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Abstract: In mobile and embedded devices, the energy supply is strictly constrained with the battery capacity and
energy saving ability. In these energy-constrained settings, the available energy budget is not sufficient to meet the
optimal performance objective. This paper presents an energy-constrained software prefetching optimization
approach, which can obtain the optimal performance under the limited energy resource. The approach is based on
DV S-enabled CPU and memory. Through inserting frequency-scaling instructions, CPU and memory frequencies
are simultaneously adjusted to meet two performance objectives (one is the time; the other is the processor gain)
under a given energy constraint. A detailed analytical model is built and then the effectiveness of the approach is
validated by a set of array-intensive applications. Experimental results show that the approach is effective for
energy-constrained prefetching optimization problem.
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for (i=0; i<N; i++) Compute(i);
/l iteration O, prefetch b blocks
prefetch(0,b);
for (i=0;i<N-step;i+=step){
/I prefetch b blocks for iteration i+step to i+2* step—1
prefetch(i+step,b);
/I Compute iteration i to i+step—1
for (j=0; j<step; j++) Compute(i* step+j);
}
for (j=0; j<step; j++) Compute(i* step+j);
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(a) Problem 1: Minimize the execution time

(b) Problem 2: Maximize processor gain

[€)] 1 (b) 2:
Fig.2 Two performance optimizations with the energy constraint
2
2
21 benchmarks
——Transmeta Crusoe™ TM5700/
TM5900.  Crusoe Data Book™ , 1
Tablel Experimental parameters
1
System parameter Meaning Value
Ep Energy consumption by a cache block prefetched 10 pJ
b The number of cache block prefetched by a prefetching instruction 4
Co The time consumed by a prefetched cache block 1cycles
ke The coefficient for P (f,)=k, - f2 7.72E-27
ko The coefficient for P (f )=k, f2 1.09E-24
o Initial CPU frequency 1000 MHz
fn? Initial memory frequency 133 MHz
fg The lower bound of continuous CPU frequency 433 MHz
f 7 The upper bound of continuous CPU frequency 1000 MHz
i3 The lower bound of continuous memory frequency 83 MHz
i The upper bound of continuous memory frequency 133 MHz
Program parameter Meaning Value
N Loop iteration counts including prefetching Program specified
C. Computation time in one iteration (cycles) Profiled data
Cnm Memory access time in one iteration (cycles) Profiled data
Nb The number of prefetching instructionsin one iteration Optimization specified
Epound The upper bound energy consumption Program specified
1 ) SimpleScalar (161
SimpleScalar 1GHz 4 , , )
SimpleScalar
Hameed!*"] ,
© HHEREBAAIGUT http:/ www. jos. org. cn




1656

Journal of Software

Vol.17, No.7, duly 2006

. cache 8Kbyte L1 cache(cache 32byte)
< B > 256K byte 4 L2 cache (cache
Original program
‘ 64byte), cache
I nstrumentation phase CPU
v .
Prefetching loop regions before ) SimpleScalar
frequency scaling MATLAB 18],
\
Profiling phase 3
v 4 profile
Achieve the optimization
( problem parameters >
‘ . .
Solution phase ’ ;profile
v SimpleScalar
Acquire the optimal CPU and C.C.:
memory frequencies i ' o
CPU
Code generation phase .
v ; )
efetching loop regions with new GPU CPU ,
and memory freguencies
Fig.3 Framework of energy-constrained prefetching l
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Fig.4 Theimpact of energy budget on the execution time for CPU-bound case (C.=1000, C,,=90)
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2.2.3 Benchmark

(C¢=1000,C,=150)

, , 2. a
., a , CPU-bound (Adi), 91.1%<a@<100% ,
CPU ; , 4(a) ——CPU-bound
Table2 Performance loss with the different degrees of energy constraint («)
()
Type Program | a (%) CPU frequency (MHz)  Memory frequency (MHz)  Performance loss (%)
82.2 942 88.6 5.8
86.7 971 88.6 2.9
Adi 91.1 1000 88.6 0
95.6 1000 111 0
100 1000 133 0
CPU-bound 82.2 898 122 102
86.7 927 122 7.3
2D Jacobi | 91.1 942 127 5.8
95.6 971 127 29
100 1000 133 0
82.2 898 122 9.3
86.7 927 122 7.8
Matmult | 91.1 942 127 5.0
95.6 971 127 3.6
100 1000 133 0
82.2 782 133 6.3
86.7 840 133 4.4
Memory-bound Stencil 91.1 898 133 2.7
95.6 942 133 15
100 1000 133 0
82.2 811 133 6.4
86.7 869 133 4.2
Syr2k 91.1 913 133 27
95.6 956 133 13
100 1000 133 0
3 , 6 7
memory-bound , 2. CPU-bound a
, ( Adi). ,  memory-bound ,
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,CPU , a
Table3 Processor gain with the different degree of energy constraint ()
3 ()
Type Program a (%)  CPU frequency (MHz)  Memory frequency (MHz)  Processor gain
55.6 753 83 1.7145
66.7 840 83 1.797 6
Adi 77.8 913 83 1.8670
88.9 985 83 1.936 3
100 1000 83 1.950 2
CPU-bound 556 724 94 1.9880
66.7 811 105 1.990 2
2D Jacobi | 77.8 855 111 19911
88.9 855 111 19911
100 855 111 19911
55.6 782 83 1.9920
66.7 869 83 19925
Matmult 77.8 942 83 1.9928
88.9 1 000 83 19931
100 1 000 83 1.9931
55.6 855 83 1.9895
66.7 971 83 1.9905
Memory-bound Stencil 77.8 1000 83 1.990 8
88.9 1000 83 1.990 8
100 1000 83 1.990 8
55.6 826 83 1.9932
66.7 942 83 1.9939
Syr2k 77.8 1000 83 19941
88.9 1000 83 19941
100 1000 83 1.994 1
3
CPU
) ) CPU
(1) : : CPU
;(2) CPU-bound ,
i(3) ; CPU (
2).
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