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Pregel:)A System for Large-Scale Graph Processing

Grzegorz Malewicz, Matthew H. Austern, Aart J. C. Bik, James C. Dehnert, llan Horn,
Naty Leiser, and Grzegorz Czajkowski
Google, Inc.
{malewicz,austern,ajcbik,dehnert,ilan,naty,gczaj}@google.com

ABSTRACT

Many practical computing problems concern large graphs.
Standard examples include the Web graph and various so-
cial networks. The scale of these graphs—in some cases bil-
lions of vertices, trillions of edges—poses challenges to their
efficient processing. In this paper we present a computa-
tional model suitable for this task. Programs are expressed
as a sequence of iterations, in each of which a vertex can
receive messages sent in the previous iteration, send mes-
sages to other vertices, and modify its own state and that of
its outgoing edges or mutate graph topology. This vertex-
centric approach is flexible enough to express a broad set of
algorithms. The model has been designed for efficient, scal-
able and fault-tolerant implementation on clusters of thou-
sands of commodity computers, and its implied synchronic-
ity makes reasoning about programs easier. Distribution-
related details are hidden behind an abstract APL. The result
is a framework for processing large graphs that is expressive
and easy to program.
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F*F SETI@home
SETI@home FHRIZAR

SETI (1E345h8E) B SIRMERLINSEEGIRIZEER. FAERNRGARRZA
SR SETI, ARSI EnEskR AT IE T RN, BRESHRITAEA]
HEEIART=EM, NSRBI R S S Rl LBt YIS ZRHRTFTE.

Radio telescope signals consist primarily of noise (from celestial sources and the receiver's
electronics) and man-made signals such as TV stations, radar, and satellites. Modern radio
SETI projects analyze the data digitally. More computing power enables searches to cover
greater frequency ranges with more sensitivity. Radio SETI, therefore, has an insatiable
appetite for computing power.

JFER SETI IR B4 G R RS E ARG B ST A SRS, 19955,
David Gedye JEX5E SET P S BRBRIKA R T B AT RGBT
I8, HeET SETI@home TEIRNXMEE. SETI@home INHT1999F5A A
7.

» SETI at Berkeley - a portal to all of U.C. Berkeley's SETI-related projects

» (fEE%E SETI@home FIHFRAE
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- 18

» Arthur C. Clarke Tribute

+ SETI@home 10 Year Anniversary (schedule and videos of talks)

Papers about SETI@home science and computing:
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'r. 4 Dr. Eric Korpela, Director

Ericis an astronomer. In addition to SETI, he studies interstellar
matter (the gas and dust that lies between the stars) using radio,
optical, and space-based ultraviolet telescopes. He has
participated in several satellite missions, and is currently
Instrument Scientist for the EUV spectrograph aboad the NASA

-/ ICON mission to study the interface between the ionized and

non-ionized portions of the Earth's atmosphere.

In his spare time, Eric collects and restores vintage computers.
Eric also enjoys bass fishing. You can email him at korpela at
ssl.berkeley.edu.

Dr. David P. Anderson, scientist and software architect

David is a computer scientist, with research interests in
volunteer computing, distributed systems, and real-time
systems. He co-founded SETI@home and directed it from 1998
to 2015. He leads the BOINC project.

David is a rock climber, mountain climber, classical pianist, and
father of Noah (born Oct. 2005). Email him at davea at berkeley
dot edu.

Dan Werthimer, Chief scientist

Dan specializes in signal processing for radio astronomy. He has
been doing SETI since 1979, and he runs the SERENDIP, Optical
SETI, and CASPER projects.

Dan dabbles in jazz piano, and is the father of a 12-year old son,

William.
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reCAPTCHA: Human-Based Character
Recognition via Web Security Measures

Luis von Ahn,* Benjamin Maurer, Colin McMillen, David Abraham, Manuel Blum

CAPTCHAs (Completely Automated Public Turing test to tell Computers and Humans Apart) are
widespread security measures on the World Wide Web that prevent automated programs from
abusing online services. They do so by asking humans to perform a task that computers cannot yet
perform, such as deciphering distorted characters. Our research explored whether such human
effort can be channeled into a useful purpose: helping to digitize old printed material by asking
users to decipher scanned words from books that computerized optical character recognition failed
to recognize. We showed that this method can transcribe text with a word accuracy exceeding 99%,
matching the guarantee of professional human transcribers. Our apparatus is deployed in more
than 40,000 Web sites and has transcribed over 440 million words.

G

(<]
| Ll ‘ re CAPTCHA
Privacy & Terms "} top spa

“Solving
Problems with
Millions of
Humans and
Computers”

ACM FCRC 2011

Select all images with rivers.

Report a problem
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Emotional Contagion

FacebookfiR ARAIAFRIEH, —LEiE4E (Tfllﬁll £
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Significance

We show, via a massive (N = 689,003) experiment on Facebook,
that emotional states can be transferred to others via emotional
contagion, leading people to experience the same emotions
without their awareness. We provide experimental evidence
that emotional contagion occurs without direct interaction be-
tween people (exposure to a friend expressing an emotion is
sufficient), and in the complete absence of nonverbal cues.

Experimental evidence of massive-scale emotional contagion through social networks, PNAS, 2013
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