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This paper presents a modular optimization framework for custom digital circuits in the power ­
performance space. The method uses a static timer and a nonlinear optimizer 10maximize the per­
formance of digital circuils within a limited power budget by tuning various variables such as gate 
sizes, supply, and threshold voltages. It can employ different models to characterize the components. 
Analytical models usually lead to convex optimization problems where the optimality of the results 
is guaranteed. Tabulated models or an arbitrary timing signoff tool can be used if better accuracy is 
desired and although the optimality of the results cannot be guaranteed, it can be verified against 
a near-optimality boundary. The optimization examples are presented on 54-bit carry-Iookahead 
adders. By achieving the power optimality of the underlying circuit fabric, this framework can be used 
by logic designers and system architects to make optimal decisions at the microarchitecture level. 
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1. INTRODUCTION	 programmmg.? While the convex delay models used by 
TILOS are rather inaccurate because of their simplicity, the 

Integrated circuit design has seamlessly entered (he power­ result is .,guaranteed to be globally optimal. Circuit delay 
limited scaling regime, where the traditional goal of optimization under constraints has been automated in the 
achieving the highest performance has been displaced by past as well. IBM's Eins'Iuner-' uses a static timing formu­
optimization for both performance and power. Achieving lation and tunes transistor sizes for minimal delay under 
the optimal performance under power limits is a challeng­ total transistor width constraints. The delay models are 
ing task and is commonly achieved through architecture obtained through' simulation for better accuracy; however 
and logic design. adjustments in the transistor/gate sizing, this guarantees only local optimality. 
supply voltages or selection of the transistor thresholds. The conventional delay minimization techniques can be 
Solving this problem is challenging because it involves a extended to.account for energy as well. For example, a 
hierarchical optimization over a number of discrete and combination of both energy and delay, such as the energy­

continuous variables, with a combination of discrete and delay product (ED?) has been used as an objective func­

continuous constraints. lion for minimization. A circuit designed to have the
 

Various optimization techniques have been employed minimum EDP, however, may not be achieving the desired
 
traditionally in digital circuit design, which range from performance or could be exceeding the given energy bud­
simple heuristics to fully automated CAD tools. At cir­ get. As a consequence:-anumber-of alternate optimization 
cuit level, custom integrated circuits can be manually sized metrics have been used that generally attempt to mini­
for minimum delay using the method of logical effort.' mize an £'''0" product.' By choosing parameters nand 
Technology mapping step in logic synthesis commonly m a desired tradeoff between energy and delay can be 
employs delay minimization using gates with different achieved. but the result is difficult to propagate to higher 
sizes from a library of standard cells. TILOS4 was the first layers of design abstraction. In the area of circuit design, 
tool that realized that the delay of logic gates expressed this approach has been traditionally restricted to the eval­
using Elmore's formula presents a convex optimization uation of several different block topologies, rather than 
problem that can be efficiently minimized using geometric using it to drive the optimization. 

In contrast, a systematic solution to this problem is to 
minimize the delay for a given energy constraint." Note •Author to whom correspondence should be addressed 

Email: borataeecs.berkctey.edu that a dual problem to this one, minimization of the energy 
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