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Introduction
The power consumption in memories can take a 
dominant fraction of the power budget of a whole 
embedded system for data-dominated applications
(IMEC{Catthoor98} & {Catthoor01}) 
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Size-energy correlation of memory

Bit width b and word count  Nwords v s. energy consumption 
of read access for SRAM
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(1) Read access

(2) Write access



Variable analysis

Data width analysis
Effective data width : the smallest data 
width which can hold both maximum and 
minimum values of a variable
Life-time analysis
Life-time    : the period between the 
definition of a variable and  its last use 
Access frequency analysis
Access count to a variable TNa

EWd

LTx



Variable analysis (Effective Size)
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Variable analysis(Access frequency)
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Low-Energy Memory Design

Several memories are chosen from the available 
memory modules with different number of bit 
lines and word lines. 

Memory allocation:

Memory assignment:
The variables are assigned into those allocated 
memories.

In application-specific design, because the entire 
application is statically known, it let us perform
memory allocation and assignment more intelligently
to reduce the memory energy consumption



Basic idea
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Energy cost metrics
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:TEm Total energy consumption of memory

:N Total number of memory banks 
:)( jTEm Energy consumption of memory bank j

:X },...,,...,,{ 21 ni xxxxX =A finite set of variables in a given application, 
:ix A variable, Xxi ∈

:))()(( )( jeje iwr Energy consumption per read (write) access for bank j
:n The number of variables in a given application program 

l

:)( jTEm δ Energy overhead for added bank j

:),( jiE Energy consumption of     for read(write) access to bank jix
:Emon Energy consumption of a monolithic  memory

:))()(( iwir xTNaxTNa The number of read (write) accesses for variable ix
:)(iQ The set of variables assigned into bank j XjQ ⊆)(,
:)( jδ Overhead coefficient for added bank    , caused by addressing 

complexity
j



Problem formulation
Assumption
We can generate arbitrary size of SRAM. The size of     
SRAM is limited by the total area available on-chip.
Register allocation, which assigns frequently  
accessed variables such as loop indices to processor registers, 
has already been performed. 

Given
To find      and
So that is minimized
Subject to

Allocated and assigned memory:     banks,                 size
where
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Our approach
Our approach for low energy consists of the following phases:

Analyze variables, report effective data width, life-time and 
access frequency.
Perform initial memory allocation and assignment using 
analysis results including access frequency, life-time and 
effective data width of variables
Change the number of banks, the variable assignment, under the 
constraints of the number of memory banks, and
select the memory modules with different size including the bit 
width and the number of words to optimize the memory 
allocation and assignment in order to minimize memory energy 
consumption.



Experiments (Physical Model)
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Experimental results
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Experimental results (1)
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Experimental results (2)

Benchmarks

E
ne

rg
y 

Sa
vi

ng
 (%

)

0

10

20

30

40

50

60

70

Cal. LZ. AD MA MV

Memory Banking

VAbM Technique



Conclusions

Proposed a low-energy memory allocation and 
assignment  technique based on variable analysis
Demonstrated significant energy savings range from 
about 27.5% to 64.8%, based on several real 
embedded applications with respect to monolithic 
memory  and 8.7% to 27.7% over memory designed 
by memory banking technique
The hardware and wiring overhead due to additional 
memory banks is properly taken into account as a 
penalty factor


