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Problem Description

Wireless network (V ,A; I)

Link demand d 2 RA
+

χ� (d): its minimum schedule length

Capacity region Ω :=
�
d 2 RA

+ : χ� (d) � 1
	

Polynomial (α, β)-approximate capacity region Φ:

1
α

Ω � Φ � βΩ.
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Prior Art

Protocol interference model (IM)

Greedy scheduling with explicit bound on the output schedule length
Explicit polynomial constant-approximate capacity region

Physical IM and other advanced networks

Reduction to Pro�table Independent Set (MWIS): expensive
No explicit bound on the output schedule length
No explicit polynomial approximate capacity region
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Contributions

A general paradigm for link scheduling

Reduction to Pro�table Independent Set: e¢ cient and purely
combinatorial
Explicit bound on the output schedule length

Explicit polynomial constant-approximate capacity region

Applications
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Pro�table Subset

Link weight w 2 RA
++

Return rate of a 2 A: w (a) := w (a)
d (a)

Return rate of I � A: w (I )
β-pro�table subset of S � A: I � S s.t. w (I ) � w (S) /β

β depends only on d
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A New Paradigm for Link Scheduling

β-Pro�table oracle A: for any S � A, compute a β-pro�table IS I of
S

ε 2 (0, 1/2]: accuracy-e¢ ciency trade-o¤ parameter
LS(ε): computes a link schedule of d

length � (1+ ε) β
O
�
ε�2 jAj ln jAj

�
calls of A
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Design Overview

// initialization
Γ ∅, //schedule
P  0, // vector of proportion of demands served by Γ
φ lnjAj+ε

ε(1+ε)+ln(1�ε)
; //inactive threshold

S  A, // active links
// schedule augmentations

...
// scaling
return 1

φ Γ.
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Schedule Augmentations

while S 6= ∅ do
// augmentation
I  IS of S output by A w.r.t. exponential weight

w (a) = (1� ε)P (a) , 8a 2 S
t  mina2I d (a);
Γ Γ [ f(I , t)g;
// updates
for each a 2 I do

P (a) P (a) + t
d (a) ; // update the pro�t

if P (a) � φ then S  S n fag; // inactive
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Pro�table Feasible Set

Con�ict factor ρ : A� A! [0, 1]

ρ-feasible set I : ρ (I n fag , a) < 1, 8a 2 I
Maximum local load

∆ (d) = max
a2A

"
d (a) + ∑

b2Anfag
ρ (b, a) d (b)

#

Algorithm PFS: For any w 2 RA
++ and S � A, output a

4∆ (d)-pro�table ρ-feasible set I � S
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Extraction Procedure

ρ (b, a) :=
w (b)
w (a)

ρ (a, b) + ρ (b, a) , 8a, b 2 S

Initialization: I  ∅
Growing Phase: While S 6= ∅, remove any a from S , and add it to I
if

ρ (I , a) +
1

2∆ (d)
∑
b2S

ρ (b, a) d (b) < 1.

Pruning Phase: While I is not ρ-feasible, remove from I any a with
ρ (I n fag , a) � 1
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SCSR/MCMR Wireless Networks under Physical IM

9 con�ict factor ρ s.t.,

ρ-feasibility, independence
∆ (d) � µχ� (d) for constant µ (under linear transmission power)

4∆ (d)-Pro�table oracle A: PFS
Schedule length: � 4 (1+ ε)∆ (d) � 4 (1+ ε) µχ� (d)

Polynomial (µ, 4)-approximate capacity region:

Φ =
n
d 2 RA

+ : ∆ (d) � 1
o
.
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MIMO Wireless Networks under Protocol IM

DoF τ

Links  ! streams

Independence under receiver-side interference suppression

Half-Duplex Constraint
Receiver Constraint: Each receiving node v is interfered by < τ
streams
(Sender Constraint)
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Con�ict factor

Con�ict factor: ρ (a, b) = 1/τ if the receiver of b is interfered by a;
and 0 otherwise.

ρ-feasibility () meeting Receiver Constraint
∆ (d) � µχ� (d) for constant µ
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Oracle for Pro�table IS

Phase 1: PFS to produce a 4∆ (d)-pro�table J � S meeting the
Receiver Constraint

Phase 1: extracting a 16∆ (d)-pro�table I � J meeting the
Half-duplex Constraint

Bipartition of Nodes: U = U 0 [U 00 s.t. J [U 0,U 00] has 1/2+ return
rate of J

greedy partition � Maximum Cut

Bipartition of Streams: (U 0 ! U 00) [ (U 0  U 00); return the one
with largest return rate
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Schedule Length and Capacity Subregion

Schedule length: � 16 (1+ ε)∆ (d) � 16 (1+ ε) µχ� (d)

Polynomial (µ, 16)-approximate capacity region:

Φ =
n
d 2 RA

+ : ∆ (d) � 1
o
.
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Summary

Pro�table IS 7! Link Schedule 7! Poly. Approx. Capacity Region

Purely combinatorial, fast, simple

� Best-known approximation bound

Explicit upper bound on schedule length

Explicit polynomial approximate capacity region
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