety of settings I hadn’t originally

predipredictedcted. . In short, CDE strucIn short, CDE struck a k a chchord with all sorts of ord with all sorts of LinLinux usersux users

who were tired of suffering from dependency hell.who were tired of suffering from dependency hell.

∼∼

I spent the majority of my fifth year fixing hundreds of bugs toI spent the majority of my fifth year fixing hundreds of bugs to

make CDE work on a dizzying array of complex Linux programs; pol-make CDE work on a dizzying array of complex Linux programs; pol-

ishing up the documentation, user manual, and FAQ to make it easierishing up the documentation, user manual, and FAQ to make it easier

to use; exchanging emails and even a few phone calls with users fromto use; exchanging emails and even a few phone calls with users from

around the world; and giving numerous talks and sending “marketing”around the world; and giving numerous talks and sending “marketing”

emails to attract new users.emails to attract new users.

http://www.pgbovine.net/projects/pubs/cde_LISA.pdf
http://www.pgbovine.net/projects/pubs/cde_LISA.pdf
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At present (summer 2012), CDE has been downloaded and usedAt present (summer 2012), CDE has been downloaded and used

by ovby over er 10,10,000 people000 people. . I’vI’ve e recreceiveived ed huhundrndreds of eds of emaemails from ils from useusersrs

with feedback, new feature requests, bug reports, and cool anecdotes.with feedback, new feature requests, bug reports, and cool anecdotes.

Although this isn’t a large number of users for a commercial softwareAlthough this isn’t a large number of users for a commercial software

product, it’s extremely large for a free and open-source research toolproduct, it’s extremely large for a free and open-source research tool
being maintained by a single grad student.being maintained by a single grad student.

Here are some kinds of people who have emailed me thank-youHere are some kinds of people who have emailed me thank-you

notes and anecdotes about how they used CDE to eliminate Linuxnotes and anecdotes about how they used CDE to eliminate Linux

dependency hell in their daily work:dependency hell in their daily work:

••  Research scientists at NASA (Ames and JPL research centers) Research scientists at NASA (Ames and JPL research centers)

••  Scientists in fields such as plant biology and medical informatics Scientists in fields such as plant biology and medical informatics

••  Scientists deploying computational experiments to the European Scientists deploying computational experiments to the European

Grid distributed computing infrastructureGrid distributed computing infrastructure

••  Engineers prototyping experimental code at software companies Engineers prototyping experimental code at software companies

••   Open-source software creators and distributors  Open-source software creators and distributors

••   Linux computer system administrators  Linux computer system administrators

••   Linux hobbyists running software on incompatible variants of   Linux hobbyists running software on incompatible variants of 

Linux-based operating systemsLinux-based operating systems

••  Computer security analysts at a large anti-virus company Computer security analysts at a large anti-virus company

••  A volunteer programmer on the A volunteer programmer on the  One Laptop per Child  One Laptop per Child  nonprofit nonprofit

technology projecttechnology project

••  Computer science Ph.D. students distributing their research pro- Computer science Ph.D. students distributing their research pro-

totype softwaretotype software

••   University programmers developing software such as those for  University programmers developing software such as those for

medical visualization and protein crystallographymedical visualization and protein crystallography

••  University teaching assistants packaging up their programming- University teaching assistants packaging up their programming-

based class assignmentsbased class assignments
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Those few months were by far the most enjoyable period of myThose few months were by far the most enjoyable period of my

Ph.D. years, even though I knew that none of my software maintenancePh.D. years, even though I knew that none of my software maintenance

activactivitieities s wowould uld concontributribute te totowawards rds my dissertamy dissertation. tion. AfteAfter r the the initiinitialal

success of CDE, I no longer cared if my graduation was delayed bysuccess of CDE, I no longer cared if my graduation was delayed by

a year or more due to lack of additional publications; I got so mucha year or more due to lack of additional publications; I got so much
satisfaction from knowing that a piece of software I had invented couldsatisfaction from knowing that a piece of software I had invented could

improve many people’s computing experiences.improve many people’s computing experiences.

∼∼

CDE also enabled me to achieve one of my long-time nerd dreams:CDE also enabled me to achieve one of my long-time nerd dreams:

to give a Tech Talk at Google that was broadcast online on YouTube.to give a Tech Talk at Google that was broadcast online on YouTube.

Since the beginning of grad school, I loved watching Google Tech TalksSince the beginning of grad school, I loved watching Google Tech Talks

ononliline on ne on a a wiwide rangde range e of of acacadadememic subjeic subjectcts. s. I I drdreaeamemed d of the of the dadayy

when I could give such a talk, but I didn’t get my hopes up sincewhen I could give such a talk, but I didn’t get my hopes up since

it seemed like Google employees invited only famous professors andit seemed like Google employees invited only famous professors and

engineers—not unknown grad students—to give these talks.engineers—not unknown grad students—to give these talks.

One day while scouring the Web for projects related to CDE, IOne day while scouring the Web for projects related to CDE, I

serendipitously noticed that my former summer 2007 Google intern-serendipitously noticed that my former summer 2007 Google intern-

ship manager had recently published a paper in a reproducible researchship manager had recently published a paper in a reproducible research

woworksrkshophop. . I I emaemaileiled d him to him to advadvertertise CDE as ise CDE as a a tool for tool for facfaciliilitattatinging

reproducible research and to ask whether his colleagues might be in-reproducible research and to ask whether his colleagues might be in-

terterestested ed in in trytrying it. ing it. TTo o my pleamy pleasansant t sursurpriprise, he se, he resrespondeponded d witwith h aa

talk invitation ending in a winking smiley face: “I took a look at yourtalk invitation ending in a winking smiley face: “I took a look at your
tool. tool. LookLooks s ininterterestesting enouing enough! gh! WWoulould d yoyou u be be ininterterestested ed in in givgiving aing a

Tech Talk about it here at Google? I would certainly help organizingTech Talk about it here at Google? I would certainly help organizing

and and advadvertiertising. sing. YYou ou nevnever er knoknow w how many attendehow many attendees es you get, you get, coulcouldd

be 100, could be none ;-)”be 100, could be none ;-)”

I spent more time preparing for my Google Tech Talk than for anyI spent more time preparing for my Google Tech Talk than for any

previous talk, since I knew that it would be recorded.previous talk, since I knew that it would be recorded.   My talk  My talk went went

quite well, and afterwards a Google engineering manager (whom I hadquite well, and afterwards a Google engineering manager (whom I had

never met) pulled me aside to ask more detailed follow-up questions. Itnever met) pulled me aside to ask more detailed follow-up questions. It

turned out that he was interested in alleviating this Linux dependencyturned out that he was interested in alleviating this Linux dependency

http://www.youtube.com/watch?feature=player_embedded&v=6XdwHo1BWwY
http://www.youtube.com/watch?feature=player_embedded&v=6XdwHo1BWwY
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hell problem within the company, so that’s why he loved my talk. Hehell problem within the company, so that’s why he loved my talk. He

offered me an internship where I could spend the upcoming summeroffered me an internship where I could spend the upcoming summer

working on CDE at Google.working on CDE at Google.

I was flattered by his offer and took some time to deliberate. Pro-I was flattered by his offer and took some time to deliberate. Pro-

fessors in my department usually discourage late-stage Ph.D. studentsfessors in my department usually discourage late-stage Ph.D. students

from doing internships, since they want students to focus on finishingfrom doing internships, since they want students to focus on finishing

thetheir disseir dissertartatiotions. ns. AlsAlso, o, at the at the timtime e of my of my offeoffer, r, I I hadhadn’t yen’t yet t pubpub--

lished any first-author papers for my dissertation (several papers werelished any first-author papers for my dissertation (several papers were

under review), so I was afraid that leaving Stanford for the summerunder review), so I was afraid that leaving Stanford for the summer

might give Dawson the impression that I wasn’t serious about tryingmight give Dawson the impression that I wasn’t serious about trying

to publito publish sh and graduand graduateate. . HoHowewevever, r, my gut my gut inintuituitiotion n wawas s thathat t thithiss

was a unique and well-timed opportunity that I couldn’t turn down:was a unique and well-timed opportunity that I couldn’t turn down:

I would be paid a great salary to spend my summer continuing toI would be paid a great salary to spend my summer continuing to

wwork on ork on my own open-somy own open-sourcurce e sofsofttwaware re projeproject. ct. In In concontratrast, st, almalmostost

all interns—including myself back in 2007—were expected to work onall interns—including myself back in 2007—were expected to work on

ininterternal companal company projectny projects s assiassignegned d by theiby their r manmanageagers. rs. I I taltalkeked d toto

Dawson about my conflicting feelings, and he was quite supportive, soDawson about my conflicting feelings, and he was quite supportive, so

I accepted the internship offer.I accepted the internship offer.

I spent a super-chill summer of 2011 at Google dedicating almostI spent a super-chill summer of 2011 at Google dedicating almost

all of my workdays to improving CDE, getting new users, and findingall of my workdays to improving CDE, getting new users, and finding

creative uses within Google. For part of the summer, I worked closelycreative uses within Google. For part of the summer, I worked closely

with another Google engineer who found CDE useful for his own work,with another Google engineer who found CDE useful for his own work,

which was a great impetus for me to fix additional bugs and to improvewhich was a great impetus for me to fix additional bugs and to improve

the documthe documenentattationion. . By this pointBy this point, , I I wwas no as no lonlonger devger develoelopinping g newnew
CDE-related research ideas: I was just sweating the details to continueCDE-related research ideas: I was just sweating the details to continue

makmaking it ing it wwork betteork better. r. I I finafinally stoppelly stopped d woworkirking ng fulfull-tl-time on ime on CDECDE

after my summer internship ended and my sixth year of Ph.D. began.after my summer internship ended and my sixth year of Ph.D. began.

Out of the five projects that comprised my dissertation, CDE wasOut of the five projects that comprised my dissertation, CDE was

my favorite since it was a simple, elegant idea that turned into a prac-my favorite since it was a simple, elegant idea that turned into a prac-

tical tool with over 10,000 users. It was by far the least sophisticatedtical tool with over 10,000 users. It was by far the least sophisticated

from a research standpoint, but it was the most satisfying to work onfrom a research standpoint, but it was the most satisfying to work on

due to its real-world relevance.due to its real-world relevance.
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∼∼

Back at the beginning of my fifth year—long before the IncPy,Back at the beginning of my fifth year—long before the IncPy,

SlopPy, and CDE papers had been published—I hatched a backupSlopPy, and CDE papers had been published—I hatched a backup

plplan an in in cacase se mmy y oown projewn projectcts s fafailileded. . I I cocoldld-e-emamaililed ed JeJeff, ff, a a nenew w asas--
sistant professor in my department who shared some of my researchsistant professor in my department who shared some of my research

interests, to ask whether he was open to collaborating on a project thatinterests, to ask whether he was open to collaborating on a project that

migmight conht contritributbute e to to mmy y disdissersertattationion. . The twThe two o kekey y “se“sellilling ng poinpoints” ts” II

mentioned were that I had my own funding and that I wanted to aimmentioned were that I had my own funding and that I wanted to aim

for a top-tier paper submission deadline for a conference that he liked.for a top-tier paper submission deadline for a conference that he liked.

In exchange, he needed to serve on my thesis committee.In exchange, he needed to serve on my thesis committee.

As expecAs expectedted, , Jeff took me up Jeff took me up on my offeron my offer. . It was a It was a gregreat deal forat deal for

him him sinsince ce our our motmotivivatiations ons wewere re wewell-ll-alialignegned: d: I I wawas s a a sensenior ior stustudendentt

who needed to publish to graduate, and he was an assistant professorwho needed to publish to graduate, and he was an assistant professor

who needed to publish to earn tenure. Even better, he didn’t need towho needed to publish to earn tenure. Even better, he didn’t need to

fufund me nd me frfrom his om his grgranantsts. . AnAnd d besbest t of all, I of all, I wwas open as open to worto workiking onng on

whatever project he wanted, since my primary solo projects alreadywhatever project he wanted, since my primary solo projects already

gave me the independence that I craved.gave me the independence that I craved.

I I wwas as hedhedginging g mmy y bets with this planbets with this plan: : If my If my IncIncPyPy, , SloSlopPypPy, , andand

CDE projects couldn’t get published, then at least I would still have aCDE projects couldn’t get published, then at least I would still have a

“legitimate” professor-sanctioned project with Jeff, who was now one“legitimate” professor-sanctioned project with Jeff, who was now one

of of mmy y ththesesis is cocommmmitittetee e mememmberbers. s. JeJeff ff anand d I I dedecicideded d ththat at ththe e besbestt

strategy was for me to build upon an interactive data reformattingstrategy was for me to build upon an interactive data reformatting

tool called Wrangler that one of his other students created last year.tool called Wrangler that one of his other students created last year.
Towards the end of my fifth year, I took a break from CDE andTowards the end of my fifth year, I took a break from CDE and

spent 2.5 months creatspent 2.5 months creating some new ing some new exteextensions to Wnsions to Wranglerangler. r. My en-My en-

hanced version was called “ProWrangler,” which stands forhanced version was called “ProWrangler,” which stands for   PrProoactive active 

Wrangler Wrangler . After implementing the ProWrangler prototype and eval-. After implementing the ProWrangler prototype and eval-

uating its efficacy with controlled user testing on fellow students, Iuating its efficacy with controlled user testing on fellow students, I

wrote up a paper submission to a top-tier HCI conference with thewrote up a paper submission to a top-tier HCI conference with the

help of Jeff and the other creators of the original Wrangler tool.help of Jeff and the other creators of the original Wrangler tool.

In the midst of my summer 2011 Google internship, I received theIn the midst of my summer 2011 Google internship, I received the

happy news that ourhappy news that our ProWrangler paper ProWrangler paper had been accepted with great had been accepted with great

http://www.pgbovine.net/projects/pubs/prowrangler_uist11_camera_ready.pdf
http://www.pgbovine.net/projects/pubs/prowrangler_uist11_camera_ready.pdf
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revireviews. ews. By far the By far the biggebiggest contst contributributor to or to our succesour success was Jeffs was Jeff’s amaz-’s amaz-

ing job at writing both our paper’s introduction and the interpretationing job at writing both our paper’s introduction and the interpretation

of our evaluation results. Our user testing had failed to show the pro-of our evaluation results. Our user testing had failed to show the pro-

ductivity improvement effects that we originally hoped to see, so I wasductivity improvement effects that we originally hoped to see, so I was

afrafraid that aid that our paper our paper wwoulould d be be rejrejectected ed for sure. for sure. But miracBut miraculoulousluslyy,,
Jeff’s technical writing and argument framing skills turned that near-Jeff’s technical writing and argument framing skills turned that near-

defedefeat into a at into a surprsurprise victoryise victory. . The reviewThe reviewers loveers loved d how we honesthow we honestlyly

acknowledged the failures of our evaluation and extracted valuable in-acknowledged the failures of our evaluation and extracted valuable in-

sights from them. Without a doubt, our paper would have never beensights from them. Without a doubt, our paper would have never been

accepted if not for Jeff’s rhetorical expertise. He had a lot of practice,accepted if not for Jeff’s rhetorical expertise. He had a lot of practice,

though. Back when he was a Ph.D. student, Jeff published 19 papersthough. Back when he was a Ph.D. student, Jeff published 19 papers

mostly in top-tier conferences, which is five to ten times more thanmostly in top-tier conferences, which is five to ten times more than

tytypical computepical computer r sciescience Ph.D. nce Ph.D. studestudentnts. s. ThatThat’s ’s the sort the sort of of intintensitensityy

required to get a faculty job at a top-tier university like Stanford.required to get a faculty job at a top-tier university like Stanford.

∼∼

Throughout my fifth year, I had to carefully split my time be-Throughout my fifth year, I had to carefully split my time be-

twtween developing new ideas, een developing new ideas, implemenimplementing prototypes, ting prototypes, and submitting,and submitting,

revising, and resubmitting papers for four projects—IncPy, SlopPy,revising, and resubmitting papers for four projects—IncPy, SlopPy,

CDE, and ProWrangler—whose relevant conference submission dead-CDE, and ProWrangler—whose relevant conference submission dead-

linlines weres were e sprspread throead throughughout the yearout the year. . EvEven thougen though h I I spenspent t a a lot of lot of 

time nurturing CDE, I had to switch to focusing on other projectstime nurturing CDE, I had to switch to focusing on other projects

whewhenevnever deadler deadlineines s aroarose. se. By By sumsummer 2011, mer 2011, all four projectall four projects s wewerere
successfully published, usually after several rounds of paper revisions.successfully published, usually after several rounds of paper revisions.

I felt relieved that my intricate planning had paid off and that a fullI felt relieved that my intricate planning had paid off and that a full

dissertation now seemed almost within reach.dissertation now seemed almost within reach.



  

884  4  TThhe  e  PPhh..DD.  .  GGrriinndd



  

YYeaear r SixSix: : EnEndgdgamamee

At the end of my fifth year—right before I went to Google for theAt the end of my fifth year—right before I went to Google for the

summer—I met with Dawson and asked him what it would take forsummer—I met with Dawson and asked him what it would take for

me to me to gragraduaduate withte within the next yearin the next year. . AAt t the timthe time, e, IncIncPy and Py and CDECDE

were published as second-tier conference papers, SlopPy was a work-were published as second-tier conference papers, SlopPy was a work-

shop paper, and the ProWrangler paper submission was under review.shop paper, and the ProWrangler paper submission was under review.
DaDawsowson n expexpresressed sed conconcercerns ns thathat t my my pubpubliclicatiation on recrecord ord stistill ll wawasn’sn’tt

sufficient to graduate and that I needed one more substantive contri-sufficient to graduate and that I needed one more substantive contri-

bution to round out my dissertation. His expectations seemed reason-bution to round out my dissertation. His expectations seemed reason-

able, so my plan was to return to Stanford in the fall and spend aable, so my plan was to return to Stanford in the fall and spend a

few months working on new research that could complete my disser-few months working on new research that could complete my disser-

tattationion. . My My feafear, r, thothoughugh, , wawas s thathat t I I wwas as alralreadeady y exhexhausausted from myted from my

past year of super-grinding and had no new project ideas brewing. Sopast year of super-grinding and had no new project ideas brewing. So

I went into scheming mode once again, thinking of ways to get thatI went into scheming mode once again, thinking of ways to get that

final as-yet-unknown piece of work that would enable me to graduate.final as-yet-unknown piece of work that would enable me to graduate.

As part of my strategy, I also wanted to find a third (and final)As part of my strategy, I also wanted to find a third (and final)

thesis committee member who could strongly vouch for my gradua-thesis committee member who could strongly vouch for my gradua-

tiotion n cascase. e. MosMost t Ph.Ph.D. studeD. studentnts s in my in my depdepartartmenment t dondon’t need to ’t need to dodo

so much planning because they work on advisor-sanctioned projects.so much planning because they work on advisor-sanctioned projects.

They don’t stress about who their other two thesis committee mem-They don’t stress about who their other two thesis committee mem-

bers are since their advisor vouches for them and the other membersbers are since their advisor vouches for them and the other members

usualusually agree. ly agree. HoHowewevever, my r, my situasituation was unique since I tion was unique since I hadn’hadn’t t beenbeen

working on projects that Dawson was passionate about, so I couldn’tworking on projects that Dawson was passionate about, so I couldn’t

count on him to wholeheartedly endorse my work. Having Jeff on mycount on him to wholeheartedly endorse my work. Having Jeff on my

8585
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committee helped since he was personally invested in our ProWranglercommittee helped since he was personally invested in our ProWrangler

project and could vouch for its legitimacy. But I still needed one moreproject and could vouch for its legitimacy. But I still needed one more

committee member to support my graduation case.committee member to support my graduation case.

I first emailed Tom, my former MSR manager, and pitched himI first emailed Tom, my former MSR manager, and pitched him

on the idea of me spending a few months in the fall of 2011 interningon the idea of me spending a few months in the fall of 2011 interning

at MSR and doing a new project that could contribute towards myat MSR and doing a new project that could contribute towards my

didisssserertatatitionon. . I I wwananteted d hihim m to to be be on on mmy y ththesesis is cocommmmitittetee e so so ththat at II

could also include the three papers I published with him from mycould also include the three papers I published with him from my

summesummer r 2009 inter2009 internship work in nship work in my dissertmy dissertationation. . UnfoUnfortunartunatelytely, , hehe

didn’t seem enthusiastic about the idea, so I didn’t push further.didn’t seem enthusiastic about the idea, so I didn’t push further.

I then raised the possibility of extending SlopPy from a workshopI then raised the possibility of extending SlopPy from a workshop

paper into a full-fledged conference paper so that it could “count” aspaper into a full-fledged conference paper so that it could “count” as

a a more substamore substantintive disserve dissertatiotation n concontributribution. tion. BacBack k in my in my fifth yearfifth year,,

I talked with Martin, an MIT professor whose influential paper di-I talked with Martin, an MIT professor whose influential paper di-

rectly inspired SlopPy, about working together to extend SlopPy intorectly inspired SlopPy, about working together to extend SlopPy into

a conference paper. He was interested in collaborating, but the timinga conference paper. He was interested in collaborating, but the timing

didn’t work out since I was busy with CDE and ProWrangler duringdidn’t work out since I was busy with CDE and ProWrangler during

the latthe latter parter part of t of thathat t yeyear. ar. But noBut now, I w, I figufigured thared that t if I if I coucould spendld spend

a few months in the beginning of my sixth year working with Martina few months in the beginning of my sixth year working with Martin

and have him serve on my thesis committee, then that could be myand have him serve on my thesis committee, then that could be my

tictickeket t to graduatioto graduation. n. DawDawson liked this plan, son liked this plan, since (unsusince (unsurprisrprisingly)ingly)

he had thoughts about how to combine Klee-like ideas with SlopPy. Ihe had thoughts about how to combine Klee-like ideas with SlopPy. I

planned to email Martin in midsummer to propose this collaboration,planned to email Martin in midsummer to propose this collaboration,

but by then, another better opportunity had come along so I no longerbut by then, another better opportunity had come along so I no longer
pursued this one.pursued this one.

As I began my final summer internship at Google, I looked forwardAs I began my final summer internship at Google, I looked forward

to spending three carefree months polishing up CDE, but I felt a bitto spending three carefree months polishing up CDE, but I felt a bit

anxious because graduation wasn’t yet guaranteed upon my returnanxious because graduation wasn’t yet guaranteed upon my return

to camputo campus. s. I needeI needed d one morone more e burburst of st of insinspirpiratiation, and it on, and it endended uped up

coming from an unexpected source.coming from an unexpected source.

∼∼
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In In susummmmer er 20201111, , I I finfinalally ly mamade de up up mmy y mimind nd to to “r“retetirire” e” frfromom

acacadadememia ia afafteter r grgradaduauatitionon: : I I dididndn’t ’t knknoow w whwhat at I I wwas as gogoining g to to dodo

for a career, but I wasn’t planning to apply for tenure-track universityfor a career, but I wasn’t planning to apply for tenure-track university

faculty jobs in the upcoming year.faculty jobs in the upcoming year.

I I mamade de ththis is dedecicisision on fofor r ttwwo o mamain in rereasasonons: s: FiFirsrst, t, I I sesensnsed ed ththatat

my current publication record wasn’t impressive enough to earn me amy current publication record wasn’t impressive enough to earn me a

respectable tenure-track faculty job. My hunch was confirmed monthsrespectable tenure-track faculty job. My hunch was confirmed months

latlater er whewhen n I I sasaw w thathat, t, sadsadlyly, , felfellolow w stustudendents ts witwith h slislighghtly tly supesuperioriorr

pubpubliclicatiation on recrecordords s stistill ll diddidn’t get n’t get anany y job offerjob offers. s. Of coursOf course, e, I I coucouldld

always try to work as a postdoc (temporary postdoctoral researcher)always try to work as a postdoc (temporary postdoctoral researcher)

for a few years, publish more papers, and then reapply to faculty jobs.for a few years, publish more papers, and then reapply to faculty jobs.

But the second and more important reason makes doing a postdocBut the second and more important reason makes doing a postdoc

meanmeaningleingless for ss for me: me: The kinds of The kinds of reseresearcarch h topictopics s I’m deeply passionI’m deeply passion--

ate ate about about arearen’t n’t vvery ery ameamenabnable le to to winwinninning g gragrannt t funfundinding, g, becabecauseuse
they aren’t well-athey aren’t well-accepccepted by ted by today’today’s s acadeacademic establishmic establishmenment. t. WithWith--

out grants, it’s impossible to pay for students. And without motivatedout grants, it’s impossible to pay for students. And without motivated

students to grind through the tough manual labor, it’s impossible tostudents to grind through the tough manual labor, it’s impossible to

get respecget respectabtable le pubpubliclicatiationsons. . And withAnd without a out a sigsignifinificancant t nunumbember r of of 

pupublblicicatatioions ns eaeacch h yyeaear, r, itit’s ’s imimpospossisiblble e to to geget t tetennurure. e. EvEven en if if I I dodo

earn tenure, I would still need new grants to pay for new students toearn tenure, I would still need new grants to pay for new students to

help me implement my ideas; the funding cycle never ends. Given myhelp me implement my ideas; the funding cycle never ends. Given my

research interests, I wasn’t emotionally prepared to fight the uphillresearch interests, I wasn’t emotionally prepared to fight the uphill

battles required to get my proposals taken seriously by grant fundingbattles required to get my proposals taken seriously by grant funding

agencagencies. ies. I had I had a hard a hard enougenough time h time conconvincivincing png peer-eer-reviereviewewers to rs to ac-ac-

cept my papers; grant reviewers will likely be even less sympatheticcept my papers; grant reviewers will likely be even less sympathetic

since they are the gatekeepers to millions of dollars and would rathersince they are the gatekeepers to millions of dollars and would rather

hand the money to colleagues who are doing more mainstream typeshand the money to colleagues who are doing more mainstream types

of computer science research.of computer science research.

I had been considering leaving academia for quite a few years,I had been considering leaving academia for quite a few years,

but I but I nonow w felfelt t thathat t I I had justhad justifieified d reareasonsons s for doinfor doing g so: so: I I undunderserstoodtood

enough about how the “academic game” worked in computer scienceenough about how the “academic game” worked in computer science

to to knknoow w ththat at I I dididndn’t ’t wwanant t to to kkeeeep p plplaayiying ng itit. . I I susummmmararizized ed mmyy
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feelings in an email to a friend who had recently started her job as anfeelings in an email to a friend who had recently started her job as an

assistant professor: “I discovered over the past 5 years that I love beingassistant professor: “I discovered over the past 5 years that I love being

a spectator of research, but the burden of being a continual producera spectator of research, but the burden of being a continual producer

of new research is just too great for me.”of new research is just too great for me.”

Since my mother is a wildly successful professor and my father alsoSince my mother is a wildly successful professor and my father also
deeply respects academia, it was hard for me to tell them my decision.deeply respects academia, it was hard for me to tell them my decision.

I didn’t think they truly understood my rationale; I was afraid thatI didn’t think they truly understood my rationale; I was afraid that

they felt I was giving up and selling myself short when in reality,they felt I was giving up and selling myself short when in reality,

becoming a professor hadn’t been a real goal of mine for years. One of becoming a professor hadn’t been a real goal of mine for years. One of 

the claimed benefits of academia is the allure of creative freedom, butthe claimed benefits of academia is the allure of creative freedom, but

my decision to leave academia actually freed up my mind to becomemy decision to leave academia actually freed up my mind to become

even more creative in pursuing my true professional passions, botheven more creative in pursuing my true professional passions, both

during my final year of grad school and in searching for a new career.during my final year of grad school and in searching for a new career.

∼∼

The immediate impact of my decision to quit academia was that IThe immediate impact of my decision to quit academia was that I

didn’t need to worry about “networking” at the three academic con-didn’t need to worry about “networking” at the three academic con-

ferences I attended that summer, where I gave talks on IncPy, SlopPy,ferences I attended that summer, where I gave talks on IncPy, SlopPy,

and CDE. Academic conferences are filled with senior Ph.D. students,and CDE. Academic conferences are filled with senior Ph.D. students,

postdocs, and pre-tenure professors schmoozing like crazy in attemptspostdocs, and pre-tenure professors schmoozing like crazy in attempts

to impress their senior colleagues. For these junior researchers, profes-to impress their senior colleagues. For these junior researchers, profes-

sional networking at conferences is a serious full-time job, since theirsional networking at conferences is a serious full-time job, since their

budding careers and academic reputations depend upon excelling atbudding careers and academic reputations depend upon excelling at
it. But since I was getting out of this academic game, I didn’t care atit. But since I was getting out of this academic game, I didn’t care at

all and enjoyed myself without being nervous or calculating.all and enjoyed myself without being nervous or calculating.

During a break between sessions at one of the conferences, I spottedDuring a break between sessions at one of the conferences, I spotted

MaMargrgo o sisittttining g bby y hehersrselelf f wwororkiking ng on on heher r lalaptptopop. . ReRecacall ll ththat at I I hahadd

met Margo during my fourth year at the San Jose workshop where Imet Margo during my fourth year at the San Jose workshop where I

presented my original IncPy paper. I debated whether to approach herpresented my original IncPy paper. I debated whether to approach her

and to reintroduce myself. A part of me was afraid that she wouldn’tand to reintroduce myself. A part of me was afraid that she wouldn’t

remember me and also that I wouldn’t have anything interesting toremember me and also that I wouldn’t have anything interesting to

saysay. . But since I had But since I had no real schmoozino real schmoozing agenda due to ng agenda due to my imminemy imminentnt
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“retirement” from academia, I had nothing to lose if the conversation“retirement” from academia, I had nothing to lose if the conversation

enendeded d up fizzup fizzlilingng. . So I So I jujust west wennt t up and said helup and said hellolo. . I I reremimindnded hered her

about how we had previously met, and she seemed to remember me.about how we had previously met, and she seemed to remember me.

I briefly told her that I was about to give a talk on my new CDEI briefly told her that I was about to give a talk on my new CDE

prprojecoject t anand d ththen en neneededed to ed to cacatctch h a a fliflighght t babacck k to to CaCalilifofornrniaia. . WWee
had a quick five-minute chat about CDE, and then I had to run tohad a quick five-minute chat about CDE, and then I had to run to

givgive my talk. e my talk. AfteAfter returninr returning home that g home that nighnight, I t, I emailemailed her a ed her a quicquickk

follow-up message with a link to thefollow-up message with a link to the   CDE project webpage  CDE project webpage   in case  in case

her students were interested in playing with it for their research. Thisher students were interested in playing with it for their research. This

was my standard polite message when advertising CDE to professionalwas my standard polite message when advertising CDE to professional

colleagues, so I didn’t really expect her to follow up.colleagues, so I didn’t really expect her to follow up.

Two weeks later, I received a surprise email from Margo sayingTwo weeks later, I received a surprise email from Margo saying

that she had been talking about me with her student Elaine. The twothat she had been talking about me with her student Elaine. The two

of them wanted me to come work with them at Harvard for a few yearsof them wanted me to come work with them at Harvard for a few years
as a postdoc after completing my Ph.D. The broader research themesas a postdoc after completing my Ph.D. The broader research themes

surrounding my IncPy and CDE projects resonated with Margo’s in-surrounding my IncPy and CDE projects resonated with Margo’s in-

terests in creating tools to help make computational researchers moreterests in creating tools to help make computational researchers more

prproduoductctivive. e. I I wwas as vverery y flaflatttterered ed bby y heher r offofferer, , bubut t ththe e opopporportutuninittyy

didn’t make sense since I had already decided to retire from academia.didn’t make sense since I had already decided to retire from academia.

It would be useless for me to do a postdoc, since the main purpose of It would be useless for me to do a postdoc, since the main purpose of 

a postdoc is to boost one’s resume to improve the chances of gettinga postdoc is to boost one’s resume to improve the chances of getting

a university faculty job.a university faculty job.

And then inspiration struck again. Since I was in dire need of oneAnd then inspiration struck again. Since I was in dire need of one
more substanmore substantivtive e project and project and thesithesis s commcommitteittee e memmember ber before I before I couldcould

graduate, I made the following counterproposal to Margo: Instead of graduate, I made the following counterproposal to Margo: Instead of 

doing a postdoc after my Ph.D., I asked whether I could visit Harvarddoing a postdoc after my Ph.D., I asked whether I could visit Harvard

for four months in the fall of 2011 to work on a project with her. Wefor four months in the fall of 2011 to work on a project with her. We

could submit a paper to a conference in January 2012 and then in-could submit a paper to a conference in January 2012 and then in-

clude that project as the final portion of my dissertation. I also askedclude that project as the final portion of my dissertation. I also asked

whether she could serve as the final member of my thesis commit-whether she could serve as the final member of my thesis commit-

tee. Margo liked this idea but didn’t have sufficient grant funding fortee. Margo liked this idea but didn’t have sufficient grant funding for

me, since she me, since she neeneeded to ded to funfund d her own studher own studenents. ts. I I taltalkeked d to to DaDawsowson,n,

http://www.pgbovine.net/cde.html
http://www.pgbovine.net/cde.html
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and he was generously willing to fund me for those months using hisand he was generously willing to fund me for those months using his

grants even though I wasn’t working on Klee (my fellowship had al-grants even though I wasn’t working on Klee (my fellowship had al-

ready expireready expired). d). Margo happilMargo happily y agreeagreed d to this to this arranarrangemengement, and t, and afterafter

my summer internship ended in September 2011, I moved to Boston,my summer internship ended in September 2011, I moved to Boston,

Massachusetts to begin my sixth and final year of grad school.Massachusetts to begin my sixth and final year of grad school.
This final grad school adventure would not have been possible with-This final grad school adventure would not have been possible with-

out me actively seizing opportunities that I was fortunate enough toout me actively seizing opportunities that I was fortunate enough to

hahave been givve been given. en. If Robert hadnIf Robert hadn’t told me ’t told me about the San Jose workabout the San Jose work--

shop two years ago, if I hadn’t submitted and presented my IncPyshop two years ago, if I hadn’t submitted and presented my IncPy

paper there, if Margo hadn’t liked my paper and introduced me topaper there, if Margo hadn’t liked my paper and introduced me to

Elaine, if I hadn’t kept in touch with Elaine, if I hadn’t spontaneouslyElaine, if I hadn’t kept in touch with Elaine, if I hadn’t spontaneously

said hello to Margo again at last summer’s conference where I pre-said hello to Margo again at last summer’s conference where I pre-

sented CDE, if she didn’t send me a gracious follow-up email, andsented CDE, if she didn’t send me a gracious follow-up email, and

if I didn’t take a risk with my unusual counterproposal to her, thenif I didn’t take a risk with my unusual counterproposal to her, then

I would have still been back at Stanford struggling to find one lastI would have still been back at Stanford struggling to find one last

project and thesis committee member.project and thesis committee member.

∼∼

I had an amazingly fun and productive four months in Boston as aI had an amazingly fun and productive four months in Boston as a

visiting researcher at Harvard. The change of scenery was refreshing: Ivisiting researcher at Harvard. The change of scenery was refreshing: I

could focus intensely on research without the usual errands of life backcould focus intensely on research without the usual errands of life back

homhome. e. ElaElaine helpeine helped d me me find a find a wwondonderferful ul stustudio apartdio apartmenment t witwithin ahin a

five-minute walk to my office, and I could easily buy food both onfive-minute walk to my office, and I could easily buy food both on
campus and in nearby Harvard Square. This ideal living arrangementcampus and in nearby Harvard Square. This ideal living arrangement

enabled me to concentrate on my work without any distractions.enabled me to concentrate on my work without any distractions.

I spent my first month mostly socializing with old college friendsI spent my first month mostly socializing with old college friends

since my alma mater, MIT, was located right near Harvard. I also metsince my alma mater, MIT, was located right near Harvard. I also met

witwith h MarMargo go a a few timefew times s to discuto discuss ss potepotentntial reseaial researcrch h ideideas. as. She wasShe was

open to me working on my own project under her loose supervision,open to me working on my own project under her loose supervision,

so I had nearly full intellectual freedom. However, I took a pragmaticso I had nearly full intellectual freedom. However, I took a pragmatic

approach to my brainstorming since I wanted her to be excited aboutapproach to my brainstorming since I wanted her to be excited about

my project and to strongly support its inclusion in my dissertation.my project and to strongly support its inclusion in my dissertation.
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Thus, I read some of her recent papers and grant applications to get aThus, I read some of her recent papers and grant applications to get a

sense of her research philosophy so that I could cater my ideas towardssense of her research philosophy so that I could cater my ideas towards

her tastes. By now, I understood the importance of aligning with theher tastes. By now, I understood the importance of aligning with the

subjective preferences of senior collaborators (and paper reviewers),subjective preferences of senior collaborators (and paper reviewers),

even when doing research in supposedly objective technical fields.even when doing research in supposedly objective technical fields.

After batting around a few ideas, I came up with something thatAfter batting around a few ideas, I came up with something that

Margo loved: a tool that monitors researchers’ computer-based activ-Margo loved: a tool that monitors researchers’ computer-based activ-

ities and helps them organize and take notes on their experiments.ities and helps them organize and take notes on their experiments.

It was an innovative twist on the traditional electronic lab notebook.It was an innovative twist on the traditional electronic lab notebook.

Margo jokingly suggested the temporary codename “BurritoBook” toMargo jokingly suggested the temporary codename “BurritoBook” to

describe our proposed tool, since it seamlessly wraps many layers of describe our proposed tool, since it seamlessly wraps many layers of 

actiactivitvity y monitmonitoring around the user’s normal workflooring around the user’s normal workflow. w. Elaine laterElaine later

shortened the name to “Burrito,” which grew on me and eventuallyshortened the name to “Burrito,” which grew on me and eventually

became the official project name.became the official project name.
At the time, I thought that my Burrito idea arose spontaneouslyAt the time, I thought that my Burrito idea arose spontaneously

from combining my hunches with Margo’s preferences, but after look-from combining my hunches with Margo’s preferences, but after look-

ing back at old notes, I realized that similar ideas had been brewinging back at old notes, I realized that similar ideas had been brewing

in in my head for my head for sevseveraeral l yeyearsars. . I I stastarterted d thithinkinking ng about Burrabout Burritoito-li-likeke

ideas as early as my second year of grad school when I wanted toideas as early as my second year of grad school when I wanted to

monitor how people performed programming, and more concretely atmonitor how people performed programming, and more concretely at

the beginning of my fifth year when I wanted to extend IncPy tothe beginning of my fifth year when I wanted to extend IncPy to

record Python-based experiment histories. Throughout grad school, Irecord Python-based experiment histories. Throughout grad school, I

had been keeping a research lab notebook in various ad-hoc formatshad been keeping a research lab notebook in various ad-hoc formats

to document the process of building prototypes and running experi-to document the process of building prototypes and running experi-

ments, so I personally felt the pain of notetaking-related inefficiencies.ments, so I personally felt the pain of notetaking-related inefficiencies.

Finally, although I wasn’t a real HCI (Human-Computer Interaction)Finally, although I wasn’t a real HCI (Human-Computer Interaction)

researcher, my HCI training with Scott and Joel during my secondresearcher, my HCI training with Scott and Joel during my second

year and with Jeff during my fifth year gave me a keen sensitivity toyear and with Jeff during my fifth year gave me a keen sensitivity to

user needs that greatly influenced the design of Burrito.user needs that greatly influenced the design of Burrito.

I spent a few weeks sketching out high-level plans for Burrito andI spent a few weeks sketching out high-level plans for Burrito and

discussing preliminary design details with Margo. Many refinements todiscussing preliminary design details with Margo. Many refinements to

my initial idea came from observing computational researchers at workmy initial idea came from observing computational researchers at work
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and interviewing them about the challenges they faced in managingand interviewing them about the challenges they faced in managing

their multitude of experiment notes, code, and data files; most of mytheir multitude of experiment notes, code, and data files; most of my

observation subjects were Elaine’s friends who worked in various MITobservation subjects were Elaine’s friends who worked in various MIT

and Harvand Harvard science labs. ard science labs. I I also receivalso received useful early-staed useful early-stage feedbacge feedbackk

from giving a talk on my Burrito proposal at a lab group meeting ledfrom giving a talk on my Burrito proposal at a lab group meeting led
by Rob, the MIT professor I met at the beginning of my second yearby Rob, the MIT professor I met at the beginning of my second year

who encouraged me to pursue my HCI interests with Scott and Joel.who encouraged me to pursue my HCI interests with Scott and Joel.

∼∼

AnAnd d ththen en socsociaial l titime wame was s oovverer; ; it wait was s titime me to grito grindnd. . In In eaearlrlyy

November 2011, I turned into a programming beast for the final timeNovember 2011, I turned into a programming beast for the final time

in grad school to transform my Burrito idea into a working prototype.in grad school to transform my Burrito idea into a working prototype.

I did 72 consecutive days of programming with only 5 days of breaksI did 72 consecutive days of programming with only 5 days of breaks

spreaspread d intintermitermittentently throughotly throughout the ut the 2.5-m2.5-montonth h sprinsprint. t. This periodThis period

was the longest I had ever sustained an almost-painful level of nonstopwas the longest I had ever sustained an almost-painful level of nonstop

intensity thus far. My initial CDE burst during my fifth year was onlyintensity thus far. My initial CDE burst during my fifth year was only

21 21 dadays of ys of grgrinindidingng, , anand d ththis bursis burst t wwas as oovver threr three timee times as es as lolongng. . II

worworkeked d straistraight through ght through ThankThanksgivisgiving, ng, ChrisChristmas, tmas, and and New New YYear’sear’s

Eve, relentlessly focused on my goal of getting Burrito working wellEve, relentlessly focused on my goal of getting Burrito working well

enough to submit a conference paper by the middle of January 2012.enough to submit a conference paper by the middle of January 2012.

For those few months, I morphed into an antisocial grump whoFor those few months, I morphed into an antisocial grump who

shunned all distraction and became deeply immersed in my craft. Allshunned all distraction and became deeply immersed in my craft. All

I thought about was computer code; I could barely speak in coherentI thought about was computer code; I could barely speak in coherent
English sentences except during my weekly progress meetings withEnglish sentences except during my weekly progress meetings with

MaMargrgo. o. EvEven en ththouough gh I I apappeapearered d anand d acacteted d susubhbhumuman an (i(i.e.e., ., an an unun--

shashaveven n dishedishevelveled mess), my ed mess), my emotemotional state was blissfulional state was blissful. . I was I was pro-pro-

gramming and debugging for over ten hours per day, but my mindgramming and debugging for over ten hours per day, but my mind

was quite relaxed since my technical skills were well-calibrated for thewas quite relaxed since my technical skills were well-calibrated for the

chchallenallenges I ges I facefaced. d. By now, I By now, I had accumhad accumulateulated enough experiencd enough experience ine in

designing, implementing, and “marketing” research prototypes thatdesigning, implementing, and “marketing” research prototypes that

I I wwas as conconfidefident in nt in my abilimy abilitieties s to to makmake e thithis s projeproject workct work. . I I recreceiveiveded

wonderful feedback and support from Margo along the way, so I sensedwonderful feedback and support from Margo along the way, so I sensed
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that she would strongly endorse the inclusion of Burrito in my disserta-that she would strongly endorse the inclusion of Burrito in my disserta-

tion. tion. AfteAfter years of r years of grindgrinding on ing on unceuncertain and failed projects earlier inrtain and failed projects earlier in

grad school, I now felt invigorated working intensely towards a targetgrad school, I now felt invigorated working intensely towards a target

that I knew I could feasibly achieve.that I knew I could feasibly achieve.

By mid-January 2012, the Burrito prototype was in fine shape, soBy mid-January 2012, the Burrito prototype was in fine shape, so
we ran an informal evaluation, wrote up a paper, and submitted it towe ran an informal evaluation, wrote up a paper, and submitted it to

the conthe conferferencence e as plannas planned. ed. I I took a took a few dafew days off ys off to retuto return to rn to nornormalmal

human mode, said goodbye to my Boston friends, and flew back tohuman mode, said goodbye to my Boston friends, and flew back to

California for the Ph.D. endgame.California for the Ph.D. endgame.

∼∼

The popular view of how a Ph.D. dissertation arises is that a stu-The popular view of how a Ph.D. dissertation arises is that a stu-

dent comes up with some inspired intellectual idea in a brilliant flashdent comes up with some inspired intellectual idea in a brilliant flash

of insight and then spends a few years writing a giant treatise whileof insight and then spends a few years writing a giant treatise while

sippisipping hundreng hundreds of ds of lattelattes s and cappuccand cappuccinos. inos. In many science and en-In many science and en-

gineering fields, this perception is totally inaccurate: The “writing” isgineering fields, this perception is totally inaccurate: The “writing” is

simply combining one’s published papers together into a single docu-simply combining one’s published papers together into a single docu-

ment and surrounding their contents with introductory and concludingment and surrounding their contents with introductory and concluding

cchaphapteters. rs. All of All of the yethe years of ars of swsweateaty y labolabor r has alrehas already been ady been dondone e byby

the time a student sits down to “write” their dissertation document.the time a student sits down to “write” their dissertation document.

In my department, the most important milestone in a Ph.D. stu-In my department, the most important milestone in a Ph.D. stu-

dent’s career is when their advisor gives thedent’s career is when their advisor gives the   thumbs up thumbs up   to begin the  to begin the

dissertation writing process. This gesture signals that the student hasdissertation writing process. This gesture signals that the student has
done enough work—usually publishing two to four conference papersdone enough work—usually publishing two to four conference papers

on one coherent theme—and deserves to graduate within a few months.on one coherent theme—and deserves to graduate within a few months.

When I returned to Stanford in January 2012, my goal was to se-When I returned to Stanford in January 2012, my goal was to se-

cure that vitalcure that vital thumbs up thumbs up  from Dawson as soon as possible. I wrote up from Dawson as soon as possible. I wrote up

a short document presenting evidence for why I felt I had done enougha short document presenting evidence for why I felt I had done enough

wwork to ork to gragraduaduatete. . My argumMy argumenent t wwas simplas simple: e: I I crecreateated d fivfive e inninnovova-a-

tive software tools to improve the workflow of computational researchtive software tools to improve the workflow of computational research

programmers—IncPy, SlopPy, CDE, ProWrangler, and Burrito—andprogrammers—IncPy, SlopPy, CDE, ProWrangler, and Burrito—and

published 1 top-tier conference paper, 3 second-tier conference papers,published 1 top-tier conference paper, 3 second-tier conference papers,
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and 3 workshop papers from my body of work (the Burrito conferenceand 3 workshop papers from my body of work (the Burrito conference

submission ended up being rejected, so we resubmitted and publishedsubmission ended up being rejected, so we resubmitted and published

in a workshopin a workshop). ). As an As an addadded bed bononus, my us, my twtwo o othother thesier thesis s comcommitmitteetee

members, Jeff and Margo, could also vouch for my graduation casemembers, Jeff and Margo, could also vouch for my graduation case

since I had done successful projects with them (ProWrangler and Bur-since I had done successful projects with them (ProWrangler and Bur-
rito, respectirito, respectivevely). ly). I I emailemailed the ed the documendocument t to Dawson and to Dawson and nervnervouslyously

awaited his response. I thought my case was pretty strong, but I hadawaited his response. I thought my case was pretty strong, but I had

no idea whether he expected me to do more work before allowing meno idea whether he expected me to do more work before allowing me

to to gragraduaduate. te. TTo o my greamy great t relreliefief, , he quiche quickly gavkly gave e me theme the   thumbs up  thumbs up,,

and that’s when I knew that I was essentially done with grad school.and that’s when I knew that I was essentially done with grad school.

I spent the next two months combining all of my papers togetherI spent the next two months combining all of my papers together

into a 230-page dissertation document entitledinto a 230-page dissertation document entitled  Software Tools to Fa- Software Tools to Fa-

cilitate Research Programming cilitate Research Programming . . Here is the abstrHere is the abstract (summact (summary) fromary) from

the first page of my dissertation:the first page of my dissertation:

Research programming is a type of programming activity whereResearch programming is a type of programming activity where

the goal is to write computer programs to obtain insights fromthe goal is to write computer programs to obtain insights from

datdata. a. MilMilliolions ns of of proprofessfessionionals in als in fielfields rangids ranging ng frofrom m scisciencence,e,

engineering, business, finance, public policy, and journalism, asengineering, business, finance, public policy, and journalism, as

well as numerous students and computer hobbyists, all performwell as numerous students and computer hobbyists, all perform

research programming on a daily basis.research programming on a daily basis.

My thesis is that by understanding the unique challenges facedMy thesis is that by understanding the unique challenges faced

during research programming, it becomes possible to apply tech-during research programming, it becomes possible to apply tech-

niques from dynamic program analysis, mixed-initiative recom-niques from dynamic program analysis, mixed-initiative recom-

mendation systems, and OS-level tracing to make research pro-mendation systems, and OS-level tracing to make research pro-

grammers more productive.grammers more productive.

This dissertation characterizes the research programming pro-This dissertation characterizes the research programming pro-

cess, cess, descrdescribes ibes typtypical challenical challenges ges faced by faced by researesearch program-rch program-

mers, and presents five software tools that I have developed tomers, and presents five software tools that I have developed to

addaddresress s some kesome key y chchallallengenges. es. 1.) 1.) ProProWWranranglegler r is an is an ininterterac-ac-

tive graphical tool that helps research programmers reformattive graphical tool that helps research programmers reformat

anand clead clean data prn data prioior to r to ananalalysysisis. . 2.2.) ) InIncPcPy is y is a Pytha Python in-on in-

terpreter that speeds up the data analysis scripting cycle andterpreter that speeds up the data analysis scripting cycle and

helhelps progrps programmeammers manage code rs manage code and data dependand data dependencenciesies. . 3.)3.)

http://www.pgbovine.net/projects/pubs/guo_burrito_tapp_2012.pdf
http://www.pgbovine.net/projects/pubs/guo_burrito_tapp_2012.pdf
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SlopPy is a Python interpreter that automatically makes ex-SlopPy is a Python interpreter that automatically makes ex-

isting scripts error-tolerant, thereby also speeding up the dataisting scripts error-tolerant, thereby also speeding up the data

anaanalyslysis scriis scriptipting cyclng cycle. e. 4.) 4.) BurBurritrito o is a is a LinLinux-ux-basbased systeed systemm

that helps programmers organize, annotate, and recall past in-that helps programmers organize, annotate, and recall past in-

sights about their experiments. 5.) CDE is a software packagingsights about their experiments. 5.) CDE is a software packaging
tool that makes it easy to deploy, archive, and share researchtool that makes it easy to deploy, archive, and share research

code. Taken together, these five tools enable research program-code. Taken together, these five tools enable research program-

mers to iterate and potentially discover insights faster by off-mers to iterate and potentially discover insights faster by off-

loading the burdens of data management and provenance to theloading the burdens of data management and provenance to the

computer.computer.

I spent a lot of effort crafting new introductory and concludingI spent a lot of effort crafting new introductory and concluding

chapters to turn my dissertation into more than merely a description of chapters to turn my dissertation into more than merely a description of 

five separate tools that I had built over the past few years. Throughoutfive separate tools that I had built over the past few years. Throughout

the writing process, Jeff and Margo gave me great feedback on howthe writing process, Jeff and Margo gave me great feedback on how

to frame my research contributions in a more substantive intellectualto frame my research contributions in a more substantive intellectual

lilighght. t. EvEven en ththouough gh I I knknow thaow that t fefew w peopeoplple e wiwill ll enend d up up rereadadining g mmyy

dissertation—the constituent papers are far more accessible—it feltdissertation—the constituent papers are far more accessible—it felt

satisfying to collect all of my ideas, insights, tool descriptions, andsatisfying to collect all of my ideas, insights, tool descriptions, and

evaluation results together intoevaluation results together into one cohesive document. one cohesive document.

∼∼

I I scscheheduduleled d mmy y ororal al dedefefensnse e fofor r MoMondndaayy, , ApApriril l 2323, , 20201212. . ThThee

biggest challenge was finding a two-hour time slot where five busybiggest challenge was finding a two-hour time slot where five busy
professors (my three thesis committee members plus two additionalprofessors (my three thesis committee members plus two additional

oraoral l comcommitmittetee e memmembersbers) ) wewere re avavailailablable. e. MarMargo go wwas as visvisitiiting ng CalCali-i-

fofornrnia ia fofor r a a coconfnfererenence ce duduriring ng ththat at wweeeek, k, so so I I plplanannened d ararouound nd heherr

scschedheduleule. . In my In my depdepartartmenment, t, the formthe format of at of the oral defethe oral defense is nse is thathatt

the student gives a one-hour public talk summarizing their disserta-the student gives a one-hour public talk summarizing their disserta-

tion research, and then there is a one-hour private session where thetion research, and then there is a one-hour private session where the

commcommitteittee e asks probing questionsasks probing questions. . AfteAfterwrwards, the ards, the commcommitteittee e votvoteses

to either pass or fail the student. In reality, almost nobody fails theirto either pass or fail the student. In reality, almost nobody fails their

defedefense unless they act totally moronicnse unless they act totally moronic: : The commitThe committee will usuallytee will usually

http://www.pgbovine.net/projects/pubs/guo_phd_dissertation.pdf
http://www.pgbovine.net/projects/pubs/guo_phd_dissertation.pdf
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have read through and approved a student’s dissertation before theyhave read through and approved a student’s dissertation before they

let that student defend, so there should be no surprises.let that student defend, so there should be no surprises.

I didn’t have time to present all five projects during my oral defenseI didn’t have time to present all five projects during my oral defense

talk, so I chose to present three projects, one that I did with each mem-talk, so I chose to present three projects, one that I did with each mem-

ber ber of of my thesis commitmy thesis committee: tee: IncPy with DawsoIncPy with Dawson, n, ProWProWranglerangler r withwith
JeffJeff, , and Burriand Burrito with Margoto with Margo. . MosMost t Ph.Ph.D. studeD. studennts ts pubpublislish h papepapersrs

with only their advisor, so it was a rare honor to get to talk aboutwith only their advisor, so it was a rare honor to get to talk about

resresearearch thach that t I I did witdid with h all threall three e of my of my comcommitmittee memtee membersbers. . I I wwasas

also happy that many of my friends and former colleagues—includingalso happy that many of my friends and former colleagues—including

Scott, Joel, Peter, Robert, Greg, and Fernando—attended my defense.Scott, Joel, Peter, Robert, Greg, and Fernando—attended my defense.

Even though I had given dozens of academic talks throughout gradEven though I had given dozens of academic talks throughout grad

school, I was more tense than usual during my defense, perhaps be-school, I was more tense than usual during my defense, perhaps be-

cause I knew almost everybody in the audience. Strangely, I feel muchcause I knew almost everybody in the audience. Strangely, I feel much

more at ease giving talks to rooms filled with strangers rather thanmore at ease giving talks to rooms filled with strangers rather than

famfamiliiliar ar facfaces. es. The privThe private sessiate session on wwasnasn’t ’t as as grugruelieling ng as as I I had antihad antic-c-

ipated, but my committee did raise some questions and suggestionsipated, but my committee did raise some questions and suggestions

that ended up improving my dissertation.that ended up improving my dissertation.

After I passed, my committee and friends all gave me polite con-After I passed, my committee and friends all gave me polite con-

gratulations, which was a nice but expected gesture. The complimentgratulations, which was a nice but expected gesture. The compliment

that I will cherish the most came from a senior professor with whom Ithat I will cherish the most came from a senior professor with whom I

had only spoken once. I was a bit surprised to see him at my defensehad only spoken once. I was a bit surprised to see him at my defense

since I didn’t think he would be interested in the topic. After my de-since I didn’t think he would be interested in the topic. After my de-

fense, he sent me the following email praising my talk: “I just wantedfense, he sent me the following email praising my talk: “I just wanted

to say that I really enjoyed it, partly because of the creativity of theto say that I really enjoyed it, partly because of the creativity of the
work, partly because of the well-prepared talk, and partly because Iwork, partly because of the well-prepared talk, and partly because I

had spent the previous year doing research programming.”had spent the previous year doing research programming.”

∼∼

Of the 26 Stanford Computer Science Department Ph.D. graduatesOf the 26 Stanford Computer Science Department Ph.D. graduates

in my year, I consider myself fairly mediocre from an academic perspec-in my year, I consider myself fairly mediocre from an academic perspec-

tive since most of my papers were second-tier and not well-received bytive since most of my papers were second-tier and not well-received by



  

YYeeaar  r  SSiixx:  :  EEnnddggaamme  e  9977

the the estestablablishishmenment. t. My My disdissersertattation ion wwork ork awawkwkwardardly ly strstraddaddled led sevsev--

eral eral compcomputer uter scienscience ce subfiesubfields—lds—PrograProgramming mming LangLanguagesuages, , HumaHuman-n-

ComComputputer er InInterteractactionion, , and and OperOperatiating ng SysSystetems—ms—so so it it wawasn’sn’t t taktakenen

seriously by the top people in any one particular subfield.seriously by the top people in any one particular subfield.

DeDespispite te laclack k of of maimainstnstreaream m accaccepteptancance, e, I I stistill ll thothoughught t thathat t mymy
Ph.D. ended successfully because I was able to carry several of myPh.D. ended successfully because I was able to carry several of my

own ideas to fruition and graduate with a dissertation that I was veryown ideas to fruition and graduate with a dissertation that I was very

prprououd d ofof. . I I tootook k a a hihighghly ly enentrtrepeprereneneururiaial l apapprproaoacch h to to mmy y PhPh.D.D.—.—

oppoopporturtunisnisticticallally y seeseekinking g out out projecprojects ts and and colcollaborlaboratoators, rs, wawalkilking ng aa

fine line between being unconventional and conforming enough to getfine line between being unconventional and conforming enough to get

my papers published. I feel extremely lucky to have been able to takemy papers published. I feel extremely lucky to have been able to take

charge of my Ph.D. career in creative ways; I wouldn’t have had nearlycharge of my Ph.D. career in creative ways; I wouldn’t have had nearly

as much freedom without the fellowships that funded five out of myas much freedom without the fellowships that funded five out of my

six years at Stanford.six years at Stanford.

In the end, like most Ph.D. dissertations, mine expanded the bound-In the end, like most Ph.D. dissertations, mine expanded the bound-

ariaries es of of huhuman knowman knowledledge ge by a by a teeteeny microny microscoscopic amounpic amount. t. The fiveThe five

prototype tools that I built contain some interesting ideas that canprototype tools that I built contain some interesting ideas that can

be be adaadaptepted d by futuby future researe researcrcherhers. s. In fact, I In fact, I wilwill l be be honhonoreored d if if futfutureure

researchers cite my papers as examples of shoddy primitive hacks andresearchers cite my papers as examples of shoddy primitive hacks and

argue for why their tecargue for why their techniquhniques are es are far superior. far superior. That’That’s s how resehow researcarchh

marcmarches forwarhes forward d bit by bit by bit: bit: EacEach h succesuccessivssive e genegeneratioration n buildbuilds s uponupon

the ideas of the previous one.the ideas of the previous one.

However, to me, the most significant contribution of my disser-However, to me, the most significant contribution of my disser-

tattation wasion wasn’t thosn’t those e specspecific protific protototype ype tooltools. s. RatRatherher, , it was it was thathat, t, toto
the best of my knowledge, I was one of the first computer sciencethe best of my knowledge, I was one of the first computer science

Ph.D. students to identify a pervasive problem—the lack of softwarePh.D. students to identify a pervasive problem—the lack of software

tools catered to the needs of a large and growing population of compu-tools catered to the needs of a large and growing population of compu-

tational research programmers—and to offer some early-stage proto-tational research programmers—and to offer some early-stage proto-

type solutions that others can improve upon. I believe that these ideastype solutions that others can improve upon. I believe that these ideas

will become more important in the upcoming decades, but since I’mwill become more important in the upcoming decades, but since I’m

retiring from academia, I won’t be around to directly promote them.retiring from academia, I won’t be around to directly promote them.
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Since my dissertation topic is far from being mainstream, any ju-Since my dissertation topic is far from being mainstream, any ju-

nior professor or scientist who tries to build their academic careernior professor or scientist who tries to build their academic career

upon its ideas will struggle to gain the respect of grant funding agen-upon its ideas will struggle to gain the respect of grant funding agen-

cies, which are the gatekeepers to launching new projects, and theircies, which are the gatekeepers to launching new projects, and their

senior colleagues, who are the gatekeepers to publication and tenure.senior colleagues, who are the gatekeepers to publication and tenure.
I will be more than happy to assist anybody who wants to take onI will be more than happy to assist anybody who wants to take on

this noble fight, but I’m not brave enough to stake my own career onthis noble fight, but I’m not brave enough to stake my own career on

it. it. InsInsteatead, d, I I plaplan n to to nonow w purpursue a sue a comcomplepleteltely y diffdiffereerent profent professissionaonall

passion, which might someday be the subject of a future book :-)passion, which might someday be the subject of a future book :-)

∼∼

In preparation for writing this memoir, I dug through lots of myIn preparation for writing this memoir, I dug through lots of my

old reseold researcarch h notnotes. es. One daOne dayy, , I I foufound the nd the folfollolowinwing g snisnippet about appet about a
topic that I was interested in investigating:topic that I was interested in investigating:

Research into software development tools for non-software en-Research into software development tools for non-software en-

gingineereers, s, but but ratrather her for for sciscienentistists, ts, engengineineersers, , and and resresearearchchersers

who need to program for their jobs – they’re not gonna carewho need to program for their jobs – they’re not gonna care

about specs., model checking, etc. – they just want pragmatic,about specs., model checking, etc. – they just want pragmatic,

lightweight, and conceptually-simple tools that they can picklightweight, and conceptually-simple tools that they can pick

up quickly and use all the time.up quickly and use all the time.

The shocking thing about this note is that I wrote it six years ago inThe shocking thing about this note is that I wrote it six years ago in

the summer of 2006, right before I started the Ph.D. program at Stan-the summer of 2006, right before I started the Ph.D. program at Stan-
ford. ford. It’s been a It’s been a long, circuilong, circuitous, and unpreditous, and unpredictablctable journeye journey, , but I’mbut I’m

incredibly grateful that I was able to turn this broad topic—one outincredibly grateful that I was able to turn this broad topic—one out

of dozens that caught my interest over the years—into my Ph.D. dis-of dozens that caught my interest over the years—into my Ph.D. dis-

sertasertation. tion. This accompliThis accomplishmenshment t wowouldn’uldn’t t havhave e been been possible withoutpossible without

a rare combination of great luck, personal initiative, insightful nudgesa rare combination of great luck, personal initiative, insightful nudges

from generous people, and nearly ten thousand hours of grinding.from generous people, and nearly ten thousand hours of grinding.
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If you are not going to become a professor, then why even bother pur-If you are not going to become a professor, then why even bother pur-

suing a Ph.D.? suing a Ph.D.?    This frequenThis frequently-atly-askesked d questquestion ion is is importaimportant becausent because

most Ph.D. graduates aren’t able to get the same jobs as their univer-most Ph.D. graduates aren’t able to get the same jobs as their univer-

sitsity y menmentors and tors and role models—terole models—tenurnure-tre-tracack k profeprofessors. ssors. TherThere e simplsimplyy

aren’t enough available faculty positions, so most Ph.D. students arearen’t enough available faculty positions, so most Ph.D. students are
directly training for a job that they will never get. (Imagine how dis-directly training for a job that they will never get. (Imagine how dis-

concerting it would be if medical or law school graduates couldn’t getconcerting it would be if medical or law school graduates couldn’t get

 jobs  jobs as as doctors doctors or or lawylawyers, ers, respectivelyrespectively.).)

So why would anyone spend six or more years doing a Ph.D. whenSo why would anyone spend six or more years doing a Ph.D. when

thethey y arearen’t n’t goigoing ng to to becobecome me proprofesfessorsors? s? EvEveryeryone has one has diffdiffererenent t mo-mo-

tivations, but one possible answer is that a Ph.D. program providestivations, but one possible answer is that a Ph.D. program provides

a safe environment for certain types of people to push themselves fara safe environment for certain types of people to push themselves far

beyonbeyond d their mentheir mental limits and tal limits and then emergthen emerge stronger as e stronger as a a resulresult. t. FForor

example, my six years of Ph.D. training have made me wiser, savvier,example, my six years of Ph.D. training have made me wiser, savvier,

grittier, and more steely, focused, creative, eloquent, perceptive, andgrittier, and more steely, focused, creative, eloquent, perceptive, and

professionally effective than I was as a fresh college graduate. (Two ob-professionally effective than I was as a fresh college graduate. (Two ob-

vious caveats: Not every Ph.D. student received these benefits—manyvious caveats: Not every Ph.D. student received these benefits—many

gregrew w jadjaded ed and and burburnedned-ou-out t frofrom m thetheir ir strstruggugglesles. . AlsAlso, o, lotlots s of of peoppeoplele

cultivate these positive traits without going through a Ph.D. program.)cultivate these positive traits without going through a Ph.D. program.)

Here is an imperfect analogy:Here is an imperfect analogy:  Why would anyone spend years train- Why would anyone spend years train-

ing to excel in a sport such as the Ironman Triathlon—a grueling race ing to excel in a sport such as the Ironman Triathlon—a grueling race 

cconsonsististing ing of of a a 2.42.4-mi-mile le swiswim, m, 11112-m2-mile ile bikbike e ridride, e, anand d a a 2626.2-.2-milmile e 

run—when they aren’t going to become professional athletes? run—when they aren’t going to become professional athletes?   In short,  In short,

9999
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this experience pushes people far beyond their physical limits and en-this experience pushes people far beyond their physical limits and en-

abableles s ththem to em to ememererge strge stronongeger r as as a a reresusultlt. . In some waIn some waysys, , dodoining g aa

Ph.D. is the intellectual equivalent of intense athletic training.Ph.D. is the intellectual equivalent of intense athletic training.

∼∼

Here are twenty of the most memorable lessons that I’ve learnedHere are twenty of the most memorable lessons that I’ve learned

ththrorougughohout my ut my PhPh.D.D. . yeyearars. s. My purpMy purposose e in in shshararining g is not is not to pro-to pro-

vide unsolicited advice to students, since everyone’s Ph.D. experiencevide unsolicited advice to students, since everyone’s Ph.D. experience

differs greatly; nor is it to encourage people to pursue a Ph.D., sincediffers greatly; nor is it to encourage people to pursue a Ph.D., since

these lessons can come from many sources. Rather, this section merelythese lessons can come from many sources. Rather, this section merely

serves as a summary of what I gained from working towards my Ph.D.serves as a summary of what I gained from working towards my Ph.D.

1.1.   Results   Results trumtrump p intintenentionstions: : NobodNobody y quequestistions ons somsomeoneone’s intee’s inten-n-
titionons s if if ththey ey prproduoduce ce good good reresusultlts. s. I I dididndn’t ’t hahavve e soso-c-calalleled d pupurere

intintellecellectual motivtual motivationations s durinduring g grad school: grad school: I I startstarted a ed a Ph.D. be-Ph.D. be-

cause I wasn’t satisfied with engineering jobs, pressured myself tocause I wasn’t satisfied with engineering jobs, pressured myself to

invent my own projects out of fear of not graduating on time, andinvent my own projects out of fear of not graduating on time, and

helped out on HCI projects with Scott, Joel, and Jeff to hedge myhelped out on HCI projects with Scott, Joel, and Jeff to hedge my

betsbets. . But I But I sucsucceceedeeded d becabecause I use I produproduced resced resultults: s: fivfive e proprotottotypeype

tools and a dozen published papers. Throughout this process, I de-tools and a dozen published papers. Throughout this process, I de-

veloped strong passions for and pride in my own work. In contrast,veloped strong passions for and pride in my own work. In contrast,

I know students with the most idealistic of intentions—dreamy andI know students with the most idealistic of intentions—dreamy and

passionate hopes of revolutionizing their field—who produce fewpassionate hopes of revolutionizing their field—who produce few
results and then end up disillusioned.results and then end up disillusioned.

2.2.   Out  Outputputs s trtrump ump inpinputsuts: : TThe onhe only waly way y to eato earrn n a a PhPh.D.D. . is byis by

succsuccessfuessfully lly produciproducing ng reseresearcarch h outpuoutputs ts (e.g(e.g., ., publipublished shed papers)papers),,

not merely by consuming inputs from taking classes or reading othernot merely by consuming inputs from taking classes or reading other

peoppeople’le’s s papepapers. rs. Of Of coucourserse, , it’it’s s absabsoluoluteltely y necnecessessary to ary to conconsumsumee

before one can produce, but it’s all too easy to over-consume. I fellbefore one can produce, but it’s all too easy to over-consume. I fell

into this trap at the end of my first year when I read hundreds of into this trap at the end of my first year when I read hundreds of 

research papers in a vacuum—a consumption binge—without beingresearch papers in a vacuum—a consumption binge—without being
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able to synthesize anything useful from my undirected readings.able to synthesize anything useful from my undirected readings.

In In concontratrast, st, relrelateated d wwork ork litliteraeraturture e seasearcrches hes for for my my disdissersertattationion

projects were much more effective because my reading was tightlyprojects were much more effective because my reading was tightly

diredirected towcted towards ards clear goals: clear goals: idenidentifyitifying ng competcompetitors and itors and adaptadaptinging

good ideas into my own projects.good ideas into my own projects.

3.3.   Find   Find relevrelevanant t inforinformatimationon: : My Ph.DMy Ph.D. . trtraiainining has ng has tataugughht t meme

how to effectively find the most relevant information for what Ihow to effectively find the most relevant information for what I

need to accomplisneed to accomplish h at each momenat each moment. t. UnlikUnlike traditione traditional classroomal classroom

learning, when I’m working on research, there are no textbooks,learning, when I’m working on research, there are no textbooks,

no lecture notes, and no instructors to provide definitive answers.no lecture notes, and no instructors to provide definitive answers.

Sometimes what I need for my work is in a research paper, some-Sometimes what I need for my work is in a research paper, some-

times it’s within an ancient piece of computer code, sometimes it’stimes it’s within an ancient piece of computer code, sometimes it’s

on an obscure website, and sometimes it’s inside the mind of some-on an obscure website, and sometimes it’s inside the mind of some-

one whom I need to track down and ask for help.one whom I need to track down and ask for help.

4.4.   Create lucky opportunities  Create lucky opportunities: I got incredibly lucky several times: I got incredibly lucky several times

throughout grad school, culminating in getting to work with Margothroughout grad school, culminating in getting to work with Margo

at Harvard during my final year. But these fortuitous opportunitiesat Harvard during my final year. But these fortuitous opportunities

wouldn’t have arisen if I didn’t repeatedly put myself and my workwouldn’t have arisen if I didn’t repeatedly put myself and my work

on display—giving talks, chatting with colleagues, asking for andon display—giving talks, chatting with colleagues, asking for and

offeofferinring g helhelp, p, and expreand expressissing ng gragratittitudeude. . The vaThe vast st majorimajoritty y of of mymy

efforts didn’t result in serendipity, but if I didn’t keep trying, thenefforts didn’t result in serendipity, but if I didn’t keep trying, then

I probably wouldn’t have gotten lucky.I probably wouldn’t have gotten lucky.

5.5.   Play the game  Play the game: As a Ph.D. student, I was at the bottom of the: As a Ph.D. student, I was at the bottom of the

pecking order and in no position to change the “academic game.”pecking order and in no position to change the “academic game.”

Specifically, although I dreaded getting my papers repeatedly re-Specifically, although I dreaded getting my papers repeatedly re-

 jected,  jected, I I had had no no choice choice but but to to keep keep learning learning to to play play the the publicationpublication

gagame to me to ththe e besbest t of my of my ababililititieies. s. HoHowweveverer, , I I wwas as hahappppy y ththat Iat I

played in my own unique and creative way during the second half played in my own unique and creative way during the second half 

of grad school by pursuing more unconventional projects while stillof grad school by pursuing more unconventional projects while still

conforming to the “rules” well enough to publish and graduate.conforming to the “rules” well enough to publish and graduate.
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6.6.   Le  Lead ad frofrom m belobeloww: : By By undunderserstantandinding g the motivthe motivatiations and ons and per-per-

sonalities of older Ph.D. students, professors, and other senior col-sonalities of older Ph.D. students, professors, and other senior col-

leagues, I was able to lead my own initiatives even from the bottomleagues, I was able to lead my own initiatives even from the bottom

of of the pecking order. the pecking order. FFor or exampexample, after I le, after I learnlearned Margo’s researced Margo’s researchh

tastes by reading her papers and grant applications, I came up withtastes by reading her papers and grant applications, I came up with
a project idea (Burrito) that we were both excited about. If I werea project idea (Burrito) that we were both excited about. If I were

oblivious to her interests, then it would have been much harder tooblivious to her interests, then it would have been much harder to

generate ideas to her liking.generate ideas to her liking.

7.7.   Professors are human  Professors are human: : WhiWhile le thithis s migmight sounht sound d obobviovious, it’s allus, it’s all

too easy to forget that professors aren’t just relentless research-too easy to forget that professors aren’t just relentless research-

producing machines. They’re human beings with their own tastes,producing machines. They’re human beings with their own tastes,

biasebiases, s, intinteresterests, s, motivmotivationations, s, shortshortcomincomings, gs, and and fearsfears. . EveEven n wewell-ll-

respected science-minded intellecturespected science-minded intellectuals have subals have subjective and irrationaljective and irrational

quirks. From a student’s perspective, since professors are the gate-quirks. From a student’s perspective, since professors are the gate-
keepers to publication, graduation, and future jobs, it’s importantkeepers to publication, graduation, and future jobs, it’s important

to empathize with them both as professionals and also as people.to empathize with them both as professionals and also as people.

8.8.   Be well-liked  Be well-liked: I was happier and more productive when working: I was happier and more productive when working

wiwith th peopeoplple e whwho o lilikked ed meme. . Of courOf coursese, , itit’s ’s imimpospossisiblble e to to be be wwelell-l-

likliked by ed by all colleagueall colleagues s due to due to inevinevitablitable e personalpersonalitity y diffedifferencrences. es. InIn

general, I strived to seek out people with whom I naturally clickedgeneral, I strived to seek out people with whom I naturally clicked

well and then took the time to nurture those relationships.well and then took the time to nurture those relationships.

9.9.   P  Paay y sosome me dudueses: : ItIt’s ’s nenececessssarary y fofor r jujuninior or lalab b mememmberbers s to to papayy
their dues and be “good soldiers” rather than making presumptuoustheir dues and be “good soldiers” rather than making presumptuous

demands from day one. As an undergraduate and master’s studentdemands from day one. As an undergraduate and master’s student

at MIT, I paid my dues by working on an advisor-approved, grant-at MIT, I paid my dues by working on an advisor-approved, grant-

funded project for two and a half years rather than trying to createfunded project for two and a half years rather than trying to create

my my owown n projeproject; ct; I I wawas s wwellell-re-rewwardarded ed witwith h admadmississionions s ininto to toptop--

ranrankeked d Ph.Ph.D. D. proprogragrams ms and and ttwo wo felfellolowshwshipsips, , whwhicich h paipaid d for for fivfivee

yeyears of ars of gragraduaduate te scschoolhool. . HoHowwevever, er, onconce e I I stastarterted d at Stanfat Stanfordord, , II

paid my dues for a bit too long on the Klee project before quitting.paid my dues for a bit too long on the Klee project before quitting.

It took me years to recognize when to defer to authority figures andIt took me years to recognize when to defer to authority figures and
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when to selfishly push forward my own agenda.when to selfishly push forward my own agenda.

10.10.  Reject bad defaults Reject bad defaults: Defaults aren’t usually in the best interests: Defaults aren’t usually in the best interests

of those on the bottom (e.g., Ph.D. students), so it’s importantof those on the bottom (e.g., Ph.D. students), so it’s important

to know when to reject them and to ask for something different.to know when to reject them and to ask for something different.
Of Of coucourserse, , thethere’re’s s no no nefnefariarious ous conconspispiracracy y agaagainsinst t stustudendents; ts; thethe

defaults are just naturally set up to benefit those in power. For ex-defaults are just naturally set up to benefit those in power. For ex-

ample, famous tenured professors like Dawson are easily able to getample, famous tenured professors like Dawson are easily able to get

multi-year grants to fund students to work on “default” projectsmulti-year grants to fund students to work on “default” projects

like Klee. As long as some papers get published from time to time,like Klee. As long as some papers get published from time to time,

then the professor and project are both viewed as successful, re-then the professor and project are both viewed as successful, re-

gardless of how many students stumbled and failed along the way.gardless of how many students stumbled and failed along the way.

Students must judge for themselves whether their default projectsStudents must judge for themselves whether their default projects

are promising, and if not, figure out how to quit gracefully.are promising, and if not, figure out how to quit gracefully.

11.11.   Know when to quit  Know when to quit: Quitting Klee at the end of my third year: Quitting Klee at the end of my third year

was my most pivotal decision of grad school. If I hadn’t quit Klee,was my most pivotal decision of grad school. If I hadn’t quit Klee,

then there would be no IncPy, no SlopPy, no CDE, no ProWrangler,then there would be no IncPy, no SlopPy, no CDE, no ProWrangler,

and no Burrito; there would just be three or more years of painfuland no Burrito; there would just be three or more years of painful

incremental progress followed by a possible “pity graduation.”incremental progress followed by a possible “pity graduation.”

12.12.  Recover from failures Recover from failures: Failure is inevitable in grad school. Noth-: Failure is inevitable in grad school. Noth-

ing I did during my first three years made it into my dissertation,ing I did during my first three years made it into my dissertation,

and many paths I wandered down in my latter three years were alsoand many paths I wandered down in my latter three years were also

deaddead-ends-ends. . Grad school was a Grad school was a safe envisafe environmeronment to nt to practpractice recoice recov-v-
ering from failures, since the stakes were low compared to failingering from failures, since the stakes were low compared to failing

in real jobs. in real jobs. In my early Ph.DIn my early Ph.D. . yeyearsars, , I I wwoulould d grogrow w anxanxiouious, s, disdis--

traugtraughtht, , and paralyzeand paralyzed d ovover researcer research h failufailures. res. But as But as I I maturmatured, Ied, I

learned to channel my anger into purposeful action in what I call alearned to channel my anger into purposeful action in what I call a

productive rage productive rage . . EveEvery rejectry rejection, doubt, and criticion, doubt, and criticism spurred meism spurred me

to work harder to prove the naysayers wrong. Lessons learned fromto work harder to prove the naysayers wrong. Lessons learned from

earlearlier failureier failures led s led to successto successes later in es later in grad school. grad school. FFor example,or example,

my failure to shadow professional programmers at the beginningmy failure to shadow professional programmers at the beginning

of my second year taught me how and who to approach for theseof my second year taught me how and who to approach for these
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sorts of favors, so I later succeeded at shadowing computationalsorts of favors, so I later succeeded at shadowing computational

researchers to motivate my dissertation work; and my failure to getresearchers to motivate my dissertation work; and my failure to get

lots of real users for IncPy taught me how to better design andlots of real users for IncPy taught me how to better design and

advertise my software so that I could get 10,000 users for CDE.advertise my software so that I could get 10,000 users for CDE.

13.13.   Ally with insiders  Ally with insiders: : I had an I had an easeasy time publy time publishishing papering papers whens when

allied with expert insiders such as Scott and Joel during my sec-allied with expert insiders such as Scott and Joel during my sec-

ond year, Tom during my MSR internship, and Jeff during my fifthond year, Tom during my MSR internship, and Jeff during my fifth

yyeaear. r. ThThey kneey knew w alall l ththe e trtricicks of ks of ththe e trtradade e rereququirired to ed to geget t papa--

pers published in their respective subfields; the five papers that Ipers published in their respective subfields; the five papers that I

co-wrote with these insiders were all accepted on their first submis-co-wrote with these insiders were all accepted on their first submis-

sion attemptsion attempts. s. HoHoweweverver, , strugstruggling as gling as an outsider—an outsider—with Dawwith Dawsonson

on empirical software measurement in my second year and thenon empirical software measurement in my second year and then

on my solo dissertation projects—was also enriching, albeit moreon my solo dissertation projects—was also enriching, albeit more

frustrating due to repeated paper rejections.frustrating due to repeated paper rejections.

14.14.   Giv  Give e manmany y taltalksks: : I I gavgave e ovover er twtwo o dozedozen n reseresearcarch h presepresentntationationss

throughout my Ph.D. years, ranging from informal talks at univer-throughout my Ph.D. years, ranging from informal talks at univer-

sity lab group meetings to conference presentations in large hotelsity lab group meetings to conference presentations in large hotel

balballroolrooms. ms. ThThe e infinformormal talks I al talks I gagave at ve at the beginthe beginninning g of projectof projectss

such as IncPy were useful for getting design ideas and feedback;such as IncPy were useful for getting design ideas and feedback;

those I gave prior to submitting papers were useful for discoveringthose I gave prior to submitting papers were useful for discovering

commocommon criticin criticisms that I sms that I needneeded to address in my papers. ed to address in my papers. Also, ev-Also, ev-

ery talk was great practice for improving my skills in public speak-ery talk was great practice for improving my skills in public speak-

ing and in responding to sometimes-hostile questions. Finally, talksing and in responding to sometimes-hostile questions. Finally, talks
sometimes sparked follosometimes sparked follow-up discussions that led to serendipity: w-up discussions that led to serendipity: FForor

example, after watching my first talk on IncPy, a fellow grad stu-example, after watching my first talk on IncPy, a fellow grad stu-

dent emailed me a link to Fernando’s blog post about Python indent emailed me a link to Fernando’s blog post about Python in

science; that email encouraged me to reach out to Fernando, whoscience; that email encouraged me to reach out to Fernando, who

would later inspire me to improve IncPy and then to invent CDE.would later inspire me to improve IncPy and then to invent CDE.

Over a year later, my Google Tech Talk on CDE directly led to myOver a year later, my Google Tech Talk on CDE directly led to my

super-chill summer 2011 internship.super-chill summer 2011 internship.
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15.15.   Sell, sell, sell  Sell, sell, sell: I spent the majority of my grad school days heads-: I spent the majority of my grad school days heads-

dodown wn grigrindinding ng on on impimplemlemenentinting g resresearearcch h ideideas, as, but but I I recrecognognizeizedd

that convincingly selling my work was the key to publication, recog-that convincingly selling my work was the key to publication, recog-

nitionition, n, and evenand eventual graduatitual graduation. on. Due to Due to the ultra-cothe ultra-competitmpetitive na-ive na-

ture of the paper publication game, what often makes the differenceture of the paper publication game, what often makes the difference
between an accept and a reject decision is how well a paper’s “mar-between an accept and a reject decision is how well a paper’s “mar-

keting pitch” appeals to reviewers’ tastes. Thus, thousands of hoursketing pitch” appeals to reviewers’ tastes. Thus, thousands of hours

of hard grinding would go to waste if I failed to properly pitch theof hard grinding would go to waste if I failed to properly pitch the

big-pbig-pictuicture significanre significance of ce of my researmy research to ch to my target audienmy target audience: ce: se-se-

nionior r acaacademdemic ic colcollealeaguegues. s. MorMore e gengeneraerallylly, , manmany y peoppeople le in in a a fielfieldd

have good ideas, so the better salespeople are more likely to gethave good ideas, so the better salespeople are more likely to get

thetheir ir ideideas as accacceptepted ed by the by the estestablablishishmenment. t. As As a a lolow-sw-stattatus us gragradd

student, one of the most effective ways for me to “sell” my ideasstudent, one of the most effective ways for me to “sell” my ideas

and projects was to get influential people (e.g., famous professorsand projects was to get influential people (e.g., famous professors

such as Margo) excited enough to promote them on my behalf.such as Margo) excited enough to promote them on my behalf.

16.16.   Generously provide help  Generously provide help: One of my favorite characteristics of : One of my favorite characteristics of 

the Ph.D. experience was that I wasn’t in competition with mythe Ph.D. experience was that I wasn’t in competition with my

classmates; it wasn’t like if they did better, then I would do worse,classmates; it wasn’t like if they did better, then I would do worse,

or vice versa. Therefore, many of us generously helped one another,or vice versa. Therefore, many of us generously helped one another,

most notably by giving feedback on ideas and paper drafts beforemost notably by giving feedback on ideas and paper drafts before

they were subject to the harsher critiques of external reviewers.they were subject to the harsher critiques of external reviewers.

17.17.   Ask for help  Ask for help: Over the past six years, I became good at determin-: Over the past six years, I became good at determin-

ing whening when, , whowho, , and how to and how to ask for ask for helhelp. p. SpecSpecificificallallyy, , whewhenevnever Ier I
felt stuck, I sought experts who could help me get unstuck. Findingfelt stuck, I sought experts who could help me get unstuck. Finding

help can be as simple as asking a friend in my department, or ithelp can be as simple as asking a friend in my department, or it

might require getting referrals or even cold-emailing strangers.might require getting referrals or even cold-emailing strangers.

18.18.   Expr  Express ess true true gratgratitudeitude: : I I lealearnerned d to exprto express gratess gratituitude for thede for the

help that others have given me throughout the years. Even thoughhelp that others have given me throughout the years. Even though

earning a Ph.D. was a mostly-solitary process, I wouldn’t have madeearning a Ph.D. was a mostly-solitary process, I wouldn’t have made

it without the generoit without the generositsity of y of dozendozens s of colleaguof colleagues. es. PePeople feel goodople feel good

when they find out that their advice or feedback led to concretewhen they find out that their advice or feedback led to concrete
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benefits, so I strive to acknowledge everyone’s specific contributionsbenefits, so I strive to acknowledge everyone’s specific contributions

whenever possible. Even a quick thank-you email goes a long way.whenever possible. Even a quick thank-you email goes a long way.

19.19.   Ide  Ideas as beget beget ideideasas: : As I As I didiscscoovverered at ed at ththe e enend d of my of my firfirst yeast year,r,

it’s nearly impossible to come up with substantive ideas in a vac-it’s nearly impossible to come up with substantive ideas in a vac-

uum. Ideas are always built upon other ideas, so it’s important touum. Ideas are always built upon other ideas, so it’s important to

find a find a solid startisolid starting point. ng point. FFor instanceor instance, , the motivthe motivationations for s for bothboth

IncPy and SlopPy came from my frustrations with programming-IncPy and SlopPy came from my frustrations with programming-

relrelateated d ineinefficifficiencencies I ies I facfaced ed durduring my ing my 2002009 9 MSR intMSR internernshiship. p. AA

year later, some of my ideas for extending IncPy, mixed with Fer-year later, some of my ideas for extending IncPy, mixed with Fer-

nando’s insights on reproducible research and Dawson’s mention of nando’s insights on reproducible research and Dawson’s mention of 

Linux dependency hell, led to the creation of CDE. Also, ideas canLinux dependency hell, led to the creation of CDE. Also, ideas can

sometimes take years to blossom, usually after several false starts:sometimes take years to blossom, usually after several false starts:

I started pondering Burrito-like ideas during my second year andI started pondering Burrito-like ideas during my second year and

then at the end of my fourth, but it wasn’t until my sixth year thatthen at the end of my fourth, but it wasn’t until my sixth year that
I was able to solidify those fuzzy thoughts into a real project.I was able to solidify those fuzzy thoughts into a real project.

20.20.   Grin  Grind d hahard rd anand d smasmartrt: : ThThis book is namis book is nameded The Ph.D. Grind  The Ph.D. Grind 

because there would be no Ph.D. without ten thousand hours of because there would be no Ph.D. without ten thousand hours of 

ungunglamlamoroorous, us, harhard-nd-noseosed d grigrindinding. ng. ThiThis s joujournerney y has taughhas taught t meme

thathat t crecreatiative ve ideideas as meamean n notnothinhing g witwithouhout t the the extextremreme e effoeffort rt toto

bribring them to ng them to frufruitiition: on: shoshowinwing g up up to the to the officoffice, e, getgettinting g my buttmy butt

in the seat, grinding hard to make small but consistent progress,in the seat, grinding hard to make small but consistent progress,

taking breaks to reflect and refresh, then repeating day after daytaking breaks to reflect and refresh, then repeating day after day

for over two thousand consecutive days. However, grinding smart isfor over two thousand consecutive days. However, grinding smart is
 just  just as as important important as as grinding grinding hard. hard. It’s It’s sad sad to to see see studentstudents s blindlyblindly

working themselves to death on tasks that won’t get favorable re-working themselves to death on tasks that won’t get favorable re-

sults: approaching a research problem from an unwise angle, usingsults: approaching a research problem from an unwise angle, using

the wrong kinds of tools, or doing useless errands. Grinding smartthe wrong kinds of tools, or doing useless errands. Grinding smart

requires perceptiveness, intuition, and a willingness to ask for help.requires perceptiveness, intuition, and a willingness to ask for help.

∼∼
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I’ll end by answering a question involving the F-word:I’ll end by answering a question involving the F-word:  Was it fun?  Was it fun? 

SomSome e aspeaspects of cts of the Ph.Dthe Ph.D. . expeexperierience wence were very fun: re very fun: ComComing uping up

with new ideas was fun; sketching out software designs on the white-with new ideas was fun; sketching out software designs on the white-

board was fun; having coffee with colleagues to chat about ideas wasboard was fun; having coffee with colleagues to chat about ideas was

fun; hanging out with interesting people at conferences was fun; givingfun; hanging out with interesting people at conferences was fun; giving
talks and inciting animated discussions was fun; receiving enthusias-talks and inciting animated discussions was fun; receiving enthusias-

tic emails from CDE users around the world was fun. But I probablytic emails from CDE users around the world was fun. But I probably

spent only a few hundred hours on those activities throughout the pastspent only a few hundred hours on those activities throughout the past

six years, which was less than five percent of my total work time.six years, which was less than five percent of my total work time.

In contrast, I spent about ten thousand hours grinding alone inIn contrast, I spent about ten thousand hours grinding alone in

front of my computer—programming, debugging, running front of my computer—programming, debugging, running experiments,experiments,

wrestling with software tools, finding relevant information, and writ-wrestling with software tools, finding relevant information, and writ-

inging, , edieditinting, g, and rewrand rewritiiting reseang researcrch h papepapers. rs. AnAnyoyone who ne who has donehas done

crecreatiative worve work k knoknows ws thathat t the day-the day-to-to-daday y grigrind nd is is rarrarely fun: ely fun: It It re-re-

quires intense focus, rigorous discipline, keen attention to detail, highquires intense focus, rigorous discipline, keen attention to detail, high

pain tolerance, and an obsessive desire to produce great work.pain tolerance, and an obsessive desire to produce great work.

So,So, Was it fun?  Was it fun? 

I’ll answer using another F-word:I’ll answer using another F-word:   It was fun at times, but more   It was fun at times, but more 

importantly, it was fulfilling.importantly, it was fulfilling.   Fun is often frivolous, ephemeral, and  Fun is often frivolous, ephemeral, and

easy to obtain, but true fulfillment comes only after overcoming sig-easy to obtain, but true fulfillment comes only after overcoming sig-

nificant and meaningful challenges. Pursuing a Ph.D. has been one of nificant and meaningful challenges. Pursuing a Ph.D. has been one of 

the most fulfilling experiences of my life, and I feel extremely lucky tothe most fulfilling experiences of my life, and I feel extremely lucky to

have been given the opportunity to be creative during this time.have been given the opportunity to be creative during this time.
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AfterwordAfterword

WiWiththin in itits s firfirst st momonnth th of of rereleleasase e (J(Jululy y 20201212), ), tetens ns of of ththouousasandnds s of of 

people have already readpeople have already read  The Ph.D. Grind  The Ph.D. Grind , and hundreds have sent, and hundreds have sent

me personal emails about it. The most fascinating thing about readerme personal emails about it. The most fascinating thing about reader

reactions is how differently people interpreted my book depending onreactions is how differently people interpreted my book depending on

thetheir own life experir own life experieniencesces. . As the clicAs the cliche goes,he goes,   people see what they   people see what they 
want to see want to see . For instance:. For instance:

••   Undergraduate   Undergraduate studentstudentss   learned about what a Ph.D. might  learned about what a Ph.D. might

ininvolvolve, which helped ve, which helped calibcalibrate their rate their expectexpectationations. s. One studenOne studentt

wrowrote to te to me via emailme via email: : “I must tel“I must tell l yoyou u eveven thouen though I gh I am stillam still

an undergrad thinking of applying for PhD next year, you havean undergrad thinking of applying for PhD next year, you have

made me to [sic] see what all can happen with me in my nextmade me to [sic] see what all can happen with me in my next

fefew w yyeaearsrs. . I I ststaayyed baced back k in in ththe e lalab b to to wworork k on on mmy y ininteternrnshshipip

project (and all i did was to read your piece ;) & getting lost inproject (and all i did was to read your piece ;) & getting lost in

random thoughts about my PhD) it was still time well spent.”random thoughts about my PhD) it was still time well spent.”
Another reader mentioned thatAnother reader mentioned that   The Ph.D. Grind   The Ph.D. Grind   is “a great  is “a great

great resource for folks like me contemplating entering a PhDgreat resource for folks like me contemplating entering a PhD

prprogograram. m. [.[. .. .. ] ] YYou donou don’t oft’t often get a en get a perperspespectctivive on e on ththe sort of e sort of 

‘political’ games that come into play [with respect to] advisor‘political’ games that come into play [with respect to] advisor

selection, funding, etc etc.”selection, funding, etc etc.”

••  People who got jobs instead of pursuing a Ph.D. People who got jobs instead of pursuing a Ph.D.  thanked thanked

me for confirming that their decision not to go to grad school wasme for confirming that their decision not to go to grad school was

the right one for them. A recent college graduate and soon-to-bethe right one for them. A recent college graduate and soon-to-be
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engineer wrote, “When deciding what to do with my life I had toengineer wrote, “When deciding what to do with my life I had to

chose between two options: becoming a professor or becoming achose between two options: becoming a professor or becoming a

professional. I ended up deciding on the latter due to a mixtureprofessional. I ended up deciding on the latter due to a mixture

of various factors, but the main one is that I don’t think I couldof various factors, but the main one is that I don’t think I could

sacrifice the social and non-academic part of my life to put thesacrifice the social and non-academic part of my life to put the
effort and dedication that research requires. I’ve been wonderingeffort and dedication that research requires. I’ve been wondering

if I if I madmade the e the rigright chht choicoice. e. YYour book our book has shohas shown me wn me whawhat t mmyy

life could have been and I think I have.”life could have been and I think I have.”

••   Early-stage Ph.D. students  Early-stage Ph.D. students  related to the tedious and often- related to the tedious and often-

mindless grinding that I had to endure in the early years of gradmindless grinding that I had to endure in the early years of grad

schschool. ool. Some werSome were inspired that the e inspired that the futurfuture might look e might look brighbrighterter

if they grind harder and smarter in the upcoming years. A first-if they grind harder and smarter in the upcoming years. A first-

year student told me, “You really have some strong will power. Iyear student told me, “You really have some strong will power. I

am just one year into my PhD grind and am just one year into my PhD grind and it feels like forever. it feels like forever. YYourour
work really inspired me, I felt really energetic and determined (atwork really inspired me, I felt really energetic and determined (at

least the day I read the book!)” A second-year student told me,least the day I read the book!)” A second-year student told me,

“I found your book today at a very crucial stage in my PhD.“I found your book today at a very crucial stage in my PhD.

My Qualifying exams are coming up and I felt that my workMy Qualifying exams are coming up and I felt that my work

is lacking in substance and I was ready to throw it in, when Iis lacking in substance and I was ready to throw it in, when I

started reading your book. I don’t know what it is about it, butstarted reading your book. I don’t know what it is about it, but

I am loving it. It’s just the kick I needed, mate.”I am loving it. It’s just the kick I needed, mate.”

••   Mid-stage Ph.D. students  Mid-stage Ph.D. students  empathized with the mental state empathized with the mental state

of of “li“limbombo” ” frofrom m the middthe middle chaple chapterters. s. OnOne e toltold d me, “Theme, “There arere are
several things I’ve see[n] so far that are common to other fields.several things I’ve see[n] so far that are common to other fields.

I got a I got a lalaugugh out of the 3rd yh out of the 3rd yeaear apatr apathhy .y . .. . . ththat lasat lasteted longd longerer

for me. I’m funded, but my advisor doesn’t press me, so I oftenfor me. I’m funded, but my advisor doesn’t press me, so I often

end up in periods like you did, looking for inspiration becauseend up in periods like you did, looking for inspiration because

fractional improvement just doesn’t cut it.”fractional improvement just doesn’t cut it.”

••   Successful Ph.D. dropouts  Successful Ph.D. dropouts lived vicariously through my grad lived vicariously through my grad

school experiences and received validation that they had madeschool experiences and received validation that they had made

the right choicthe right choice e by leaviby leaving ng premprematureaturelyly. . FFor or exampexample, a le, a fellofelloww
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Stanford computer science Ph.D. student who left during herStanford computer science Ph.D. student who left during her

first year wrote, “Thanks for confirming for me that getting outfirst year wrote, “Thanks for confirming for me that getting out

when I did was one of the best decisions I’ve ever made.”when I did was one of the best decisions I’ve ever made.”

••  Late-stage Ph.D. students Late-stage Ph.D. students  deeply related to my frustrations deeply related to my frustrations

with the academic publishing game because they had also facedwith the academic publishing game because they had also faced

reperepeateated d papepaper r rejrejecectiotions ns for for reareasonsons s seeseeminmingly gly beybeyond ond thetheirir

coconntrtrolol. . OnOne e totold ld meme, , “T“The he coconsnstatannt t reretuturn rn to to ththe e ththememe e of of 

publishing - and more specifically publishing to the tastes of apublishing - and more specifically publishing to the tastes of a

small set of experts in a subfield - really hits home.” Other late-small set of experts in a subfield - really hits home.” Other late-

stage students wanted to figure out how to make the process lessstage students wanted to figure out how to make the process less

paipainfunful l for futurfor future e gengeneraeratiotions: ns: “A“At t timtimes, es, I I felfelt t mymyselself f getgettintingg

mad/frustrated at the things you went through, since many weremad/frustrated at the things you went through, since many were

liklikely unnecessely unnecessaryary, , and yet I and yet I also wenalso went t throuthrough gh themthem. . It wouldIt would

be fun to chat about how we could turn the experience of the firstbe fun to chat about how we could turn the experience of the first
few years into a less frustrating one for future grad students.”few years into a less frustrating one for future grad students.”

••   Professors  Professors   appreciated the struggles and eventual feelings of   appreciated the struggles and eventual feelings of 

tritriumpumph h in in mmy y stostory since they all ry since they all sucsucceceedeeded d in in gragrad d scschoolhool. . AA

senior Stanford professor posted on Twitter: “Most of my classsenior Stanford professor posted on Twitter: “Most of my class

(me too) wanted a leave in 2nd year of PhD! Tough but worth-(me too) wanted a leave in 2nd year of PhD! Tough but worth-

whiwhile!le!” ” And a And a junjunior profior professessor wroteor wrote, , “A“At t the endthe end, , it was a it was a re-re-

warding journey for me, as it helped me emerge a lot more hardwarding journey for me, as it helped me emerge a lot more hard

working, persistent, stronger and confident. This transformationworking, persistent, stronger and confident. This transformation

is the real output of [a] PhD program and not the publications.”is the real output of [a] PhD program and not the publications.”
Predictably, many praised the benefits of academia and encour-Predictably, many praised the benefits of academia and encour-

aged me not to “give up” on becoming a professor; one junioraged me not to “give up” on becoming a professor; one junior

professor told me, “I’m enduring this world for just a couple of professor told me, “I’m enduring this world for just a couple of 

good good reareasonsons: s: it’it’s s a a gregreat chalat challenlenge and ge and the persothe personal gronal growth iswth is

amazing.” Finally, in the most blatant instance of selective read-amazing.” Finally, in the most blatant instance of selective read-

ing, one professor raved about how she loved my entire book anding, one professor raved about how she loved my entire book and

was so incredibly happy that I had decided to become a professorwas so incredibly happy that I had decided to become a professor

in the end after all! Her interpretations of the final few chaptersin the end after all! Her interpretations of the final few chapters

were exceptionally creative, to say the least.were exceptionally creative, to say the least.
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••   Civilians  Civilians, last but not least, enjoyed a glimpse into the pos-, last but not least, enjoyed a glimpse into the pos-

sible experiences of their friends and family members who wentsible experiences of their friends and family members who went

through Ph.D. programs. A mother wrote, “I am not a Ph.D. butthrough Ph.D. programs. A mother wrote, “I am not a Ph.D. but

I could relate to a lot of things in the book as my daughter alsoI could relate to a lot of things in the book as my daughter also

gogot t heher r PhPh.D.D. . anand d shshe e is on is on tetennurure e trtracack k nonow. w. I I wiwish you hadsh you had
wriwrittetten n yoyour bour book ok a a litlittle earltle earlierier!” !” And a And a felfellolow w stustudendent t toltoldd

me, “I sent it to my grandmother, and she is really enjoying it.me, “I sent it to my grandmother, and she is really enjoying it.

I am the first person in my family to get a PhD, so she had aI am the first person in my family to get a PhD, so she had a

lot of questions about the process, many of which your memoirlot of questions about the process, many of which your memoir

was able to answer so that I did not have to. :)”was able to answer so that I did not have to. :)”

∼∼

I also received some frequently-asked questions from readers, so II also received some frequently-asked questions from readers, so I

will address them in this section.will address them in this section.

QuQuesestitionon: : WhWhy y didid d yoyou u obobsesess so ss so mumuch ovech over r pupublblisishihingng? ? I I didid d 

my Ph.D. in major X at university Y during time period Z, and I my Ph.D. in major X at university Y during time period Z, and I 

graduated just fine without ever publishing any papers.graduated just fine without ever publishing any papers.

I focused on this topic because the struggle to publish dominatedI focused on this topic because the struggle to publish dominated

the Ph.D. experiences of myself and fellow students in my department.the Ph.D. experiences of myself and fellow students in my department.

In the Stanford Computer Science Department circa 2012, students areIn the Stanford Computer Science Department circa 2012, students are

expeexpectected d to to pubpublislish h twtwo o to to foufour r papepapers rs befobefore graduare graduatinting. g. EvEven en mmyy

advisor told me several times that I needed at least two respectableadvisor told me several times that I needed at least two respectable

papepapers rs befobefore he re he wwoulould d let me let me gragraduaduate. te. ReReadeaders rs hahave told me ve told me thathatt

publishing is not nearly as important for Ph.D. students in some otherpublishing is not nearly as important for Ph.D. students in some other

fields; in the past, even computer science Ph.D. students didn’t facefields; in the past, even computer science Ph.D. students didn’t face

as much pressure to publish. However, for my fellow students and me,as much pressure to publish. However, for my fellow students and me,

it it defidefinitnitely felt ely felt liklike e “pu“publiblish sh or or periperish.sh.” ” I I dondon’t ’t necnecessessariarily ly endendorsorsee

this fiercely paper-driven style of research (it has both positive andthis fiercely paper-driven style of research (it has both positive and

negative consequences), but that was simply the game I had to playnegative consequences), but that was simply the game I had to play

to earn my Ph.D. degree.to earn my Ph.D. degree.
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QueQuestistion: on: I’m I’m a a ccomomputputer er scisciencence e prprofeofessossor r whwho o wawants nts to to ppoinoint t 

out that your views about what it takes to earn a faculty job and get out that your views about what it takes to earn a faculty job and get 

grgrant funding ant funding arare e somewhat misguidesomewhat misguided. d. Why didnWhy didn’t you ’t you prprovide more ovide more 

accurate information? accurate information? 

I fully acknowledge that my perceptions are myopic and incom-I fully acknowledge that my perceptions are myopic and incom-
plete, since I have never served on a faculty hiring committee or grantplete, since I have never served on a faculty hiring committee or grant

revireview bew board. oard. HowHowevever, I er, I presepresentented d the most honest accounthe most honest account t of howof how

I thought those processes worked based on what I saw during my sixI thought those processes worked based on what I saw during my six

years as a Ph.D. student.years as a Ph.D. student.

QuQuesestitionon: : I’I’m m a a ststududenent t in in neneeed d of of adadvivicce. e. ShShouould ld I I pupursrsue ue a a 

PhPh.D.D.? .? ShShouould I ld I drdrop out of op out of my Ph.my Ph.D. prD. proogrgramam? ? ShShouould I ld I swswititch ch 

advisors? Should I try to become a professor? advisors? Should I try to become a professor? 

The Ph.D. Grind The Ph.D. Grind  is a memoir describing my own experiences, not a is a memoir describing my own experiences, not a

genegeneral advice ral advice guide for guide for studestudentnts. s. Since your circumSince your circumstancstances es probaprobablybly

differ greatly from mine, I don’t feel qualified to provide advice to you.differ greatly from mine, I don’t feel qualified to provide advice to you.

Feel free to interpret my words in whatever way makes sense, and useFeel free to interpret my words in whatever way makes sense, and use

your own best judgment. Good luck!your own best judgment. Good luck!

QueQuestistion: on: Is Is youyour r bboook ok memeant as ant as a a cricritiqtique ue of of acacadeademia or mia or a a ccall all 

 for  for rreform? eform? 

AbsAbsoluoluteltely y notnot. . I I dondon’t ’t hahave any agendve any agenda a besibesides telldes telling my ing my owownn

story as honestly as possible.story as honestly as possible.

QuestQuestion: ion: Why are you Why are you leleavinaving g acacademademia? ia? YYour reseour researarch ch visiovision n 
and publication record seem respectable, so you might be able to get a and publication record seem respectable, so you might be able to get a 

decent faculty job and then tenure if you just tried hard enough.decent faculty job and then tenure if you just tried hard enough.

The purpose of my memoir is to tell my Ph.D. story, not to ex-The purpose of my memoir is to tell my Ph.D. story, not to ex-

plain my decision to leave academia. My full reasons for not pursuingplain my decision to leave academia. My full reasons for not pursuing

academic jobs are beyond the scope of this book. However, if I had toacademic jobs are beyond the scope of this book. However, if I had to

give a one-line answer, it would be:give a one-line answer, it would be:  I just don’t want it badly enough. I just don’t want it badly enough.

Question: So do you dislike academia? Do you think that academic Question: So do you dislike academia? Do you think that academic 

research is a useless game? research is a useless game? 
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No, on the contrary, I have a great deal of respect for academiaNo, on the contrary, I have a great deal of respect for academia

and deeply understand its role in advancing innovation. And althoughand deeply understand its role in advancing innovation. And although

peer-reviewed publishing is an imperfect game, I don’t claim to havepeer-reviewed publishing is an imperfect game, I don’t claim to have

a a bettbetter soluter solution for ion for quaqualitlity y concontrotrol. l. As I As I sumsummarmarizeized d in an in an emaemail il toto

a professor during my final year of grad school, “I discovered over thea professor during my final year of grad school, “I discovered over the
past 5 years that I love being a spectator of research, but the burdenpast 5 years that I love being a spectator of research, but the burden

of being a continual producer of new research is just too great for me.”of being a continual producer of new research is just too great for me.”

QueQuestistionon: : I I thothoughught t Ph.Ph.D. D. stustudendents ts totook ok claclassesses, s, tautaught ght claclassesses,s,

went through grueling qualifying exams, and did a bunch of other stuff went through grueling qualifying exams, and did a bunch of other stuff 

besides research. Why didn’t you describe any of that? besides research. Why didn’t you describe any of that? 

Because those activities are all irrelevant to earning a Ph.D. degree.Because those activities are all irrelevant to earning a Ph.D. degree.

I chose to focus my memoir exclusively on the process of doing research,I chose to focus my memoir exclusively on the process of doing research,

since that is at the core of the Ph.D. experience.since that is at the core of the Ph.D. experience.

Question: Did you make any friends or do social activities during Question: Did you make any friends or do social activities during 
your six years of grad school? your six years of grad school? 

YYes, but es, but you’re probably not interested in the details you’re probably not interested in the details of my pof my personalersonal

life. Again, I focused my memoir exclusively on the research process.life. Again, I focused my memoir exclusively on the research process.

Question: The other characters in this book are all one-dimensional.Question: The other characters in this book are all one-dimensional.

Why didn’t you develop their backstories in more detail? Why didn’t you develop their backstories in more detail? 

Because I was not comfortable speaking on behalf of others. I canBecause I was not comfortable speaking on behalf of others. I can

speak with confidence only about my own feelings. My colleagues canspeak with confidence only about my own feelings. My colleagues can

write their own articles in response towrite their own articles in response to  The Ph.D. Grind  The Ph.D. Grind , and I will be, and I will be

happy to link to their writings.happy to link to their writings.

Question: How do you know that you’ve grinded for over ten thou-Question: How do you know that you’ve grinded for over ten thou-

sand hours throughout your Ph.D. years? sand hours throughout your Ph.D. years? 

Using a very conservative estimate, 5 hours of grinding per dayUsing a very conservative estimate, 5 hours of grinding per day

times 335 days per year (30 “vacation” days) times 6 years is approx-times 335 days per year (30 “vacation” days) times 6 years is approx-

imateimately 10,000 ly 10,000 hourshours. . Most Ph.D. graduateMost Ph.D. graduates s liklikely workely worked for ed for longelongerr

than this amount of time, though.than this amount of time, though.

Thanks for reading, and feel free to email me with more feedbackThanks for reading, and feel free to email me with more feedback

and questions!and questions!


