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Abstract: Pointer analysis is a key technology in data flow analysis, and the result of pointer analysis is the basis of compiler
optimization and program transformation. Based on the inclusion-based pointer analysis algorithm research, this paper analyzes the
problems of redundant constraints evaluation and computational overhead of priority evaluation model in Narse priority constraints
evaluation algorithm. Candidate set of constraint evaluation is determined by points-to set updating information of pointers, and the
prioritizing pointer analysis algorithm based on points-to updating is presented. Constraint dependency graph is built by pointer
dereference dependence and pointer scalar dependence in constraint statements, and priority of constraint evaluation is determined by the
dependencies. Prioritizing algorithm based on constraint dependency graph is presented to simplify the complex priority evaluation model
in Narse algorithm, and the overall framework of the optimized algorithm is provided. The experimental results on SPEC 2000/SPEC
2006 benchmark show that the algorithm has a significant performance boost on the time overhead and storage overhead compared with
Narse priority algorithm.
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procedure Inclusion _based _Pointer _ Analysis(constraint graph G = NULL, constraint stmt set C)
(1) (G, =(V,null, PT)) = Process _ Address _Constraints(C,G = NULL);

(2) (G'=V",W',PT))=Process _Copy Constraints(G=V",W,PT"),

(3) while (fixpoint)

4) Process _Load _Constraints(G');

) Process _Store _Constraints(G"),

6) Propagate _Points _to _Information(G');

(7) end while

end.

Fig.1 Inclusion-Based points-to analysis algorithm

K1 TRE Kk
EX 1. AREGE A =J0H W E G=(V.EPT), L,V F A TRREE B IUSEE TR ()t — 4 A [,

© PERREERSMROT  httpy/ www. jos. org. cn



2488 Journal of Software ¥ F5 4% Vol.25, No.11, November 2014

Horp x,yeV,PT BN IR 4R, PT WG E N x—pt.pt, NAE T x TR 4.

P 1 b R SRR AR A 2 R R A0 AR AT 4R T DG R I R 1L T T S A B M ik £ ROAE BRI AR R R AR S
M J5, L2 A B UL A4 29 TR B A s IR 36 B 46 190 322, L1 A0 L2 10 TAEFR A L0 A e L3~L7 b 3 2 2R A W (1) P
{EFNFE FAF B AR AR, BL 8 /UG SR G % TAERR A 2 KA.

Fe T AL RS 4 Hr B0 B DR o A A 0 a2 Bk D TR oS 3 R T 1 A S i TR (1) Al e
W K241 Hardekopfl'™ '), B EERL 22 B () Nasre™™ 'R UCLA ) Pereira®%5 A fOBIFGT T 4. o 5 Rk 2 5t 14 I B
B2 AT 2011 4E 00 20 4EMIWFST TAEBEAT T R 4041 10 23R P30 1 8 — S0 0P 90 S AR I L AR AR B
PEAG 7 2088 N 25 AN ), s S Al ) 2 B i 3 2.

(o]
(o ) {

Fig.2 Classification of inclusion-based points-to analysis algorithms
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Fig.3 Constraint evaluation process based on points-to updating
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Fig.4 Impact of pointer dereference dependence on constraint evaluation
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Fig.6 Constraint evaluation process of optimized algorithm
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Table 1 Four algorithms computational overhead comparison
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Fig.7 Priority calculation method of the constraint dependence graph
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LRSS CIFRA R TR E L Ca.

procedure Prioritized _Points _to _Update _ Analysis(constraint graph G = (V,E, PT), constraint stmt set C)
(1) c¢dg=Build CDG(C);

(2) for each p, € priority Pand ¢, € C do

3) p; = Compute _ Priority _Level(c;,cdg);

(4) endfor

(5) Process _Address of Constraints(C, G);

(6) Process_Copy _Constraints(C, G);

(7) Propagation _PT _Info(G);

(8) Ca=Compute Candidate Set(C,(V,E',PT")),

(9) while (Ca # Q)

(10)  selectc,if ¢, e Ca ¢, € Ca(i # j)and p, = p,

a1 (V,E',PT)=Constraint _Evaluate(c,,(V ,E,PT));
(12) (V,E',PT")= Propagation PT _Info((V,E',PT));
(13) if (PT' - PT == @) break;

(14)  Cu=Compute Update Candidate(C,PT' — PT);
(15)  if ¢; ¢ Cuthen

(16) Ca=Ca-{c};

(17)  endif

(18) Ca=CavCu;

(19) endwhile

end.

Fig.8 Prioritizing pointer analysis algorithm based on points-to updating

B8 L5 i BB OL e B 0 A Sk

LO~L19 (A FA Sy B3 ST 1) =5 AR 358 43, i ok e B fi e 4 R I L S B R) 2 5 AR VPAS - Constraints
Evaluate, i H & %% Propagation_PT Info t&#45 m A5 KJG 55 M5 B i PTTEH 4 PT.L14~L18 R it # 7% s 4 6
13 N RERRIEE Ca P RE T E AN i Compute Update Candidate PAEUIKHE B #7145 715 & PT'—
PT A EB A KRES Cu R Cu FHUATIRIELE Ca, 4T T —WIEAR.

ik S A5 (L) B R 18] B ok 25 (L13) e, b H A6 3, B 5 S Bk R A
5.2 EEmufiisie

AT RS Narse B0 AH b AR 35 A AR IR AE LA R AN 5 T -
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PP IR AR IR BN LR 2RLIRIMEH A n 5 R | UGERBIE i+1 UOERAEAESS ) 5B 0 ki, BI
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AR ARSI BON 0, 29 A A I FCRE A m, W0 L1 £ 24 ORI LR I T S 2% 5 D O(2m®);L2~L4 £
S ARAE VIR R SE ST h O(m®);L8 T 2 I 16 26 4 5 B2 068 i A1 41 AR AT 3l g, 4R A5 A7
BT AR 1A L I TR 2% 2 D O(min); L9~L19 FEY = AR P 148 3 A I M Ak 326 4 v 8 R 240 RO ) AT PR BRI 1
OL R IEACHI B R O2m) IR AL FARIEIR B DGE AT, L11 BEAT 2R VP Al A I S 2% B2 O(n), e A 50 A
R AR A5 SIS 2RIE k) O(n?), v S B3 L4 1 I 1) 52 2% %k O(m).

DR, iSRS R B2 BE R OQm*+mn+2m(n+n*+m))=O(m*+mn®) FLE 35155 B BN EC n, W3R
BEOL N A RIE R B 02", BRI, i 5LE T Narse 53 (K134 O(mnt-Pmn).

6 SKIWESH

6.1 KWMIMERMIKE

SRS T TR 1% 48 CIL 1.5.1 SEBL.CIL J2 INRIA 2 7R 6 g AEE 5 O’ Caml W R X C S
) U5 U A% 4 2 PF 2% ptranal.ml A 29 3AE S BEolf.ml R golf.ml k£ SR sR AR BY AE CIL 354540 HTHEZE b 384T
SEIR T S5 L] A G5 1 1R IR A 1 L SE AR I AL SRS LS Pearce (122 S AL HRBAR R 25 42 O A0 b 1) 8 4 A8
B e, AE VRS OUT B SEBE T Narse 32 H (1940 56 AUV AIE T4 1) 58 B A e BB EF 0T 3k B T O°Caml B
A AT P ek g R AR I, P R S SE Y AN 2 3 000 TR AD.

SZUGIREE k) IBM 3850 Hi 4% 4% AL PR 4TI 2.0GHz, N 17 4GB, L1 BUE 2247 4 32KB,L2 Z247 4 256KB, 3L A
UM SKB:1E R 4E W%k Linux 2.6.18, /4<% Redhat Enterprise AS 5.0.913:44E % /1] SPEC 2000/SPEC 2006
R C R AR IR SRR AE W3R 2.t T3 4T M IR % CIL #64b 5 1 B S5 Rk 1 C R )i =, Lo v
& 2 354 51N T IR A 5 | 28 L IR ITD ptranal.ml 2B 8010 29 ROBCED K T I5RL s Fh (0 20 SR8

Table 2 SPEC 2000/SPEC 2006 benchmark characteristics
% 2 SPEC 2000/SPEC 2006 JiX 45 1E

Wik g BAA MIBILOC)  CIL ZfH
164.gzip 89 8616 6 050
175.vpr 307 17 729 24 828
179.art 26 1270 1454
183.equake 27 1513 2893
186.crafty 62 21 151 33437
188.ammp 176 13 483 17 610
197.parser 324 11391 12 058
300.twolf 191 20459 24 680
401.bzip2 100 8293 9764
429.mcf 24 2 685 1824
433.milc 237 15 045 23 818
456.hmmer 536 35992 42 831
458.sjeng 144 13 847 16 191
462.libquantum 95 4357 5189
464.h264ref 590 51578 60 539
482.sphinx3 367 25 090 20 462

6.2 LWERSHT

6.2.1 WA FF4H

TR R O’ Caml T H A1 [ stats.ml HEAT S8 v, I 18] 745 A5 T8 550 00 3 20 A7 55 () R0 46 A CIL [ A ), 4X
GEVHFRER 3 A v 0 249 3R AR RN 24 SRR PR Y B, 29 SR SR A 5 Narse 4 H AR 56 AU (e o N-Prion) FIA SCHE
AL A U-Prion) AT WAL IR 45 3L L3¢ 3.

HH T~ U-Prior SVEAUN W R fi I 5807 (R 29 RBEAT PP Ak, A3 20082 T L0 s PR Ak X BRI I 45 5 A% Rl ICH 8 A
T RKETCAR BILR VAL, B TE 2 Fr i) 1) E 224 AR T N-Prior 809%. 1 SEU6 45 AT LG H:

(1) 5 N-Prior $1354H b6, U-Prior $LV5BE 8 982> 3%~38%I1 73 ATt I 1)~ 3579 21> 20.47%;

(2)  HAREIEZ W, U-Prior 7% 5 N-Prior 875 A LLPERESE T AW /N
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(3) £ N-Prior fll U-Prior 532,73 K IR [A] f9 18 i 2 22 W) Ak i T+ CIL 24 OB 389 i P2

Table 3 SPEC 2000/SPEC 2006 test results of time overhead
% 3 SPEC 2000/SPEC 2006 s i) JF 45 Il ik 5 S

R 4 N-Prior time (s) U-Prior time (s) Time reduction (%)
164.gzip 15.236 13.673 10.26
175.vpr 105.788 83.664 20.91
179.art 5.926 4.893 17.43
183.equake 47.893 33.86 29.3
186.crafty 151.309 127.845 25.51
188.ammp 245.328 210.091 14.36
197.parser 72.862 53.121 27.09
300.twolf 67.175 61.38 8.63
401.bzip2 247.132 216.354 12.45
429.mcf 3.56 2.839 20.25
433.milc 89.049 57.193 35.77
456.hmmer 186.587 164.937 11.6
458.sjeng 76.522 62.592 18.2
462.libquantum 35.556 26.144 26.47
464.h264ref 136.209 131.182 3.69
482.sphinx3 83.391 63.326 24.06

6.2.2  A7ft T
WA TFES R H O Caml L H v R SR BCER HLRIEAT e T 0] Hi8 123 BT B B PR 5 T W B 1A A7 i DR /N JEEATT B3,
MRS R WAL 4.
Table 4 SPEC 2000/SPEC 2006 test results of storage overhead
% 4 SPEC 2000/SPEC 2006 {7-fifi JF 85l 1A 45 1

MR EE N-Prior (MB)  U-Prior (MB)  Storage reduction (%)
164.gzip 35216 8616 755
175.vpr 147 295 17 729 88.0
179.art 6 099 1270 79.2
183.equake 67 753 1513 97.8
186.crafty 120 045 21 151 82.4
188.ammp 412273 13 483 96.7
197 .parser 30090 11 391 62.1
300.twolf 134 617 20459 84.8
401.bzip2 447 938 82 935 81.5
429.mcf 1224 265 78.3
433.milc 95 825 15 045 84.3
456.hmmer 256 428 35992 86.0
458.sjeng 37248 13 847 62.8
462.libquantum 87 205 4357 95.0
464.h264ref 223 775 51578 77.0
482.sphinx3 89 348 25090 71.9

U-Prior 3% DAa] 5 (19 29 RAK A B B4R N-Prior S35 WP 8 &2 2% (100 26 BUUP Al b8 250 A6 SRAIE TF 5 3R 1 R
AR T LU SRPEAS P A7 fids 223 180, DR 7 2 ) T4 b B4 AR T N-Prior 532 540 &5 e nT LG H:

(1) 5 N-Prior S5A L, U-Prior SRR 82D 62.1%~97.8% 175 [A] FF 484, T34k /> 81.5%;

(2) YA HEE NI, U-Prior 53 5 N-Prior 59240 Hb G808 5 4 M X80 22 0045 1A T4

(3) 7E N-Prior #l U-Prior S0y H1 25 (0] FF84 (14 385 il B 2200 52 v T CIL 249 S0 19 e B2

7 HiLERE

FRET ) AT RE P 2 M7 (K S, 23 A 160 45 R T4 58 W0 A 4 T A TR B2 MRS J 3 A2 8 IR 280 AR SCAE B T
B AFRER 3 BT S R T AIT 5, DIRE 9 TU AR 29 PP AL R DR S BUPP A B PR AN T TN T 4Rt T — Rl T+ 457
If) 5B (KDL G AR 20 W 359 5 B A 1) Narse 55 570 M S0 LU AZ R80T n b g i pey ol gk -

(1) LAFE B4R i) 48 50T 45 KL 2 29 VP Ak (10 0k 2 2 AT 2T Ak 1 354X b 0 30VP Al 1R 38 e T 0
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(2 VA
(2)  JE LA L RO, ARG SR A 2 20 ACOP Al 1R DI S B B Ry Ak 1 2 2% B DR B BODP A B2 2
(3) L L TR ) EH B S A L0 RPEAG 0 A H A, SR 28 P 0 M7 1 AR ST A 28
(4)  AELRUE T AT RS 2 P[] I, 25 M 0 4 v 16 S 06 45 R SR 32 S0 A IR ) T4 R A7 e T4 B R AT i) A
(R PERESR TT
FETR — AP A v FAT T Rl 0 B0 v iy A e B2 R VP Ak D18 56 AL ) SEALLREAT 97 g, 2 ) 3 3Ae BB AR R e 4
B o HE 2B B TR T 23 RORE BERNALAR 15 S N A 46 5 A6 DT U5 e L RE S 1 4% Open64 HH EAT SEHIL 3 1L RS
JE (R TH S0 HEAT e Ja R (R P e

BUSH  AE BT R AR SO T T A $18 (1 Rk < S 10 B 0 P P A ST i A e AR s L IR SRS, 1) g AN ST
FL LA (RN 781 6 0 B 25 S50

References:

[1] Pryanishnikov I, Krall A, Horspool N. Pointer alignment analysis for processors with SIMD instructions. In: Proc. of the 5th
Workshop on Media and Streaming Processors. 2003. 50-57.

[2] Fink SJ, Yahav E, Dor N, Ramalingam G, Geay E. Effective typestate verification in the presence of aliasing. ACM Trans. on
Software Engineering and Methodology, 2008,17(2):1-34. [doi: 10.1145/1348250.1348255]

[3] LiL, Cifuentes C, Keynes N. Practical and effective symbolic analysis for buffer overflow detection. In: Proc. of the 18th ACM
SIGSOFT Int’l Symp. on Foundations of Software Engineering (FSE 2010). ACM Press, 2010. 317-326. [doi: 10.1145/1882291.18
82338]

[4] Zhu JW. Towards scalable flow and context sensitive pointer analysis. In: Proc. of the 42nd Annual Design Automation Conf.
(DAC 2005). ACM Press, 2005. 831-836. [doi: 10.1145/1065579.1065798]

[5] Salcianu A, Rinard M. Pointer and escape analysis for multithreaded programs. In: Proc. of the 8th ACM SIGPLAN Symp. on
Principles and Practices of Parallel Programming (PPoPP 2001). ACM Press, 2001. 12-23. [doi: 10.1145/379539.379553]

[6] Horwitz S. Precise flow-insensitive may-alias analysis is NP-hard. ACM Trans. on Programming Languages and Systems, 1997,19
(1):1-6. [doi: 10.1145/239912.239913]

[7] Thiessen R. Expression data flow graph: Precise flow-sensitive pointer analysis for C programs [Ph.D. Thesis]. University of
Alberta, 2011.

[8] Yu HT, Xue JL, Huo W, Feng XB, Zhang ZQ. Level by level making flow- and context-sensitive pointer analysis scalable for
millions of lines of code. In: Proc. of the 8th Annual IEEE/ACM Int’l Symp. on Code Generation and Optimization (CGO 2010).
ACM Press, 2010. 218-229. [doi: 10.1145/1772954.1772985]

[9] Hardekopf B, Lin C. Semi-Sparse flow-sensitive pointer analysis. In: Proc. of the 36th Annual ACM SIGPLAN-SIGACT Symp. on
Principles of Programming Languages (POPL 2009). ACM Press, 2009. 226—-238. [doi: 10.1145/1480881.1480911]

[10] Yan DC, Xu GQ, Rountev A. Demand-Driven context-sensitive alias analysis for Java. In: Proc. of the 2011 Int’l Symp. on
Software Testing and Analysis (ISSTA 2011). ACM Press, 2011. 155-165. [doi: 10.1145/2001420.2001440]

[11] Xin L, Ogawa M. An ahead-of-time yet context-sensitive points-to analysis for Java. Electronic Notes in Theoretical Computer
Science, 2009,253(5):31-46. [doi: 10.1016/j.entcs.2009.11.013]

[12] Lattner C, Lenharth A, Adve V. Making context-sensitive points-to analysis with heap cloning practical for the real world. ACM
SIGPLAN Notices, 2007,42(6):278-289. [doi: 10.1145/1273442.1250766]

[13] Pearce DJ, Kelly PHJ, Hankin C. Efficient field-sensitive pointer analysis of C. ACM Trans. on Programming Languages and
Systems, 2007,30(1):106—148. [doi: 10.1145/1290520.1290524]

[14] Yu HT, Zhang ZQ. An aggressively field-sensitive unification-based pointer analysis. Chinese Journal of Computers, 2009,32(9):
1722—-1735 (in Chinese with English abstract).

[15] Hardekopf B, Lin C. Flow-Sensitive pointer analysis for millions of lines of code. In: Proc. of the 2011 9th Annual IEEE/ACM
Int’l Symp. on Code Generation and Optimization (CGO). IEEE, 2011. 289-298. [doi: 10.1109/CG0.2011.5764696]

© PERREERSMROT  httpy/ www. jos. org. cn



2498 Journal of Software #AF5 4% Vol.25, No.11, November 2014

[16] Andersen LO. Program analysis and specialization for the C programming Language [Ph.D. Thesis]. University of Cophenhagen,
1994.

[17] Steensgaard B. Points-To analysis in almost linear time. In: Proc. of the 23rd ACM SIGPLAN-SIGACT Symp. on Principles of
Programming Languages. 1996. 32—41. [doi: 10.1145/237721.237727]

[18] Hardekopf B, Lin C. Exploiting pointer and location equivalence to optimize pointer analysis. In: Proc. of the Int’l Conf. on Static
Analysis. 2007. 265—280. [doi: 10.1007/978-3-540-74061-2_17]

[19] Hardekopf B, Lin C. The ant and the grasshopper: fast and accurate pointer analysis for millions of lines of code. ACM SIGPLAN
Notices, 2007,42(6):290-299. [doi: 10.1145/1250734.1250767]

[20] Nasre R, Govindarajan R. Points-To analysis as a system of linear equations. In: Proc. of the 17th Int’l Conf. on Static Analysis
(SAS 2010). 2011. 422-438.

[21] Nasre R, Govindarajan R. Prioritizing constraint evaluation for efficient points-to analysis. In: Proc. of the 9th Annual IEEE/ACM
Int’l Symp. on Code Generation and Optimization (CGO 2011). 2011. 267-276. [doi: 10.1109/CG0.2011.5764694]

[22] Pereira FMQ, Berlin D. Wave propagation and deep propagation for pointer analysis. In: Proc. of the 7th Annual IEEE/ACM Int’1
Symp. on Code Generation and Optimization (CGO 2009). 2009. 126—135. [doi: 10.1109/CG0.2009.9]

[23] Chen CM, Huo W, Yu HT, Feng XB. A survey of optimization technology of inclusion-based pointer analysis. Chinese Journal of
Computers, 2011,34(7):1224-1238 (in Chinese with English abstract). [doi: 10.3724/SP.J.1016.2011.01224]

[24] Féhndrich M, Foster JS, Su ZD, Aiken A. Partial online cycle elimination in inclusion constraint graphs. In: Proc. of the ACM
SIGPLAN’98 Conf. on Programming Language Design and Implementation (PLDI’98). ACM Press, 1998. 85-96. [doi: 10.1145/27
7652.277667]

[25] Pearce DJ, Kelly PHJ, Hankin C. Online cycle detection and difference propagation: Applications to pointer analysis. Software
Quality Control, 2004,12(4):311-337. [doi: 10.1023/B:SQJ0.0000039791.93071.a2]

Mt B 325 3% Sk

[14] Tk, sk I8 IR Bl U AL T & I I8 £ 20 i o FPL444R,2009,32(9):1722-1735.

[23] BREE T, EER, V634, L e 0 3L T 00 & IR 5L A W R AL BE R 2538 T S P2 312,2011,34(7):1224-1238. [doi: 10.3724/SP.J.1016.
2011.01224]

XUHE (1981 —), 55, 0 g I 65 AL 14 2L
TERF SRS S 1k G 1F, R AT AL B
E-mail: liu_peng_2011@126.com

BERF(1957—), B, W+ Az, LA
i, 2 5T A O o G 3, O AT AL B,
R A

E-mail: rczhao126@126.com

© PEEREES AT

BERER0964—), 5,10 L ##, lLAT
Uili,CCF 1 2 4% B3, 3 BERF 50 A0 v bk
TS 24

E-mail: jianmin_pang@hotmail.com

R (1972 =), T, 1 B 202, EE RO
A S i 1, D AT AL B
E-mail: yaoyuan3070@126.com

http:// Www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


