
8/23/16	
  

1	
  

Networking	
  Research,	
  Educa;on,	
  
Mentoring	
  and	
  Service:	
  	
  

Ten	
  Insights	
  

Jim Kurose 

 
ACM SIGCOMM Conference 

August 2016 

Assistant Director, NSF 
Computer & Information 
Science & Engineering 

 

Distinguished Professor 
College of Information and 

Computer Sciences  
 

Overview	
  
Research	
  

Teaching	
  

Service	
  

Mentoring	
  



8/23/16	
  

2	
  

Top	
  10	
  lists:	
  I	
  love	
  them	
  

§  “10	
  pieces	
  of	
  advice	
  I	
  wish	
  my	
  PhD	
  advisor	
  had	
  given	
  
me”,	
  CoNEXT,	
  INFOCOM,	
  N2Women	
  student/workshops	
  

§  “10	
  ;ps	
  for	
  wri;ng	
  a	
  paper”	
  
§  “10	
  ;ps	
  for	
  wri;ng	
  a	
  proposal,”	
  various	
  workshops	
  
§  “Networking	
  Educa;on	
  and	
  the	
  hands-­‐on	
  experience:	
  	
  
10	
  observa;ons,	
  insights,	
  and	
  advice	
  that	
  I	
  wish	
  
someone	
  had	
  told	
  me”	
  

§  “10	
  Networking	
  Papers:	
  Recommended	
  Reading,”	
  
ACM	
  CCR	
  2006	
  

crystal	
  ball	
  rose	
  colored	
  glasses	
  

Future	
  
Past	
  

Observa;ons	
  about	
  past,	
  future:	
  tough!	
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32

Future: information networks

intelligent 
game network

teleconferencing
network

information 
retrieval network

video 
distribution 

network

From	
  SBRC	
  tutorial	
  (Florianopolis,	
  2001):	
  

Observa;ons	
  about	
  past,	
  future:	
  tough!	
  

From	
  2006	
  Mul;media	
  workshop	
  
(two	
  days	
  aWer	
  Google	
  acquired	
  
YouTube)	
  

Don’t	
  blink,	
  because	
  
when	
  you	
  open	
  your	
  

eyes,	
  YouTube	
  won’t	
  be	
  
around	
  

Observa;ons	
  about	
  past,	
  future:	
  tough!	
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Observa;ons	
  about	
  past,	
  future:	
  tough!	
  

1995:	
  Jim	
  and	
  Keith	
  approach	
  a	
  publisher,	
  with	
  book	
  idea	
  

We	
  want	
  to	
  write	
  a	
  
book,	
  but	
  there	
  will	
  
be	
  no	
  printed	
  books	
  

by	
  2000,	
  so	
  ….	
  

7th	
  edi;on,	
  2016	
  

Overview	
  
Research	
  

Teaching	
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Mentoring	
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Research:	
  what	
  makes	
  a	
  problem	
  interes;ng?	
  

network	
  measurement,	
  inference:	
  hands-­‐on,	
  rigorous	
  

measurement	
  in	
  the	
  middle	
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Figure 2: Transmission Tree: for the RFV source on Apr 19, 1996

Dataset Num. of Num. of average average average average
Date Source backbone backbone links backbone recv. trimmed trimmed

links with long losses loss loss backbone loss recv. loss
1. Sep 19,1995 WRN 5 2 6.94% 13.94% 2.07% 5.99%
2. Sep 20,1995 UCB 5 1 3.74% 18.08% 2.17% 10.87%
3. Oct 30,1995 WRN 6 1 2.02% 15.06% 1.51% 13.14%
4. Nov 1,1995 WRN 6 1 5.05% 20.99% 2.02% 14.75%
5. Nov 13,1995 WRN 5 none 0.29% 9.03% 0.29% 7.50%
6. Nov 14,1995 WRN 4 none 1.50% 22.50% 1.50% 13.95%
7. Nov 28,1995 WRN 4 1 5.00% 13.01% 0.95% 6.52%
8. Dec 4,1995 WRN 5 none 1.31% 13.69% 1.31% 13.52%
9. Dec 11,1995 WRN 4 1 1.19% 9.97% 0.32% 8.83%
10. Dec 16,1995 WRN 2 none 0.01% 4.90% 0.01% 4.83%
11. Dec 18,1995 WRN 2 none 0.12% 9.74% 0.12% 9.42%
12. Apr 19,1996 RFV 8 none 0.97% 9.28% 0.97% 8.78%
13. Apr 24,1996 UCB 8 1 1.36% 14.18% 1.06% 12.26%
14. May 8,1996 RFV 6 2 3.08% 14.61% 1.66% 9.35%

Table 3: Summary of Backbone Loss for all Datasets

9

Packet	
  Loss	
  CorrelaDon	
  in	
  the	
  MBone	
  
MulDcast	
  Network	
  

DetecDng	
  Shared	
  CongesDon	
  of	
  Flows	
  
Via	
  End-­‐to-­‐end	
  Measurement	
  

Working draft of version to appear in ACM SIGMETRICS’00

S1

R1

S2

R2

(a) Inverted-Y topology

S1

R2R1

S2

(b) Y topology

Figure 1: Virtual topologies

This assumption does restrict the set of pairs that can be considered.
However, as compared to a randomly chosen pair of flows for which
neither the senders nor the receivers are co-located, flows that have
at least one set of of co-located hosts i) are easily located from the
point of co-location, ii) are more likely to share congestion, since
portions of their paths are guaranteed to overlap, and iii) require
less communication overhead (i.e., they can communicate over a
LAN) to perform aggregated congestion control.

Figure 1 gives a pictorial representation of sample topologies
formed from the paths of the two flows with co-located hosts.
and are the senders of the two flows, and are the two
receivers, and the little black balls are routers at the intermediate
hops. In the Inverted-Y topology (Figure 1(a)), the senders are co-
located. Packets transmitted by the senders traverse a set of com-
mon links up to some point in the network, after which the flows
travel along separate paths. In the Y topology (Figure 1(b)), the re-
ceivers are co-located. Packets transmitted by the senders initially
traverse a separate set of links. At some point along each flow’s
data-path, the flows meet and the remaining path to the receivers is
identical.

A shared POC exists if congestion occurs along the top portion of
the inverted-Y topology, or along the bottom portion of the Y topol-
ogy. We assume that in the Y (Inverted-Y) topology, after the flows’
paths are joined (deviate), they do not deviate (re-join). Otherwise,
the order of packet arrivals (departures) could differ substantially
from what is observed at a shared POC. Note that if a pair of flows
can be mapped onto either of these two topologies, then (barring re-
ordering) we can observe, from the point of co-location, the order in
which packets pass through the shared POC, if it exists. This allows
us to infer whether or not the flows share congestion using only
information that can easily be monitored at the three end-system
locations. Hence, the techniques do not require any information
pertaining to router processing rates, link speeds, or traffic patterns
of any background traffic.

Let us now formalize the notation that will be used throughout the
paper to refer to the packet flows. Let and represent the two
flows that we are testing. Each of these flows is referred to as a
foreground flow, and we refer to the packets within the flows as
foreground transmissions. Any other traffic/packet in the network
that does not belong to either of these flows is referred to as back-
ground traffic. Let represent the th packet transmitted by ,
and represent the th packet transmitted by . We write the
th foreground packet transmitted (counting packets in both flows)
as , i.e., for each , there is some where either , or

.

Last, we define a function that allows us to identify the adjacency
of two packets in the foreground. For any two packets, and ,
from either flow, or , we define the function

if , and 0 otherwise. indicates whether or
not two foreground packets are adjacent with respect to the other
foreground packets. In other words, implies
that there is some for which and .

2.1 Comparison Tests
Input: Trace information from the two flows
Step 1: Compute the cross-measure, , between pairs of

packets in both flows, spaced apart by time .
Step 2: Compute the auto-measure, from packets within

a flow, spaced apart by time .
Step 3: If , then the flows share a POC.

Else, the flows do not share a POC.

Figure 2: A comparison test.

Our techniques for detecting whether or not a pair of flows share
congestion are based on two fundamental observations of Internet
congestion:

Losses or delays experienced by two packets passing through the
same POC exhibit some degree of correlation (i.e., a loss or ex-
cessive delay observed by a packet increases the likelihood that a
later packet will be lost or experience a large delay). However, in
general, the degree of correlation decreases as the time between the
packets’ transmissions is increased [12; 13].

The losses or delays experienced by two packets that do not share
the same POC will exhibit little or no correlation.

Our idea is to measure the correlation between pairs of packets both
within a flow, and between flows. We choose the pairs between
flows such that if the POC for the flows is shared, then on average,
the time between arrivals at the POC of packets in the between-flow
pair is less than the time between arrivals at the POC of packets of
a single flow. Hence, the between-flow pairs will experience higher
levels of correlation if the POC for the flows is shared. If it is not
shared, then the between-flow pairs will exhibit no correlation, and
the level of correlation will be higher for the single-flow pairs. We
refer to this simple method of making this determination as a com-
parison test. The basic steps are reiterated in Figure 2. We refer
to , the measure of correlation between the flows, as the cross-
measure (as in cross-correlation), and , the measure of correla-
tion within a flow, as the auto-measure (as in auto-correlation).

The benefit of using a comparative test is that it gives a definitive
answer as to whether or not the flows share, regardless of what the
specific values of the cross- and auto-measures are. Alternatively,
one could construct measures that indicate congestion when taking
on certain values (e.g., a correlation coefficient that is larger than
some fixed value, ). Often, the value for depends on several
factors, including the service rate of the queues in the network, and
the rate of the probe traffic, making a unique value for unlikely.

2.2 Poisson Probes
We have noted that we need a method to generate packet samples
in such a way that the average time of arrival at a shared POC (if it
exists) between a sample pair from separate flows is less than that
between a sample pair of packets from the same flow. To sim-
plify presentation, we consider a single method for transmitting
probes that is robust over both the Inverted-Y and Y topologies.
The method we use, commonly referred to as a Poisson probe, is a
flow whose inter-packet departure times are described by a Poisson

3

Research:	
  what	
  makes	
  a	
  problem	
  interes;ng?	
  
modeling:	
  models	
  provide	
  and	
  reflect	
  insight	
  

x	
  

Circuit-­‐switching:	
  
blocking	
  networks	
  
(Erlang,	
  1917,	
  Kelly	
  1986)	
  

Packet-­‐switching:	
  
queueing	
  networks	
  
(Kleinrock,	
  1963)	
  

Content-­‐caching:	
  
cache	
  networks	
  

content-­‐caching	
  networks:	
  	
  bounding	
  calculus,	
  approxima;on	
  algorithms	
  

more:	
  mul;cast,	
  video,	
  network	
  calculus,	
  …	
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Research:	
  what	
  makes	
  a	
  problem	
  interes;ng?	
  
sensor	
  networks:	
  deployment,	
  architecture,	
  impact,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  interdisciplinary	
  

end	
  users:	
  
NWS,	
  

emergency	
  
response	
  

Cyril	
  

Rush	
  
Springs	
  

Chickasha	
  

Lawton	
  

radars	
  	
  
(sensors)	
  

data	
  storage	
  	
  

resource	
  alloca;on,	
  
op;miza;on	
  

MC&C:	
  Meteorological	
  	
  
command	
  and	
  control	
  	
  

computa;on,	
  
communica;on	
  

data	
  storage	
  	
  

resource	
  alloca;on,	
  
op;miza;on	
  

MC&C:	
  Meteorological	
  	
  
command	
  and	
  control	
  	
  

data	
  storage	
  	
  

resource	
  alloca;on,	
  
op;miza;on	
  

MC&C:	
  Meteorological	
  	
  
command	
  and	
  control	
  	
  

CASA:	
  Collabora;ve	
  Adap;ve	
  Sensing	
  of	
  the	
  Atmosphere	
  

radar	
  control:	
  sense	
  	
  
when	
  and	
  where	
  user	
  	
  
needs	
  are	
  greatest	
  

network	
  architecture:	
  “big	
  picture”	
  challenges	
  for	
  large	
  scale	
  
systems	
  

§  Signaling:	
  hard	
  state	
  versus	
  soW	
  state	
  

	
  

§  adaptability	
  
§  reconfigurability	
  
§  security	
  
§  manageability	
  

§  “robustness”	
  (non-­‐fragility)	
  
§  complexity	
  of	
  control	
  
§  maintainability	
  
§  evolvability	
  

Research:	
  what	
  makes	
  a	
  problem	
  interes;ng?	
  

§  MobilityFirst:	
  logically-­‐centralized	
  control	
  plane	
  
element	
  for	
  generalized	
  mappings	
  (e.g.,	
  name,	
  
loca;on)	
  
•  context-­‐sensi;ve	
  (ajribute	
  specific)	
  services	
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Picking	
  Research	
  Problems:	
  carefully	
  

A	
  fool	
  can	
  ask	
  more	
  
ques;ons	
  in	
  a	
  minute	
  	
  

than	
  a	
  wise	
  man/woman	
  
(or	
  a	
  Yoda)	
  can	
  answer	
  in	
  a	
  life;me	
  

#1	
  

§  what’s	
  the	
  fundamental	
  issue	
  
you’re	
  solving?	
  

§  will	
  the	
  problem	
  be	
  of	
  interest	
  
five,	
  ten	
  years	
  from	
  now?	
  

§  how	
  “crowded”	
  is	
  the	
  field?	
  
•  lots	
  of	
  smart	
  people!	
  
•  what’s	
  your	
  advantage?	
  

§  focus	
  on	
  fundamentals,	
  
solu;ons	
  that	
  cut	
  across	
  a	
  
solu;on	
  space	
  

	
  

Picking	
  Research	
  Problems:	
  carefully	
  

§  what’s	
  the	
  fundamental	
  issue	
  
you’re	
  solving?	
  

§  will	
  the	
  problem	
  be	
  of	
  interest	
  
five,	
  ten	
  years	
  from	
  now?	
  

§  how	
  “crowded”	
  is	
  the	
  field?	
  
•  lots	
  of	
  smart	
  people!	
  
•  what’s	
  your	
  advantage?	
  

§  focus	
  on	
  fundamentals,	
  
solu;ons	
  that	
  cut	
  across	
  a	
  
solu;on	
  space	
  

	
  

#1	
  

solu;on	
  space	
  

.	
  

You	
  are	
  here	
   (but	
  maybe	
  shouldn’t	
  be)	
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Choosing,	
  defining	
  a	
  research	
  problem	
  

§  complexity,	
  
sophis;ca;on	
  are	
  
themselves	
  not	
  of	
  
interest	
  	
  

§  simple	
  is	
  some;mes	
  
harder!	
  

time 

solutions in use 

understanding of 
problem area 

solutions proposed 

early middle late 

so
lu

ti
on

 c
om

pl
ex

it
y 

[adapted	
  from	
  Hluchyj	
  2001]	
  

!!	
  

!!	
  

maximum	
  impact	
  /	
  mindshare	
  

Overview	
  
Research	
  

Teaching	
  

Service	
  

Mentoring	
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Teaching	
  
§  50%	
  an	
  acquired	
  art:	
  can	
  
be	
  studied,	
  and	
  learned	
  

§  50%	
  connec;ng	
  with	
  
students,	
  caring	
  

§  Ques;on:	
  	
  what	
  is	
  the	
  
value	
  of	
  	
  of	
  “being	
  there”	
  
•  acDve	
  learning:	
  research	
  
shows:	
  bejer	
  learning	
  
outcomes	
  

•  you	
  can	
  learn,	
  try	
  it!	
  

#3	
  

Teaching:	
  a	
  predic;on	
  

§  tomorrow	
  “textbooks”:	
  high	
  quality,	
  highly	
  
interac;ve,	
  high	
  produc;on	
  value	
  

§  interac;ve,	
  with	
  video,	
  interac;ve	
  anima;ons,	
  
problems,	
  reviews,	
  ques;on/answering	
  

§  teaching	
  challenge:	
  what	
  will	
  
be	
  the	
  “value	
  added”	
  by	
  in-­‐
class	
  par;cipa;on?	
  

As	
  teachers,	
  we	
  will	
  need	
  to	
  
become	
  increasingly	
  aware	
  of	
  
the	
  value	
  we	
  add	
  over	
  
technology-­‐based	
  educaDon	
  

#4	
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Computer	
  Science	
  for	
  All	
  (CS	
  for	
  All)	
  

§  Enable	
  all	
  students	
  to	
  have	
  access	
  to	
  
high-­‐quality	
  CS	
  educa;on	
  in	
  K-­‐12:	
  
•  Knowledge	
  base,	
  capacity	
  for	
  
rigorous,	
  engaging	
  CS	
  educa;on	
  

•  founda;on	
  in	
  NSF	
  CS10K	
  
investments	
  

•  Professional	
  development	
  for	
  
educators	
   “In	
  the	
  new	
  economy,	
  

computer	
  science	
  isn’t	
  an	
  
opDonal	
  skill	
  –	
  	
  

it’s	
  a	
  basic	
  skill…”	
  	
  
	
  

President’s	
  Weekly	
  Address	
  1/30/2016	
  

	
  

§  Collabora;on:	
  NSF,	
  Dept.	
  Ed.,	
  industry,	
  
non-­‐profits	
  

§  CISE	
  and	
  EHR	
  to	
  provide	
  $120	
  million	
  
over	
  five	
  years	
  

CS	
  Educa;on	
  

Explosion	
  of	
  interest	
  seems	
  
different	
  this	
  ;me	
  around	
  

§  broader	
  interests	
  
§  minors,	
  other	
  disciplines	
  

Booming	
  CS	
  
enrollments	
  

CS	
  UG	
  
programs	
  

30K	
  

COMPUTING RESEARCH NEWS, MAY 2016
Vol. 28 / No. 5

cra.org/crn 23 

Figure B3. Bachelor’s Degrees Granted by Tenure-Track Size

CRA Taulbee Survey 2015

Figure B2. Newly Declared CS/CE Undergraduate Majors

CRA Taulbee Survey 2015

Year

Newly	
  declared	
  undergrad	
  CS/CE	
  majors	
  
30K	
  

20K	
  

10K	
  
1995	
   2000	
   2005	
   2010	
   2015	
  

N
um

be
r	
  o

f	
  s
tu
de

nt
s	
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Booming	
  CS	
  
enrollments	
  

Breadth	
  of	
  compu;ng	
  
interests,	
  K-­‐12	
  pipeline	
  

§  second	
  sea	
  change	
  
(tsunami):	
  
broadening	
  interest	
  
in	
  compu;ng	
  among	
  
incoming	
  students	
  

§  success	
  of	
  CS10K,	
  
CS4All	
  

§ CS+X	
  

CS	
  UG	
  
programs	
  

#6	
  
CS	
  Educa;on	
  

Overview	
  
Research	
  

Teaching	
  

Service	
  

Mentoring	
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Service	
  
§  do	
  it	
  because	
  you	
  love	
  it,	
  and	
  you	
  think	
  it	
  needs	
  to	
  
be	
  done	
  
•  1st	
  Infocom	
  student	
  workshop	
  (2005)	
  (with	
  Edmundo	
  de	
  
Sousa	
  e	
  Silva)	
  

•  Sigcomm	
  educa;on	
  workshops	
  (2002,2003,20011)	
  
•  journal	
  EIC	
  posi;ons,	
  PC	
  posi;ons	
  

§  service	
  to	
  larger	
  community:	
  your	
  ins;tu;on,	
  CS	
  
community,	
  gov’t:	
  
•  good	
  leaders	
  are	
  needed	
  from	
  (and	
  for)	
  our	
  community	
  

§  if	
  you	
  do	
  it,	
  do	
  a	
  jrex	
  (a.k.a.	
  amazing)	
  job	
  

Overview	
  
Research	
  

Teaching	
  

Service	
  

Mentoring	
  
§  colleagues	
  
§  grad	
  students	
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Mentoring: the process of doing research 

§  research is still a guild 
•  grad student = apprentice 
•  early career faculty nred 

mentoring also! 
§  what my former students tell me 

1-25 years later: 
•  learn research process, how 

to define/frame problems  
•  communication: writing, 

speaking 
§  early career faculty, 

researchers: learning the 
“ropes” 

 

apprenticeship 

#7 

Learn how to write really well 

§  can not overstress 
importance of good writing 
•  the most important 

course? 
§  “unfair advantage” in 

paper selection, proposal 
§  best investment of your 

time 
§  study role models 

http://www-net.cs.umass.edu/kurose/writing/ 

"No tale is so good that it can't be  
spoiled in the telling“   Proverb  

#8 
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Recommended reading: 

Writing for Computer Science  
by Justin Zobel   The Elements of Style  

by William Strunk E. B. White 
(50 years old – and still a classic!) 

Learn how to speak really well 
§  Can’t overstress importance of 

good speaking 
•  important course to teach/

take? 
§  “unfair advantage” in mindshare 
§  convey exciting story/message 

•  thoughtful 
•  engaging 
•  clear, concise 

§  practice, practice practice 
•  videotape, critique yourself 
•  study role models 

#9 

image	
  of	
  a	
  
public	
  
speaker	
  
remove	
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Identify role models 
§  who does something 

you care about really 
well? 
•  how do they do it? 

§  many role models: 
•  no one does everything 
•  find your balance 

§  get a mentor 
§  be a mentor 

#10 

from	
  “10	
  things	
  I	
  wish	
  my	
  advisor	
  had	
  told	
  me,”	
  circa	
  2009	
  

Overview	
  

Research	
  

Teaching	
  

Service	
  

Mentoring	
  

…	
  a	
  few	
  final	
  observa;ons….	
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Final	
  	
  observa;ons	
  
networking	
  research	
  community:	
  vibrant!	
  
§  SDN,	
  NFV:	
  solving	
  management	
  and	
  control	
  plane	
  
challenges;	
  bringing	
  computa;on	
  to	
  the	
  edge	
  

§  mobility	
  
§  cybersecurity	
  
§  data	
  
§  cyberphysical	
  systems,	
  IoT	
  
§  ….	
  

more	
  generally:	
  evolving	
  human-­‐technology	
  fron;er	
  
§  networking’s	
  key	
  role	
  when	
  compu;ng	
  is	
  embedded	
  

on,	
  around,	
  and	
  in	
  us	
  

Final	
  	
  observa;ons	
  

§  constant	
  need	
  to	
  “prove”	
  yourself	
  
•  being	
  out	
  of	
  your	
  comfort	
  zone	
  can	
  be	
  hard	
  but	
  …	
  
•  the	
  need	
  to	
  keep	
  learning	
  

§  privileged	
  to	
  be	
  doing	
  what	
  we	
  do	
  	
  
•  working	
  in	
  a	
  discipline	
  that	
  has,	
  and	
  will	
  con;nue	
  to,	
  
profoundly	
  change	
  the	
  world	
  

•  meaningful	
  work,	
  well	
  paid	
  
•  our	
  roles	
  as	
  teachers	
  and	
  mentors	
  are	
  impacaul	
  

§  work	
  we	
  do	
  is	
  great;	
  people	
  majer	
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…	
  to	
  the	
  amazing	
  PhD	
  
students	
  and	
  postdocs	
  I’ve	
  
worked	
  with	
  at	
  UMass:	
  

S.	
  Abdallah	
  	
  	
  
M.	
  Adler	
  	
  
W.	
  Adrion	
  	
  	
  
C.	
  Aras	
  	
  
V.	
  Arya	
  	
  	
  
A.	
  Ashkan	
  	
  	
  
M.	
  Badov	
  	
  	
  
S.	
  Banerjee	
  	
  	
  
T.	
  Banka	
  	
  	
  
E.	
  Bass	
  	
  	
  
P.	
  Basu	
  	
  	
  
G.	
  Bhanage	
  	
  	
  	
  
A.	
  Bhargava	
  	
  
S.	
  Bhajacharyya	
  	
  	
  
M.	
  Bradshaw	
  	
  	
  
N.	
  Braga	
  	
  	
  
J.	
  Brotzge	
  	
  	
  
W.	
  Burleson	
  	
  	
  
C.	
  Casey	
  	
  	
  
V.	
  Chagan;	
  	
  
V.	
  Chandrasekar	
  	
  	
  
J.	
  Chandrashekar	
  	
  	
  
S.	
  Chau	
  	
  	
  	
  	
  
Y.	
  Chen	
  	
  
S.	
  Chen	
  	
  	
  
M.	
  Chetlur	
  	
  	
  
R.	
  Chipalkay	
  	
  
R.	
  Clark	
  	
  	
  
L.	
  Clarke	
  	
  
J.	
  Colom	
  	
  	
  	
  	
  
J.	
  Connah	
  	
  	
  
W.	
  Cooper	
  	
  	
  
M.	
  Crovella	
  	
  
J.	
  CrowcroW	
  	
  	
  
S.	
  Cruz-­‐Pol	
  	
  	
  
I.	
  Cunha	
  	
  	
  
B.	
  DeCleene	
  	
  
M.	
  Dehghan	
  	
  	
  
S.	
  Dernbach	
  	
  	
  
J.	
  Dey	
  	
  	
  
W.	
  Diaz	
  	
  	
  
C.	
  Diot	
  	
  	
  	
  	
  
L.	
  Donde;	
  	
  	
  
B.	
  Donovan	
  	
  	
  
M.	
  Dorsch	
  	
  	
  
K.	
  Droegemeier	
  	
  	
  	
  	
  
P.	
  Duja	
  	
  	
  
T.	
  Fei	
  	
  	
  
D.	
  Figueiredo	
  	
  	
  
V.	
  Firoiu	
  	
  	
  
S.	
  Frasier	
  	
  
T.	
  Freeman	
  
T.	
  Friedman	
  	
  	
  
S.	
  Gangam	
  	
  	
  
D.	
  Gannon	
  	
  	
  
Z.	
  Gao	
  	
  
L.	
  Gao	
  	
  	
  
J.	
  Garcia-­‐Luna-­‐Aceves	
  	
  	
  
L.	
  Gau;er	
  	
  	
  
Z.	
  Ge	
  	
  	
  
M.	
  Ghaderi	
  	
  
D.	
  Goeckel	
  	
  
W.	
  Gong	
  	
  
R.	
  Gordon	
  	
  	
  
K.	
  Gordon	
  	
  	
  	
  
S.	
  Graves	
  	
  	
  
S.	
  Griffin	
  	
  	
  
Y.	
  Gu	
  	
  	
  
R.	
  Guerin	
  	
  
S.	
  Guha	
  	
  	
  
Y.	
  Guo	
  	
  	
  
Z.	
  Guo	
  	
  	
  
D.	
  Gyllstrom	
  	
  	
  
R.	
  Hancock	
  	
  	
  
T.	
  Hardjono	
  	
  	
  
T.	
  Hashimoto	
  	
  	
  
T.	
  He	
  	
  	
  
S.	
  Heimlicher	
  	
  	
  
G.	
  Hjalmtysson	
  	
  
M.	
  Hluchyj	
  	
  	
  
K.	
  Hondl	
  
B.	
  Horling	
  	
  	
  	
  
R.	
  Hwang	
  	
  	
  
G.	
  Iannaccone	
  	
  	
  
H.	
  Ikeda	
  	
  	
  
N.	
  Immerman	
  	
  	
  
T.	
  Ireland	
  	
  	
  
D.	
  Irwin	
  	
  

W.	
  Israel	
  	
  	
  
S.	
  Jaiswal	
  	
  	
  
A.	
  Jayasumana	
  	
  
P.	
  Ji	
  	
  	
  
B.	
  Jiang	
  	
  	
  
E.	
  Joseph	
  	
  	
  
F.	
  Junyent	
  	
  	
  
S.	
  Kalyanaraman	
  	
  	
  
S.	
  Kasera	
  	
  	
  
M.	
  Keaton	
  	
  	
  
R.	
  Khalili	
  	
  	
  
D.	
  Kiwior	
  	
  	
  
D.	
  Kiwior	
  	
  	
  	
  	
  
K.	
  Kloesel	
  
R.	
  Koodli	
  	
  	
  
C.	
  Krishna	
  	
  	
  
T.	
  LaPorta	
  	
  	
  
V.	
  Lakamraju	
  	
  
H.	
  Lee	
  	
  
P.	
  Lee	
  	
  	
  
V.	
  Lesser	
  	
  
M.	
  Leung	
  	
  	
  
B.	
  Levine	
  	
  	
  
J.	
  Lieberherr	
  	
  	
  
B.	
  Liu	
  	
  
Y.	
  Liu	
  	
  
F.	
  LoPres;	
  	
  	
  
P.	
  Loewner	
  	
  	
  
E.	
  Lyons	
  	
  	
  
E.	
  MacNair	
  	
  	
  
S.	
  Mahadevan	
  	
  	
  
N.	
  Malouche	
  	
  	
  
V.	
  Manfredi	
  	
  	
  	
  	
  
M.	
  Mao	
  	
  	
  
L.	
  Massoulie	
  	
  	
  
M.	
  Mayo	
  	
   	
   	
  	
  
D.	
  McLaughlin	
  	
  	
  
D.	
  Menasche	
  	
  	
  
G.	
  Miklau	
  	
  	
  
A.	
  Misra	
  	
  	
  
R.	
  Moll	
  	
  	
  
S.	
  Moon	
  	
  	
  
T.	
  Morgan	
  	
  	
  
H.	
  MouWah	
  	
  
K.	
  Nagaraja	
  	
  	
  
R.	
  Nagarajan	
  	
  	
  
E.	
  Nahum	
  	
  
H.	
  Nakajima	
  
S.	
  Nanda	
  	
  
G.	
  Neglia	
  	
  	
  	
  
C.	
  Neumann	
  	
  	
  	
  
A.	
  Nyzio	
  	
  	
  
C.	
  Ohta	
  	
  	
  
K.	
  Ohtski	
  	
  	
  
H.	
  Okada	
  
S.	
  Ostermann	
  	
  	
  
T.	
  Oj-­‐Boisseau	
  	
  	
  
J.	
  Padhye	
  	
  	
  
L.	
  Page	
  	
  
K.	
  Papagiannaki	
  	
  	
  
J.	
  Partan	
  	
  
K.	
  Paypa;	
  	
  	
  
S.	
  Paul	
  	
  	
  
Z.	
  Peng	
  	
  
D.	
  Pepyne	
  	
  	
  
B.	
  Philips	
  	
  	
  
S.	
  Pingali	
  	
  	
  	
  
B.	
  Plale	
  	
  	
  
J.	
  Preseig	
  	
  	
  
M.	
  Preston	
  	
  	
  
M.	
  Ramamurthy	
  	
  	
  
R.	
  Ramjee	
  	
  	
  
D.	
  Raychaudhuri	
  	
  	
  
D.	
  Reed	
  	
  	
  
D.	
  Reeves	
  	
  	
  
J.	
  Rexford	
  	
  	
  
B.	
  Ribeiro	
  	
  	
  
E.	
  Riseman	
  	
  

H.	
  Rodriguez	
  	
  	
  
E.	
  Rosensweig	
  	
  	
  
D.	
  Rubenstein	
  	
  	
  
S.	
  Sahu	
  	
  	
  
J.	
  Salehi	
  	
  	
  
T.	
  Salonidis	
  	
  
C.	
  Sauer	
  	
  	
  
H.	
  Schulzrinne	
  	
  	
  	
  
M.	
  Schwartz	
  	
  
A.	
  Seetharam	
  	
  	
  
S.	
  Sekelsky	
  	
  
S.	
  Sen	
  	
  	
  
J.	
  Shapiro	
  	
  
A.	
  Sharma	
  	
  	
  
C.	
  Shen	
  	
  	
  
P.	
  Shenoy	
  	
  	
  
A.	
  Shrivastava	
  	
  
R.	
  Simha	
  	
  	
  	
  
M.	
  Sims	
  	
  
S.	
  Singh	
  	
  
R.	
  Sitaraman	
  
M.	
  Somasundaram	
  	
  	
  
J.	
  Stankovic	
  	
  	
  
T.	
  Stanzione	
  	
  
J.	
  Steinberg	
  	
  	
  
M.	
  Stern	
  	
  	
  
J.	
  Steshenko	
  	
  
J.	
  Stone	
  	
  	
  
K.	
  Suh	
  	
  
N.	
  TaW	
  	
  
S.	
  Tao	
  	
  	
  
K.	
  Tekamura	
  	
  
Y.	
  Tezuka	
  	
  	
  
S.	
  Thampuran	
  	
  	
  	
  	
  
X.	
  Tie	
  	
  	
  
H.	
  Tode	
  	
  	
  
D.	
  Towsley	
  	
  	
  
H.	
  Tripp	
  	
  
T.	
  Tsutsui	
  	
  	
  
M.	
  Uchida	
  	
  	
  
H.	
  Uppal	
  	
  
H.	
  Urabayashi	
  
R.	
  Urgaonkar	
  	
  	
  
G.	
  VanLeemput	
  	
  	
  
M.	
  Varvello	
  	
  	
  
S.	
  Vasudevan	
  	
  	
  
A.	
  Venkataramani	
  
B.	
  Wang	
  	
  
H.	
  Wang	
  	
  	
  
K.	
  Wajs	
  	
  
W.	
  Wei	
  	
  	
  	
  	
  
U.	
  Weinsberg	
  	
  
P.	
  Welch	
  	
  	
  
D.	
  Westbrook	
  	
  	
  
R.	
  Wilhelmson	
  	
  	
  
B.	
  Woolf	
  	
  	
  
K.	
  Xu	
  	
  	
  
Y.	
  Xu	
  	
  	
  
T.	
  Yagu	
  	
  	
  	
  	
  
M.	
  Yajnik	
  	
  	
  
S.	
  Yalda	
  	
  	
  
M.	
  Yamamoto	
  	
  	
  
S.	
  Yang	
  	
  	
  
D.	
  Yates	
  	
  	
  
R.	
  Yates	
  	
  	
  
Y.	
  Yemini	
  	
  
S.	
  Zabele	
  	
  	
  	
  	
  
H.	
  Zang	
  	
  
E.	
  Zhang	
  
C.	
  Zhang	
  	
  	
  
H.	
  Zhang	
  	
  	
  
X.	
  Zhang	
  	
  	
  
Z.	
  Zhang	
  	
  	
  
Z.	
  Zhu	
  	
  
T.	
  Zhu	
  	
  	
  
M.	
  Zink	
  	
  	
  
E.	
  de	
  Souza	
  e	
  Silva	
  	
  

…	
  to	
  all	
  of	
  my	
  research	
  
collaborators	
  and	
  
postdocs	
  over	
  the	
  years	
  

scrolling	
  list	
  of	
  co-­‐authors	
  not	
  reproduced	
  in	
  PDF	
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What have others added (1)? 
§  learn how to deal with rejection 

•  it’ll happen now and then, for the rest of your 
professional life (hopefully not with your partner) 
•  learn from rejection: Why was paper/proposal 
rejected? What did/didn’t reviewers see/like? 

§  know your “secret weapon” 
•  what “unfair advantage” do you have over everyone 

else? 
§  learn how to change topics 

•  boring to do same thing for 30 years! 
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What have others added (2)? 

§  learn how to deal with stress 
•  life balance, life changes, too much work 
•  learn how to multiplex - you’ll be doing it the rest of 

your life 
§  learn how to read/review/write fast, but well 

•  and follow the 90/10 rule 

Many STEM jobs are in computing 

Data	
  from	
  the	
  spreadsheet	
  linked	
  at	
  hjp://www.bls.gov/emp/ind-­‐occ-­‐matrix/occupa;on.xlsx	
  

Job	
  Openings	
  2014	
  –	
  2024	
  	
  (growth	
  and	
  replacement)	
  
	
  US	
  Bureau	
  of	
  Labor	
  Sta;s;cs	
  	
  

Computer	
  
occupa;ons	
  

Engineers	
  

Life	
  sciences	
  

Physical	
  sciences	
  

Social	
  sciences	
  
Math	
  


