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Background and Motivation

® |ncreased number of users
—> |Increase the bandwidth
—> build more base stations

—Ineffective

—too expensive
® Caching network: Storage —> Bandwidth

= " . b} . .
® Realistic network users relationships
are evolving over time



Background and Motivation

® Current research:
— Based on static network
— Disadvantages
Can not reflect evolutionary properties
— Difference:

Evolution improve cache performance



My Work

® For the first time to study the evolution
of network outage and throughput tradeoffs

® To observe the impact to the tradeoff
under the affiliation



Definition

| |

po=—E[N;] == D> P (E[T,If,G] =0).
& & ucsld

A user node Iin a period of time the

throughput is expected to be 0, called the
point in outage, the ratio of the points
In outage for all user.

Outage:

Throughput: '“= 2, Cunlthy € GE))

viu,p)eA
The amount of data transferred between

users per slot. (The file is composed of
packets)



Definition

® Quter Bound: The upper |limit of the
throughput associated with the outage.

(Transmission interference |imit)

® |nner Bound: The lower |imit of the
throughput associated with the outage.

(File requirements |imit)



user

B file

Affiliation model

B(Q.U)

Fix two integers ¢g4,c, > 0, and let 5 € (0,1).

At time 0, the bipartite graph Bo(Q,U) is a simple
graph with at least c4e, edges, where each node in @)
has at least ¢y, edges and each node in U has at least
¢, edges.

At time t > 0:

(Evolution of )) With probability 3:

(Arrival) A new node q is added to Q.

( Preferentially chosen Prototype) A node ¢ € Q is
chosen as prototype for the new node, with probability
proportional to its degree.

(Edge copying) ¢, edges are “copied” from ¢'; that is,
¢q neighbors of ¢, denoted by u,..., Uc,, are chosen
uniformly at random (without replacement), and the
edges (q,u1), -+, (g, ue,) are added to the graph.
(Evolution of U) With probability 1 — 3, a new
node u is added to U following a symmetrical process,
adding ¢, edges to u.




Affiliation model

user

N

B file

[ G(Q.E)

Fix integers ¢4, cy, s > 0, and let 5 € (0,1).
At time 0, Go(Q, E) consists of the subset Q of the
vertices of By(Q,U), and two vertices have an edge

between them for every neighbor in U that they have
in common in By(Q,U).

At time ¢ > 0:

(Evolution of J) With probability [3:

(Arrival) A new node q is added to Q.

(Edges via Prototype) An edge between ¢ and another
node in () is added for every neighbor that they have

in common in B(Q,U) (note that this is done after the
edges for g are determined in B).

(Edges via evolution of U)

With probability 1 — 3:

A new edge is added between two nodes g1 and g2 if
the new node added to u € U is a neighbor of both ¢;
and g2 in B(Q,U).

(Preferentially Chosen Edges) A set of s nodes
iy »- - -+ qi, 18 chosen, each node independently of the
others (with replacement), by choosing vertices with
probability proportional to their degrees, and the

ELIE;ES {“-L iy ]'.- tet {“'L fhs) are added to G(Q E]




Caching network

@ The network consists of files and users In
a two—dimensional plane.

® File cache In the user, the user does not
have their own documents to make a
request,

@ |n the absence of

Interference a certain

!

fp— = —
@

range of transmission.




Definition
@ There important parameters

® n:Number of users
® M:Number of files

® a (y) : Ratio of File increase

Theorem 4. For the bipartite graph B(Q,U) generated after n steps, almost surely, when n — o,
the degree sequence of nodes in Q (resp. U) follows a power law distribution with exponent o« = —2 —

cql3 o cu(1-5B) R o . Y vorth oy - L 1
_q—cufl—_ﬁ] (& = B , for every degree smaller than n'!, with v < 15 I v < 4+Cu£15,3} :



Outer bound result

e < Ti(e) = —-
A

16

£, 1

k-c-HG —1La)[0=-p%) = )21

£
g =0O(m*) = pm°
Or
_ R — —
I' = Hﬂf m + G{m_”’\’]

Mn\ 7
| — | — < p =< 1.

() =r=
After adding evolution analysis

has resulted in a small i1ncrease

in the impact of Throughput.

Evolution of the
Is high, the Throughput increase.

In some case,

has

little effect.




lnner bound result

T .21 1—2g.(m)* ="

";’3 gc(ﬂl)
-_}D p— QI ]_ T L
I ( P ge(m)M
) m) — T _ . mey
g ( ) 10921—% L = E[nQ(t)]

2

After adding evolution analysis,

® has resulted 1n a small increase
in the impact of Throughput.

Evolution of the s high, the
Throughput increase.

® has |ittle effect.



Outer bound

transfer speed

@) the user's degree in the B graph

File requirements

""’the file's degree in the B graph
gr(m) :All the points within

a transmission radius

® Space constraints :

A
no transfer around ER

distance from a transmitting point



Outer bound

No transfer around %R distance from a

transmitting point.

d(j,l) = d(k, j)—d(k,I)
> (1+ A)R —d(k,I)
> (1+A)R—R= AR




=Y Outer bound

® The distance between transmissions gives
the upper |limit of the number of
transmissions to get the tradeoff between
throughput and outage

II.(g) = T g) = lﬂ_f ck-e-Hly-1Ln)[1- p”(g)l';_gi:f) Ry
g
T INR
[
. | | i J
T~ (1+ A)R 7
A A




Outer bound

1+Ei; l& 17

(
[0 -p"(e) ° );]
gr(m) and m has there relationship

Vg =ou*)@Dg = dn")3g = &m®) = pn”

The first and second case has a little effect

compare with T

Third case: (M is caching size)

@p%,vT, T 1T

@p>%,yT, T 1



Outer bound
® When compared with users, the files number

too large:
Toum = C - E[L]
Mn
@ H(y,1, Mn)
= ngp’"(ﬂ_cn H(y,1,m)

® But i1ts P i1s impossible to decrease



Ay o

) Inner bound
® transfer speed
@) the user's degree in the B graph
File requirements
&) the file' s degree in the B graph
User to user
) the user's degree in the G graph
(users can transfer with each other if
they have edge between them)
Cluster: g.(m)

® The constraint is that only the required
files can be found in the cluster.



; |nner bound
® Optimal caching:

the caching distribution Pc that maximizes the
probability that any user u € U finds its
requested file inside its corresponding cluster
pf.[ — E[‘EH] — ;::{m})

= L7 Pr()((1 = (1= Pe(f)))M = ] =M)
= e wha (= (1= P() B0 wtml=H)
("r n)

® Lagrangian function

Hﬂiﬁ}ZﬂGHlfﬂﬂwEM+f(z}Hﬁ)
r=l f=I

M-Elnz(t) 2l a1
Y

1
P.(f) = letinat e



|nner bound

® Found (T, p) with the caching

sum = (' E[L] k. E[ﬂfl (t)] . Eftotal nuber ﬂf;iusters].P(W}n)

_ K. L’.'H( 11 ﬂ) _ E[total nuber nf;!ustersLP(W}ﬂ}
@ W is the number of potential | inks.

® Maximize the probability of P

P(W >0)_;ﬁ%ﬁ

® Minimize E[W?] and Maximize E[W]

: _ 2v=2 1"2(QC("1))1—‘y
P(W>0) = (v=2)2 1=gc(m)1—742y-2




|nner bound

® Qutage:
® Use the simplest probability theory
po = POUHFAFE) + PEEAFE) — POUHFAFE HLIERUATFR)
p=A+B-AB
A= 10 (1 - P(f) B=I11""(1-277)
P.(f) is the optimal caching

Using Inequal Ity to change,

= [ )My _ = 27(1 — %
]' 1 ) 1T
_ (1 . E)[ _1+E- (ﬁa )-2 ] c(m)M—1
mry —

1
S ({6128 yg (mpM -1 Elna (1))



|nner bound

Plot the g.(m) and y i
2 o1 1_22}%(’ﬂr-"*):l-_ﬁf |
I'=0C- v3 ge(m) |
) — z_ . moy 0
Ge(m) log2 1=y L= Ena@)] T T e e IR IR
T-y
g(m 1, T ”

16
14
12

10 H

® m and y(a) make

Throughput increase

=1 (5] b il el
; T T T T

gc(m) — X



Sum up

After adding evolution analysis

® |n the case that

has resulted in a small
iIncrease In the impact of Throughput.

® Evolution of the S

high, the Throughput increase.
has little effect.



Future

® Gap

the gap between i1nner bound and outer
bound 1s not close.

® Complete

the cases which i1s talked are not
Include all the circumstances.

® Experiment
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