
Amdahl’s Law  
in the  
Multicore Era

A s we enter the multicore era, we’re at an 
inflection point in the computing landscape. 
Computing vendors have announced chips 
with multiple processor cores. Moreover, 
vendor road maps promise to repeatedly 

double the number of cores per chip. These future chips 
are variously called chip multiprocessors, multicore 
chips, and many-core chips.

Designers must subdue more degrees of freedom for 
multicore chips than for single-core designs. They must 
address such questions as: How many cores? Should 
cores use simple pipelines or powerful multi-issue pipeline 
designs? Should cores use the same or different micro-
architectures? In addition, designers must concurrently 
manage power from both dynamic and static sources.

Although answering these questions for today’s multi-
core chip with two to eight cores is challenging now, it will 
become much more challenging in the future. Sources as 
varied as Intel and the University of California, Berkeley, 
predict a hundred,1 if not a thousand,2 cores.

As the “Amdahl’s Law” sidebar describes, this model 
has important consequences for the multicore era. To 
complement Amdahl’s software model, we offer a corol-
lary of a simple model of multicore hardware resources. 
Our results should encourage multicore designers to 
view the entire chip’s performance rather than focusing 
on core efficiencies. We also discuss several important 
limitations of our models to stimulate discussion and 
future work.

A CORoLLaRY FoR MULTIcoRE CHIP COST
To apply Amdahl’s law to a multicore chip, we need 

a cost model for the number and performance of cores 
that the chip can support. 

We first assume that a multicore chip of given size and 
technology generation can contain at most n base core 
equivalents, where a single BCE implements the baseline 
core. This limit comes from the resources a chip designer 
is willing to devote to processor cores (with L1 caches). 
It doesn’t include chip resources expended on shared 
caches, interconnection networks, memory controllers, 
and so on. Rather, we simplistically assume that these 
nonprocessor resources are roughly constant in the mul-
ticore variations we consider.

We are agnostic on what limits a chip to n BCEs. It 
might be power, area, or some combination of power, 
area, and other factors.

Second, we assume that (micro-) architects have 
techniques for using the resources of multiple BCEs 
to create a core with greater sequential performance. 
Let the performance of a single-BCE core be 1. We 
assume that architects can expend the resources of r 
BCEs to create a powerful core with sequential per-
formance perf(r).

Architects should always increase core resources when 
perf(r) > r because doing so speeds up both sequential and 
parallel execution. When perf(r) < r, however, the trade
off begins. Increasing core performance aids sequential 
execution, but hurts parallel execution.

Augmenting Amdahl’s law with a corollary for multicore hardware makes it relevant to future 
generations of chips with multiple processor cores. Obtaining optimal multicore performance 
will require further research in both extracting more parallelism and making sequential cores 
faster.
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