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Resource Management in Computer 

Networks

-- Mapping from engineering problems to 
mathematical formulations
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COSC 7388

Two Types of Real-world Problems
• Make something work

▫ E.g. build a car on 4-wheel; write a compiler

• Make something work better
▫ What is “better”?

� Performance/profit: faster, more

� Resource: lesser

� Management/configuration cost: lesser
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Make things better

• Problem 1:

▫ Maximize performance subject to resource constraints

• Problem 2:

▫ Minimize resource usage subject to performance requirements
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From Engineering Problem …
Domain specific problem

Performance 
optimization or  

resource 
minimization?

Constrained or 
unconstrained  

problem?
Objective formulation

Constraint formulation

Solvable by 
existing 

techniques?

N

Y
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A Canonical Formulation

maximize  f(x,y)

s.t. G(x,y) ≥ 0
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What makes the problem difficult?

Extreme points due to constraints 

Objective functions can be 
quite sophisticated; 
multiple local optimums
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Your optimization arsenal 

Type of problems Type of solutions

• Linear programming (LP)

• Non-linear programming 
(NLP)

▫ Convex programming

� NLP Duality theory

• Integer programming

▫ LP vs. NLP

• Mixed integer programming

▫ Generally NP-hard

• Exact solutions
▫ Simplex
▫ Duality theory
▫ Decomposition
▫ Branch and bound

• Heuristic solutions
▫ Simulated annealing
▫ Genetic programming
▫ Swarm intelligence
▫ Tabu search
▫ …

7

From Engineering Problem …
Domain specific problem

Performance 
optimization or  

resource 
minimization?

Constrained or 
unconstrained  

problem?
Objective formulation

Constraint formulation

Solvable by 
existing 

techniques?
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Objectives for resource sharing

• It is often not enough to just 
maximize the utilization of the 
resource
▫ Starvation may arise

• Certain “fairness” shall be 
maintained
▫ How fair is fair?
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Fairness in network protocols 

• CSMA protocols such as 802.11 makes each node to have equal 
access probability in idleness on average
▫ Backoff time ~ [0, CW]

▫ Is it really fair?
� If so, in what sense?

� If not, why?

• Transport control protocol (TCP) regulates the flow rate based on 
receiver buffer and network congestion
▫ AIMD 

▫ Throughput ~ 

▫ Is it really fair?
� If so, in what sense?

� If not why?
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Many forms of fairness exist

• Massoulie, L.; Roberts, J., “Bandwidth sharing: 
objectives and algorithms”, IEEE/ACM 
Transactions on Networking, Volume 10, Issue 
3, Jun 2002 Page(s):320 - 328

• Consider the problem of bandwidth sharing
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Fairness

• L flows, λi is the rate of the ith flow, i = 1, .., L
• Maximum throughput

maxi ∈ L{λi}
▫ Starvation may occur

• Maxmin fairness
maxmini ∈ L{λi}

▫ Optimize for the worse case

• Proportional fairness
maxi ∈ L{log(λi)}

▫ Let λi
∗ be the set of optimal rates, λi’ represents any other rate 

vector, then 

∑i ∈ L{(λi’ - λi
*)/ λi

*}  ≤ 0
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Fairness (cont’d)

• Potential delay minimization

∑i ∈ L{1/λi}

• All forms can admit weighted versions to reflect 
“bias”

• More generally, we can have

∑i ∈ L{U(λi)} 

Where U(•) is a (concave) function

Constraints

• In networks, typical types of 
constraints are
▫ Link capacity constraints
▫ Flow constraints
▫ Individual power constraints, sum 

power constraints
▫ None negative constraints; binary 

constraints
▫ …
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Link capacity constraint

• In wireline, relatively straightforward

∑i ∈ Λ(l){fi} ≤ Cl

• In wireless, harder to characterize
▫ Half-duplex radio: a node cannot transmit and receive 

at the same time

▫ Contention: links in the same contention domain

▫ Interference leads lower attainable data rate or higher 
loss rate
� Link capacity C is a function of power, distance, channel, 

interference level etc.

Contention constraints
• Pairwise contention 

relationship � conflict graph
▫ Denote each link by a vertex

▫ A directed edge e = {i, j} if link i
interferes with link j

▫ Clique: any two nodes are 
adjacent � models pairwise
exclusive relationship
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Routing

• Consider a routing matrix RF × L

▫ F the number of flows

▫ L the number of links

▫ Rij = 1 if flow i routes through link L; 0, otherwise

▫ Let λ = {λ1, λ2, …, λF} be the rate vector of all flows

▫ λ £ R is ??

Putting everything together – wireline

case
• Problem statement:

▫ A network (N, E)
▫ A set of flows F with known destination and source
▫ Routing matrix R is given
▫ Objective: to maximize ____ fair share among all flows

18

route 1 route 2 route L

route 0 link 1 link 2 link L

• Assume each link has unit capacity
• What is the max throughput share, maxmin

share, proportional fair share?
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Putting everything together – wireless 

case 
• Problem statement:

▫ A multihop wireless network (N, E), default link 
capacity r

▫ A set of flows F with known destination and source

▫ Routing matrix R is given

▫ Objective: to maximize proportional fair share among 
all flows


