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Setup the user navigation pattern based on the initial graph:
i) set p_i1 = p_e, and set p_ij = p_e/(degree of V_i)
ii) set p_ii = 0,
iii) if there is no link between V_i and V_j, set p_ij = 0 

Calculate n−step transition 
probabil i ties for Vi 

Splitting: pick page V_i* with the highest p_i l_i, 
i). cut and produce two new page V_i’ and V_i" with size l_i’ = l_i" = l_i/2.
ii). Any outgoing link E_ij becomes E_i’j and E_i"j without changing the
      outgoing probability, i.e.p_i’j = p_i"j = p_ij
iii). Any incoming link E_ji becomes E_ji’ and E_ji" with half incoming
       probability, i.e. p_ji’ = p_ji" = p_ji / 2

Generate initial topology 
using Waxman Model

Let the file size l_i be 
uniformly distributed 
between [l_max, l_min]

Merging: pick page V_k* with the lowest p_k and its least popular 
neighbor V_k**, combine them into one page V_k with  
i). file size l_k = l_k* + l_k**.
ii). Copy all the outgoing links and combine probabilities, . 
iii). Remove self loop
iv). Adjust probabilities so that each row of M still sums up to 1.

Calculate total cost
sum(p_i * l_i)

No

Is counter > 
maxcounter

Is pili small 
enough?

Yes

Yes

No

Stop

Figure 4.1 Flow chart for HOT simulation

¨



� ���  ��cÒÍ#" �ÏÉ¡a8dG���_�Ï`UÌ��maU`

¼�nbj.�oz�s�hbv��kozxlt��ub�olZprj��o�¢z��¢ub�olS�S���Ss�s�j�~�hb��z��[��¸t�(���
ub�olS�S�®�Ss�s�z��[��v �S�[�thb��SjS� � |Pkmj��ihb�mj��¡�mu8j�p�z wj��
kon[j���hws.�8j��flS|>�[lZ~[j��Î�oj���hwzx�oj�~.z �.kon[j��S���u>nW�kon[jAuw�olS�S���Ss �Sj��[j����kmj��¾konbjA���S�w~[lts �S���uwn�hb�oz��[�FÖ¯��yZs��S�
s�lZ~[j�v �Ý¼�n[j����S�w~[ltsÃkmlSu8ltvxlS�S{�z��¾�Sltz��b�3kml3�8j�lSubkoz�s�z���j�~�hb�oz��b�iºq¬i¼�s�j�p�nb�S�bz �os �S�b~�s�lS�oj¢�mu8j�p�z >p��Sv vx{
kon[�olthb�tn¯���mj��Yh[j��bprj�lS|��muwv zxkmkoz��[�1�S�b~¯s�j����tz��[��lSu8j����kozxlt�b��� � �w~ >�b�Sv�vx{S�Ò�|�kmj��.konbj�kmlSko�SvÏprlt�mkK�oj��Sp�nbj��
kon[j��mkmj��S~[{��mko�kmjS�fz �©jS�x�Ò�mkmlSu¯~[j�pr�oj��S��z��[�[�Òkon[j ub��lS�S���Ss �mkmlSuw����¼�n[j lth[kmuwhbkFlS|�kon[j ub�olS�S���Ss z �bp�v�hb~[j1³»zP¶
kon[j3kmlSu8ltvxlS�S{1�S���u>n��|Pkmj��FlSubkoz�s�z����kozxlt�W�Ò³»z�zP¶Akon[j.kmlSko�Sv}prlt�mk¡�k�j��Sp�nÁzxkmj����kozxlt���S�b~6³»z�z�z�¶¾kon[jKp�hbsKhwv��kozx�Sj
|��oj���hbj��bp�zxj����Z���%>vxjq�oz���j����8j�|PlS�oj3�S�w~��|Pkmj��Fkon[j3lSubkoz s�zx���kozxlt�W�

¼�nbj¢�oz�s�hbv��kozxlt� ��j��ohbvxko�¾�Fzxkon > 2�� � T F × �"�.��ojF�on[l(�F��z�� w�thb�ojFÛY� × �[ÛY� ·Y�ZÛY� �Y�[�S�b~�ÛY�©½[��¼¢n[j��mj��oj���hbvxko���oj��Sj��o{��oz s�z�v���Fkml
kon[j��oj��ohwvxko�¢�tz��Sj��Áz �±§ Ø ª«�iÞÝzx�th[�oj�ÛY� �;z�v�v�hb�okm���kmj���kon[j�jrÓ8j�prkozx�Sj��[j��o�ilS|�konbj��mu>v�zxkmkoz��[�Å
s�j��o�tz �[��ub��lYprj��o�¡z����oj�~bhbp�z��b��kon[j�prlt�oki¸;zxkmj����koz�lt���Y{�zxkmj����kozxlt�Ò�F¼�n[jKz�s�ub�ol��Sj�s�j���k¡z��F��hwzxkmjK~[�®�Ss��koz�p
�k�kon[j.�Uj��tz �b�bz��[�[�Ykon[j���z�k��ovxl(�F��~[l(�¢���S�b~ >�b�Sv vx{��oj��Sp®n[j��F�olts�j.�mkmj��S~[{1�mko�kmj��|Pkmj��i· ��zxkmj����kozxlt�w���
�¥�¯lS��~bj��Kkml��Sj���zx|�{Ákonbj��oj�v��koz�lt�b�onbzxu6�Uj�k��Aj�j��+p�hbs�hbv��kozx�Sj
|P��j���h[j��wp�zxj��.�S�b~C>vxj���zx��j��.z��.u8l(��j���v��(�

~bz��okm��zx�wh[koz�lt�W��z �©jS�

�	�D FA0#Dm³7BMD +10 2 ¶ O&% � Q ³ Ù ¶

Ö¹j�p��Sv�p�hbv��kmjqkon[jKvxlS�t���zxkonbs���lS|f�8lSkon��oz ~[j���lS|�³ Ù ¶

v�lS�U³ � �D ¶%F�v�lS�U³ 0 % ³7B D +1032�¶ O&% � Q ¶
z �©jS�

v�lS�U³ � �D ¶ Fv�lS�U³ 0 % ¶,+�³  × � �f¶Yv�lS�W³7B D + 0>2(¶ ³ Ø ¶

�}j�k�ä�F�vxlS�>³ � �D ¶®�bæ F�B I�
U³7B D +1032(¶®��J�F�vxlS�U³ 0 % ¶��S�b~��6F  × � ���f³ Ø ¶��8j�prlts�j��
ä�F�J +�®æ ³ × �¤¶

�S�
�Aj�p��S��mj�jS�.³ × �¤¶
z����±v�z��[j����j��Yhb�kozxlt���¢zxkon�����®z���wvxj���æÎ��ä��S�b~�prlt�w�mko�S�¤ko� J>������z��&�¢nbz p�n J
�oj�ub��j��mj��¤ko��kon[j�{�ÅHz���kmj���prj�ubkozxlt���S�b~��;�oj�uw�oj��mj���ko��kon[jÁ�ovxlSuÒ�¼}l6~bj�kmj���s�z��[j��¢n[j�kon[j���konbj��oj�v��koz�lt�b�onbzxu
�8j�kH��j�j���k��Al;�mj�ko�FlS|Ý~w�ko��z���v z��[j�����b��j.p��S�Á�ubuwvx{1���mko�koz �mkoz�p��SvÒkm��j��kos�j��¤k¡�Z�[l(�¢���S�¢v�z �[j�����oj��S�oj����ozxlt�
§ × ª«� Kiz��Sj��.k��Ali�mj�ko�flS|b~b�ko� ³�æYD �mä1D ¶Ò�¢zxkon3��~b�ko�Fu8ltz��¤ko���(kon[j��ovxlSu8j��S�b~K{¤ÅHz �¤kmj���prj�uwkozxlt�Kp��S�K�8jÏ~[j�kmj���s�z��[j�~
hb�oz �[� kon[jq|Pltv vxl(�¢z �[� �

�6F 4 [ ³�æwäb¶  [ æ [ ä4 [ ³�æ 2 ¶  ³ [ æW¶ 2
D



J�F [ ä  � [ æ4

��k.z��3�Sv �ml�u8lt�o�ozx�>vxjKkmlÁ~[j�kmj���s�z �[j kon[j�prlS�o�oj�v �kozxlt�6prlYjrÐ
p�zxj���k�� JZ�Î�¢nbz�p®n¹�tzx�Sj��.hw�3��s�j��S�ohb�oj�lS|�kon[j
�oj�v�z ��wz�v�zxk�{.lS|8kon[j¡v�z��[j������j�v��kozxlt�b�onwzxu��8j�kH��j�j���kon[jFæ��S�b~�ä ��Sv�h[j���� � ��Sv�h[j�lS| J9F × z �b~bz�p��kmj��A�S��jry[�Sprk
v�z��bj�����oj�v��kozxlt�w�onbzxu��8j�kH��j�j��
y��S�b~�{S�����Sv h[j¢lS| J3p�vxlt�oj¢kml × z��b~wz�p��kmj���jry[prj�v�vxj���kAv�z �[j�����oj�v�z ��wz�v�zxk�{S�}��|Wkon[j
prlS�o�oj�v �kozxlt��prlYjrÐ
p�zxj���k�z ���oj�v��koz��Sj�vx{ |����������{�|��olts × ��kon[jFub�oj�~bz prkozxlt�b�Ý�w�S�mj�~
lt��konbjFv�z��bj�����oj�v��kozxlt�w�onbzxuÒ�
ä�F���æ +���b�Fz�v�v>�Uj3v�j��o���oj�v�z ��wvxjS�Ý¼�n[j3prlS�o�oj�v �kozxlt��prlYjrÐ
p�zxj���k��YJZ�bp��S���8jq~[j�kmj���s�z �[j�~1��{

J F 4 [ ³�æwäb¶  [ æ [ ä� § 4\[�³�æ 2 ¶  ³ [ÃæW¶ 2 ª�§ 4\[�³�ä 2 ¶  ³ [ ä[¶ 2 ª
ÞÝzx�th[��j�ÛY�©½3��n[l(�¢�Ýu>vxlSkÝlS|R>vxj��ozx��j��Ý�Z�Ýkon[j�p�hbs�hbv��koz��Sj�|��oj��Yh[j��bp�zxj����}Ö¹j¢�ubu>v�zxj�~Kkon[j�v�z��[j���Ý�oj��S�oj����ozxlt�

ub�olZprj��o�mj��Flt���UlSkonÁz��bz�koz��SvÒ~b�ko�;�mj�ko�¡�Sj��[j����kmj�~Á�Y{�Ö¯��yZs��S�¹s�lY~[j�vÎ�S�b~�kon[jK~b�ko�;�mj�ko�i�|�kmj��¡konbjKºq¬i¼
lSubkoz�s�zx���kozxlt�W��¼�nbj¡��j��ohbvxkoz��b��s�lZ~[j�v�³�kon[j.�S����{�v�z��bj¡z�� >�th[�oj3ÛY�©½�¶��¢z�kon 0 × F × � � ��½�� × ���� 0�· F � ×�Ù � · Ù �� F��/�©½ × �Aj�v vW�ubub�ol(yZz�s��kmj���kon[j.�oz sKhbv �kozxlt�;�oj��ohbvxko����Þ[lS�¢z��bz�koz��SvU���S�b~[lts �S���u>n�kon[j3prlS�o�oj�v �kozxlt��prlYjrÐ�Å
p�zxj���k�z�� �Z� ¨+D��w�Fnbz�p�n�s�j��S�b��konb�k�konbjq�oj�v��kozxlt�b��nbzxu;�Uj�k��Aj�j���vxlS���op��Svxjq��Sv�h[j���lS| >v�ji��zx��j����Y�¢p�hbsKhwv��kozx�Sj
|��oj���hbj��bp�zxj��¡z��F�blSk¡�Yhbzxkmj v�z��[j���(�>�ml1kon[j��oj�v��kozxlt�w�onbzxu��8j�k��Aj�j���lS��z��tz��b�Sv}~w�ko�Z�Òz �©jS�x� >vxjK��zx��j��¡�Y�¡p�hbs�hbv���Å
kozx�SjK|P�oj��Yh[j��bp�z�j���z����[lSkFu8l(��j��Fv��(�3� � |�kmj��¢kon[jKlSubkoz�s�z����kozxlt�W�bkon[jKprlS�o�oj�v��kozxlt��prl�jrÐ;p�zxj��¤k¡z�� �Z� Ø ¨Y�U�¢nbz p�n
�Sj���z >j���konb�k�kon[j3~wz��mkm��zx�>h[kozxlt�;�|Pkmj��Fkon[jqlSubkoz�s�z����kozxlt��~bz��ouwv���{Z��u8l(��j��Fv��(�0�mko�koz��mkoz p����

Ù



Figure 5.1  Initial random topology generated by Waxman model.

Figure 5.2  The internet  topology after the optimization.
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Figure 5.4  File size vs. cumulative probability for Web file transfers 
before optimization and after 20 iterations, N_node = 100.

Figure 5.3 Cost function J vs. no of iterations, 
N_node = 100.
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