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Current computing devices have a high demand for both energy The study comprised of a Raspberry Pi containing the We create microbenchmarks for all events we wish to characterize _ = -
efficiency and performance. Although continued development ARM1176JZF-S processor powered by an Agilent Technologies . . ' Delaunay Refine
L . . . . For an add instruction, for example, we create a program whose l '
has led to exponential increase in computational performance, DC Power Analyzer. This allows us to collect detailed power . L . .
. . o runtime computation is comprised almost entirely of adds. Then, 3.0
high performance usually comes at the expense of energy consumption measurements of the Raspberry Pi as it runs. Knowing the exact number of instructions executed as well as the
efficiency, which is why designers are highly interested in avera g ower of the program allows us to estimate the ener er o,
studying this trade-off. Ingenuity in computer design, such as We have a hardware-based and simulator-based setup which instrugtioa Prog WP 2.
Introducing multicore processors, is working to allow provides us all the information required to characterize the ' C;U
computational performance to develop unhindered by power energy consumption of architectural events. E
constraints. To aid in the endeavor of achieving both high C;) 20 '
performance and high energy efficiency, this study focuses on attribute ((noinline)) ol
techniques to aid the development of more energy efficient int add()
software. : { int i 15}
- . for( i = 0; 1 < 10000000, i+4++ ) 5000 10000 15000 20000 25000
{ _ Time Steps (491 uS)
__asm volatile (" add RO, R1l, R2\n\t"
" add R1, R2, R4\n\t" The Delaunay refine algorithm is one of many applications that
) :gg Eﬁ ' Eg' ERRE we are working to estimate the power consumption of. Software
" add R5, R6, R7\n\t" controlled GPIO signals allow us to delimit key areas of code in
" add R6, R7, R8\n\t" the power plot.
" add R7, R8, R9\n\t"
" add R8, R9, RO\n\t" ' ‘A '
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//...(100 instructions _
) ; Naive.c
for (1 = 0 ; 1 < MSIZE ; i++) {
for (J = 0 ; jJ < MSIZE ; j++) {
float sum = 0.0 ;
5V@1A for (k = 0 ; k < MSIZE ; k++) {
| sum = sum +
Raspberry Pi ) Power Analyzer Energy per Event (matrix a[i] [k] * matrix b[k][j]) ;
GPIO - — — — — — — — - }
The ARM ISA contains hundreds of instructions; for this study } matrix r[i][]] = sum ;
Hardware-Based Experimental Setup we ff)c.use.d on the .|nstruct|ons most preeminent in two matrix \
- _ _ _ — — — - - multiplication algorithms.
The ARM1176 provides specialized hardware registers which nterchange.c
can be configured as counters to measure hardware events such for (i = 0 ; i < MSIZE : i++) {
as cache misses and branch mispredictions. Instruction / Event Energy per Instruction / Event CPI for (k = 0 ; k < MSIZE ; k++) { d—
NOP 140 pJ 1 for (j = 0 ; jJj < MSIZE ; j++) { 4)
. . These performance counters allow us to not only verify the 1 matrix r[i][j] = matrix r[i][j] +
C Application validity of our energy benchmarks, but also provides the AJD) 122 pj 1 matrix a[i] [k] * matrix b[k][]j]) ’
+ necessary statistics to calculate metrics such as cache miss CMP P 1 }
ratios, data dependency stalls and branch mispredictions. LSL 281 pJ 2 }
MOV 184 pJ 1 }
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