ELEC 5970-001/6970-001 Special Topics in Electrical Engineering
Low-Power Design of Electronic Circuits 
Fall 2005
Homework 4 Solution
Assigned 11/25/05, due 12/06/05

Bus Encoding for Low Power
Problem 1: The 1-hot encoding is to be used for reducing the capacitive power consumption of an n-bit data bus. All n bits are assumed to be independent and random. Derive a formula for the ratio of power consumptions on the encoded and the un-coded buses. Show that n ≥ 4 is essential for the 1-hot encoding to be beneficial. Reference: A. P. Chandrakasan and R. W. Brodersen, Low Power Digital CMOS Design, Boston: Kluwer Academic Publishers, 1995, pp. 224-225. [Hint: You should be able to solve this problem without the help of the reference.]
Solution:

Un-coded bus: Two consecutive bits can be 00, 01, 10 and 11, each with a probability 0.25. Considering only the 01 transition, which draws energy from the supply, the probability of a data pattern consuming CV2 energy on a wire is ¼. Therefore, the average per pattern energy for all n wires of the bus is CV2n/4.

Encoded bus: Encoded bus contains 2n wires. The 1-hot encoding ensures that whenever there is a change in the data pattern, exactly one wire will have a 01 transition, charging its capacitance and consuming CV2 energy. There can be 2n possible data patterns and exactly one of these will match the previous pattern and consume no energy. Thus, the per pattern energy consumption of the bus is 0 with probability 2–n, and CV2 with probability 1 – 2–n. The average per pattern energy for the 1-hot encoded bus is

CV2(1 – 2–n). 
Power ratio 
=
Encoded bus power / un-coded bus power



=
4(1 – 2–n)/n → 4/n for large n
For the encoding to be beneficial, the above power ratio should be less than 1. That is,



4(1 – 2–n)/n ≤ 1, or 1 – 2–n ≤ n/4, i.e., n/4 ≥ 1 (approximately) → n ≥ 4.
The following table shows 1-hot encoded bus power ratio as a function of bus width:
	n
	4(1 – 2–n)/n
	n
	4(1 – 2–n)/n

	1
	2.0000
	8
	0.4981

	2
	1.5000
	16
	0.2500 = 1/4

	3
	1.1670
	32
	1/8

	4
	0.9375
	64
	1/16
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