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System Model
A CMTS chassis equipped with two linecards (LC) and share one buffer. 

Paper 1: Improving Energy-Efficiency of HFC Networks with a 
Master-Slave Linecard Configuration

Ping, Lu, Yuan Yabo, and Zhu Zuqing. "Improving Energy-Efficiency of HFC Networks with a Master-Slave 
Linecard Configuration.“
Zhu, Zuqing. "Design of energy-saving algorithms for hybrid fiber coaxial networks based on the 
DOCSIS 3.0 standard." Journal of Optical Communications and Networking 4.6 (2012): 449-456.
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Assumption

1. Packets arrive at Poisson process with rate λ;
2. Buffer is finite with number N;
3. L(t) is # of packets in the queue at time t;
4. Service rate ~ exp(µm) and exp(µs) for master and slave LCs;
5. LC operation modes: 

Working: Pm or Ps;
Sleeping: P0;

6. Traffic queue sampling period ~ exp(S);
7. LC switching threshold: δ;
8. If L(t)=0 and master LC is idle, then LC switch happens.
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Theoretical Analysis

• Model the system with two-dimensional Markov process
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L(t): # of packets in the queue; 
K(t)=1: master work, slave sleep;
       =2: master sleep, slave work;  

Traffic load: 
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Theoretical Analysis
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Theoretical Analysis

• Matrix Geometric Solution

Slide 7



Group meeting 05/13/2016

Performance Metrics
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Simulation Results
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Paper 2: On the Performance Analysis of Energy-Efficient 
Upstream Scheduling for Hybrid Fiber-Coaxial Networks with 
Channel Bonding

Slide 10

Lu, Ping, et al. "On the performance analysis of energy-efficient 
upstream scheduling for hybrid fiber-coaxial networks with channel 
bonding."Communications Letters, IEEE 17.5 (2013): 1020-1023.

System Model

A channel-bonding cable modem (CM) 
equips with multiple high speed 
transceivers. 
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Assumption

1. Two priority queues Q1 and Q2, N
2. Two traffic priorities: best effort;

delay-sensitive;
3. Lq(t) is total # of packets in the queue at time t;
4. Use M TXs to model multiple channel bonding, G TXs 

active always while the rest could sleep;
5. LC Operation modes: 

Working: Pw;
Sleeping: P0;
Setting up: Es;

7. TX’s turn on threshold: T;
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Theoretical Analysis
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Model the system with three-dimensional Markov process



Group meeting 05/13/2016

Performance Metrics
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Performance Metrics
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Simulation Results
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Simulation Results
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Paper 3: Energy-Efficient Scheduling and Energy Delay Tradeoff 
in Green Hybrid Fiber-Coaxial Networks
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Ping, L. "Energy-efficient scheduling and energy-delay tradeoff in green 
hybrid fiber-coaxial networks." Proc. of GLOBECOM 2013 (2013): 1-6.
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Energy Efficient traffic scheduling algorithm

• Use Turn-on threshold NT and # of waiting packets N(t) to decide the 
number of working TXs for next scheduling cycle.

• Send control message to TX channels, and each channel sets its operation 
mode as working or sleeping.

• If a TX has been in sleeping mode for Kmax cycles, and there is waiting 
packets, it will be waken up anyway.
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Analytical Derivations
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In M/D/m queue, average delay can be estimated by M/M/m queue
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Simulation Results
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