
 
The Hidden Standards War: 

Economic Factors Affecting IPv6 Deployment 

Brenden Kuerbis and Milton Mueller, Internet Governance Project, Georgia 
Institute of Technology, School of Public Policy 

 
 
 
 

Research Project # 138078 
Project sponsor: Internet Corporation for Assigned Names and Numbers 

 
Final draft (February 2019) 

 
 
  

 



Preface 
 
This report was commissioned by ICANN's Office of the Chief Technology Officer (OCTO). The 
motivation for the project was our shared conviction that the Internet community needs a better 
understanding of the economic factors affecting the transition to Internet Protocol version 6. In 
July 2018, ICANN's OCTO provided some funding for the project and facilitated access to data. 
We note that ICANN did not edit or control the content of the report; IGP's researchers were free 
to draw their own conclusions. IGP is fully responsible for the content of the report.  
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The Hidden Standards War: 
Economic Factors Affecting IPv6 Deployment 

Introduction: Standards Migration...or Competition? 
6x ¨mf ¢f¥nzd af¨¯ffx 3fa¥©Y¥± āÿĀĀ Yxd ;©v± āÿĀćË ¨mf ¯z¥vd z©¨l¥f¯ Y xf¨¯z¥unxl ¦¨YxdY¥d ¨mY¨ 

©xdf¥vnf¦ ¯mY¨ ¯f bYvv Ï¨mf 6x¨f¥xf¨ÎÐ  Mmf ĀĈćĀÝ®nx¨Ylf ¢¥z¨zbzv ¨mY¨ wYuf¦ ¨mf nx¨f¥xf¨ ¯z¥uË uxz¯x Ā

Y¦ 6x¨f¥xf¨ H¥z¨zbzv ®f¥¦nzx ă ã6H®ăäË mYd xz wz¥f ©xYvvzbY¨fdË lvzaYvv± ©xn¤©f x©waf¥¦ ¨mY¨ bz©vd af 

©¦fd kz¥ 6H Ydd¥f¦¦f¦Î Mmf z¥nlnxYv 6x¨f¥xf¨Ð¦ ĂāÝan¨ Ydd¥f¦¦ ¦¢Ybf mYd Yvv affx ln®fx z©¨Î  

>z¥f ¨mYx āÿ ±fY¥¦ fY¥vnf¥Ë ¨mf 6x¨f¥xf¨ fxlnxff¥nxl bzww©xn¨± mYd Yx¨nbn¢Y¨fd ¨mn¦ ¢¥zavfwÎ 

Mmf± df®fvz¢fd Y xf¯Ë Ñxf°¨ lfxf¥Y¨nzxÒ 6x¨f¥xf¨ H¥z¨zbzvË ¯n¨m Y w©bm vY¥lf¥ Ydd¥f¦¦ ¦¢Ybf zk Āāć 

an¨¦Î Nxkz¥¨©xY¨fv±Ë ¨mfn¥ df¦nlx ¢¥zbf¦¦ ¯Y¦ ©xYavf ¨z wYuf ¨mn¦ xf¯ nx¨f¥xf¨ ¢¥z¨zbzv aYbu¯Y¥d¦ 

bzw¢Y¨navf ¯n¨m ¨mf zvdf¥ ®f¥¦nzxÎ Mmf 6x¨f¥xf¨ bzww©xn¨± ¯Y¦ ¨mfx kYbfd ¯n¨m ¨mf ¢¥zavfw zk 

Ñwnl¥Y¨nxlÒ ¨mf fx¨n¥f 6x¨f¥xf¨ ¨z ¨mf xf¯ ¦¨YxdY¥dË uxz¯x Y¦ 6H ®f¥¦nzx ą ã6H®ąäÎ 

,f¦¢n¨f wz¥f ¨mYx Y dfbYdf zk f®Yxlfvn¦w zx afmYvk zk 6H®ąË ¨mf 6x¨f¥xf¨ bzww©xn¨± mY¦ xz¨ 

±f¨ ¦©bbffdfd nx wz®nxl ¨mf ¯z¥vd ¨z ¨mf xf¯ xf¨¯z¥unxl ¦¨YxdY¥dÎ 6H®ą n¦ afnxl df¢vz±fd a± ¦zwf 

xf¨¯z¥u z¢f¥Y¨z¥¦Ë Yxd n¨¦ z®f¥Yvv ¦mY¥f nx wfY¦©¥fwfx¨¦ n¦ l¥Yd©Yvv± nxb¥fY¦nxlÎ )©¨ wYx± xf¨¯z¥u 

z¢f¥Y¨z¥¦ Yxd fx¨f¥¢¥n¦f¦ Y¥f xz¨ df¢vz±nxl n¨Î Axv± Yaz©¨ āÿĘ zk ¨mf 6x¨f¥xf¨ ¨¥Ykknb ¯f wfY¦©¥f bzwf¦ 

k¥zw wYbmnxf¦ f¤©n¢¢fd ¨z ¦¢fYu 6H®ą ¨z fYbm z¨mf¥Î Lffwnxlv± fxdvf¦¦ dn¦bz®f¥nf¦ zk ¨mnxl¦ ¨mY¨ dzxÐ¨ 

¯z¥u ¯mfx zxf ©¦f¦ 6H®ą mY®f kz¥bfd ¦zwf df¢vz±wfx¨¦ ¨z ¥f¨¥fY¨ z¥ ¦vz¯ dz¯xÎ  Mmf z®f¥Yvv ¦¨Y¨©¦ zk ā

¨mf ¨¥Yx¦n¨nzx n¦ ©xbvfY¥Î Mmf dY¨Y ¯f ¢¥f¦fx¨ nx ¨mn¦ ¥f¢z¥¨ ¦mz¯ ©xf®fx 6H®ą Ydz¢¨nzx ¥Y¨f¦Ë Yxd ¨mf 

dY¨Y dz xz¨ kzvvz¯ ¦nw¢vf z¥ ¢¥fdnb¨Yavf ¢Y¨¨f¥x¦Î  

6x ¨mf wfYx¨nwfË ¨fbmxzvzlnf¦ vnuf ?f¨¯z¥u !dd¥f¦¦ M¥Yx¦vY¨nzx ã?!Mä  Yxd ¦fbzxdY¥± wY¥uf¨¦ Ă

kz¥ 6H®ă x©waf¥¦ mY®f nx¨¥zd©bfd wYtz¥ fbzxzwnb fkknbnfxbnf¦ ¨mY¨ mY®f f°¨fxdfd ¨mf vnkf zk 6H®ăÎ ?!M 

mY¦ f®zv®fd k¥zw Y ¨fbmxzvzl± df¢vz±fd Y¨ ¨mf ¢f¥n¢mf¥± ¨z zxf ©¦fd ¨m¥z©lmz©¨ ¦zwf z¢f¥Y¨z¥¦Ð 

xf¨¯z¥u¦Î Mmf ¦fbzxdY¥± wY¥uf¨ mY¦ nxbfx¨n®n´fd ¨mf dn¦bz®f¥± zk wY¦¦n®f ¦¨zbu¦ zk ©x©¦fd z¥ 

©xdf¥©¨nvn´fd 6H®ă x©waf¥ avzbu¦Ë ¯mnbm Y¥f xz¯ afnxl ¨¥Ydfd nx Y ®nlz¥z©¦ wY¥uf¨Î  

6¨ n¦ xz¨ ¥fYvv± bz¥¥fb¨Ë ¨mfxË ¨z bYvv ¨mf 6H®ă Ý 6H®ą ¨¥Yx¦n¨nzx Y Ñwnl¥Y¨nzxËÒ nk a± wnl¥Y¨nzx ¯f 

wfYx Yx z¥df¥v± Yxd ¦¢zx¦z¥fd wz®fwfx¨ k¥zw zxf ¦zk¨¯Y¥f lfxf¥Y¨nzx ¨z Yxz¨mf¥ ¯n¨mnx Y dfknxfd 

¨nwf ¢f¥nzdÎ Mmn¦ n¦ wz¥f vnuf Y ¦¨YxdY¥d¦ �E�]�Z�d�I�j�Q�j�Q�]�[�•��nx ¯mnbm xf¨¯z¥u z¢f¥Y¨z¥¦ wYuf Y bmznbf aY¦fd 

1 MmY¨ ¨nwf ¢f¥nzd aflnx¦ ¯n¨m ¨mf knxYv Ùć YvvzbY¨nzx¦ wYdf a± ¨mf 6!?! ¨z ¥flnzxYv 6x¨f¥xf¨ ¥fln¦¨¥nf¦ Yxd fxd¦ 
¯n¨m ¨mf f°mY©¦¨nzx zk !3K6?6*Ð¦ ©xYvvzbY¨fd 6H®ă Ydd¥f¦¦ ¢zzvÎ )f¨¯ffx ¨mY¨ ¢f¥nzd K6H.Ë =!*?6*Ë !H?6* Yxd 
!K6? f°mY©¦¨fd ¨mfn¥ ©x¥f¦f¥®fd x©waf¥ avzbu¦Ë Yv¨mz©lm Yvv mzvd ¦wYvv ¥f¦f¥®f¦ zk 6H®ă x©waf¥¦ ¨z kYbnvn¨Y¨f 
nx¨f¥bzxxfb¨nzx af¨¯ffx 6H®ă Yxd 6H®ąÎ 
2 6x Lf¢¨fwaf¥ āÿĀĆ �0�P�I���.�I�O�Q�h�j�I�g ¥f¢z¥¨fd ¨mY¨ >nb¥z¦zk¨ ¦¨Ykk dn¦bz®f¥fd ¨mY¨ ĈĈĘ zk Y¨¨fxdff¦ ¯f¥f ©xYavf ¨z 
bzxxfb¨ ¨z ¨mfn¥ bz¥¢z¥Y¨f SH?¦ Y¨ Y bzxkf¥fxbf ¯mf¥f ¨mf vzbYv xf¨¯z¥u ¯Y¦ ¥©xxnxl 6H®ą zxv± zx Tn3nÎ Mmf ¦Ywf 
wzx¨m >nb¥z¦zk¨î¦ Sf¥zxnbY >b<nvvz¢ avzllfd ¨mY¨ ïY¢¢vnbY¨nzx¦ Y¥f ¨mf anl ©xuxz¯xË xz¨ t©¦¨ z©¥ z¯x a©¨ ¨mf 
¨mn¥dÝ¢Y¥¨± Y¢¢vnbY¨nzx¦ ¨mY¨ zk¨fx bvYnw Ï6H®ą bzw¢Y¨navfÌÐ mz¯f®f¥ ¯mfx n¨ bzwf¦ ¨z Y ¥fYv df¢vz±wfx¨Ë ¨mf 
f°¢f¥nfxbf n¦ ¤©n¨f dnkkf¥fx¨ÎÒ  
3 ?!M ©¨nvn´f¦ ¢¥n®Y¨f Ydd¥f¦¦ ¦¢Ybf¦ ãK3* ĀĈĀćä Yxd nx¨f¥bzxxfb¨¦ ¨mfw ¨z ¨mf 6x¨f¥xf¨ ®nY ¦mY¥fdË lvzaYvv± ¥z©¨fd 
6H®ă Ydd¥f¦¦f¦Î )± ¦mY¥nxl Y kf¯ lvzaYvv± ¥z©¨Yavf Ydd¥f¦¦f¦Ë ?!M fbzxzwn´f¦ zx 6H®ă x©waf¥¦Î 
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zx ¯mnbm ¦¨YxdY¥d ¨mf± bzx¦ndf¥ wz¥f fkknbnfx¨ Yxd ¢¥zd©b¨n®fÎ 6¨ n¦ Yx fbzxzwnb aY¨¨vf af¨¯ffx ¨¯z 

¢Y¨m¦ zk ¨fbmxnbYv f®zv©¨nzxÍ Y vflYb± ¦¨YxdY¥d Yxd n¨¦ ¢©¨Y¨n®f ¦©bbf¦¦z¥Î  

Mmf 6x¨f¥xf¨ bzww©xn¨±Ë nxd©¦¨¥± Yxd ¢zvnb± wYuf¥¦ xffd ¨z ©xdf¥¦¨Yxd af¨¨f¥ ¨mf d±xYwnb¦ zk 

¨mn¦ bzw¢f¨n¨nzxË Yxd n¨¦ nw¢vnbY¨nzx¦ kz¥ ¨mf k©¨©¥f zk ¨mf nx¨f¥xf¨Î Tf wY± af mfYdfd ¨z Yx 6x¨f¥xf¨ 

mfvd ¨zlf¨mf¥ Yxd a©nv¨ Y¥z©xd ¨¯z nxbzw¢Y¨navf ¢¥z¨zbzv ¦©n¨f¦Ë b¥fY¨nxl Y lvzaYv nx¨f¥xf¨ zxv± ¯mfx 

az¨m zk ¨mfw Y¥f ¥©x nx ¢Y¥Yvvfv z¥ ¨mf± lz ¨m¥z©lm ¦zwf ¨¥Yx¦vY¨nzx ¢znx¨Î  

6¦ ¨mn¦ wn°fdÝ¦¨YxdY¥d 6x¨f¥xf¨ Y ¢Y¦¦nxl ¢mfxzwfxzxË z¥ ¯nvv ¯f lf¨ ¦¨©bu nx n¨É 6k n¨ n¦ zxv± Y 

¨¥Yx¦n¨nzxYv ¢mY¦f zk Y ¦¨YxdY¥d¦ ¯Y¥ Yxd zxf ¯nvv ¢¥f®YnvË ¯mnbm zxf ¯nvv n¨ afÉ 6k 6H®ą ¢¥f®Ynv¦Ë mz¯ vzxl 

¯nvv n¨ ¨Yuf ©¦ ¨z lf¨ ¨mf¥fÉ 6¦ n¨ ¢z¦¦navf ¨mY¨ 6H®ą Yb¨©Yvv± vz¦f¦ ¨mf ¦¨YxdY¥d¦ bzw¢f¨n¨nzxË Yxd afbzwf¦ 

¨mf ¢¥z®f¥anYv Ïz¥¢mYxÐ zk ¨mf ¦¨YxdY¥d¦ fbzxzwnb¦ vn¨f¥Y¨©¥fÉ Mmn¦ ¥f¢z¥¨ ¨¥nf¦ ¨z Yx¦¯f¥ ¨mz¦f 

¤©f¦¨nzx¦Î  

Mmf ¥f¢z¥¨ f°Ywnxf¦ ¨mf fbzxzwnb nxbfx¨n®f¦ Ykkfb¨nxl ¨mf bzw¢f¨n¨nzx af¨¯ffx 6H®ă Yxd 6H®ąË 

Yxd ¤©Yx¨n¨Y¨n®f dY¨Y Yaz©¨ b©¥¥fx¨ vf®fv¦ Yxd ¢Y¨¨f¥x¦ zk 6H®ą Ydz¢¨nzxÎ Mm¥ff ¥f¦fY¥bm ¤©f¦¨nzx¦ 

wz¨n®Y¨f ¨mn¦ ¦¨©d±Í  

● TmY¨ fbzxzwnb nxbfx¨n®f¦ Ykkfb¨ dfbn¦nzx¦ a± xf¨¯z¥u z¢f¥Y¨z¥¦ ¨z df¢vz± 6H®ąÉ 

● TmY¨ kYb¨z¥¦ bYx af¦¨ f°¢vYnx ¨mf za¦f¥®fd vf®fv¦ zk 6H®ą Ydz¢¨nzx Y¨ ¨mf bz©x¨¥± vf®fvÉ 

● 5z¯ dz ¨¥Yx¦vY¨nzx Yxd ¨©xxfvnxl ¨fbmxzvzlnf¦Ë ¯mnbm ¦f¥®f Y¦ Y a¥ndlf af¨¯ffx nxbzw¢Y¨navf 

6H®ă Yxd 6H®ą ¦¨YxdY¥d¦Ë Yv¨f¥ ¨mf fbzxzwnb nxbfx¨n®f¦ ¨z ¥fwYnx ¯n¨m 6H®ă z¥ df¢vz± 6H®ąÉ 

 

Tf Y¢¢¥zYbmfd ¨mf¦f ¤©f¦¨nzx¦ k¥zw az¨m Y wnb¥zfbzxzwnb Yxd Y wYb¥zÝ¦zbnYv ¢f¥¦¢fb¨n®fÎ 6x 

z©¥ wYb¥zÝvf®fv YxYv±¦n¦Ë ¨mf ©xn¨ zk YxYv±¦n¦ n¦ ¨mf bz©x¨¥± Yxd ¨mf ¥f¦fY¥bm ¥fvY¨f¦ dnkkf¥fx¨ 6H®ą 

df¢vz±wfx¨ vf®fv¦ ¨z ¦zbnzÝfbzxzwnb ®Y¥nYavf¦Ë ¦©bm Y¦ bz©x¨¥±Ývf®fv ¯fYv¨m wfY¦©¥fd nx 4¥z¦¦ 

,zwf¦¨nb H¥zd©b¨ ã4,Hä Yxd Y wfY¦©¥f zk wY¥uf¨ bzxbfx¨¥Y¨nzxË 5f¥knxdYmvÝ5n¥¦bmwYx 6xdf°  ã556äÎ 6x 

z©¥ wnb¥zfbzxzwnb YxYv±¦n¦Ë ¨mf ©xn¨ zk YxYv±¦n¦ n¦ ¨mf xf¨¯z¥u z¢f¥Y¨z¥Î Tf f°Ywnxf mz¯ fkknbnfxb± 

Yxd bz¦¨ dfbn¦nzx¦ Y¨ ¨mf z¢f¥Y¨z¥ vf®fv Ykkfb¨ 6H®ą df¢vz±wfx¨ dfbn¦nzx¦Ë nxbv©dnxlÍ ¨mf bz¦¨ zk 6H®ą 

df¢vz±wfx¨Ì ¨mf bz¦¨ zk Yb¤©n¥nxl 6H®ă Ydd¥f¦¦f¦ zx ¨mf ¦fbzxdY¥± wY¥uf¨Ì ¨mf bz¦¨ zk ¥©xxnxl 6H®ă 

?!MÌ ¨mf ¥fvY¨n®f bz¦¨ Yxd ¦bYvYanvn¨± zk 6H®ă Ý 6H®ą bzx®f¥¨f¥ ¨fbmxzvzlnf¦Î 
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1. The economics of network migration 
6x ¨mn¦ ¦fb¨nzxË ¯f f°¢vYnx ¨mf ¥fvf®Yx¨ fbzxzwnb ¨mfz¥nf¦ Yxd Y¢¢v± ¨mfw ¨z ¨mf bY¦f zk ¨mf 6H®ą 

¨¥Yx¦n¨nzxÎ Tf kzb©¦ nx ¢Y¥¨nb©vY¥ zx ¨mf ¥zvf zk �[�I�j�q�]�g�X���I�N�N�I�E�j�h zx ¨mf bzw¢f¨n¨nzx af¨¯ffx 6H®ă Yxd 

6H®ąË ¯mnbm ¯f afvnf®f b©¥¥fx¨ vn¨f¥Y¨©¥f mY¦ xz¨ YxYv±´fd bz¥¥fb¨v±Î Tf Yv¦z mnlmvnlm¨ ¨mf nw¢z¥¨Yx¨ 

¥zvf ¨mY¨ ¨mf ®Yv©f zk �[�I�j�q�]�g�X���O�g�]�q�j�P ¢vY±¦ nx ¨mf ¨¥Yx¦n¨nzxÎ A©¥ YxYv±¦n¦ d¥Y¯¦ zx ¨mf fbzxzwnb¦ 

vn¨f¥Y¨©¥f zx xf¨¯z¥u f°¨f¥xYvn¨nf¦Ë bzw¢Y¨nanvn¨±Ë ¦¨YxdY¥d¦ bzw¢f¨n¨nzxË Yxd bzx®f¥¨f¥ ¨fbmxzvzlnf¦Î  

1.1 The network externality 
*f¥¨Ynx ¢¥zd©b¨¦ Yxd ¦f¥®nbf¦ mY®f ¯mY¨ Y¥f bzwwzxv± bYvvfd xf¨¯z¥u fkkfb¨¦Î Mmn¦ wfYx¦ ¨mY¨ ¨mf 

®Yv©f zk Y ¢¥zd©b¨ z¥ ¦f¥®nbf ¨z zxf ¢f¥¦zx df¢fxd¦ zx mz¯ wYx± z¨mf¥ ¢fz¢vf ãz¥ ¢vYbf¦Ë z¥ ¨mnxl¦ä 

©¦f ¨mf �h�<�Z�I ¢¥zd©b¨ z¥ ¦f¥®nbfÎ 6xn¨nYvv± wzdfvvfd Y¦ Ñnx¨f¥df¢fxdfx¨ dfwYxdÒ ãKzmvk¦Ë ĀĈĆăäË ¨mf 

xf¨¯z¥u fkkfb¨ Y¥n¦f¦ k¥zw Y dfwYxdÝ¦ndf fbzxzw± zk ¦bz¢fÎ ã.bzxzwndf¦Ë ĀĈĈąä ! xf¨¯z¥u n¦ Y lnlYx¨nb 

a©xdvf zk bzxxfb¨nzx¦Ë Yxd fYbm bzxxfb¨nzx nx ¨mY¨ a©xdvf n¦Ë k¥zw Yx fbzxzwnb ¢znx¨ zk ®nf¯Ë Y 

¦f¢Y¥Y¨f ¢¥zd©b¨ z¥ ¦f¥®nbfÎ ! ©¦f¥ ¯mz wYuf¦ Yx nx®f¦¨wfx¨ nx Y ¢Y¥¨nb©vY¥ ¨fbmxzvzl±Ë ¦¨YxdY¥d z¥ 

¢¥z¨zbzv lYnx¦ Ybbf¦¦ ¨z Y ¯ndf¥ ¦bz¢f zk bzxxfb¨nzx¦ Ý Y anllf¥ a©xdvf Ý ¯mfx z¨mf¥¦ tznx ¨mf ¦Ywf 

xf¨¯z¥u ¦f¥®nbfË YxdÙz¥ Ydz¢¨ bzw¢Y¨navf ¨fbmxzvzl±Î Mmn¦ n¦ Y ¦bz¢f fbzxzw±Ë xz¨ Y ¦bYvf fbzxzw±Ë 

afbY©¦f ¨mf Yddn¨nzxYv bzxxfb¨nzx¦ Ydd �G�Q�N�N�I�g�I�[�j �d�g�]�G�k�E�j�h ¨z ¨mf xf¨¯z¥u a©xdvf ãa¥zYdfx n¨¦ ¦bz¢fä 

¥Y¨mf¥ ¨mYx nxb¥fY¦nxl ¨mf ¤©Yx¨n¨± zk Y mzwzlfxfz©¦ z©¨¢©¨ ãn¨¦ ¦bYvfäÎ Tn¨m xf¨¯z¥u fkkfb¨¦Ë ¨mf 

fkknbnfxbnf¦ zk nxb¥fY¦nxl ¦bz¢f zbb©¥ zx ¨mf dfwYxd ¦ndfË xz¨ zx ¨mf ¦©¢¢v± ¦ndfÎ .®fx nk ¨mf ¦©¢¢v± ¦ndf 

bz¦¨¦ ¢f¥ ©xn¨ nxb¥fY¦f Y¦ Y xf¨¯z¥u a¥zYdfx¦ n¨¦ ¦bz¢fË ¢z¯f¥k©v xf¨¯z¥u afxfkn¨¦ zx ¨mf dfwYxd ¦ndf 

bYx ¦©¢¢z¥¨ l¥z¯¨mÎ ã>©fvvf¥Ë ĀĈĈĆä 

Mmf ¢¥f¦fxbf zk dfwYxdÝ¦ndf ¦bz¢f fbzxzwnf¦ ln®f¦ ¨mf wY¥uf¨ ¢¥zbf¦¦ ©xn¤©f bmY¥Yb¨f¥n¦¨nb¦Î 

.¤©nvna¥n©w n¦ mnlmv± ¢Y¨mÝdf¢fxdfx¨ ã!¥¨m©¥Ë ĀĈĈăäÌ n¨ ¥fYvv± wY¨¨f¥¦ ¯mz tznx¦ Y xf¨¯z¥u Yxd nx ¯mY¨ 

¦f¤©fxbfÎ L¨Y¥¨Ý©¢ xf¨¯z¥u¦ w©¦¨ ¥fYbm Y b¥n¨nbYv wY¦¦ afkz¥f ¨mf xf¨¯z¥u afxfkn¨¦ Y¥f ¥fYvn´fdË ¯mnbm 

wY± ¥f¤©n¥f ¦©a¦ndn´nxl fY¥v± Ydz¢¨f¥¦Î ãKzmvk¦Ë ĀĈĆăä 6x Y bzw¢f¨n¨nzx af¨¯ffx xf¨¯z¥u¦ ¨mY¨ Y¥f xz¨ 

bzxxfb¨fdË z¥ Y¥f ¨fbmxnbYvv± nxbzw¢Y¨navfË ¨mf wY¥uf¨ n¦ Ñ¨n¢¢±ÌÒ ¨mY¨ n¦Ë zxbf n¨ afbzwf¦ bvfY¥ ¨mY¨ Y 

bf¥¨Ynx ¦¨YxdY¥d n¦ lYnxnxl Y dfbn¦n®f fdlfË Yb¨z¥¦ ¯nvv bzx®f¥lf zx ¨mf ¢f¥bfn®fd ¯nxxnxl ¦¨YxdY¥d nx 

z¥df¥ ¨z wY°nwn´f ¨mfn¥ xf¨¯z¥u afxfkn¨¦Î ã3Y¥¥fvv Yxd LYvzxf¥Ë ĀĈćĄÌ <Y¨´ ð LmY¢n¥zË ĀĈćąä Mmn¦ 

¢¥zd©bf¦ Y ¨fxdfxb± ¨z¯Y¥d¦ ¯nxxf¥Ý¨Yuf Yvv z©¨bzwf¦Î ãLmY¢n¥z Yxd SY¥nYxË ĀĈĈĈä 

Axbf Y vY¥lf x©waf¥ zk Yb¨z¥¦ bzx®f¥lf zx Y ¦nxlvf ¢vY¨kz¥w z¥ ¢¥z¨zbzvË Y bzxdn¨nzx fbzxzwn¦¨¦ 

mY®f bYvvfd nxf¥¨nY z¥ ÑvzbuÝnxÒ ¦f¨¦ nxÎ ã3Y¥¥fvv Yxd LYvzxf¥Ë ĀĈćąä Tndf¦¢¥fYd bzw¢Y¨nanvn¨± Yb¥z¦¦ ¨mf 

fx¨n¥f wY¥uf¨ ¥Yn¦f¦ ¨mf bz¦¨¦ zk ¦¯n¨bmnxl ¨z Y xf¯ ¦¨YxdY¥d ¨mY¨ n¦ xz¨ bzw¢Y¨navf ¯n¨m ¨mf zvd zxfÎ 

3f¯ Yb¨z¥¦ bYx Ykkz¥d ¨z ¦Yb¥nknbf ¨mf ¨¥fwfxdz©¦ ®Yv©f zk ¯ndf¦¢¥fYd bzw¢Y¨nanvn¨± a± YaYxdzxnxl ¨mf 

f¦¨Yavn¦mfd ¦¨YxdY¥d kz¥ Y xf¯ zxfË Yxd ¨mf bz¦¨¦ zk bzz¥dnxY¨nxl vY¥lf x©waf¥¦ zk ©¦f¥¦ ¨z bmYxlf 

¦¨YxdY¥d¦ Y¨ ¨mf ¦Ywf ¨nwf Y¥f ®f¥± mnlmÎ 

Mmf bzw¢f¨n¨nzx af¨¯ffx 6H®ă Yxd 6H®ą n¦ ¦¨¥zxlv± nxkv©fxbfd a± xf¨¯z¥u fkkfb¨¦ Ý a©¨ wYnxv± a± 

nxf¥¨nYÎ Mmf ¯z¥vd bzx®f¥lfd zx 6H®ă nx ¨mf wndÝĀĈĈÿ¦Î ?z¯ ¨mY¨ n¨ mY¦ b¥fY¨fd bzw¢Y¨navf dY¨Y 

bzww©xnbY¨nzx¦ Ywzxl¦¨ anvvnzx¦ zk mz¦¨¦ Yxd Y¢¢vnbY¨nzx¦ f®f¥±¯mf¥f nx ¨mf ¯z¥vdË n¨ n¦ ®n¥¨©Yvv± 

nw¢z¦¦navf kz¥ Yx± z¥lYxn´Y¨nzx ¨z YaYxdzx 6H®ă Yv¨zlf¨mf¥ kz¥ Y xf¯Ë nxbzw¢Y¨navf dY¨Y 
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bzww©xnbY¨nzx¦ ¢¥z¨zbzvÎ Mm©¦Ë ¨mf nxbzw¢Y¨nanvn¨± af¨¯ffx 6H®ă Yxd 6H®ą mY¦ wYtz¥ bzx¦f¤©fxbf¦ kz¥ 

6H®ą df¢vz±wfx¨¦Î 

1.2 Converters and gateway technologies 

6x nxd©¦¨¥nf¦ ¯n¨m ¦¨¥zxl xf¨¯z¥u fkkfb¨¦Ë Ydz¢¨nzx dfbn¦nzx¦ Yxd bzw¢f¨n¨n®f z©¨bzwf¦ bYx af ¦¨¥zxlv± 

Ykkfb¨fd a± nx¨f¥bzxxfb¨nzx zk bzw¢f¨nxl ¦±¦¨fw¦Ë z¥ a± ¨fbmxzvzlnf¦ ¨mY¨ Yb¨ Y¦ bzx®f¥¨f¥¦ z¥ a¥ndlf¦ 

af¨¯ffx nxbzw¢Y¨navf ¨fbmxzvzlnf¦Î Mmf¥f n¦ Yx f°¨fx¦n®f fbzxzwnb¦ vn¨f¥Y¨©¥f zx ¨mf nw¢Yb¨ zk 

bzx®f¥¨f¥¦ Yxd nx¨f¥bzxxfb¨nzx zx Yb¨z¥ nxbfx¨n®f¦ Yxd wY¥uf¨ ¦¨¥©b¨©¥f ãfÎlÎË 3Y¥¥fvv Yxd LYvzxf¥Ë ĀĈĈāÌ 

*mznË ĀĈĈąË ĀĈĈĆÌ Lfnkf¥¨ Yxd SY¥fË āÿÿĈÌ LfxË ;nxË 4©h¥nxË ð 5z¦YxYlY¥Ë āÿĀÿäÎ *zx®f¥¨f¥ ¨fbmxzvzlnf¦ 

z¥ nx¨f¥bzxxfb¨nzx bYx xf©¨¥Yvn´f xf¨¯z¥u fkkfb¨¦ Ywzxl bzw¢f¨nxl xf¨¯z¥u¦ z¥ ¦¨YxdY¥d¦Î  

H¥nz¥ wzdfvnxl Yxd fw¢n¥nbYv ¯z¥u ¦mz¯¦ ¨mY¨ bzx®f¥¨f¥ ¨fbmxzvzlnf¦ Y¥f dz©avfÝfdlfd nx ¨mfn¥ 

fkkfb¨¦Î Tmnvf ¨mf± a¥zYdfx bzw¢Y¨nanvn¨± Yxd Yvvz¯ ©¦f¥¦ zk az¨m ¦±¦¨fw¦ z¥ ¨fbmxzvzlnf¦ ¨z ¥fY¢ ¨mf 

¦Ywf xf¨¯z¥u afxfkn¨¦Ë ¨mf± bYx Yv¦z fvnwnxY¨fË ¥fd©bf z¥ dfvY± Yx fxd ©¦f¥Ð¦ nxbfx¨n®f ¨z wnl¥Y¨f k¥zw 

Yx zvd xf¨¯z¥uÙ¦¨YxdY¥d ¨z Y xf¯f¥ zxfÎ ã;z¦f¢mË Lmf¨¨±Ë Lm©YxlË ð L¨znbYË āÿÿĆä 6k ¨mf Yv¨f¥xY¨f 

xf¨¯z¥u¦ Y¥f xz¨ bzxxfb¨fd z¥ Y¥f ©¦nxl nxbzw¢Y¨navf ¨fbmxzvzlnf¦Ë ¨mfx nx¨f¥bzxxfb¨nzx z¥ Y 

¨fbmxzvzl± ¨mY¨ wYuf¦ ¨mfw bzw¢Y¨navf fvnwnxY¨f¦ ¨mf bzw¢f¨n¨n®f Yd®Yx¨Ylf Y xf¨¯z¥u ¢¥z®ndf¥ lYnx¦ 

k¥zw f°¢Yxdnxl n¨¦ ¦bz¢fÎ ã>©fvvf¥Ë ĀĈĈĆÌ 5Y´vf¨¨Ë āÿÿĄä  

N¦f¥¦ bYx Yv¦z a¥ndlf nxbzw¢Y¨navf ¨fbmxzvzlnf¦ a± d©¢vnbY¨f ©¦f zk az¨m Y¨ ¨mf ¦Ywf ¨nwfË 

¯mnbm n¦ ¦zwf¨nwf¦ bYvvfd Ñd©Yv mzwnxlÎÒ ãHY¥uf¥Ë SYx !v¦¨±xfË *mz©dY¥±Ë ð 3z¦¨f¥Ë āÿĀąä 6x ¨mf 

6H®ăÝ6H®ą bzx¨f°¨Ë ¨mn¦ n¦ bYvvfd Ñd©Yv ¦¨YbuÎÒ  

M¥Yx¦vY¨nzx z¥ ¨©xxfvnxl ¨fbmxzvzlnf¦ bYx Yv¦z a¥ndlf ¨mf bzw¢Y¨nanvn¨± lY¢ af¨¯ffx 6H®ă Yxd 

6H®ą ¯n¨mz©¨ d©Yv ¦¨YbuÎ Mmf bz¦¨ ¦¨¥©b¨©¥f Yxd fbzxzwnb nxbfx¨n®f fkkfb¨¦ zk ¨mf¦f bzx®f¥¨f¥ 

¨fbmxzvzlnf¦ kz¥ 6H®ăÝ6H®ą Y¥f xz¨ ¯fvv ©xdf¥¦¨zzdË mz¯f®f¥Î Axf zk ¨mf bzx¨¥na©¨nzx¦ zk ¨mn¦ ¥f¢z¥¨ n¦ 

¨z f°¢vz¥f ¨mY¨ ¨z¢nb nx l¥fY¨f¥ df¢¨mÎ 

1.3 The historical background of the IPv4 - IPv6 competition 
Mmf ¢z¦¦nanvn¨± zk Y b¥n¢¢vnxl ¦mz¥¨Ylf zk 6H®ă Ydd¥f¦¦ x©waf¥¦ afbYwf Y bzxbf¥x nx ¨mf 6.M3 Y¦ fY¥v± Y¦ 

ĀĈĈÿÎ )± wndÝĀĈĈā ¨mf 6.M3 ¯Y¦ dfaY¨nxl ¨mf wf¥n¨¦ zk ®Y¥nz©¦ Ñ?f°¨ 4fxf¥Y¨nzx 6x¨f¥xf¨ H¥z¨zbzvÒ 

ã6Hxlä df¦nlx¦ ¯n¨m Y anllf¥ Ydd¥f¦¦ ¦¢YbfÎ ã,f?Y¥dn¦Ë āÿÿĈä .®fx Y¨ ¨mY¨ fY¥v± dY¨fË ¨mf ¥fvY¨nzx 

af¨¯ffx 6H®ă Yxd 6Hxl ¯Y¦ ©xdf¥¦¨zzd a± ¦zwf ¨z af Y ¦¨YxdY¥d¦ �E�]�Z�d�I�j�Q�j�Q�]�[�•��zxf nx ¯mnbm fbzxzwnb 

nxbfx¨n®f¦ ¯z©vd ¢vY± Y wYtz¥ ¥zvfÎ 6x bzwwfx¨¦ ¨z ¨mf 6.M3Ë kz¥ f°Yw¢vfË Yx fxlnxff¥ k¥zw ))? ¯Y¥xfd 

¨mY¨ Ñ!¦ b©¥¥fx¨v± fx®n¦nzxfdË 6Hxl wY± xz¨ af Ywan¨nz©¦ fxz©lm nx ¨mf dfvn®f¥± zk xf¯ bY¢Yanvn¨nf¦ ¨z 

bzw¢f¨f YlYnx¦¨ 6H®ă Yxd ¨mf nxf®n¨Yavf Y¥¥n®Yv zk xf¨¯z¥u Ydd¥f¦¦ ¨¥Yx¦vY¨nzx df®nbf¦ÎÒ ã*©¥¥YxË K3* 

ĀąąĈË ĀĈĈăäÎ 6)> ¯Y¥xfd ¨mY¨ 6H®ă ©¦f¥¦ ¯zxÐ¨ ©¢l¥Ydf ¨z 6Hxl ¯n¨mz©¨ Y bzw¢fvvnxl a©¦nxf¦¦ ¥fY¦zx 

ãbn¨fd nx ,f?Y¥dn¦Ë āÿÿĈË ¢Î ĄąäÎ ?f®f¥¨mfvf¦¦Ë ¨mf 6.M3 ¢©¦mfd YmfYdÍ Y¨ n¨¦ ;©v± ĀĈĈĂ wff¨nxlË Yx 6.M3 

¦f¦¦nzx dfbndfd ¨mY¨ n¨ ïxffdfd ¨z ¨Yuf dfbn¦n®f Yb¨nzxï ¨z ¦fvfb¨ Yx 6HxlË Yxd ïYx± z¢¨nzx zk vf¨¨nxl ¨mf 

wY¥uf¨ dfbndf ¯Y¦ ©xYbbf¢¨YavfÎï ãbn¨fd nx ,f?Y¥dn¦Ë āÿÿĈË ¢Î ĄĀä  

6x ;Yx©Y¥± ĀĈĈĄË ¨mf df¦b¥n¢¨nzx zk ¨mf vfYdnxl 6H xf°¨ lfxf¥Y¨nzx ¢¥z¢z¦Yv nx K3* ĀĆĄāË uxz¯x 

Y¦ Lnw¢vf 6x¨f¥xf¨ H¥z¨zbzv Hv©¦ ãL6HHäË bvYnwfd ¨mY¨ Ñn¨ bYx af nx¦¨Yvvfd Y¦ Y xz¥wYv ¦zk¨¯Y¥f ©¢l¥Ydf nx 

6x¨f¥xf¨ df®nbf¦ Yxd n¦ nx¨f¥z¢f¥Yavf ¯n¨m ¨mf b©¥¥fx¨ 6H®ăÎÒ 5z¯f®f¥Ë k©¥¨mf¥ ¦¨©d± Yxd df®fvz¢wfx¨ 

wYdf n¨ bvfY¥ ¨z ¨mf df¦nlxf¥¦ ¨mY¨ ¨mf¥f ¯Y¦ xz uxz¯x wf¨mzd ¨z wYuf ¨mf dnkkf¥fx¨v±Ý¦n´fd Ydd¥f¦¦ 
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mfYdf¥¦ nx ¨mf ¢Ybuf¨ nx¨f¥z¢f¥Y¨fÎ  !¦ 6H®ą ¯Y¦ knxYvn´fdË ¨mf lzYv zk wYnx¨Ynxnxl aYbu¯Y¥d¦ ă

bzw¢Y¨nanvn¨± ¯n¨m 6H®ă ¯Y¦ dn¦bY¥dfdÎ  

4n®fx ¨mf Ya¦fxbf zk aYbu¯Y¥d¦ bzw¢Y¨nanvn¨±Ë fY¥v± ©xdf¥¦¨Yxdnxl¦ zk ¨mf wnl¥Y¨nzx ¢¥zbf¦¦ 

fx®n¦nzxfd Y ¥fvnYxbf zx ¯mY¨ bYwf ¨z uxz¯x Y¦ ¨mf �G�k�<�Y���h�j�<�E�X ¦¨¥Y¨fl±Î  5z¦¨¦ Yxd ¥z©¨f¥¦ ¯z©vd ¥©x Ą

az¨m ¢¥z¨zbzv¦Ë 6H®ă Yxd 6H®ąË ¨z Yvvz¯ ¨mz¦f ¯mz mYd xz¨ bzx®f¥¨fd ¨z 6H®ą ¨z bzww©xnbY¨f ¯n¨m ¨mz¦f 

¯mz mYdÎ !¦ ¨mf xf¯ ¢¥z¨zbzv lYnxfd Ybbf¢¨Yxbf n¨ ¯z©vd afbzwf ¢z¦¦navf ¨z ¨©¥x zkk ¨mf zvdf¥ 

¢¥z¨zbzvÎ 6x Lfb¨nzx ĀÎă afvz¯ ¯f f°¢vYnx ¯m± d©Yv ¦¨Ybu Y¦ z¥nlnxYvv± bzxbfn®fd ¯Y¦ xz¨ Yx fbzxzwnbYvv± 

kfY¦navf wnl¥Y¨nzx ¢Y¨mÎ )©¨ 6.M3Ð¦ d©Yv ¦¨Ybu wnl¥Y¨nzx ¦¨¥Y¨fl± wY± xz¨ mY®f affx Y¦ kvY¯fd ¨mfx Y¦ n¨ 

¦ffw¦ xz¯Î 6x ĀĈĈăË ¨mf 6x¨f¥xf¨ ¯Y¦ ¦¨nvv ¥fvY¨n®fv± ¦wYvv Yxd ¯Y¦ l¥z¯nxl f°¢zxfx¨nYvv±Î Mmf¥f ¯f¥f 

¦¨nvv w©v¨n¢vfË bzw¢f¨nxl vY±f¥ Ă xf¨¯z¥unxl ¢¥z¨zbzv¦ nx f°n¦¨fxbf Yxd Y vz¨ zk bmYxlf Yxd dn®f¥¦n¨± nx 

¨mfn¥ Ydz¢¨nzxÎ >Yx± fx¨f¥¢¥n¦f¦ mYd ©¦fd Y d©Yv ¦¨Ybu wf¨mzd ¨z wz®f ¨z 6H®ă k¥zw ¢¥z¢¥nf¨Y¥± dY¨Y 

xf¨¯z¥unxl ¢¥z¨zbzv¦ ¦©bm Y¦ ?z®fvv ?f¨¯Y¥fÎ 5z¯f®f¥Ë ¨mn¦ mYd ¯z¥ufd zx Y bzw¢Y¥Y¨n®fv± ¦wYvv ¦bYvfÎ 

?z xf¨¯z¥unxl ¢¥z¨zbzv k¥zw ¨mf fY¥v± ĀĈĈÿ¦ mYd ¨mf vY¥lf nx¦¨Yvvfd aY¦f Yxd lvzaYv dzwnxYxbf ¨mY¨ 

6H®ă dnd k¥zw ĀĈĈć zxÎ 

!¦ n¦ ¯fvvÝ©xdf¥¦¨zzd nx ¨mf fbzxzwnb¦ vn¨f¥Y¨©¥fË ¯mfx ¦¨¥zxl xf¨¯z¥u f°¨f¥xYvn¨nf¦ Y¥f ¢¥f¦fx¨ 

¨nwnxl n¦ f®f¥±¨mnxlÎ !dz¢¨nzx dfbn¦nzx¦ Y¥f ¢Y¨mÝdf¢fxdfx¨ Yxd bzx®f¥lfxbf zx Y bzwwzx ¢¥z¨zbzv n¦ 

xz¨ ¥f®f¥¦navf Y¦ n¨ b¥fY¨f¦ nxf¥¨nY Yxd vzbuÝnxÎ 5Yd 6H®ą affx ¥Y¢ndv± df¢vz±fd k¥zw ĀĈĈă ¨z ĀĈĈą ¨mf 

d©Yv ¦¨Ybu ¦¨¥Y¨fl± wnlm¨ mY®f ¯z¥ufdË Yv¨mz©lm Y¦ ))? Yxd bz¥¢z¥Y¨f ©¦f¥¦ mYd ¯Y¥xfdË ¨mf¥f ¯Y¦ xz 

¥fYv fbzxzwnb wz¨n®Y¨nzx ¨z Ydz¢¨ n¨Î Lz ©x¦©¥¢¥n¦nxlv±Ë n¨ ¯Y¦ 6H®ăË xz¨ 6H®ąË ¨mY¨ ¦¢¥fYd vnuf ¯nvdkn¥f 

d©¥nxl ¨mz¦f ±fY¥¦Î 3©¥¨mf¥wz¥fË ¨mf nwwfdnY¨f ¨m¥fY¨ zk Ydd¥f¦¦ ¥©xz©¨ ¨mY¨ ¯Y¦ ¦©¢¢z¦fd ¨z 

wz¨n®Y¨f 6LH¦ ¨z ¦¯n¨bm ¨z 6H®ą mYd affx ¦©a¦¨Yx¨nYvv± wn¨nlY¨fd a± *vY¦¦vf¦¦ 6x¨f¥Ý,zwYnx Kz©¨nxl 

ã*6,Kä Yxd a± Y wz®f ¨z wz¥f bzx¦f¥®Y¨n®f nxn¨nYv x©waf¥ avzbu YvvzbY¨nzx ¢zvnbnf¦ a± ¨mf xf¯v±Ýkz¥wfd 

6x¨f¥xf¨ ¥fln¦¨¥nf¦Î )± ĀĈĈćË 6H®ă mYd afbzwf ¨zz fwafddfd kz¥ Y ¥Y¢nd ¥zvvz©¨ zk 6H®ą ¨z dn¦¢vYbf 6H®ăÎ  

6x ¨mf¦f fY¥v± bzxbf¢¨nzx¦ zk ¨mf ¨¥Yx¦n¨nzxË Yxd nx vY¨f¥ zxf¦  ãK3* ăāĀĂË āÿÿĄäË bzxknl©¥fd 

¨©xxfvnxl ¯Y¦ Yv¦z ¢¥z¢z¦fd Y¦ Y wfYx¦ zk wYnx¨Ynxnxl bzw¢Y¨nanvn¨±Î M©xxfvnxl nx®zv®f¦ ¨mf ©¦f zk 

¢¥z¨zbzv¦ ¨z fxbY¢¦©vY¨f ¨mf ¢Y±vzYd zk Y ¢Ybuf¨ ¯n¨mnx ¨mf mfYdf¥ zk Yxz¨mf¥ ¢Ybuf¨Î  !x f°Yw¢vf 

¯z©vd af fxbY¢¦©vY¨nxl 6H®ą ¢Ybuf¨¦ ¯n¨mnx 6H®ă mfYdf¥¦ ¨z f¦¨Yavn¦m ¢znx¨Ý¨zÝ¢znx¨ ¨©xxfv¦ ¨m¥z©lm 

6H®ă ¥z©¨nxl nxk¥Y¦¨¥©b¨©¥f¦ ãz¥ ®nbfÝ®f¥¦YäÎ 6xfkknbnfxb± Yxd bzw¢Y¨nanvn¨± ¢¥zavfw¦ ¯n¨m ¦zwf kz¥w¦ zk 

¨©xxfvnxlË mz¯f®f¥Ë ¦ffw ¨z mY®f ¢¥f®fx¨fd ¯ndf¦¢¥fYd ¥fvnYxbf zx n¨ Y¦ Y ¨¥Yx¦n¨nzxYv wfbmYxn¦wÎ 3z¥ 

nx¦¨YxbfË fY¥vnf¥ ¨©xxfvnxl ¢¥z¨zbzv¦ ãfÎlÎË Mf¥fdz Yxd ą¥dË dfknxfd nx K3* ăĂćÿË K3* ĄĄąĈ Yxd K3* ĄĈąĈä 

fxbY¢¦©vY¨fd 6H®ą ¢Ybuf¨¦ Yxd ¨¥Yx¦n¨fd ¨mfw z®f¥ 6H®ă xf¨¯z¥u¦Ë a©¨ mYd wn°fd ¥f¦©v¨¦ ¯mfx lznxl 

¨m¥z©lm ?f¨¯z¥u !dd¥f¦¦ M¥Yx¦vY¨nzx ã?!Mä df®nbf¦Ë ¯mnbm ¯f¥f bzwnxl nx¨z ¯ndf¦¢¥fYd ©¦f Y¦ 

x©waf¥¦ afbYwf wz¥f ¦bY¥bfÎ >z¥f nw¢z¥¨Yx¨v±Ë t©¦¨ Y¦ ¯n¨m d©Yv ¦¨Ybu ¨mf¦f ¢¥z¨zbzv¦ dnd xz¨ 

dnwnxn¦m dfwYxd kz¥ 6H®ă Ydd¥f¦¦f¦ Y¦ xf¨¯z¥u¦ l¥f¯Î ���~!¨ af¦¨Ë ¨©xxfvnxl ¯Y¦ Y ¨zzv ¨z a±¢Y¦¦ Y vzbYv 

¢¥zavfwË xz¨ Y wnl¥Y¨nzx ¦¨¥Y¨fl±Î >z¥f ¥fbfx¨ Y¢¢¥zYbmf¦ ãfÎlÎË ,©YvÝL¨Ybu =n¨f Yxd =nlm¨¯fnlm¨ 

ăz®f¥ąË dfknxfd nx K3* ąĂĂĂ Yxd K3* ĆĄĈąË ¥f¦¢fb¨n®fv±ä mY®f bzwanxfd fxbY¢¦©vY¨nzx ¯n¨m 

bY¥¥nf¥Ýl¥Ydf ?!M nx Y ¯Y± ¨mY¨ ¥fd©bf¦ dfwYxd kz¥ lvzaYvv± ¥z©¨Yavf 6H®ă Ydd¥f¦¦f¦ ¯n¨mnx z¢f¥Y¨z¥¦î 

xf¨¯z¥u¦Î 

4 ,n¦b©¦¦nzx ¯n¨m !vYnx ,©¥YxdË ;Yx©Y¥± āÿĀĈÎ 
5 LffË fÎlÎË Kzaf¥¨ .Î 4nvvnlYxË Lnw¢vf 6x¨f¥xf¨ M¥Yx¦n¨nzx A®f¥®nf¯Ë d¥Yk¨ÝlnvvnlYxÝn¢®ąÝ¦n¨Ýz®f¥®nf¯ÝÿĀË ?z®fwaf¥ 
ĀĈĈăÎ 
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