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o When the arrival process is fixed

Gifs is near optimal for scheduling

When the arrival process is controllable

How to pick the generation arrival time

Sampling Problem

asampler

w re II

ACK zero feedback delay
server idle busy state is known at the sampler

Sample i generation time delivery time

Si Di

OH t max Si Diet

Consider a FCFS queueing system with general

service time distribution

Yi service time of sample i
Yin ii d



If a sample is generated when server is

busy the packet has to wait in the queue

for transmission and becomes stale while waiting

it is better not to generated samples when the
channel is busy That is samples are taken

only when the server is idle

Nature strategy just in time updating

submit a fresh packet once the previous packet
is delivered and an ACK is received

also called zero wait policy
zero wait is throughput optimal

server is always busy
I

T
END

Zero wait is delay optimal
waiting time in the queue 0

delay mean service time E Yi

minimum possible delay



Surprise Zero wait is not age optimal

Example service time Yi 0 or 2s with prob 05

Suppose that Sample is is taken at time E o
with a zero service time Yip O

Question When to take Sample 2

o Zero wait

server Is idle at time f O

take sample 2 at t o

Samples I 2 are both taken at time too

After sample 1 is delivered sample 2

cannot bring new information to the receiver

Sample 2 occupies the channel busy
1 second on avg

No gain only pain
Zero wait may not be the best choice

o e wait

Wait for s seconds if Yi of previous sample
wait for O s if Yi 2 s



average age of E wait

D 5 248 4 22

Reading wait or update 1 IT 2017

if 9 0 zero wait

D Z S

if E 0.5 0.5 wait

I 1.855

Zero wait is not age optimal

Research goal
Find the optimal sampling strategy minimizing AOI

Non linear aging metric
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Def Pitt is a non decreasing function

plots

TN

Def ult is a non increasing function

UH Pth

Examples
Ii Auto Correlation function

Rhett LECHEXlt o D

for stationary sources

RCoa is a function of Oct



Iii Real time estimation error

consider a stationary Markov source Xt

use old samples of the source to estimate

the current signal value Xt

WE Xs si Piet

The faut

Msg Elke Kef
EW fWHY

Mseopt min Msef
f

If in the sampling times are independent of
Xt Xt is a stationary Markov source

then the estimation error mseopt.si
an non decreasing age function



Iiii Information Theoretic Freshers metric

Icke wtf HIXH H Xel wt
is the amount of information Wtcarry
about the current signal value Xe

If I Xt Wt E H Hel wt is fresh

If I Xe wt a o W r's stele

iv

Reading
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ISAC AOI survey



PHI is non decreasing

Fort II.tt 271 Elf PGH dt

Ti Si Sz is a sampling policy
sampling time

T1 the set of causal sampling policies


