
Network Activity App 1 App 2 App 3 
DNS (% ) 1 - 2 0 - 0 0 - 3

TCP handshake (% ) 4 - 12 1 - 2 1 - 11

TLS handshake (% ) 2 - 35 2 - 5 16 - 40

Lower bound: sum of times a given activity is 
alone on the critical path. 

Upper bound: sum of the total time of each 
activity on the critical path.
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MOTIVATION: QoE in Mobile Traffic GOAL: From Bottlenecks to Solutions

HOW: Active and Passive On-Device Measurements
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U se  V P I A P Is  to  

stu d y  tra ffic  o n -d ev ice  
(in te rn a l fo rw a rd  to   

a  tu n in te rfa ce )

F lo w  re a sse m b ly
fro m  raw  p a ckets to  b o th

inve stigate  co n te n t, a n d
extra ct m e a su re m e n ts

Networking Layer
Pa ssive  a n a lysis  to  co lle ct 

p e r-flo w  &  p e r-p a cket m etrics

A ctive  p ro b in g  to  cre ate  a  

co m p a riso n  b a se lin e  &  d o
ro o t ca u se  a n a lysis

Su p e rv iso r to  co n tro l &

sch e d u le  a ctiv itie s, a n d
p e rfo rm  a n a lysis  

Analysis Layer

Network flows with activities on critical path

“What is the PLT for a generic mobile app?”
“What’s the impact of DNS/TLS/etc. ?”

§ U se rs Q u a lity  o f E xp e rie n ce  (Q o E ) a n a lysis  is  

p a ra m o u n t fo r te lco s to  d rive  b u sin e ss, a n d  fo r u se rs  to  
ve rify  th e ir SLA s w ith  th e  o p e rato rs.

§ Q o E o n  w e b  tra ffic  is  “sta n d a rd ize d ” v ia  Pa ge -Lo a d -
T im e  (P LT ), G o o g le  Sp e e d y  in d ex, e tc .

… b u t…

§ A  critica l im p le m e n tatio n  d eta il is  th e  extra  o ve rh e a d  im p o se d  b y  o n -d ev ice  
tra ffic  a cq u is itio n a n d  p ro ce ssin g

§ Java  re q u ire s to  p o ll tun se p a rate ly  fro m  th e  re m a in in g  so ckets  w h ile  u sin g  

a  C + +  Java  N ative  In te rfa ce  (JN I) w e  ca n  h a n d le  a ll so ckets at o n ce  (w ith  a  
s in g le  se le ct() ca ll)

§ A  JN I im p le m e n tatio n  re d u ce s th e  ke rn e l /u se r-sp a ce  p a ckets co p y  a n d  

p ro ce ssin g  o ve rh e a d

§ A n a lyze  a p p s in  d iffe re n t sce n a rio s ca p tu rin g  a ll traffic  

a n d  u se r e n ga ge m e n t , e .g ., a p p licatio n  sta rtu p , u se r 

in te ra ctio n , a p p licatio n  b a ckg ro u n d /fo re g ro u n d  

§ B u ild  th e  traffic  w ate rfa ll, i.e ., flo w s p atte rn  a n d  

co n te n t exch a n ge d  o ve r tim e

§ D isse ct th e  critica l p ath , i.e ., id e n tify  w h ich  flo w s (if 

sh o rte n e d ) ca n  im p ro ve  Q o E , a n d  a sse ss th e  im p a ct o f 
D N S, TC P  h a n d sh a ke , T LS , e tc ., fo r th e  flo w s 
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