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Abstract:  As IPv4 address resources being exhausted, the transition from IPv4 to IPv6 is inevitable and fairly urgent. The existing IPv6
transition techniques encountered several critical issues for large-scale deployment. For example, the lack of unified evaluation criterion
makes it hard to select the appropriate transition strategy for a given scenario. This paper investigates and presents potential IPv6
transition scenarios and typical transition mechanisms in ISP networks, with emphasis on the provision of unified evaluation criteria in
terms of functionality, applications, performance, deployment and security for IPv6 transition mechanisms and evaluation of these
transition techniques based on the provided criteria. In addition, by virtue of the unified evaluation criteria, this study proposes a practical
deployment of IPv6 transition strategy in the ISP’s core and access networks. Finally, the consideration of IPv6 transition based on the
emerging technology such as SDN to ease and accelerate its deployment is presented.

Key words: IPv6 transition; evaluation criteria; deployment; SDN
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Table 3 Evaluation criterion of IPv6 transition mechanisms
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Table 5 Evaluation of IPv6-over-IPv4 transition mechanisms
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Table 8 Comparison of transition strategies in ISP access networks
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Table 8 Comparison of transition strategies in ISP access networks (continued)

F 8 ISP e A W sk S ms 1) Pl (48)

IPv6 single-stack: IPv6 over IPv4 single stack: IPv4 over IPv4 single stack: Double
IPv4 tunneling (6RD) IPv6 tunneling (DS-Lite) translation (MAP-T)
5 16 1Pv4-only 2 N L3821 1 1Pv6-only 8 N L3821 IPv4-IPv6-1Pv4
0 IPv6-over-1Pv4 B% i IPv4-over-IPv6 i TR A o gy =
CE/CPE 1) M8 CPE AN 75 530 HF IPv6 IS
Wik | 2) S CPE B34 TPve CERIBR EXHH®
MNP | 1) =R 35 SR 1Pv4 1) =R NS SR IPve EA L
pAlLl 2) “REENME SRR IPvA MR AN | 2) TREA ML SRR IPv6 )72 4 RS
Xt BRAS BRAS XU, I 3 Jil 7 BRAS 3 HF [Pv6, 3y &3 ] /™ FAEA,
B K5 53 Bic—A> 1Pv4 Hhik oy B —A> IPv6 Hitik
AAMIL ] St tpva HPAGEL BRI SCHS IPV6 JHPHAES SRR 2
N ] B AT W ] Be R ST -

G IPv6 uﬁH:Tnahx Ilivi/uﬁ( §+ L ALR 1Pv4 )jH/ETnﬁhx IPv6 s [%1 L 2LR S FF TPv4 £
Wi B3 2 1 5 0 B30 22 B 1Ped 71 Po6 B
” "] fig 77 L MTU i | fig 77 E MTU i i

X% . SO B B, .
LSNP » AR5 ¥
N . DS-Lite CGN $ 4} % i Fil ' i
P4 5% 1 3 6RD-BR;E 1 2 & NAT e 4 o 2% 20 2 CE 1 BR 3Z #5847
I 4 B 4
e E & B i
N Spotting B i+ spoofing - . Spotting B i DoS K i
wE Wit F reflection Bty FI% CGN f) DoS K F routing cycle X ifi

25 /L A STRG WL A3 FH 44T 7846 1Pv4 28 /A 19 itk 6 5 488 i i 75 SR B /N 1R ISP R4 2%, %5 5 WL Ed
BT A A 2R R T AR v P T 2 A TR DR S (1 4% i P, 512 s 0 28 LA IR ol 208 5 T 4 B T R R B LA

[Pv4-1Pv6 FH AL SEIL T IPv4/IPv6 $: N W HR 1 28 i FH 7 U 17 TPv6/1Pv4 (1) 8 FHL 31 AR A 1) NAT64 #l
PEHLHIM ISR TVE BHEFENLE] N T SC BB DL G ISP 75 EAE &I R a8 — el 2 AN . 7 DNS
ZRA TR I DNS64 B D RE.TVI LA #E o 1 ik 4 AAA $2 1 TPv4-1Pve XU Jf A5, T NAT64 HAR4LT IPve il k&
A AR AT DA B AL = 1Pv4 Motk 325 7 ik &2 R

1Pv4 $: N\ Wy 23t P 32k TPva 352 NS5 AE TPva 8 NI 5 3 55 v 35 i A P ARLEE 9 1) TPv6 Y 4% Tk
b2, 7% B TPv6-over-IPv4 f%iE 6RD AL 24 ILH& A I8 4% 14 i ) AE AL & P 5k CPE 5 22T+ S
XA F 6RD CE M) fg; 75 ISP M, 75 Z 3 E — N8 2 A4 6RD BR {E 4 fi% i ¢ i (1971 38 % % (concentrator). 7E BR
FAZ LN L 2Z 0] () TPV6 % s 4 ] LA S AE & A1 TPve 85K L. TR &P K Softwire Mesh _[-.BR A A
JH 528 DHCPv4 § i 5%, out-of-band At & 11 )5 2K & 3L CE.

B IPve W AT Lk e BT 4241 TPv6 4 ARSS X T 1Pv4 Uj In] 1) 75 5K, ISP A L8 TPv4-over-IPv6
BB AL, a1 DS-Lite,4over6, MAP-E %, 5%, IPv4-IPv6-TPv4 XUFE FHFEHLH], I MAP-T,464XLAT 25 ¥ 5¢ it I
S RIEAE 5 5K TE IPv4-over-IPv6 BEE AL, 75 22 2 3 F = B8 CPE JH 2 52 e XURR RV 3 U = 3 1) Ty g, 7T ISP
), 75 2350 B — A Bl 2 B 2 i (V1 TR R 465 1 R 4 1 R AT BAIE I DHCPv6 97 i 8%, out-of-band Pt & 2K 58 A&
1E IPv4-IPv6-1Pv4 XU FE R EHLH] 4 ,CE Al BR b #2258 il — X B %

3.3 ETSDNIZRAMRIIPv6iTEANE £ 8

IPv6 IHIERA R W KB TR . BT EOE . bk it R RN S 4% R 50 0% AR 0 A5 1) LA
Jhg Tl B ) 19 2% 4444, SDN BAT = KBl ) 1Pv6 I I3 2 e o LR 5 ) S5 5 R o s . IR R UL . @
PR A B A2 T 0 P2 S K 2% et 4 ) SDIN 52 AR B A TP 3 ¥ 35 38 1) T 85 R 43 2%

1P 6 3o I8 5 2 P2 1) 2 2 e N S 28 T, (R AR KRS s T TPv6 Jo I 30 28 (V0 3l )5 5% ) TPv 6 ok 3 38 2
PR EGZ) Wl ERANEE . SRS E LIS S Y IPve WU E w R B ki
MR A AL TPV HhE R, MR R IR 2. mEE PO R M AR R A, B . SR

© PEBEBSAITT  hip:/ www. jos. org. cn



910 Journal of Software #)F¥3R Vol.25, No.4, April 2014

Bl EL R P A5 B0M0 55 0 TPv6 3o 35 15 SR BB 7 SR (U 22 I 4 B W B ) % Bl S 3 0 1 484 R 0L 40 5.
B IX H6 8k 8, SDN 1] LA LA LA Jr TR B J) IPv6 i i 3
1 FAEGZREEE &0 i &,SDN o] LLAE R 25 5 Mol 1Pv6 o 8 W is /e 38 i 8 b DL PE T
TR FABAT B A AR VA — Ak, BE A DG HHR e R AN A7 At 8 70, 3R v LA 4R v oV 1 4% 1R 09 % R
P B, B AT 3 182 46 TR0 58 T4, 91 L BB 0 A el U 12 46 22 W 174 ) L
2) T SDN BEH, z Hol ot il S o R B B 1% T 2 UE B BT B AR TR R R A R 4 LK
FET DL 45 R0 21 TPv4-TPv6 FF I8 A7 i 12, W R YR TPv4-TPv6 L 5 It i) 45 8 138 4% — J5 T o] LAY
/b IPv6 HUhE R 75 i R, B A 8 40 3 8 45 (R b il 5 SR B AT 5 — T, T LA TR A X 4% S R A TR
R b BB AT 2 B3 i T (0 S 9 R D S R A A v A B A
3)  SDN # AR LLSZEa P IR b, S0P TR ML, 75 IPve Io I B I, 3 SHedee 1iE 44 - Gt A2 i 52
W o S RN ) LI S B 45258 2R 0 T oK
BT EREFAE AL T T XS ST SDN ) 3k V8 58 W 10847 17 B2 1) 25 401 1 . oy 3ok ATL 1) 1 350 8 T e s 2R
7 ISP 0 45 o (1) 25 AN B FLAS [ 9 28 v (19 18 6t/ T i ) 408 38 2 5 — Poisk i 7L, D51 b SR FF) SDIN 44y, T LA
IR BIRIRIR) TPv6 I JEMLIAE S g b CAB U X A= ek I f dek Y8 57 s, 300 3ok ™ S A S 51 s 810 %of 7 11 o) 5%
T A% b, DL ARG T V08 50 280 110 52 20 5 R A 4 o D9 24 10 4% RIS AT 2028 T SDIN 1)k I 5% s AT 1 Sl i Dy o 1) ISP
I 2% v R 5 2 £l 4% (controller), e 32 B A 13 Y ATL I A0 2 il DA B el I8 S W 1 1 e, AT X I 8% R e T U
T HAT A S Jod 35 SR 1) 10 4 1 4%32) TSP I % H (19 6 46, 't 0 BEPAT Fa T o I R 456 1 de IR 7% s A 55 11 B
R SE LI PN AR e e R (W T Re.

4 B &5

AW ISP W 4% 1 T A7 3 AT 1Pv6 S I8 3% 5t S L B Rl LRI HEAT 1 2838 B F0 42 H 4 — 1 IPve 1 I
HUBIREAN TR AR AR 2R VRS R EL IR T TPv4-TPv6 XUAR. TPv4-TPv6 B1%. IPv6-over-IPv4/IPv4-over-IPv6 EiE DL &
IPv4- IPv6-1Pv4 XU fH 3 DU DR 3 22 St 20 (10 I AL A5 A0 40 194 8% 52 B A AR e 9B 5 5K 42t TSP o 8 A0 1o A
PN WS 0 O S 45 A SDIN AR 32 U FE T SDN HEZLF) TPv6 3ok I 34 58 2% R ok 22 fff 3ok 0 34 38 B0 T4, ok
e Sy
SIS VT A LG 45 TR R B
1) MU BE S 48 vk TPv4 Hlik Bk 4 1) 5L (H E T TPv4 T TPv6 itk AR 3 28 P, XOHR 1 A S
IPv4-IPv6 AR A A BB 7T 3%

2)  IPv4-IPv6 FHEEHLEI W LLSZEL 1Pv4 EHL/MZE AT IPve ML/ M 4% (1) BLEEE 75, {2 /2 TVI A NAT64 2R
T8 T RO PR 0 48 H A AN 6 R () TPv4 T IPv6 Hi ik 4% 1] e 55 A1 SR — 486 56 il /B, 7 ALG 19 S
Uiy 3] a1 B 1A IR 55

3)  Softwire Mesh,6RD,DS-Lite,40ver6 1 MAP-E F% 18 43 A4 6 T — 72 41 38 2 B4 1) b 1 AL ), B A A & 1
U4 5578 75 910 /2 TPv6-over-IPv4 fll IPv4-over-IPv6 =35 1 I 37 550 A i U 75 5K

4)  IPv4-IPv6-TPv4 XUTE 128 H AR AN it S 0L 432 I b A% 0 PN 35 TPv4 ST (R X T Bk 8 K U5t 7T DA S8 55
Z N TPvA M EE AR B R, S b, 0T B AL 58 A T e A 5 AT — S R BLR i TR T 55

TEX} IPv6 I I 8 28 AT A 0N 25 i R B

1) FEARZL WA 0 4 AR A PR, IR TPva bl R SIS 2 5 T S 0 Il A0 A% o I 4 B 0 L
B v IR R R T R S A, I BT, 3 k% o 158 6 PRI BE A2 - S RH 4 /5 B P A 2 AR5 v 11

2) RN R FEIENL I SE A T IPve BN 1Pv4 B IPv4 B HHEN 1Pv6 137 50;6RD ML
HJ LAk TPv4 2 F P 4R AL N TPv6 P25 [ IR 45 TPv4-over-TPv6 Fi% i HL i (W1 DS-Lite,40ver6,MAP-E)
5% IPv4-IPv6-IPv4 XUEE FHEHL (W1 MAP-T F1 464XLAT) ] LA IPv6 23 A P 3R 41L45 N IPv4 M 4%
1 M %5

© PEBEBSAITT  hip:/ www. jos. org. cn



B FIPve WEAE AR LRE . RN IEATE R EE R 911

References:

[1] Huston G, IPv4 address report. Technical Report, 2013. http://www.potaroo.net/tools/ipv4

[2] IETF behave WG charter. http://datatracker.ietf.org/wg/behave/charter/

[3] IETF softwire WG charter. http://datatracker.ietf.org/wg/softwire/charter/

[4] WulJ, Wang JH, Yang J. CNGI-CERNET2: An IPv6 deployment in China. ACM SIGCOMM Computer Communication Review,
2011,41(2):48-52. [doi: 10.1145/1971162.1971170]

[5] WuP, Cui Y, Wu J, Liu J, Metz C. Transition from IPv4 to IPv6: A state-of-the-art survey. IEEE Communications Surveys &
Tutorials, 2012,PP(99):1-18.

[6] Nordmark E, Gilligan R. Basic transition mechanisms for IPv6 hosts and routers. IETF RFC 4213, 2012.

[7] Hirorai R, Yoshifuji H. Problems on IPv4-IPv6 network transition. In: Proc. of the 2006 Int’l Symp. on Applications and the
Internet Workshops (SAINT 2006 Workshops). 2006. 38—42. [doi: 10.1109/SAINT-W.2006.33]

[8] Park EY, Lee JH, Choe BG. An IPv4-to-IPv6 dual stack transition mechanism supporting transparent connections between IPv6
hosts and IPv4 hosts in integrated IPv6/IPv4 network. In: Proc. of the Conf. on Communications. 2004. 1024-1027. [doi:
10.1109/ICC.2004.1312656]

[9] Cho K, Luckie M, Huffaker B. Identifying IPv6 network problems in the dual stack world. In: Proc. of the ACM SIGCOMM
Workshop on Network Troubleshooting: Research, Theory and Operations Practice Meet Malfunctioning Reality. 2004. 283-288.
[doi: 10.1145/1016687.1016697]

[10] Law YN, Lai MC, Tan WL, Lau WC. Empirical performance of IPv6 vs. IPv4 under a dual-stack environment. In: Proc. of the
IEEE Int’l Conf. on ICC 2008. 2008. 5924-5929. [doi: 10.1109/ICC.2008.1107]

[11] Donley C, Howard L, Kuarsingh V, Berg J, Doshi J. Assessing the impact of carrier-grade NAT on network applications. IETF
RFC 7021, 2012.

[12] Nordmark E. Stateless IP/ICMP translation algorithm. IETF RFC 2765, 2000.

[13] Zhu Y, Chen M, Zhang H, Li X. Stateless mapping and multiplexing of IPv4 addresses in migration to IPv6 Internet. In: Proc. of
the GLOBECOM. 2008. 1-5. [doi: 10.1109/GLOCOM.2008.ECP.433]

[14] Tsirtsis G, Srisuresh P. Network address translation—Protocol translation (NAT-PT). IETF RFC 2766, 2000.

[15] Ceng LA, Cheng CH, Ling L. An enhanced NAT-PT model. Ruan Jian Xue Bao/Journal of Software, 2003,14(12):2037-2044 (in
Chinese with English abstract). http://www jos.org.cn/1000-9825/14/2037.htm

[16] Bagnulo M, Matthews P, Van Beijnum I. Stateful NAT64: Network address and protocol translation from IPv6 clients to IPv4
servers. IETF RFC 6146, 2011.

[17] Li X, Bao CX, Chen M, Zhang H, Wu J. The CERNET IVI translation design and deployment for the IPv4/IPv6 coexistence and
transition. IETF RFC 6219, 2011.

[18] Shang W, Bao CX, Li X. IVI-Based locator/ID separation architecture for IPv4/IPv6 transition. In: Proc. of the 7th IEEE Int’]1 Conf.
on NAS. 2012. 144-153. [doi: 10.1109/NAS.2012.23]

[19] XiaY, Lee BS, Yeo CK, Seng VLS. An IPv6 translation scheme for small and medium scale deployment. In: Proc. of the 2nd Int’l
Conf. on AFIN. 2010. 108—112. http://ieeexplore.ieee.org/xpl/freeabs _all.jsp?arnumber=5558183&abstractAccess=no&userType=
inst

[20] Bao CX, Li X, Zhai Y, Zhang W. dIVI: Dual-Stateless IPv4/IPv6 transition. IETF draft-xli-behave-divi-06, 2014.

[21] Tsetse AK, Wijesinha AL, Karne RK, Loukili A. Measuring the IPv4-IPv6 IVI translation overhead. In: Proc. of the 2012 ACM
Research in Applied Computation Symp. 2012. 186—190. [doi: 10.1145/2401603.2401646]

[22] Narayan S, Tauch S. IPv4-v6 transition mechanisms network performance evaluation on operating systems. In: Proc. of the 3rd
IEEE Int’l Conf. on ICCSIT. 2010. 664—668. [doi: 10.1109/ICCSIT.2010.5564141]

[23] Bagnulo M, Sullivan A, Matthews P, van Beijnum I. DNS64: DNS extensions for network address translation from IPv6 clients to
IPv4 servers. IETF RFC 6147, 2011.

[24] Aazam M, Syed AM, Khan I, Alam M. Evaluation of 6to4 and ISATAP on a test LAN. In: Proc. of the IEEE Symp. on ISCI. 2011.
46-50. [doi: 10.1109/ISC1.2011.5958881]

[25] Gilligan R, Nordmark E. Transition mechanisms for IPv6 hosts and routers. IETF RFC 1933, 1996.

[26] Carpenter B, Jung C. Transmission of IPv6 over IPv4 domains without explicit tunnels. IETF RFC 2529, 1999.

[27] Carpenter B, Moore K. Connection of IPv6 domains via IPv4 clouds. IETF RFC 3056, 2001.

[28] Templin F, Gleeson T, Thaler D. Intra-Site automatic tunnel addressing protocol (ISATAP). IETF RFC 5214, 2008.

[29] Huitema C. Teredo: Tunneling IPv6 over UDP through network address translations (NATs). IETF RFC 4380, 2006.

[30] Wul, CuiY, Metz C, Rosen E. Softwire mesh framework. IETF RFC 5565, 2009.

© HEBEERAET hipd/ www, jos. org. cn



912 Journal of Software #)F¥3R Vol.25, No.4, April 2014

[31] Clercq JD, Ooms D, Prevost S, Faucheur FL. Connecting IPv6 islands over IPv4 MPLS using IPv6 provider edge routers (6PE).
IETF RFC 4798, 2007,.

[32] De Clercq J, Ooms D, Carugi M. BGP-MPLS IP virtual private network (VPN) extension for IPv6 VPN. IETF RFC 4659, 2006.

[33] Despres R. IPv6 rapid deployment on IPv4 infrastructures (6rd). IETF RFC 5569, 2010.

[34] Storer B, Pignataro C, Santos M D, Stevant B, Toutain L, Tremblay J. Softwire hub and spoke deployment framework. IETF RFC
5571, 2009.

[35] LaulJ, Townsley M, Goyret I. Layer two tunneling protocol—Version 3 (L2TPv3). IETF RFC 3931, 2005.

[36] Durand A, Droms R, Woodyatt J, Lee Y. Dual-Stack lite broadband deployments following IPv4 exhaustion. IETF RFC 6333,
2011.

[37] CuiY, Wul, Wu P, Metz C, Vautrin O, Lee Y. Public IPv4 over access IPv6 network. IETF RFC 7040, 2013.

[38] Cui Y, Wu J, Wu P, Sun Q, Xie C, Zhou C, Lee Y, Zhou T. Lightweight 4over6 in access network. IETF draft-cui-softwire-b4-
translated-ds-lite-11, 2013.

[39] Troan O, Dec W, Li X, Bao CX, Zhai Y, Matsushima S, Murakami T. Mapping of address and port (MAP)—Deployment
considerations. IETF draft-mdt-softwire-map-deployment-02, 2012.

[40] Mawatari M, Kawashima M, Byrne C. 464XLAT: Combination of stateful and stateless translation. IETF RFC 6877, 2013.

[41] Shin M, Kim H, Santay D, Montgomery D. An empirical analysis of IPv6 transition mechanisms. In: Proc. of the 8th Int’l Conf. on
ICACT. 2006. 1990—-1996. [doi: 10.1109/ICACT.2006.206385]

[42] AlJa’afreh R, Mellor J, Awan I. A comparison between the tunneling process and mapping schemes for IPv4/IPv6 transition. In:
Proc. of the Int’l Conf. on WAINA 2009. 2009. 601-606. [doi: 10.1109/WAINA.2009.209]

[43] Guerin R, Hosanagar K. Fostering IPv6 migration through network quality differentials. ACM SIGCOMM Computer
Communication Review, 2010,40(3):17-25. [doi: 10.1145/1823844.1823847]

[44] Wu Y, Zhou X. Research on the IPv6 performance analysis based on dual-protocol stack and tunnel transition. In: Proc. of the 6th
Int’l Conf. on ICCSE. 2011. 1091-1093. [doi: 10.1109/ICCSE.2011.6028824]

[45] Jayanthi JG, Rabara SA. Transition and mobility management in the integrated IPv4 and IPv6 network-a systematic review. In:
Proc. of the Int’l Conf. on ICEIE. 2010. 162—-166. [doi: 10.1109/ICEIE.2010.5559898]

[46] Wu P, Cui Y, Xu M, Wu J, Li X, Metz C, Wang S. PET: Prefixing, encapsulation and translation for IPv4-IPv6 coexistence. In:
Proc. of the GLOBECOM 2010. 2010. 1-5. [doi: 10.1109/GLOCOM.2010.5683446]

[47] Miyata H, Endo M. Design and evaluation of IPv4/IPv6 translator for IP based industrial network protocol. In: Proc. of the 8th
IEEE Int’l Conf. on INDIN. 2010. 142—147. [doi: 10.1109/INDIN.2010.5549446]

[48] Govil J, Kaur N, Kaur H. An examination of IPv4 and IPv6 networks: Constraints and various transition mechanisms. In: Proc. of
the IEEE Southeastcon. 2008. 178—185. [doi: 10.1109/SECON.2008.4494282]

[49] Wang XF, Wu JP, Cui Y. Survey of Internet IPv6 transition technologies. Mini-Micro Systems, 2006,27(3):385-295 (in Chinese
with English abstract).

M Hp 32525 Sk
[15] %4 72 R s 88 ). — N IR NAT-PT A8 51 2231,2003,14(12):2037-2044. http://www.jos.org.cn/1000-9825/14/2037.htm
[49] EWeid P 8 55 L HER IPve i YRR SRR /N A T SEHL R 48,2006,27(3):385-295.

EHWE1973—), 95, L BE NN, 1 H REF(1983—), 5, /1 By BB 5T 53, CCF
WFFL 51, CCF 2% B, 35 2T I 0RO T 2 R, BTN I 45 fk R G R
TR R S5 5 RBEEOR. - BRI M4, RS rERe ik,
E-mail: gejingguo@cstnet.cn ):: E-mail: wuyulei@cstnet.cn

SEAH (1985 —), 4, 4 B A 57 01, 2 2
WG A TPv6 b I, B (& R 480 55
KA A, P2P.

E-mail: miwei@cstnet.cn

© PEBEBSAITT  hip:/ 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 300
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


