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Network Model

[`] = f1, 2, � � � , `g: users (or node-disjoint links, communication
requests)

E : fordered pairs of interfering usersg
ET : fusers interfering at least one other userg
ER : fusers interfered by at least one other userg
Γout (j):fusers interfered by user jg
Γin (k): fusers interfering user kg
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An Instance of Users

L = f(Mi ,Ni , di ) : i 2 [`]g
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A Conceptual View of LIA
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Generic LIA Feasibility

Assumption: Channel-state parameters are drawn independently from
continuous distributions

The (random) LIA mapping is either always non-surjective, or
surjective a.s.

L is feasible , LIA mapping is surjective a.s.. [Gonz�alez, Beltr�an,
Santamar��a 2014]
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Prior Tests for LIA Feasibility

Combinatorial tests in single interference domain:

exponentially exhaustive counting in general

Randomized algebraic test [Gonz�alez, Beltr�an, Santamar��a 2014]

computationally intensive
prone to round-o� errors in oating-point computations
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Contributions of This Paper

Tests via network ow

Arbitrary interference topology

Interesting implications
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Roadmap

Generic Feasibility of LIA

Variants of Properness

Reduced Interference Topology

Flow-Based Tests

Summary
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Properness

strong properness) feasibility) properness

Properness: For any collection of equations,

# of BF/ZF variables involved � # of equations.

Exhaustive counting: exponential in # of equations.

Complete matching of equations with the variables

Hall's Marriage Theorem
Still inscalable
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Strong Properness

Tx-strongly proper: 9 complete matchingM of equations with
variables s.t. for any (j , k) 2 E and q 2 [dk ], the equations
associated with n�

u
(j)
p , v

(k)
q

�
: p 2 [dj ]

o
are either all matched with BF variables or all matched with ZF
variables.

Rx-strongly proper: 9 complete matchingM of equations with
variables s.t. for any (j , k) 2 E and p 2 [dj ], the equations associated
with n�

u
(j)
p , v

(k)
q

�
: q 2 [dk ]

o
are either all matched with BF variables or all matched with ZF
variables.

strongly proper: either Tx-strongly proper or Rx-strongly proper.
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Tx-Reduction

A user j is Tx-superuous if

Mj � ∑
k2Γout [j ]

dk .

Tx-reduction:
E  E �

�
(j , k) : k 2 Γout (j)

	
Preserves feasibility, properness, strong properness
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Rx-Reduction

A user k is Rx-superuous if

Nk � ∑
j2Γin[k ]

dj .

Rx-reduction:
E  E �

�
(j , k) : j 2 Γin (k)

	
Preserves feasibility, properness, strong properness
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Irreducible Interference Topology

Irreducible: no user is Tx-superuous or Rx-superuous.

Obtained by a (arbitrary) sequence of reductions

Preserves feasibility, properness, strong properness

Subsequently, E is assumed to irreducible
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Test for Properness

...

k ∋Γout[ ]j

...

Σ (j)j M )dkd (j v
ts

(k)
kkd (N  d )kd dj ku

Figure: Flow network N1.

...

Γ
Σ

j in[ ]k

...

∋ jd  (k  N  )kv(k)u
ts

(j) d dj kj jd (M  d )j
d

Figure: Flow network N2

L is proper
, N1 has a ow saturating all arcs leaving s
, N2 has a ow saturates all arcs entering t
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Test for Properness: Uniform Stream

|Γ jout

...
...

 [ ]|  Md
ts

vd (k)u(j)
kN   dj

Figure: Flow network N3.

|Γ k [ ]|

...
...

in
k N ts

u d(j) v(k)M  dj d

Figure: Flow network N4.

L is proper
, N3 has a ow saturating all arcs leaving s
, N4 has a ow saturates all arcs entering t
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Test for Properness: Symmetric User Instance

L = (M,N, d)`

E : complete (i.e., single interference domain)
L is proper , M +N � (`+ 1) d .
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Test for Strong Properness: Uniform Stream
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Figure: Flow network N5.
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Figure: Flow network N6.

L is Tx-strongly proper , N5 has a ow saturating all arcs leaving s
L is Rx-strongly proper , N6 has a ow saturating all arcs leaving s
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Equivalence: Divisible & Uniform Stream

Theorem

Suppose that either d j Mj for each j 2 ET , or d j Nk for each k 2 ER .
Then feasibility, properness, and strong properness of L are all equivalent.
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Roadmap

Generic Feasibility of LIA

Variants of Properness

Reduced Interference Topology

Flow-Based Tests

Summary
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Summary

properness

feasibility

uniform and divisible propernessstrong

Open Problem: computational complexity of the feasibility test.

Conjecture. For L = (M,N, d)` with 2d � min fM,Ng, feasibility
, properness

holds with a complete interference topology [Ruan, Lau, Win 2013].
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