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WiFi	is	indispensable	in	our	daily lives

Overall	WiFi	TrafficGrowth		
(Exabytes)

Source:	Cisco	VNI	Mobile, 2017

Hotspots		
(Millions)

2005 2020

30.8

97.4 (49% of overall traffic)

2006 2020

94
4543X 5X
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Experience	of	WiFi Network
Mobile Device AP Remote Services

Online Gaming

Studies to improve user experience from
Bandwidth,lantency….
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Urgent	need	to	study	the	connection	set-uptime

Mobile Device AP

I want to access
the AP! Connection set-up procedure

Now I can talk to Connection time cost  
the Internet ^^

Suranga	[WiNTECH’13]	is	the	first	work	focus	on	WiFi		
connection	time	cost :
• The	connection	set-up	process	in	the	wild	is unknown
• Lack	thorough	investigation	in	a	larger scale.

We	focus on:
• How	about	the	connection	time	cost	in	the wild?
• What	is	the	culprit	of	the	high	connection	time cost?
• What	can	I	do	to	reduce	the	connection	time cost?
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DATASET

• WiFi	Manager	of	TencentTechnology
• Provide	Free	WiFi service
• Top	in	the	Android/iOS	Appmarket		
(China)

• About	50K	downloads	every day
• Continuously	collect	one	week	datafrom		
May	3	to	May 9.

5/8/17 7



DATASET

Connection	Log Dataset

l 7	Million	unique	APs

l 5	Million	unique	mobile	devices

l 4	different	cities.

l 0.4	billion	overall	connection	attempts.
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DATASET

Breaking	DownDataset

l 12,472	selected	devices

l 706K	connection attempts

l Spread	over	different	places.
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WiFi	Association:	Success	vs. Failure
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Based	on	the	breaking	down dataset.

45%
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Does	there	exist	one	sub-phase	which	dominates		the	
overall	connection	set-up process?
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Association	and	Authentication		
do	not	take	too	much time.

Fixed	number	of	MAC-layer		
packets	exchange	in	Association		
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0s-7s, 7s-15s: DHCP phase		
occupies	more	than	80%,	which		
is	consistent	with	WiNTECHwork.
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• Anomalous	transition to		
Disconnectedstate

• Mobility
• WiFi interference
• System	processdelay
•…

Associating

Connected

Disconnected

Scanning 2415

1798

1309 Completed

9 352

137 Associated

1661

1576
6691229

3066

578

Anomalous	transitions	cause	long scanning
290

432

Total	number	oftransitions		
in	the dataset.5/8/17 16
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Introduction	of	the	Connection	Log Dataset
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Correlation Analysis
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Correlation Analysis

• Mobile	devices	and	AP	model	has	the		
highest RIG.

• HTC	on	average	1.3x	larger	than		
Samsung.
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Mobile	DeviceModel

• Chipsetmatters.
• Each	model	contains>	10K	pieces	of	data
• RSSI	>	-60 dBm
• 500+	devices,	500+	APs,	7	days,	500+ places
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Mobile	DeviceModel

• Operating	systemmatters.
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HOW?

What-If Analysis

Machine	Learning	Based Model
Feature selection		
Model selection

Enhanced	AP Selection		
Algorithm

What	can	I	do	to	reduce	the	connection	time cost?
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Machine	Learning	basedModel

• Labeling
• Use	15	seconds	as	the	threshold	to	divide	theprocess		
into	SLOW	andFAST.

•Model Selection
• Highest	accuracy:	Random Forest.
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Modeling
Features
Øhour of day
ØRSSI
ØMobile device model
ØAP model
ØEncrypted
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Random Forest
Model



AP Selection Algorithm

Model

Extract
features

Candidate list of device

SlowList

FastList
strongest signal strength

AP
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Evaluation

Connection attempt fail

33%
sss

3.6%
model
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Evaluation

PoA=
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Conclusion
• Focusing on connection set-up time
• Large scale measurement compared with current work
• Data-driven method: set-up connection time
• Using deep learning method to solve the problem
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Shortcomings

Modeling selection method is not persuasive
Modeling index is not very high(Precision and recall)
The dataset doesnot cover the iphone users
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INFOCOM Thank	you! Q&A?
changhuapei@gmail.com2017
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