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Abwiract

Reproducibllity af experiments 1 comxklersd ax one of the maln principles of the ecentific
method Rexent developmentx in deta sre] compuistion Intenctve clence, La. e-Sclence, and sinie
of the art In Clead computing provkie the necesgary campxmnenis G peserve data xeis and m-un
code and woftware that cesie research data. The Bxecuoiable Faper (EF) concapt mies siate of
the art techmclogy & include dain sets, cide, and wftwere In the electrand: poblication soch that
mesders can valldade the precenied eiolix. Tn this paper we pesent haw i advance coment stale of
the &t & preserve, date sets, amile, snd softwame thet creste ecearch deia, the beslc components
of an execution platfarm @ peserve leng erm compatibflity of BP, and we Identify a number of
Ixzmex and challenge s In the meallzation of EE
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1. Imtrodnetion

Research articlas nead & cantaln enugh informetien G verily the methods and & reprodocs
the rezesrch dats presenied in 2 peper Experimentx theald be describad In such detal] thet =
saarcher can reprodace the essarch resnlix. Eseping detafled meands and taces of the progress of
an experiment Increasas the svldence that b procedue ix comect. Thoogh information techmed ogy
Ix nowr Incixpeniable In many dizciplines of xclence, 1t s handly wsed @ improve the mpredoc bl -
Lty of rexasrch dats. In thix paper, we Iovestigate how Information technkslogy can be applisd te
reprodors experimenix ard iy autematically collect tacex while the experiment i executing, 1a.
hewr D cresie the fechnnlegies for an Execuiable Paper (EP)

Nowadayx, many pepers are rexisble anline oxdng the Hyper Text Markup Languegs (HTML)
HTML. Intrexinces formatied strings that indicate & refermge e a resparce known ax by per links,

which can mfer ta sections of 5 docoment or i ather docomente. Hyper linkx give dynamdum &2 2
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intic condent and thus text can be reaid amnctatively by jomping from ane byper link o annther
The core behind sy HTML. dacumeant ix the inferpreler, La. browser, which moden the HTMI.
coide bl displays the canient. More sdvancad inleraction betwesn orer and document becomes
posslble when code ar scripiz are embeddedd in 8 HTMI. document, such 25 an anline anilkering
envircnment [1Z]

A umightirwanl EP Implementation embads In the HTMI. document a2 link tn whems the
cuta melx, code, and softeare can be foand sl & description of the experiment that creaied the
rezaarch resolis. By dicking on a table or a graph, for example, the reader can uxe the embedkded
Infirmation @ teck kow the eeearch daie wax ceaied. I the cleps io create the ressarch dets
e dexcribed accuvaiely, anembigonaxcly, and with enoogh detadl, 8 compoier program mther that
the mader can e-rum and valkiste ressarch resulix. In this paper we how haw wtaie of the art e-

Sclance tools can be appllad te describe code, witware, and perameters af wclentific experiments.
Pmthermawe, we presant &n architectore iy mallze EP

Hrwrenver, describing hinw research dain Ix created snd linkdng o dependencies {s ket encugh. Tn
this paper we sl addem the platfiem b preserve EP depandencies and i m-ron the experiment.
We decompose platirm Ixsoes inie three problems. Fint, meaachers me diferent methmdx i
dexcribe ardd rum ex pariments, which might not be compatible ar uxlersiandalde by pthen. Atleaxt
for BP it Is necessary that an scoepted method exies ta describe srel ron ex periments. We propose
uxing workflows, which ix a wall established methed Ine-Sclenca. Second, Hokx &> dependencias,
snch ax large dets kels, can bresk when s e earcher maves affilistkn and forgelx i opdate old
lIinkn. Thix preblam i kown in lliewatore s calolions exixt @ stoe deta for Innger perlads
of dme {Ssciion 2} Thind, The moftwere snd fix dependenclex ance develkoped by a mesearcher
may not wirk In madem or fotae sysiems, e.g- clder librerias might be tnavallalde or a compller
mlght Inmplement different aptimizetinnx. In qor spproach, the recent sdvence of Tnfraxtrocione as s
Service Chnd camputing [4] server a5 a platfirm inwhich all the code s cafteame dependencles
can be encamulaied {Saction 3).

We sl present 2 e caze In which we show that fost a few componenix are mdsslng o reallze
2 predf” af cancept FP Implamentatkn {Section 43 and discoxe same Issnes oot addmexed In par

srchiieciore {Section 5

2 Bukprmmnd

Mathematica [Z2], & wienific canrpuiing envirmnment inegraies satharing of publications,
coide, and software & ceale exearch dats tnin a dogle platfiem. Mathematica alea Inclsdex 2
collection of Coyxeichle Dain, relacted dais etz malntained by Walfam, which @an be aocewed
progmammaticatly axd used for experiments and madel checking. Becanse such date eis an be
ln:g&, It 1 hetter ta mEfsmnoe the deta than to oclode 1t in the ol boak. Mathematica's apprasch
I closaly mlaled to the EP cancept, bat axerx ame kacked inio one platform @ fully oiflize lis
aitvantagex. Tn the conlext of e-Sclence, we define an FP a1 a collection of stefic ext, experiment
dexcripticne, provenance, viriuel ressores, axl datesetx, which asist In eprodocing ressarch
mesulis

It Is pfien caovendent &> madel dats and canrpuietinn fnkensive identfic ex periments ax & work-
flow [13, 14, 14] {Flgme 1) Werkflows ame graphs where vertkes describe a sclentific proces
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