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A History of “Age of Information”

* Real-time monitoring and control (vin suntaik
* Internet of things
* Cyber-physical systems

* Real-time learning and data analytics
* Online social networks
 Distributed machine learning
e Crowdsourcing and crowdsensing



Data Freshness Metric: Age of
Information
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* Definition: At time t, the Age of Information A(t) is time difference
between the current time t and the generation time of the latest

received data sample. (vin sunstaik




Papers on Aol

(Best paper awards on Aol

JIEEE Infocom 2018
“Optimizing Age of Information in Wireless Networks with Throughput Constraints”

lgor Kadota, Abhishek Sinha, Eytan Modiano
JACM Mobihoc 2018

“Optimizing Information Freshness in Wireless Networks under General Interference
Constraints”
Rajat Talak, Sertac Karaman, and Eytan Modiano
JIEEE ISIT 2018 Jack Keil Wolf award
“Optimal Lossless Source Codes for Timely Updates”
Prathamesh Mayekar, Parimal Parag, and Himanshu Tyagi

JWiOpt 2019, Globecom 2018
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Ten years ago

Forever Young: Aging Control in DTNs

Outline ) . ) .
. Micro-blogging, online social games,
Modeling chatting are more and more popular
Optimal Policy
Experiments
Conclusion

9/29/2010 Presentation 3

My first talk on “Forever Young” in September 2010



After ten years

e Our paper on Age of Information was finally accepted!
e https://arxiv.org/abs/1009.4733 (2010)

 Qur initialization on Age of Information is gradually known to the
research community.



Microblogging applications prevalent

J Microblogging = application involving status updates
 Twitter, Facebook, Wechat, Tictok, Instagram ...

J Very popular among mobile users

Most popular mobile internet activities according to internet users worldwide as of
2nd half 2017, by device

Watching movies/videos online

E-mail 9%

. . L 54%
Using social media sites
Source
Kaspersky Lab
) Statista 2019

Reading news

® Tablet @ Smartphone

Percentage of respondents
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Enabling microblogging for mobile users:
challenges

Monetary network access costs Limited WiFi coverage
Pick the monthly 4G LTE data option that's right for you

OO

N
S
Unlimited By the Gig
$45/Line $14/GB
OO0C ’
: Including FREE talk and text Pay only for the GB of data you

By the Glg use each month

$12/GB

m
Pay only for the GB of shan
data you use each month Pricing & Other Info Pricing & Other Info

How to cope with such challenges?



Age of Information (Aol) plays key role

(1 As messages age, their utility decreases
(J When to receive status update?

(J How to control the age of information?
1 Our goal: devise an aging control policy

What is the best aging control policy for users?



Outline

J Why aging control?
J Model description
J Model analysis

J Model evaluation in DieselNet
(JConclusion



Should | check if
there are news for
me?

N\
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Sure, go
ahead!

Should | check if
there are news for
me?
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Sure, go
ahead!

Oh, no! There is
no WiFi coverage
and my phone
battery died

I
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Aging control in a nutshell

Message age Remain
Inactive
WiFi and cellul Activate
'F.' ant cefuiar Aging control WiFi
availability
Activate
Energy and access cellular

costs network
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Aging control benefits

Service provider perspective Subscribers perspective

. Hybrid service provider J Energy consumption reduction
provides hybrid cellular/WiFi 3 Reduce use of cellular data plan
network

J Off-load limited spectrum el 4 Tt cpkons
cellular network 00« O

Uet  BytheGig Unlimited

| l | $12/GB S45/Line
Pay only for the GB of shared No monthly data usage limits
data you use each month (reduced speeds after 20 GB

100 kHz 1 MMz 10MHz 100 MMz 1 Gz 10 GHz 100 GHz

ared

W —— L L
Infr Pricing & Other Info Pricing & Other Info

Cell phones operate in this frequency range
(logarithmic scale)
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Workload: saturated regime

One application Multiple applications

d e.g.,, Yahoo! News d many applications,

0 at least one new item  Many updates

every minute (iranjan, 2009) [ can be integrated
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%

Qualcomm*

snapdragon ‘ BatteryGuru

Bonus battery savings

APP REFRESH SETTINGS

m Gmail
Saves battery, refreshes when you need it

’4‘\;, Google Play Music

\wi ) Uses minimal battery, refreshed when used

Google Reader
Saves battery, refreshes when you need it

Google+
Saves battery, refreshes when you need it

Skype

Saves battery, refreshes when you need it

Twitter
Saves battery, refreshes when you need it
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Adopting aging control

J How message utility varies as a
function of age?

J Answer: depends on
application!

J Users can tune utility function
using applications such as
Battery Guru

S

Qualcomm*

snhapdragon ’ BatteryGuru

Battery life
Many features of your device are always
on, even when you aren't using them.

b
s

‘o

Snapdragon BatteryGuru learns how you
use your device in order to reduce
unnecessary background activity.

Swipe to continue
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Outline

J Why aging control?

(J Model description

J Model analysis

1 Model evaluation in DieselNet
JConclusion



Refresh now or procrastinate?

Instantaneous rewards and costs Future rewards and costs

Markov decision processes are the tool of choice
to cope with tradeoff



WiFi WiFi Cellular Message age

Goal: when to

refresh? availability scanning data plan and message
Search for aging probability cost cost utility
control policy

p G Pc r U(x)

Qualcomme

snapdragon ‘ BatteryGuru

Battery life

Many features of your device are always
on, even when you aren't using them.

Aging control: Markov decision process

Snapdragon BatteryGuru learns how you
use your device in order to reduce
unnecessary background activity.

T Remain inactive Activate WiFi Activate cellular
SwEetocontmue a — O a — 1 a — 2
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Refresh now or procrastinate? @ nown
by

WiFi scannirﬁcost user
Instantaneous reward @Mar data plan c@

D
U(z), a = none
U(z) — G, a = WiFi
r(z) = U(z) — G, a = cellular/e = WiFi available
U(x) — G a = cellularje = WiFi unavailable

reward = revenue - cost
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Refresh now or procrastinate?

Instantaneous reward

U(z), a = none
U(z) — G, a = WiFi
r(z) = U(z) — G, a = cellular,e = WiFi available
U(x) — G — Pz, a = cellular,e = WiFi unavailable

T
2o (@)
Expected future reward £ = lim t=0
T — o0 T

Markov decision processes are the tool of choice
to maximize expected future reward (dynamic programming solution)
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_ _ _ p =0.5 U(x) = 5-x
State dynamics for given policy =0, r, =0

Age of Information (Aol) given by Markov chain Reward = 0.0

 Policy 1: always inactive O Q Q O Q Q

Reward = 2.9

T e O O 0 0 00
P~y D
o Reward = 3.2
e 2wiF s mocre @ @ O © O
p

@ always cellular °

Reward = 5.0
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. . . p = 0.5, U(x) = 5-x
State dynamics for given policy -0, Fr=e

Age of Information (Aol) given by Markov chain Reward = 0.0 P = 10

 Policy 1: always inactive Q Q Q Q Q Q

P Reward = 2.9
@ Ielsginactive Q Q Q e 0 °
- Reward = 2.6
Vil @ © 0 0 O
p

3 Policy 4: always cellular ° Reward =5 -0.5x10 =0.0

26




Threshold policy 0000600

Proposition: aging control

dif P.>G/p
admits one of those
solutions

Qd ifP.<G/p
admits one of those
solutions

c =cellular price; p = WiFi availability; G = WiFi cost

blem admits threshold
Isac:?ution I Q Q Q p° ° °
P p




Threshold policy

Proposition: aging control
problem admits threshold
solution

Jif P.>G/p
admits one of those
solutions

Qd ifP.<G/p
admits one of those
solutions

1 s1 s2
states

M

1 s2
states

P. = cellular price; p = WiFi availability; G = WiFi cost

M
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A typical bus-shift at UMass Amherst

Haigis Mall Haigis Mall
bus run 1 bus run 2 bus run 3 bus run 4 bus run 5
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Bus contacts with
access points

 Given there was no contact in
the previous slot, how likely to

have a contact now?

dSimplest model: at each slot,

probability WiFi available = p
J From traces: p = 0.53

] Extension: consider Markov

chain to track dynamics of p
(POMDP)

probability of no contact in slot t

1 .
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12.00 Model validation

Trace-driven 1| O Model prediction

simulation close to optimal
8.00 - N ? .
- \ Location aware
Assumptions S 6.00ffr policy
iEi Qo .
J WiFi free on campus = o0 lLE J AP available at bus
 no cellular network | terminal
Parameters 200 [ R AR AR IR donly access WiFi at
O WiFi availability, oo LR AR BN 8 EUS tﬁrffplf;alftwhen
p=0.53 TV O us SNt Starts
' IR 3 very conservative
d maximum age, M DTN suboy o ,
d message utility, DA R P
U(x) =max(M -x, 0) - | |
model prediction mssmm oOptimal threshold policy
1 scaled WiFi energy obtained from traces
cost, b= G/(M-l) optimal threshold policy
location aware policy —wzzzzz Obtained from model s

and simulated using traces



Trace-driven
simulation

Assumptions

J WiFi free on campus
1 no cellular network
Parameters

J WiFi availability,
p=0.53

d maximum age, M

J message utility,
U(x) = max(M - x, 0)

 scaled WiFi energy
cost, b = G/(M-1)

reward
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12.00 )
. Location
Trace-driven o} || awareis \
" I " competitive ¢ Location aware
simulation A S | | | Rl s

Assumptions
J WiFi free on campus

6.00

reward

4.00

I no cellular network
Parameters 2.00 | Location aware

J WiFi availability, 0.00 cOnsery atlve
p=0.53 ' NN N N N PN I I I
/

d maximum ag. -
0 message ugli T COSts are low, helpful to leverage

Ulx) =max(M gpportunistic encounters with APs.
 scaled WiFi e Oth . b fit f Hot |
cost, b = G/(M erwise, benefit from spatiotempora

correlations
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Conclusion and contributions

J Proposed novel aging control policy: forever young
[ Showed that exists optimal policy of threshold type

1 Evaluated multiple aging control policies through trace-driven
UMass traces

1 observed that forever young is competitive in practical settings

Future work

1 Historical information about AP availability: account for time and
location of previous AP contacts

J Account for non-saturated sources

Thanks!






