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Abstract 
 
High transistor switching speeds is maintained inDeep-

submicron CMOS designs by scaling down of supply 

voltage and proportionately reduction in the transistor 

threshold voltage.  If the threshold voltage is lowered, it 

leads toincrease in leakage energy dissipation because of 

sub threshold leakage current even when there is no 

switching occurring in the transistor. 

An integrated architectural and circuit-level approach is 

explored in the paper so that in I caches, the leakage 

energy can be reduced. At the architectural level, the 

proposal is DRI i-cache which is a design thatdynamically 

resizable and adapts to an application’s required size 

At the circuit-level, gated-Vdd is used, which is a 

mechanism that leads to effectively turning off the supply 

voltage to, and the process of elimination of leakage in 

theSRAM cells in the unused sections of DRI i-cache. The 

results of Architectural and circuit-level simulation 

indicate that a DRI i-cache exploits the cache size 

variability from both inside and across applications.  
 

1 Introduction 

The performance is improved nowadays by maintaining 

high switching speeds in transistor, but theneedis of 

reduction in voltage supply and thethreshold voltage of the 

transistor. For the maintenance of 30% improvement in 

performance of i-caches in every generation, a steady  

scaling of supply voltage is required along with the 

reduction in transistor threshold voltage. Because of an 

increase exponentially in threshold leakage current of the 

transistor, the threshold of transistor leads to large amount  

of dissipation of leakage energy. 

There are a lot of circuit techniques that leads to reduction 

of energy dissipation in transistors. These techniques, 

Firstly, have a great impact on the performance of the 

circuit and need not to be used in circuits that require more 

performance. 

Secondly, techniques that are relying only on multiple  

threshold voltages are not effective in high-performance  

designs. 

Thirdly, Techniques of dynamic supply may require a  

fabrication process that can be sophisticated and leads to 

increase in cost. 

We propose a cache design, the Dynamically Resizable 

instruction cache, which can also be named as a DRI i-

cache, having the capability of resizing itself to any size 

required during execution of application and leads to 

turning the voltage supply off to the unused sections of the 

cache so that leakage can be eliminated. At the 

architectural level, a DRI i-cache reduces the i-cache size 

so that the application’s instruction working set can be 

captured. 

At the circuit level, the mechanism used in DRI i-cache 

isgated-Vdd. The implementation of gated Vdd can be 

done by the use of PMOS or NMOS transistors, which 

presents a trade-off among, leakage reduction, impact on 

performance, area overhead. 

We comparea conventional i-cache to a DRI i-cache using 

threshold voltage to show that: 

• There is a large difference in L1 i-cache utilization 

both insideand across applications. By using a adaptive 

hard-ware scheme, a DRI i-cache exploits this 

variability andleads to reduction in the average size.  
 

• For the reduction of leakage in an L1 I cache an 

effective integration of architectural and gated-Vdd 

circuit techniques is done by DRI i-cache. 62% and 

67% reduction in leakage energy delay product is done 

by a DRI i-cache with performance degradation within 

4% and with a higher performance degradation 

respectively. 
 

• Miss rate is kept close to the preset value by the DRI i-

cache which enablesthe DRI i-cache to contain both the 

increase in lower cache levels’ energy dissipation and 

the performance degradation.  
 

• DRI i-caches gets even better energy-delay products 

with larger size and higher set-associativity because 

higher set-associativity encourage more downsizing, 

and larger sizes imply larger relative size reduction. 
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2 DRI i-cache: Reduction of leakage in i-caches 
 
The basic observation behind a DRI i-cache isthat there is 

a vast difference in i-cache use both inside and across 

programs which leads in large inefficiency of energy for 

conventional caches that are in deep-submicron designs; 

while in a cache’s unused section, the memory cells 

dissipate energyand leak current. 

For the exploitation of the variability in i-cache use, 

hardware should be able to provide mechanisms that are 

accurate to determine a transition that is going on among 

two application phases and to keep an estimate of the size 

of new i-cache. If the cache resizing is inaccurate, it may 

increase the frequency to lower cache levels, degrade 

performance,increase the energy dissipated and to offset 

the gains from leakage energy savings. 

In this paper, we use all-hardware design in resizing an i-

cache dynamically. The major approach for resizing the 

cachedecreases or increasesthe number of cache sets. As a 

result, we could increase/decrease associativity, as is 

proposed for the reductionof dynamic energy but this is an 

approach which may increase the resizing of cache 

overhead, leading to the reduction in the opportunity for 

reducing the energy. 

 

2.1 The Basic designof DRI i-cache 
Figure 1 shows the diagram of a direct-mapped DRI i-

cache. For the cache performance to be checked, an 

application’s execution time is divided into fixed-length 

intervals by the DRI i-cache. Miss rate is used as the 

primary metric for checking performance of the cache. 

The work of miss counter is to count the number of cache 

misses in each sense-interval. Divisibility is the factor by 

which cache changes size.. 

 

The key parameters that control the i-cache’s performance 

and size are the size-bound and miss-bound. By 

combining these two key parameters it provides accurate 

control over the performance of the cache. Miss-bound 

gives the ability to the cache to adapt and react to an 

instruction working set of an application by “bounding” 

the miss rate of the cache in each interval. 

The other two parameters are less critical to the DRI i-

cache’s performance, these are the sense-interval length 

and divisibility. The sense-interval length involves 

selecting a length which matches the best with an 

application’s phase transition times, and the divisibility 

tells about the rate at which resizing of cache is done. 

A fixed set of index bits are used in conventional i-

cachesfrom a memory reference for the location of the set 

to which a block is mapped. If the cache is resized, it leads 

to either reduction or increase in the total number of cache 

sets thereby it requires a largeror smaller number of index 

bits to look up a set. A mask is used in our design to find 

the right number of index bits useful for a given cache size 

as described in figure 1. The mask shifts to the right every 

time the cache downsizes to use a smaller number of index 

bits. Therefore, downsizing removes the sets having 

highest number in the cache 
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 FIGURE 1. Anatomy of a DRI i-cache. 

 
 

             
2.3 Impact on energy and performance 

 

Resizing of cache helps in reducing leakage energy by 

letting a DRI i-cache to turn down/off the unused sections 

of the cache. Resizing has some disadvantages of 

havingimpact on the miss rate and the access frequency to 

the lower-level cache. The resulting increase in L2 (lower 

level cache) accesses may have impact on both the 

execution time and the dynamic energy dissipated in L2.  

Not only potentially increasing the dynamic energy of L2, 

a DRI i-cache dissipates more dynamic energy due to the 

change in size of tag bits, in comparison to the 

conventional design. 

The circuitry after resizing may increase the energy 

dissipation which results in offset of the gains from the 

change in size of the cache.An argument states that thei
th

 

bit in a counter switches once only during every 2
i
 

increments, It can be concluded that the average number of 

bits that are switching on a counter increment is not 

morethan two. Thus it ca be concluded that the dynamic 

energy of the counters is small.
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3 Gated-Vdd: supply-voltage gating  
Current trends in technology scaling require scaling down 

of the threshold voltage (Vt) forthe maintenance of 

switching speedsof transistor. Unfortunately, it leads to the 

transistor’s sub threshold leakage current to increase 

exponentiallywhich resultsat a low threshold voltage, a 

significant amount of leakageenergy dissipation. 

In a DRI i-cache, for the prevention of the leakage energy 

dissipation, Gated-Vddis used which enables a DRI i-cache 

to effectively turn off the supply voltage and virtually 

eliminate the leakage in the cache’s unused sections. 

Figure 2 (a) consists of a diagram of a conventional 6-T 

SRAM cell having an architecture of dual bit line. The 

corresponding word line on a cache access is activated by 

the address decode logic, which results the cells to read 

and process their values to the precharged bit lines or to 

the values to be written into the cells from the bit lines 

through the “pass” transistors. The two inverter “cell” 

transistors as shown in figure 2(a), each is having a Vdd to 

Gnd leakage path which is going through an NMOS or a 

PMOS transistor that are connected in series. 

PMOS transistor and the corresponding NMOS transistor 

both of different inverters, depending on the bit value 

either 0 or 1 held in the cell are “off”.Figure 2 (b) depicts 

a DRI i-cache SRAM cell which uses an NMOS gated-Vdd 

transistor. If the gated-Vdd transistor is kept “off” state, it 

is said to be in series with the “off” transistors, leading to 

the productionof the stacking effect. The resizing circuitry 

of the DRI i-cache keeps the gated-Vdd transistors of the 

used sections turned on and the unused sections turned off. 
4 Methodology 
SimpleScalar-2.0 is used to simulate an L1 DRI i-cache in 

the context of a microprocessor. Table 1 depicts the base 

configuration for a simulated system. Simulation is done 

on a 1Ghz processor. SPEC95 is run having an exception 

of two floating-point benchmarks and one integer 

benchmarkFor the determination of the energy usage of a 

DRI i-cache, geometry and layout information from 

CACTI is used. By the use of Spice information from 

CACTI, model of 0.18 SRAM cells, the leakageenergy 

FIGURE 2. 6-T SRAM cell schematics: 
(a) conventional, (b) with NMOS gated-Vdd. 

 
 
is determined of a single SRAM cell and the dynamic 

energy of read and write operations. 
 
Mentor Graphics IC-Station layout is used of a single 
cache line for the estimation of area. For the minimization 
of the area overhead and optimization of layout, 
implementation of the gated-Vdd transistor is done as rows 
of parallel transistors are placed along the length of the 
SRAM cells. 

TABLE 1. System configuration parameters. 
 

Instruction issue & 8 issues per cycle 

decode bandwidth  

L1 i-cache/ 

64K, direct-mapped, 1 cycle 

latency 

L1 DRI i-cache  

L1 d-cache 

64K, 2-way (LRU), 1 cycle 

latency 

L2 cache 

1M, 4-way, unified, 12 cycle 

latency 

Memory access 80 cycles + 4cycles per 8 bytes 

Latency  

Reorder buffer size 128 

LSQ size 128 

Branch predictor 2-level hybrid 
  

A supply voltage of 1V is used in all the simulations. The 

cell read time and energy dissipation is estimated using 

Hspice transient analysis. It is ensured that the SRAM 

cells are initialized to a stable state before the 

measurements are taken. Active and standby mode energy 

dissipation is computed after the reach of cells in steady 

state having the gated-Vdd transistor in the appropriate 

mode. Assumption is made that the read time to be the 

time to lower the bit  

line to 75% of Vdd after the word line is asserted. 

5 Results 

Experimental results are presented in this section on the 

performance and energy trade-off of a DRI i-cache in 

comparison to a conventional i-cache.  
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5.1 Circuit results 
Table 2 shows the leakage energy per cycle, area overhead 

and relative read time associated with gated-Vdd.  

We see for the first two columns thatif the cache voltage is 

lowered from 0.4V to 0.2V, it leads in the reductionin the 

read time by half but it leads to the increase in the leakage 

energy by a factor of 30. We can also see from the third 

column that the leakage energy can be reduced by 97% by 

using gated Vdd in standby mode which leads to confining 

of the leakage to high-Vt levels while low-Vt speeds are 

maintained. 

The total increase in array area because of the addition of 

the gated-Vdd transistor is around 5%. 

5.2 Energy calculations 
Leakage energy can be decreased in a DRI i-cache by 

gating the Vdd to cache sections when the mode is chosen 

as standby mode but it leads to increase in L1 dynamic 

energy because of the tag bits being resized and L2 

dynamic energy because ofextra misses in L1. Therefore, 
 

Savings of energy= energy leakagein 

conventional i-cache leakage energy in 
effective L1 DRI i-cache  

Leakage energy of effective L1 DRI i-cache = 
leakage energy of L1+ extra L1and L2 dynamic 
energy  

L1 leakage energy = leakage energy of active 
portion + leakage energy of standby 
portion  

Leakage energy of active portion = active 

fraction  leakage energy of 
conventional i-cache.  

Leakage energy of Standby portion 0 

Extra dynamic energy in L1 = resizing bits  

Dynamic energy of 1 bit line per L1 access  L1 

accesses  
Extra dynamic energy of L2 = dynamic energy per 

L2 access  extra L2 accesses 
 

TABLE 2. Energy, speed, and area trade-off of varying 
threshold voltage and gated-Vdd.  

Implementation base Base NMOS  

Technique high-Vt low-Vt gated-Vdd  

Gated-VddVt (V) N/A N/A 0.40  

SRAM Vt (V) 0.40 0.20 0.20  

Relative Read Time 2.22 1.00 1.08  

Active Leakage 50 1740 1740  

Energy (x10-9nJ)     

Standby Leakage N/A N/A 53  

Energy (x10-9nJ)     

Energy Savings (%) N/A N/A 97  

Area Increase (%) 

N/A N/A 5  

    

     

 
 

Extra dynamic energy ofL1= resizing bits  
0.0022  L1 accesses  

Leakage energy of L1 = active fraction  0.91  cycles 

 

By using the low-Vt active cell leakage energy numbers in 

Table 2, the leakage energy for a conventional i-cache can 

be computed per cycle that is 0.91 nJ. 

The second component being the dynamic energy of L1 

which is dissipated during the execution of the 

application.Using CACTI’s Spice files, the dynamic 

energy per resizing bit line is estimated to be 0.0022 nJ. 

The third component is the dynamic energy of L2 which is 

dissipated in the process of accessing the L2 cache and 

because of the extra L1 misses during the execution of the 

application. 

 
 

Extra dynamic energy of L2 = 3.6  extra L2 accesses 

 
 
.5.2.1 Leakage and trade-off of the dynamic energy 
  
For the demonstration of the fact that that the components 

do not significantly add to leakage energy of L1, a 

comparison is done between each of the components and 

that of leakage energy of L1 and show that the components 

are smaller than the leakage energy. 

 
 

Extra dynamic energy of L1 / leakage energy 

of L1 (resizing bits  0.0022) / (active 

fraction  0.91)  0.024 (if resizing bits = 5 
and active fraction = 0.50) 

 

A comparison is done among extra dynamic energy of L1 

and the leakage energy of L1 by computing their ratio. The 

ratio reduces to 0.024 ifthe active portion is as small as 

half the original sizeand the number of resizing tag bits is 

5 which implies that the extra dynamic energy of L1 is 

about 3% of the leakage energy of L1. 

Extra dynamic energy of L2 / leakage energy of L2 = 

(3.6  extra L2 accesses) / (active fraction  0.91  

cycles)  (3.95 / active fraction)  extra L1 miss rate 

 
0.08 (if active fraction = 0.50 and extra L1 miss rate = 
0.01) 
 

5.3 Overall energy savings and performance 
 
In this section, the overall energy savings is presented 

which is achieved by a DRI i-cache 

It is shown in figure 3 that our base energy-delay product 

and average measurements of the cache size normalized 

with respect to the conventional i-cache. 

 

The figure shows measurements for both performance-

unconstrained cases which are shown in right bars and 

performance-constrained cases which are shown in left 
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bars. The left graph depicts the increase in percentage of 

execution time relative to a conventional i-cache whenever 

the degradation in performance is more than 4% for the 

measurements which are performance-unconstrained. In  

the graph, the stacked bars depicts the breakdown 

betweenthe dynamic component and the leakage 

component because of the extra dynamic energy. The right 

graph depicts the DRI i-cache size averaged over the 

executiontime of the benchmark, as a fraction of the size 

of conventional i-cache. The miss rates under the 

performance-unconstrained case are shown above the bars 

whenever the miss rates are higher than 1%. 
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FIGURE 4. Impact of varying the miss-bound. 
 
 
 

5.4 Effect of size-bound and miss bound 
 
In this section, the effect of varying the miss-bound and 

size-bound on the energy-delay product is presented. The 

size-bound and miss bound are the major parameters 

which determine the extra L1 dynamic energy and L2 

energy, respectively. 

5.4.1 Impact of changing miss-bound  
Figure 4 depicts the results for changing the miss-bound to 

double and half the miss-bound for the measurements 

constrained for the base performance, the graph depicts the 

energy-delay product normalized to the conventional i-

cache leakage energy-delay, along with the percentage of 

degradation in performance for the cases which are more 

than 4%. 
The energy-delay graph shows that it doesn’t matter if we 
keep on varying the miss-bound over a factor of four 
range, most of the energy-delay products do not change. 
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FIGURE 3:AVERAGE CACHE SIZE 

MEASUREMENTS

5.4.2 Impact of changing size-bound  
Figure 5 depicts the results for varying the size-bound to 

half and double the size-bound for the measurements that 

are constrained for the base performance, while keeping 

the miss-bound constant. The graph depicts the energy-

delay product which is normalized to the i-cache leakage 

energy-delay and also the slowdown in percentage for 

the cases which are more than 4%. 
 
The graph depicts that a smaller size-bound leads to a 

greater reduction in the average cache size, but the 

benchmark class has the effect on the variation of 

energy-delay. 
 

5.5 Effect of conventional cache parameters 
 
Investigation is done in this sectionon the impact of 

cache parameters and size on a DRI i-cache. It is shown 
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FIGURE 5. Impact of changing the size-bound. 

 

5.6 Changing sense-interval divisibility and length 
 
The discussions in this section are about our 

measurements of changing the divisibility and sense-

interval length.It is shown in our experiments that a DRI 

i-cache is very much irresistible to the interval length for 

the benchmarks. If the interval length is varied from 

250K to 4M accesses, the energy-delay product changes 

its value by less than 1%, and less than 5% in go due to 

its phase transitions being irregular. 
 
A large amount of divisibility leads to the reduction 

ofthe switching overhead in the applications that have 

frequent amount of switching between two extreme sizes 

of i-cache. The experiments done by us indicate that, a 

divisibility of four or eight increases the resizing 

granularity which leads to preventing the cache from 

assuming a size that is close to the required size. 

 

7 Conclusions 
A circuit-level approach and an integrated architectural 

design was explored in this paperin reducing leakage 

energy dissipation in cache memories and along with 

that high performance is also maintained. The major 

observation made in this paper is that the cache memory 

capacity is demanded which changes both inside and 

across the applications. Caches nowadays are designed 

to meet the application demandwhich results in poor 

utilization and very high inefficiency of energy in on-

chip caches. A novel cache was introduced called the 

Dynamically Resizable i-cache which can be also called 

as DRI i-cache that reacts dynamically to application 

demand and takes the required cache size when an 

application is executed. At the circuit-level, gated-Vdd 

is employed in a DRI i-cache, to stop leakage in the 

unused sections of cache. The energy savings and the 

energy performance trade-off of a DRI i-cache were 

evaluated and presentedsimulation results of circuit-

level and architectural level. The results obtained by us 

indicated: (i) A large scope of changing in L1 i-cache 

utilization both inside and across applications is 

available. This advantage is affectively exploited and 

significantly helps in reducing the average size. 

 
 

FIGURE 6. Varying conventional cache 

(ii) Forthe reduction of leakage in an L1 i-cache, an effective 

integration of architectural and gated Vdd techniques is done 

by DRI i-cache. A reduction in the leakage energy-delay 

product done by DRI i-cache by 62% with lowering down of 

performance within 4%, and by 67% with more degradation 

of performance; (iii) A DRI i-cache is given a tight control over 

the miss rate so that it can be kept close to a preset value, 

which enables the DRI i-cache to have both the performance 

degradation and the increase in the energy dissipation in 

lower cache levels. Moreover, it is known that the scheme is 

robust and performs predictably without showing any drastic 

reactions to varying the parameters; (iv) DRI i-caches achieve 

better energy-delay products when associativity is set high 

and the size is larger because the higher set associativity’s 

encourage more downsizing, and larger sizes imply larger 

relative size reduction. 
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