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WiFi is indispensable in our daily lives

Source: Cisco VNI Mobile, 2017

97.4 (49% of overall traffic)

/3>\<7| 04
@Q i

2005 2020 2006 2020

Overall WiFi Traffic Growth Hotspots
(Exabytes) (Millions)



5

Remote Services

7

Experience of WiFi Network

Mobile Device

AP
: —
Throughput
Downloading

O¢
00




6

Remote Services

Experience of WiFi Network
Mobile Device AP

TR
()

WiFi Hop Latency

Online Gaming



7

Remote Services

7

O¢
00

Experience of WiFi Network

Mobile Device




-92 FERBE) 4G 01:21

Experience of WiFi Network .

Calendar Photos - Camera
Mobile Device

Notes RAUZE WebSSH  App Store

Wallet - Health Compass Settmgs

{ I want to connec’r}

+o the AP! [ Connection "‘ - P

Now I can talk to { Connecfion time
[’rhe Internet ~* j . 2 =

Phone WeChat oomﬂ Safari




Urgent need to study the connection set-up time

Suranga [WIiNTECH’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:
e How about the connection time cost in the wild?

 Whatis the culprit of the high connection time cost?
e What can | do to reduce the connection time cost?
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DATASET

* WiFi Manager of Tencent Technology
* Provide Free WiFi service

* Top in the Android/iOS App market
(China)

* About 50K downloads every day

e Continuously collect one week data from
May 3 to May 9.
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DATASET

Connection Log Dataset

® 7 Million unique APs

® 5 Million unigue mobile devices
® 4 different cities.

® 0.4 billion overall connection attempts.
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CDF of the connection time cost
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DATASET

Breaking Down Dataset

® 12,472 selected devices
® /06K connection attempts

® Spread over different places.
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percentage(%)

WIiFi Association: Success vs. Failure

60
50
40
30
20
10

54.9 I |

14.6
9.4 7.85 7.76

0.377 0.071

|

5.042 N

B

Success Timeout DHCP  Wrong Switichto Forget WiFi
Failure Password another  WiFi  Switched
WiFi Off

Based on the .

Unkown

17



18

Does there exist one sub-phase which dominates
the overall connection set-up process?
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Os-7s, 7s-15s: DHCP phase
occupies more than 80%, which
is consistent with WIiNTECH work.
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CDF (%)
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Scan Phase dominate the connection

100

7/s~15s = = = ' 15s~30s
——=T7 ® (s-7s class: Scan consume
less than 3.4s.
11.6s ® 15s-30s class: For more than
| 40% processes, Scan phase
< 10 15 20 25 30 consume more than 11.6s.

Scan Time Cost (s)

* Why does this happen?
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Anomalous transitions cause long scanning

e Anomalous transition to
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Take-away messages:
1. For those connection whose time cost > 15s,

Scan is the dominate sub-phase.
2. Scan dominates the whole process because

there are anomalous transitions.
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Which feature affect the connection time cost
the most?

1. Give Intermediate results to gain some
intuitions before the ML model.

2. Help feature selection.



Introduction of the Connection Log Dataset

Abbreviation Features
hour of day Hour of day.
RSSI Received Signal Strength Indicator.

number of devices

Number of associated devices.

mobile device model

Mobile device model.

AP model AP model.
Encrypted Encryption type of the AP.
IsPublic Is public AP?
result Connection result reported by the App.

connection time cost

Connection time cost.
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Aggregated results 28

Visualization analysis of all the APs.
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e Association timing affects the connection time cost.



Connection Time Cost (s)

Visualization analysis
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* Connection with higher RSSI
tend to have smaller average

connection time costs.
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Visualization analysis
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*The larger the number of
associated devices is, the
higher average connection

time cost.
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Correlation Analysis

** Kendall correlation: (rank correlation)

|concordant pairs| — |discordant pairs|

fau = nn—1)/2

** Relative Information Gain: (RIG)

how much a factor X helps to predict the final latency Y

H(Y)—H(Y|X)

RIG= H(Y)= % PIY = yillog !

H(Y) Y=y

31



Correlation Analysis

Features RIG | Kendall
mobile device model | 0.156 /
AP model 0.078 /
RSSI 0.020 | -0.395
number of devices 0.006 0.208
hour of day 0.005 /

* Mobile devices and AP model has the
highest RIG.

* HTC on average 1.3x larger than
Samsung.
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Mobile Device Model

* Chipset matters. 20
MEIZU M1 Note = = = |
* Each model contains > 10K pieces of data - MEIZU M2 Ngt; |
e RSSI>-60 dBm °

- O 5 10 15 20 25 30
* 500+ devices, 500+ APs, 7 days, 500+ places Connection Time Cost (s)

’--------_\

TABLE III: The software and hardware paramete{s,for different kinds of mobi1}| device models.
connecAti‘::zrat%:ze cost Device model Operating System Chipset Fre(él;glcy |Sizl:[ Wireless Interface
475ms MEIZU M1 Note Flyme MediaTek 6752 | 1.7GHz |[I12GB IEEE a/b/g/n
i |
2463ms MEIZU M2 Note Flyme i MetiaTek 6753 1.3GHz ’|2G IEEE a/b/g/n

S ’
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Mobile Device Model

* Operating system matters. 20 [ sAMSUNG Go280 -

MEIZU PRO 5 ——
0 | | | | |

0O &5 10 15 20 25 30

Connection Time Cost (s)
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TABLE III: The software and hi(udware paramete}s for different kinds of mobile device models.

[ CPU | RAM

Average Device model |l Operating System i Chipset Frequency | Size
[

. = Wireless Interface
connection time cost

| |

I _
754ms SAMSUNG G9280 I Android OS i Exynos 7420 | 2.1GHz | 4GB | IEEE a/b/g/n/ac
5

I
[ -
3534ms MEIZU PROS |\ Exynos 7420 2.1GHz 4GB | IEEE a/b/g/n/ac

Flyme

‘----_
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Correlation Analysis

Features RIG | Kendall
mobile device model | 0.156 /
AP model 0.078 /
RSSI 0.020 | -0.395
number of devices 0.006 0.208
hour of day 0.005 /

* Mobile devices and AP model has the . Rgg| has large RIG and the highest
highest RIG. Kendall.

e HTCin average 1.5x larger than
Samsung.
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Co rrelation Ana |ySiS * Number of devices helps little.

e Step function of number of devices

Features RIG | Kendall
mobile device model | 0.156 /
AP model 0.078 /
RSSI 0.020 | -0.395
number of devices 0.006 0.208
hour of day 0.005 /

* Mobile devices and AP model has the . Rgg| has large RIG and the highest
highest RIG. Kendall.

* HTC on average 1.5x larger than
Samsung.



Visualization analysis

*The larger the number of

—ﬁ higher average connection

time cost.

6
5
4 - associated devices is, the
3
2
1

Connection Time Cost (s)

0 40 80 120 160 200 240

Number of Devices

37



Connection Time Cost (s)

38
AP Model

* Private APs: APs which provide
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What can | do to reduce the connection time cost?

Machine Learning Based Model Enhanced AP Selection

Feature selection Algorithm
Model selection

What-If Analysis



Machine Learning based Model

* Labeling

* Use 15 seconds as the threshold to divide the process
into SLOW and FAST.

* Model Selection
* Highest accuracy: Random Forest.
* Online Learning
* Prediction speed.
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Machine Learning based Model

 Feature selection

* All the features should be easily measured by mobile

devices

* Use as few features as possible under acceptable accuracy

TABLE IV: Accuracy of random forest model. The parame-
ters we use for this model are: Tree depth=90, #Tree=100,

weight=0.3.
Label. | Precision | Recall Features Used
FAST 0.91 0.49 hour of day, RSSI, AP model,
SLOW 0.48 0.90 mobile device model, Encrypted
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Strongest Signal
Strength
Algorithm
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Enhanced AP
Selection
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(12am, IPhone, Cisco, -20dBm, Yes)

(12am, IPhone, TP-Link,-40dBm, Yes)

(12am, IPhone, Hiwifi,-60dBm, No)
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Evaluation

* Let the two algorithms work with the same dataset.

* Compare the time cost of the APs selected by different
algorithms. (The costis already known when certain device

connects to certain AP in the dataset.)

A: We use the device whose 60 features are the same to
approximate the connection time cost to each other!
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Evaluation
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Conclusions

* WiFi connection set-up time cost is important but few works
focus on it.

* Exhaustive real world measurement from a popular mobile
WiFi manager App. 45% of the WiFi connection attempts fail.

* Using customized code to break down the whole process
into different sub-phases for the first time.

* We propose a machine learning based AP selection
algorithm to help users connect AP which shows great
performance gain.
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