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1. int main( void )

2. {

3. for( i = 0; 1 < 3; i++)

4. {

5. des_set_key( &ctx[i], DES3_keys[i] );
6. }

7.

8. for( i = 0; i < TOTAL_READ BLOCK_COUNT; i++ )
9. {

10. /Al 2ot O SV

11. read_data_block( buf );

12. -

13. /* e ox/

14. des_encrypt ( &ctx[0], buf, buf );
15. /* fE® o</

16. des_decrypt( &ctx[1], buf, buf );
17. AL I

18. des_encrypt ( &ctx[2], buf, buf );
19.

20. /* BAAeRiseang sk v/

21. write_data_block (buf);

22. -

23. }

24. }
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int main( void )

2 {

3 P_DesInit(); /* Bzt */

4.

5. for( i = 0; 1 < 3; i++)

6. {

7. des_set_key( &ctx[i], DES3_keys[i] );
8. }

9.

10. /* BdeT i s </

11. funDP_DoJob(); /* C &3t */
12.

13. P _DesFree(); /* Dt */
14. }
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1. int P_DesInit (void)

2. {

3. funDP_InitQueue(); /* E ;' */

4.

5. for(i = 0; i < TOTAL BLOCK_SIZE; i++)

6. {

7. MpBlock = (LPBLOCK)malloc (sizeof (BLOCK)) ;
8. if (MpBlock == NULL)

9. {

10. printf("Initial data block memory space error.\n")
11. return FALSE;

12. }

13. }

14. }
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1. int funDP_InitQueue (void)

2. {

3. /* i * Parallel Queue */

4. funDP_CreateDPQueue (QUEUE_NUMBER, QUEUE_SIZE,
PARALLEL NUMBER) ;

5.

6. omp_set_num_threads (PARALLEL_ NUMBER) ;

7.

8. // Q0 attrib setup, I it

9. funDP_SetQueueAttrib(0, 0.1F, 0.2F, 0, P_wrapDes_Stepl,
QUEUE NO_START QUEUE, 1);

10. funDP_SetSupportSwitch (0, FALSE);

11.

12. // Ql attrib setup

13. funDP_SetQueueAttrib(l, 0.1F, 0.2F, 1, P_wrapDes_Step2, 1,
2);

14. funDP_SetSupportSwitch(1l, FALSE);

15.

16. // Q2 attrib setup

17. funDP_SetQueueAttrib(2, 0.1F, 0.2F, 2, P_wrapDes_Step3, 2,
QUEUE NO END QUEUE) ;

18. funDP_SetSupportSwitch(2, FALSE);

19.

20. return TRUE;

21.
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1. #pragma omp parallel for

2. /* Main process */

3. for (MintPID = 0; MintPID < GintThreadNumber; MintPID++)
4. {

5. funDPiMainiParalleliProcess();

6. }

7.

8. /* Free memory */

9. funDP_FreeDPQueue () ;

10.

}
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int P _wrapDes_Step2 (ElementType *A Task
{
LPBLOCK MpBlock = NULL;

MpBlock = A Task->p;
des_decrypt( &ctx[1], MpBlock->MchrBuf, MpBlock->MchrBuf );

VW dO U WN R

return TRUE;

}
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1. int P_wrapDes_Stepl (ElementType *A Task

2. {

3. LPBLOCK MpBlock = NULL;

4. ElementType Node;

5. while (1)

6. {

7. if (1 < TOTAL_READ_BLOCK_COUNT)

8. {

9. funDP_QueueAction (QUEUE_ACTION_POP, 0, &Node) ;

10. MpBlock = Node.p;

11.

12. /* Read data block */

13. read_data_block( MpBlock->MchrBuf );

14. des_encrypt ( &ctx[0], MpBlock->MchrBuf,
MpBlock->MchrBuf );

15.

16. funDP_QueueAction (QUEUE_ACTION_ PUSH, 1, &Node);

17. it+;

18. }

19. else

20. {

21. /* End of file */

22. funDP_EndQueueProcess (1);

23. break;

24.

25. }

26. }

27.

1. int P_wrapDes_Step3(ElementType *A Task

2. {

3. LPBLOCK MpBlock = NULL;

4.

5. MpBlock = A Task->p;

6. des_encrypt( &ctx[2], MpBlock->MchrBuf, MpBlock->MchrBuf );
7. write_data_block (MpBlock->MchrBuf) ;

8. funDP_QueueAction (QUEUE_ACTION_PUSH, 0, A Task);
9.

10. return TRUE;

11.

}
¥l 13 Triple-DES ¢ s it P_wrapDes_Stepl &3¢ :
Triple-DES % — # -4

Triple-DES ¢ & it e7P_wrapDes_Step2 3¢

FHBIE T W 82 G S e e
TrlpIE'DES k2 ;%‘ LL d'r) rﬁ )J. Y= /H %E - BX .,|

4.2.5.2.Triple-DES *4c % %

%]) 15 Triple-DES ¢ 4 it P_wrapDes_Step3 3t
Triple-DES % = 4 B#--4c %
JW#{T*%ﬁ“iFﬁﬁﬁﬁﬁ?
#-F 74258 Triple-DES 2@ = 2 gL T 748
ﬁ°ﬁ§%%‘ﬁ%m%§?ﬁﬁﬁ%&£m
1 Bz L h kit TR & BETH
&3 1‘{& HieHFgkirhaE gl
E] d F}E’ﬁf,ﬁ pHRIdETE o

SR=a A

GRS BAASPRERCTER
B IR DPRIERE* 5D B A B L MPEG-2
decoding[17] - % — 4k B Jix(Stream) i * A% ;% &2
bzip2 [16] - 5 FRRHFAZ o



BIRRE O PAAE  TE A iR S I
ot E L (DMK F CPU: Intel® Core
Quad Q6600 2.4GHz - = & %8 : DDR2-800 2G*4(8
GB) - # @t : Seagate STAT2 500GB 7200
RPM- (2)i% # % % %3 E : Microsoft Windows
XP Service Pack 3 > NTFS 4% & %> % ® 2
Visual Studio 2005 Professional Edition - OpenMP
APIVv2.0- (3)#c %8 4~ +7 1 & Intel® VTune™ 9.0 -
5.1.MPEG-2 Decoding

MPEG-2 #_MPEG 1 i® | &t 1994 & % i%
SRAE fo 3 AR R R £ % - MPEG-2 Decding
(MSSG, mpeg2vidcodec v12) # ;i 8% th f% 48 A2
AT X 188 B egp ko b’“rl‘zﬁ' | * Pipeline ¥
LSRRy > KR P B RSB AESN
B i F R T F %E.;\ o I * Intel®
VTune™zs 451 2 > & 47 11 B 54235 ¥L50 97 &

BRI B R T AR 0 TR
Fehg B oo

fI % Intel® VTune™ & 45 1 £ > jB| #
MPEG-2 Decoding & 7|42 3% » 2 4 MPEG-2
Decoding Call Graph (B 16)#2 Call List (@
17) - d B 16 ¥ 12 &rig putbyte > conv420to422 »
conv422tod44 = &N L R ARR B B R
RSN o d B 17 7 4rik * BRI (TRER
g9 4 4 Cputbyte 5 5 38.2% ~ conv420to422
£ 5 18.2% ~ conv422tod44 ¥ 5 12.8% - 1 * &
Jf‘iﬁv?gm ’ ,i:&if’f}gé‘rw T g > 2 uld 2 BRI

CIBREAFLABRFHEIAFT - REFHD

&l 16 MPEG-2 decoder serial code call graph

0 Coum | Edp e Edge Vst Tme Ed Cls TosdClss [Modde _FalMane SusFie
st 1t D% 913126 0 EXThmdll®  mepils. s £vcgaal] eshgerMndmpe2 Sitier

CadbsFundin_ Coorhutn | Edg T Edge Vit Tme EdgCals Tod s [Modle FalMane SunaFie
lomsiythekc. 0% 0 0 EXTwmd00)  spehils. seculy check c. Mispchubicn Mok sBiudetishsecikc
e 125 11728 0 EETmdlE) el e Tispcticd ook

i s g 0 BBl spgdils wie Topheicn Whsef B sriec
et w2 0 2T mels. psed

byt E 051733 The nnm el . s

™ ELEI T LS. g

ol 1286 15EE ne)) il s, ool dvico

N i 2% VIIE 0 7R nurﬂm WS I e e

el M [} iTed 009 il nalc Tsphcticn Whsef B tsrtmlic

IF*;VJ‘;;]-% A Lbjm‘%,ﬁﬁ TS o

B 17 MPEG-2 decoder serial code call list

5.1.1.Pipeline Stage 1 ¥4 g

FBEAPTLET AT SV TE R ;ﬁ )
o & -k {7 & Pipeline Stage 1 1% § %4 fie e
12 o d J4nA7;V A ¥ 4o store_ppm_tga &3 p
4w et e conv420to422 ~conv422to444 & putbyte
ZE o HEER AR P e 3T 2 B TR
BT > 7] putbyte 3 3;%(38.2%)%2 conv422tod44
03V (12.8%) L (TR bR TR - X A
S S e el 1 BT RS
ARRET - BREERIL o3 3 BT REES
T 5 7] putbyte & ;% iE 38.2%F FRER > L H
Bl OB o F N R E P & N
conv420t0422(18.2%) ~ conv422t0444(12.8%) =
Sl 1l BREERIEL > His oLy - B
T ERE N 4 BRFERET B
conv420to422 & 3¢ (18.2%) ~ conv422tod44 &5\
(12.8%) %2 putbyte(38.2%) 5% » 2 ¥ o fie— B

HEm B a s fedkis- BHFH-

5124 174 % B A 45

d &P o Pipeline Stage 1 i 4 fie > 12
RdeAzst 5 v > d [ 18 2] 19 F
BREH 3 PREFAF e 24 5 & 4
BREETRIFE 3 BREFE AR 0 AT
HoF

2 BT HES

T 2

: Threadl 4 fiz putbyte & 3%



(38.2%) %2 conv422tod44 &5\ (12.8%) > £ 50%
1 158 ; 4p %t Thread0 » §_50%:1 (F§ » #7114
BlEREEgBE D 198 BRI L% o

3B THEB T  Thread2 » fie < putbyte
3174 (38.2%) 0 B AR (TR B X o B2 AR
Thread0 ~ Threadl #% 7 i & ** Thread2 ; e
R 7oy 0 Hd Thread2 4 7 »&it -2 £ iF
48 > Thread2 »cic B 3% » 1/0.38=2.63 & » @ jp|
REERE 195 2628 B EFH LS o

4 BREFERRE I 3BREFESTRIRE
% ¥ oo H 7sei .4 Thread2(putbyte & 5%)
HWiFrem 2 A ¥ L&A o “f £ 44 putbyte
3V E R 2 | % Bpd T - iv putbyte Sl A BAE
Wit e gmELrE o T e 3 B

Nts o AN
-#JL 7 ! é,-k

e

.
A A B =

S AR £ S =

2 A =
|

o s0 100 1s0

JELRETE TR TT A A | 2 T T AR TTAN A | 3T AT RN T | A g T A Sk T A R
1

38916

444444

¥ 18 MPEG-2 decoder 34 {7 p F¥

' Jﬁﬂa‘%’;ﬁ 2T TRE A HE IFTTHEBEE AT TR EE
Bl 19 MPEG-2 decoder # {7 szt
d Intel® VTune™4 451 & > & 457 MPEG-2
Decoding & 7|42 B~ 17 chficdy - £ H AR

i¢ * Pipeline Parallelism jp|z& ¢ % ey 7 4v > it
BT Efel s HHFsaa & o BEFFH o
T Ao AMRFERBET > Queue 2 FF Tk g
oo R FHRAFH RS B T R
i ey 424 o

10

5.2.bzip2
bzip2 % #& % Z T A B 5% B % (lossless
data  compression  algorithm) o i

Burrows-Wheeler transform 22 Huffman encoding
B E o B - chgzip & ZIP Ap et o B
AR i RW o $ bzip2 ehipliE o w2
pbzip2 [14] #art # o pbzip2 @& * T (7% & 2 ie
17 bzip2 £ % B HFAIL o L RIET od R A S|F
FEBRmE R T ERNERY T ERY

F F AR 0 2 BT L B
5.2.1.Pipeline Stage 1 ¥4 ge

#LBIzE en Pipeline Stage 1 i 4 fiz > FIe B
FTHToH TR 1 0FE PTG A A
UREE Ll S IR [ 4
c TR LT HATE
(1) Thread0 : readBlock & 3% » f F 3 P~ & g2
FRIREZE 45E Queue SEEN el
@EF] T - l@wb‘}%)& =R
Vo B IR E o BofsiE pimkffe%,‘i‘ °
Threadl : bzBuffToBuffCompress & 3% » 34z
Threadd &:f &k hFdd > § § FR R NEIZ

1A e o

(2)

S M REEEE B 1T P EE
(3.) Thread2 : handleMTFProcess & 3% » # i<

Threadl &gt Ha o f F FTH RS &
® Move To Front(MTF)# 2% » § 2 % 3 a2
RE A TRETF HBE S ERA
Thread3 : writeBlock 3% » = f F %R S5
R kR F AL “'?"}—%\‘-%J”"“ FRHMNE
d oo

(4)

3EWEHGFHAE F L TR -
BlzE € * 100MB ~ 500MB ~ 1GB ¥ 2GB > 4 &
* F A TR AT A BREERERT
E BRI FRE 5 K BT IR
St £ B

+
T~



# 3 pipeline bzip2 - 4 44 17 4 T & fie

EL B #US (7 PERF A b 8 SR ID ]
gL
Thread 0 | readBlock(1.1%)
Thread 1 | bzBuffToBuffCompress(88.6%)
Thread 2 | handleMTFProcess(10%)
Thread 3 | writeBlock(0.3%)

5228 7Rk HAH

d B 20~ @) 21 Ao R kg o A fRS
H fFrca opbzip2 # r T EFEEER RN A
pipeline bzip2 @ * K A 5|4 ;% iF & 2 fie &
Pipeline » ;X ¥ i 5] T {7 &2 5 it > & f255#
7 2Ry 4piT o

phzip2 =
S BERR F (bzip2) l-
o 100 200 200
B R T (bzip2) phzip2 pipeline bzip2
-2 GE 280.1015 76.406 77.47166667
1 GB 135.728 37.65783333 38.64558333
- 500 MB 6543158333 1798225 19.5965
- 100 MB 12.512 4.235 3.585
o . P
B 20 pbzip2 £ pipeline bzip2 3% 7 = /¥
4
_ ———l
5
2.5
2
1
. s . .
—a—pbzip2 —m—pipeline bzip2

B 21 pbzip2 ¥ pipeline bzip2 # 7 st

dORREE T o @ RARNFE 2 )
w?@\,ulﬁﬁ_}\mg}ﬁ A4 T T4l e
TR E DT AN R FaLER ] o

SHe A kair

ﬁ*+'~<@5“’sgm%£1“’/ﬁr/ﬁrﬁ %ﬂ]@%
B e ] T - RARSEE AR 0 LR f#
SPC R EEHE T B R Al

11

SP R 0 B AR B R RS o $0
%jﬁﬁ**@(ﬁamﬁﬁﬁ%ﬁ;’ik
AT P AR 3 S P &
mnmﬁdu?ivﬁuﬂﬁﬁﬁﬁ%ﬁ“i
TR B R B

AP AT T TN EFERE 0 %" Pipeline

Parallelism 7 £ » 41* Pipeline BT A R
Fig 4 o EPERFREFFEE AL EFTHE

R BRI N SR CONE Y- Lk ol
T %o R AL TR R B
R (T EIEH B B4 T 7R o 4 Pipeline
Parallelism » 7 Hax 8 LR EFHRERHEFT
R FERHAOT R 2 o LT L
33 ke R e e

Avoi - BARRRE R T F gt
D f258 - ¢ MPEG-2 decoding[17] - # * 3
ﬁu’x%ﬁJZ&P,ﬁ*':MMﬂﬂ’

B* AP o2 358 o d - BRKES
o FEERCTEFRSBERE > SFA
4T Fest > B e 0 T AR R o

ARG Brrie )l o Bl poRE K
2T R AR AS A 5 F AR T TR hds (F B
COERYPER S AN Ao B B AR
1 0F 0 FTAERF RS EE LR DA
Bt ML BFHRBL AL AR BE

{4 hdl 7ot o
7.%% %

(17 M. J. Bridges, N. Vachharajani, Y. Zhang, T.
Jablin, and D. I. August. Revisiting the
sequential programming model for multi-core
era. In MICRO, 2007.

J. Giacomoni, T. Moseley, G. Price, B.
Bushnell, M. Vachharajani, and D. Grunwald.
Toward a toolchain for pipeline parallel
programming on CMPs. In Workshop on
Software Tools for Multi-Core Systems, 2007.

(3] J. Giacomoni, M. Vachharajani, and T.



[10]

Moseley. FastForward for concurrent threaded
pipelines. Univerity of Colorado at Boulder,
Tech. Rep. CU-CS-1023-07, 2007.

M. Gordon, W. Thies, and S. Amarasinghe.
Exploiting Coarse-Grained Task, Data, and
Pipeline Parallelism in Stream Programs. In
Proceedings of the 12th International
Conference on Architectural Support for
Programming Languages and Operating
Systems, Oct. 2006.

S. Kleiman, D. Shah, and B. Smaalders.
Programming with threads. SunSoft Press,
Mountain View, CA, USA, 1996.

M. S. Lam. Software pipelining: An effective
scheduling technique for VLIW machines. In
Proceedings of the ACM SIGPLAN 1988
Conference on Programming Language
Design and Implementation, pages 318-328,
June 1988.

T. Moseley, D. Grunwald, D. A. Connors, R.
Ramanujam, V. Tovinkere, and R. Peri,
Loopprof: Dynamic techniques for loop
detection and profiling, in Proceedings of the
2006 Workshop on Binary Instrumentation
and Applications (WBIA), 2006.

T. Moseley, D. A. Connors, D. Grunwald, and
R. Peri, Identifying potential parallelism via
loop-centric profiling, in Proceedings of the
2007 International Conference on Computing
Frontiers, May 2007.

G. Ottoni, R. Rangan, A. Stoler, and D. I.
August. Automatic thread extraction with
decoupled software pipelining. In MICRO,
2005.

R. Rangan, N. Vachharajani, M. Vachharajani,

12

[13]

[15]

and D. August. Decoupled software pipelining
with the synchronization array. PACT, 2004.

S. Rul, H. Vandierendonck, and K. De
Bosschere. Function level parallelism driven
by data dependencies. In Workshop on Design,
Architecture and Simulation of Chip
Multi-Processors, 2006.

William Stallings. Cryptography And Network
Security Principles and Practice 2nd edition.
pp.65-75, 1995

W. Thies, V. Chandrasekhar, and S.
Amarasinghe. A practical approach to
exploiting coarse-grained pipeline parallelism
in ¢ programs. In MICRO ’07: Proceedings of
the 40th Annual IEEE/ACM International
Symposium on Microarchitecture, pages
356369, 2007

GILCHRIST, J. Parallel bzip2 (pbzip2) data
compression
software,http://compression.ca/pbzip2/

Intel® Software Network, Intel® VTune™
Performance Analyzer,
http://www.intel.com/cd/software/products/as
mo-na/eng/239144.htm

Julian Seward, bzip2/libzip2(bzip2-1.0.5),
http://bzip.org/

MPEG Software Simulation Group, MPEG-2
Video Codec(mpeg2vidcodec_v12),
http://www.mpeg.org/MSSG/

Silicon Graphics International.
http://www.sgi.com/

The OpenMP Specication.
http://www.openmp.org/.



