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Energy Efficient Functional Programing on DVS Systems
by Varying Evaluation Strategies

TETSUO YOKOYAMA,! KEIGO IMAL Tl GANG ZENG,T!
HiroYUKI ToMivyaMA, ! HiRoAKT TAKADAT!
and SHOJI YUENT!

DVS (dynamic voltage scaling) is a technique for scaling the processor’s sup-
ply voltages and working frequencies. Several commercially available processors
provide voltage/frequency controls. We propose a development method for de-
riving dynamically energy efficient programs on DVS-enabled real-time systems,
which have several constraints such as deadline. In order to improve energy ef-
ficiency of programs on DVS systems, it is necessary to accurately estimate
remaining predicted execution time in the early phase of the execution of pro-
grams. Thus, how to execute codes is as important as what codes to execute.
However, the revision of programs for energy efficiency seriously harms their
modularity. We separate concerns of the development of energy optimization
strategy from the development of programs. As the result, partial correctness of
original programs is preserved, and each of original programs and energy opti-
mization strategy has modularity, independently. Lazy evaluation of functional
programming languages and tupling in constructive algorithmics are employed
for realizing the semi-automation of our development method. Our techniques
are applied to basic algorithms such as sorting, selection, and string matching.
Their energy efficiency is evaluated by using an instruction set simulator (ISS)
with a power model.
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Fig.1 Lazy evaluation of expression sq (3+4).
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0000000000000 0000 eval300000O0O0O0ODOOOODOOODODODODODODO
eval3 :: Int -> [BTtree2] -> I0 ()

eval3d s [] = return ()
eval3d s (Leaf2 : ts) = eval3 s ts
eval3d s (Leaf2h : ts) = eval3 s ts

eval3d s (Bin2 xs t1 t2 : ts) = set s’ >>
eval2 s’ (insert t1) (insert t2 ts)

where 1s = list t1

us list t2
s’ = s - wc_isort xs + wc_isort 1ls + wc_isort us

O0OO0O0Owc_isort 0 T,y 000000000000 OOOOOOOOOO

goboo300oboooobobbo0oobbibo0il Leaf2h 00000000 O0ODO hsort
gbooboooooobooobooogboboobooooobooboooboboobo
0 sO0000000O000O0DODO0OOO0OU0O0ODDOOOOUOOO (p)oOoOoUDOO
gbooboooboooooboooooboobooobooboobbooobbooboobobo
gboobooooooobooboooobooobooobooboboobooboboo
goooboobooooobooboobooboboboboboboboboboobOoo
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4.5.1 HoareOOODOOODOOOODO
pgoooooboobobobboooooobbobbboooooobDbobDbbbooouog
O00OD0O0OHoare J00O0OO0OOOY 0OO0OO0OODOOOOOOOOOODOOODO
oooooooooooooooooobOboOoODOOOOOOOOOoOoOoooboooOoO
ooooooobooooooooooooooOoobooOoOooooOobOoOoooobooboobobooooo
00000 O(R*) 0000000000000 0NDd ©(r)0000000000DO0
O000000O0Hoeare 0000000000000 DODODOODODODOOO
gselect :: Int -> [Elm] -> Elm
gselect i (x:xs) = if m + 1 > i then gselect i 1s
else if m+ 1 == 1
then x
else gselect (i-m-1) us
where (1s,us) = splitby x xs
m = length 1s
0000000000000 00000000000O0D00O0ODO0000000d gselect
gooooOOoOo0oOooooo0oofooooOoOooOooOoooooooooooooooo
O000000000OOgselect00000O0ODOODOOODOOOOOCCODODOO
evald :: Int -> Int -> [Elm] -> I0 O
evald s i (x:xs) =
if m+ 1 > i then
let s’ = s - wc_gselect (x:xs) + wc_gselect 1ls
in set s’ >> eval4 s’ i 1s
else if m + 1 == i then return ()
else let s’ = s - wc_gselect (x:xs) + wc_gselect us
in set s’ >> eval4d s’ (i-m-1) us
where (1ls,us) = splitby x xs
m = length 1s
O000oo0o0oo0o0ooooooOo bvSOoOoooOoOoooOoooooooooooog
00000000Owc_gselect O Toio,. 100000000 00000O0O0ODODODOO
4.5.2 00000000000
ooooooooooooooOoOooooOooooOoooooOoboboO0oooOoooBbOooo
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iselect :: Int -> [Elm] -> Elm
iselect i xs = iselect’ (k,length xs) i xs
iselect’ (Int, Int) -> Int -> [Elm] -> Elm
iselect’ (-1,len) i (x:xs) = linear_select i (x:xs)

iselect’ (th,len) i (x:xs)

if u+ 1 > i then
iselect’ (th’,len’ ‘div‘ 2) i us
else if u + 1 == i then x
else iselect’ (th’,len’ ‘div‘ 2) (i-u-1) vs
where (us,vs) = splitby x xs
(len’,th’) = if length (x:xs) <= len then (length (x:xs),k)
else (len,th)

eval5 :: (Int, Int) -> Int -> [Elm] -> [Int]
eval5 (-1,len) i (x:xs) = []
eval5 (th,len) i (x:xs) =

if u + 1 > i then ret us : evalb (th-1,len’ ‘div‘ 2) i us
else if u + 1 == i then []

else ret vs : evalb (th-1,len’ ‘div‘ 2) (i-u-1) vs
where (us,vs) = splitby x xs
u = length us

len’ = if length (x:xs) <= len then length (x:xs) else len

04 000O000O0O0O0OO0DOOOOD

Fig.4 Evaluation strategy for introspective selection algorithm.
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4.5.3 Rabin-Karp 00000000000

0000000000000 000000000000000000000003dRabin-
Karp0OOODOODODOO'™?® 000000000000 0000000D0000O0

rkmatch :: (Pat,Text) -> Int -> Int -> [Int]
rkmatch (ps,ts) d q = match 0 hO (ps,ts)
where n = length ts
m = length ps
h0 = pow(d,m-1) ‘mod‘ q
(p,h0) = mkPattern (0,0) (ps,ts)

(Int,Int) -> (Pat,Text) -> (Int,Int)
(p,h)
mkPattern ((d*pO+(hd ps)) ‘mod‘ q,
(d*h+(hd ts)) ‘mod‘ q)
(tail ps,tail ts)

mkPattern ::
mkPattern (p,h) ([1, _)
mkPattern (p,h) (ps,ts)

match :: Int -> Int -> (Pat,Text) -> [Int]
match s h (ps,ts)
| s >nm=[]

match s h (ps,ts) = if p == h then if take m ps == take m ts
then s:rs
else rs

else rs
(d*(h-(hd ts)*h) + ts!!m) ‘mod‘ q
match (s+1) h’ (tail ps) (tail ts)

where h’

rs

0 5 Rabin-Karp 0ODOOOOOODOOO
Fig.5 Rabin-Karp string match algorithm.
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type Pat = String
type Text = String
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01 00000000
Table 1 Configuration of processor.

Fetch queue size 2

Branch predictor Not taken
Fetch, decode width 1

Issue In-order
Functional units 1 integer ALU, 1 integer multiplier/divider,

1 floating point ALU, 1 floating point multiplier/divider
Instruction L1 cache 8 KB; 64 set; 4 way; block size 32 B; LRU

Data L1 cache 8 KB; 64 set; 4 way; block size 32 B; LRU

L2 cache None

Memory bus width 4B

02 0000000000000 SDRAMOOOOOOOOOOODO
Table 2 Voltage, frequency, and SDRAM access latency.

Voltage (V) Frequency (MHz) Latency (cycle)
0.80 59.0 4
0.87 73.7 5
0.94 88.5 6
1.01 103.2 6
1.08 118.0 6
1.15 132.7 8
1.22 147.5 9
1.29 162.2 10
1.36 176.9 11
1.43 191.7 12
1.50 206.4 12

01000000000Sim-Panalyzer 0000000000000 0000Sim-
Panalyzer 0 0 0000000000000 000000000000000O00000
000 2000000000000000 SDRAMOOODOOOD0O0O0000000DO
00000 StrongARM SA-1100'® 0 0000000000000 0000000000
0 1200~ (1.50/0.80) x (206.4/59.0)0 0000 3.6 0000000 206.4/59.0 00
000000000000000000000
0000000000000000000000OHaskel 0000000000000
0000000000000000000000000 300000000000000
0000000000000000000000000000000000000Haskell
00 Sim-Panalyzer 0 00 0000000000000 000000000000000
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000 1/2000000000000000000000000D000000O00O0OO0 10
gboooboooooboooodbooooooboooooboooboobooooboooooona
gooobobobboboodooooobooooobooooonoooonbo s0000000 match
bbb p==h0O000000O0O0O0COOOOODOCOOOOOOOOOOOCOOODOOO
O0oooooooooooooooooolsvooooooooooooooooo
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00000000000 000%0000RWETOOMOOOOO0O000000O0000
0000000000 0ACETOOMOOOONONONOO RWET OO0 OOOL-RWET
gboooooboooboooooboooobooooobooboooobOoboboOobOoOooOoDOo
0000000000 Rabin-KarpOOOOOOOOOODODOODOOOOOOODOOOO
gcoooooooooOoOODOOO vVspOOOOOOOOOOODOODDOOOOOO
ooboooooon

(© 2009 Information Processing Society of Japan



65 DVSOOOOOOOODOOOODO0OOO0OO0O0O0OO0O00D0O0OO0DOO00O00O00

void introsort(keytype al[], int n)

{
int leftstack[STACKSIZE], rightstack[STACKSIZE], limstack[STACKSIZE];
L/ 000000 =/
leftstack[0] = 0; rightstack[0] = n - 1;
limstack[0] = 4 * floor(log(n)/log(2)); p = 1;
max = floor(log(n)/log(2));
for (5 ;) {
if (p == 0) break;
) S
left = leftstack[p]; right = rightstack[pl; lim = limstackl[p];
if (right - left <= 0) continue;
if (1im==0) {
push_heapstack(left,right); /* JO0O0OO0000000O00O =/
continue;
}
L/ 0000000000 0000n
alil] 00000000 alleft..i-11 00
000000 alj+l..right] DOO0 ... */
set_voltage_and_frequency(remaining_size(...)); /x 000000000
leftstack[p] = left; rightstack[p] = i - 1; limstack[p] = lim - 1;
max--;
if (max > 0)
insert(leftstack,rightstack,limstack,p);
P+
. /* 000 alleft..i-11 0000000
alj+1..rightl] 000000000000 OOO =/
if (max == 0)
swap(leftstack,rightstack,limstack,p);
P+
}
./ 00000 heapsort 00O */
}

06 COOOOOOOOOOOOOOOODOODOODOO
Fig.6 Manually translated introsort program.
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Fig.7 Normalized energy of sorting programs on DVS system.
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03 000DODO0OO000O0OO0OOOoO0OoOoOoo0oao
Table 3 Transition overhead of dynamic voltage/frequency scaling.

Processor Clock range (MHz)  Voltage range (V)  Transition time (us)
Transmeta Crusoe 200 — 700 1.1 —1.65 300
AMD Mobile K6 192 — 588 0.9 -2.0 200
. Intel PXA250 100 — 400 0.85 — 1.3 500
Commercial
Compaq Itsy 59.0 — 206.4 1.1-1.6 189
TI TMS320C55x 6 — 200 3300 (1.6 — 1.1V)
300 (1.1 — 1.6V)
IBM PowerPC 405LP3) 33 — 266 1.0-1.7 117 — 162
Burd et al. 5—80 1.2 -3.8 520
LART 59 — 251 0.79 — 1.65 5500 (1.65 — 0.79V)
40 (1.65 — 0.79V)
SH-4A 18) 75 — 600 1.0—1.4 92 (SMP Linux 600 — 300 MHz)
Research
94 (SMP Linux 300 — 600 MHz)
34 (UP Linux 600 — 300 MHz)
38 (UP Linux 300 — 600 MHz)
MPP 21) 67 — 200 0.68 — 1.0 1.5
O0DVSODODOOoOO0ODO0D0OO0DOO00000DOO0000000000Rabin-KarpO0O0O
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Fig.8 Power consumption transition of Rabin-Karp string search algorithm.

000000000 0000000 Vol.2 No.2 54-69 (Mar. 2009)

goooooooooobooooooooboooOoooobooOoooOobOOoboOoooooboo
gooooooooooooooooOoOOOOOOOOOOOOOODODDOOO L-RWET
gooooooooooobooobooooooobooooooooooooboobooooooboo
OO0O0OO0OO0OO0OL-RWETOOOOCOOOOOODOOOOOOOOoOoOoooooooooo

(© 2009 Information Processing Society of Japan



67 DVSOOOODOOOODOOOODOOOOOOOOO0OO0DO0OOODOO0OOO0DOO0O0

gooboooooboooobooo0oooboooooobboOoooDObOOoOo0 RWETODDOO
020%000000000000000000000000000D000O00O0DOODOO
0o0000000000O0000000 DVSOOOOOOOOODOOOO0OACETOO
gooboobooooobooooobooooobooooooooooooobooooobooboboo
gobodooooobooooboooobooooboooboooooOoooboboOoooboOooDo

Rabin-Karp OOOOOOOOODOOOO L-RWETOOOOOOOOODOOOOOOO
gboboooooooooooobobobouobobobOoboobbOoOobOOobOUObObOboODO
L-RWETOOO RWETOOOOOOOOOOOO0O0O0000ooooooooooo000
goooooooooooooooooooooooboboooooooboOoooooDoobooo
oooooO0o0ooooOoO0O0O00000000 L-RWETOOOOOOOOOOO0O000
gooa

0000000000000 000RWETOOOOO0O0O VSPOOOOOOOOOO
goooboooboooooooooooboooooooboooobooooooooooooonoo
gobooooooooooooboooboooobooooobooooon

6. 0 O00O0O

ooooooOoOooooOooooo bvSOooooooooooooooooooooo
goooooooooOoOoOoOoOO00OO0O0O0U0O0O0O0OOOOOoOOOoOooO VSpOoOoooO
gooooboooooooobooobooboooooooobooboobooOoDbOobobooDo
gooooboooooooobooooboooooobooboooboboboDboooOoDo
gooboooobooooboboooooooooooboooooooooboooooooo
gobooooooobobooooboooboobooooboooooooobooooooobbooooDooo
gooboboboooooboooooooooOoboooooooboooooooooobooooboo
gobooooodoobooooboobooooooobooobooooooooboooobooooDooo
goboodoooooboooobooooboooobooooooooOoobooooooon

gooooooooobooobooobOoOo0ooobOOoboOob0oOoobOOoboOoOoOooDObooOo
goooboobooooooooooboooooboooboooOobooooobooOoboOooboooooboobo
goboooooooooooooobobooobooooboOooboooobooOoooooooon
gobooooooooboocoooooboooooOooobooOoOoOboOoOooOoOoobOoOooooo
goooooooooooooooooobooooooooooooobooooooooDoonoo
gobooooooobooooooboooooboobooooo

000000000 0000000 Vol.2 No.2 54-69 (Mar. 2009)

goooooooooooooooooobobobOobOooooboOobooooDbooo
gooooooooboooooobooooobooooooooooboooDbboooooDoo
gooooooooooooboooooobooooobooooooooboooooonoa
goooooooooooooboooboooooooooooooooooooooboonoa
goooo

gooooboooooooooboooooboOoboOoOoboOoooobooOoboOoOobooDobbo
O000ooo0o0oo ISSoooooooooooo

gboboooboobooocobooboooooboooUooOobOoboboboOooooOooOoDo
goooooocoooobooooobooooocooooobooOboOooboobooOoboOooooDon
gooooboooooooobooooobooboooooobooooooooOobocoOooooooDooboo
gobodooobooooooooboooobooooobooo

00 OooooooobocooooobooOoooooOoOOboOOCcOoOoOoOOOOOOobOOoon
gooooooooOoOoOoOooOoOoOJSTOOoODOOOOODODOODOOCRESTOOOOO
gooooooooooooooooooboooooOoooooOoooooOoooooboOoooon
gboooobooobooooobooooboooooooooobOoOooOobOoOooOoDo
OCO19500026 0000000

o o 0O 0

1) SimpleScalar LLC. http://www.simplescalar.com/

2) Advanced Micro Devices, Inc. http://www.amd.com/

3) Anantaraman, A.V., Mahmoud, A.E.-H., Venkatesan, R.K., Zhu, Y. and Mueller,
F.: EDF-DVS Scheduling on the IBM Embedded PowerPC 405LP, IBM Thomas J.
Watson P = ac®> Conference (2004).

4) Austin, T., Larson, E. and Ernst, D.: SimpleScalar: An Infrastructure for Com-
puter System Modeling, Computer, Vol.35, No.2, pp.59-67 (2002).

5) Azevedo, A., Issenin, 1., Cornea, R., Gupta, R., Dutt, N., Veidenbaum, A. and
Nicolau, A.: Profile-Based Dynamic Voltage Scheduling Using Program Check-
points, Design, Automation and Test in Europe, pp.168-175, IEEE Computer So-
ciety (2002).

6) Barnett, J.A.: Dynamic Task-Level Voltage Scheduling Optimizations, IEEE
Trans. Comput., Vol.54, No.5, pp.508-520 (2005).

7) Bird, R.: Introduction to Functional Programming Using Haskell, 2nd edition,
Prentice Hall (1998).

8) Brooks, D., Tiwari, V. and Martonosi, M.: Wattch: A Framework for Architectural-

(© 2009 Information Processing Society of Japan



68 DVSOOOOOOOODOOOODOOOOOO0OO0OO0O0DO0OO0DOO0OOO00OO00

Level Power Analysis and Optimizations, Computer Architecture, pp.83-94, ACM
Press (2000).

9) Burstall, R. and Darlington, J.: A Transformation System for Developing Recur-
sive Programs, J. ACM, Vol.24, No.1, pp.44-67 (1977).

10) Cao, G.: Proactive Power-Aware Cache Management for Mobile Computing Sys-
tems, IEEE Trans. Comput., Vol.51, No.6, pp.608-621 (2002).

11) Chung, E.-Y., Benini, L., Micheli, G.D., Luculli, G. and Carilli, M.: Value-Sensitive
Automatic Code Specialization for Embedded Software, IEEE Trans. Computer-
Aided Design of Integrated Circuits and Systems, Vol.21, No.9, pp.1051-1067 (2002).

12) Cormen, T.H., Leiserson, C.E., Rivest, R.L. and Stein, C.: Introduction to Algo-
rithms, 2nd edition, MIT Press (2001).

13) Gelsinger, P.P.: Microprocessors for the New Millennium: Challenges, Opportuni-
ties, and New Frontiers, IEEFE International Solid-State Circuits Conference, Digest
of Technical Papers, pp.22—25 (2001).

14) Henkel, J. and Parameswaran, S. (Eds.): Designing Embedded Processors: A Low
Power Perspective, Springer (2007).

15) Hennessy, J.L. and Patterson, D.A.: Computer Architecture: A Quantitative Ap-
proach, 4th edition, Morgan Kauffman (2007).

16) Hsu, C.-H. and Kremer, U.: The Design, Implementation and Evaluation of a
Compiler Algorithm for CPU Energy Reduction, ACM SIGPLAN Conference on
Programming Language Design and Implementation, pp.38—48 (2003).

17) Hughes, R.J.M.: A Novel Representation of Lists and Its Application to the Func-
tion Reverse, Information Processing Letters, Vol.22, No.3, pp.141-144 (1986).

18) D0O0U00O00O0O0OOOD UO0OU0O0O0OO0O0OO ODOoUO0oOOOoOODOoOooOoOoOo
OSMPLnx OO0O0O0OD0O0ODO00O0ODOO0O0OO0O0OO0ODOODOOOOODOO 20080
pp.115-123.

19) Intel Corp.: Intel StrongARM SA—1100 Microprocessor Developer’s Manual
(1999).

20) Intel Corp.: XScale. http://developer.intel.com/design/intelxscale/

21) Ishihara, T., Yamaguchi, S., Ishitobi, Y., Matsumura, T., Kunitake, Y., Oyama, Y.,
Kaneda, Y., Muroyama, M. and Sato, T.: AMPLE: An Adaptive Multi-Performance
Processor for Low-Energy Embedded Applications, Symposium on Application Spe-
cific Processors, pp.83-88 (2008).

22) Jain, R., Molnar, D. and Ramzan, Z.: Towards a Model of Energy Complexity for
Algorithms, Wireless Communications and Networking Conference, Vol.3, pp.1884—
1890 (2005).

23) Karp, R.M. and Rabin, M.O.: Efficient Randomized Pattern-Matching Algorithms,
IBM Journal of Research and Development, Vol.31, No.2, pp.249-260 (1987).

000000000 0000000 Vol.2 No.2 54-69 (Mar. 2009)

24) Lee, S. and Sakurai, T.: Run-Time Voltage Hopping for Low-Power Real-Time
Systems, Design Automation Conference, pp.806-809 (2000).

25) Lorch, J.R. and Smith, A.J.: Improving Dynamic Voltage Scaling Algorithms with
PACE, ACM SIGMETRICS Performance Evaluation Review, Vol.29, No.1, pp.50—
61 (2001).

26) Martin, A.J.: Towards an Energy Complexity of Computation, Infomation Pro-
cessing Letters, Vol.77, No.2-4, pp.181-187 (2001).

27) Musser, D.R.: Introspective Sorting and Selection Algorithms, Software — Prac-
tice and Ezperience, Vol.27, No.8, pp.983-993 (1997).

28) Nowka, K.J., Carpenter, G.D. and Brock, B.C.: The Design and Application of
the PowerPC 405LP Energy-Efficient System-on-a-Chip, IBM Journal of Research
and Development, Vol.47, No.5/6, pp.631-639 (2003).

29) Pedram, M. and Rabaey, J.M. (Eds.): Power Aware Design Methodologies, Kluwer
Academic (2002).

30) Qiu, Q. and Pedram, M.: Dynamic Power Management Based on Continuous-
Time Markov Decision Processes, Design Automation Conference, ACM, pp.555—
561 (1999).

31) Rabhi, F. and Lapalme, G.: Algorithms: A Functional Programming Approach,
Addison-Wesley (1999).

32) Shin, D. and Kim, J.: Optimizing Intra-Task Voltage Scheduling Using Data Flow
Analysis, Asia and South Pacific Design Automation Conference, New York, NY,
USA, pp.703-708, ACM (2005).

33) Shin, D. and Kim, J.: Optimizing Intratask Voltage Scheduling Using Profile and
Data-Flow Information, IEEE Trans. Computer-Aided Design of Integrated Circuits
and Systems, Vol.26, No.2, pp.369-385 (2007).

34) Shin, D., Kim, J. and Lee, S.: Intra-Task Voltage Scheduling for Low-Energy,
Hard Real-Time Applications, IEEE Design and Test of Computers, Vol.18, No.2,
pp-20-30 (2001).

35) Sinha, A. and Chandrakasan, A.P.: JouleTrack: A Web Based Tool for Software
Energy Profiling, Design Automation Conference, pp.220-225, ACM Press (2001).

36) Sittampalam, G. and de Moor, O.: MAG version 2.11: User Manual, University
of Oxford (2003).

37) The SimpleScalar-Arm Power Modeling Project. http://www.eecs.umich.edu/
“panalyzer/

38) Tiwari, V., Malik, S. and Wolfe, A.: Power Analysis of Embedded Software: A First
Step towards Software Power Minimization, International Conference on Computer-
Aided Design, pp.384-390 (1994).

39) Transmeta Corp. http://www.transmeta.com/

(© 2009 Information Processing Society of Japan



69 DVSOOOODOOOODOOOODO0OOO0OO0O0OO0OO0O00DOO0OO0DOO0OO00O00

40) Trinder, P.W., Hammond, K., Loidl, H-W. and Jones, S.L.P.: Algorithms +
Strategy = Parallelism, Journal of Functional Programming, Vol.8, No.1l, pp.23—
60 (1998).

(00200 9028000)
(00200 120 22000)

oo oo

200600 000000000000DOO0OOOOOOOOOOODOOO
gboodooooobooz20vy0obobooboboooboouoboobboonboboo
goboooooooooboooooooobooOobooobooooobooooboboo

‘\jh go00o0oo00ooO0oo0oo0oooooo0o@mooooooooooono
ACMOOOO

oo oo
2004000000000000000002060000000000
gooooooooooboooooooboooooooooooooDoobo
gooooooooooobooooooooooboOoboooooboobo
ooboboooooooooboOoOoboOoooboOoOooooooboobooooo
oooooooo

a a
20060000000000000000000000O00O000OO0OO
gbobodooooobooooboooboboobooOobooooOoooaz2o08d
gbobooboobooooooooooooboobOOoobOboOobOoOobooOon
OO0O000MmMIEEEOOO

oo O0oooooo

19990 30000000000000000O0DOO0OOO0OO0O0O0OO
oooooooooooobOboOooobooOoboOooobooObz2e01000000
gboooooooboooboobz2e0b00bboobobooooonooa
oo0oooooooooosocooooouooooouoooooo
Oo00000oooo00 TSLODMOOOOOACM TODAESOOOOO
O0O0O0DOO0O0OO0O0DACMOIEEEDOOOOOOOOM

o ooooooo

oobOooboooooobooooooobOooboboOoboOoessun
goooooooooooooooooooooooobooOoboOoboOooo
goboooooooboooobooooob2030000002006000
goboooooooooobooboooooooobooooooboooOooboon
goooSsooooooooooobooOooOooOOOoOoOoOoOoOoOooOoO
OooO0O0O0O0D000000000 ITRONOO OSOOO0OO0O00 TOPPERSOOOO
O00000OU0O00O00MIEEEDACMOUOO0O0OOOOO0OOODOOOOOOODOooOOoO
ooo

oo O0oooooo

9900000000000 0000DO0O0000O0O0O000O0O0O0ODOOAO
ooosoooboboooooooooooooboboboboboooooo
ooooooooooooooooooooobooooooom

000000000 0000000 Vol.2 No.2 54-69 (Mar. 2009)

(© 2009 Information Processing Society of Japan



