
HAL Id: inria-00071586
https://inria.hal.science/inria-00071586

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Geometry of information propagation in massively dense
ad hoc networks

Philippe Jacquet

To cite this version:
Philippe Jacquet. Geometry of information propagation in massively dense ad hoc networks. [Research
Report] RR-4992, INRIA. 2003. �inria-00071586�

https://inria.hal.science/inria-00071586
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
49

92
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Geometry of information propagation in massively
dense ad hoc networks

Philippe Jacquet

N° 4992





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

���������	��
��
������������
���������������
���������������������� ����!"!��$#���%$�'&�����!��
��&�(��*)+���	�-,.��
0/1!

2�3�4657468�8:9<;>=-?A@CB�9AD�E

FHGJI�K1L*MONQPSRUTVLUWYXJZ[L�\]TV^_T`\aI�K1LUT
bdcaeYf`L�\]gShjikLUcal�emK

PSWYiJi-emcV\Sn_L�cVLolpGJL�cplpGJLrq>s�tAumuwvxN NyMoz�i{Wm|mLoT

}[~0�U�����J�m�m��� T�hjqJ|�\VG{L���WAl$\H\VGkW�\�L��>LUl�\Vhj�mL���h�caL��jLUTaT	caWmqJ|mL�n_LUl�caWmhjTVL]hjq�h�q��mLUcaTVLS��X{q{l$\ah�eAq�em���je_l�WY�
\acaWY��l�n_LUq{TVh�\`^A�C��L*TVGJe���\aG{W�\�W���WmcVh�WY�{��L�\VcpW���l1n_L�qkT�h�\`^�h�K1i{WAl$\pT�\VGJL*l�X{cV��W�\aXJcaL�em��i{WY\VG{T�hjq�W
nJL�q{TVL*��h�caL��jLUTaT�Wmn�GJe_l1qJL�\`��eAcV <\VGJL[TaWYK1L1�HW�^xW���WYcahjWm�J��L*eAi_\Vh�l�Wm�dn_L�qkT�h�\`^x�-L�q{n{T��jh�|AGA\�ikW�\VGkT�¡
¢�L1T�L�\�X{ix\aGJL�|AL�qJLUcaWm����W��ST�\VG{WY\�ikW�\VGkT�K�X{T�\�TaW�\ahjT���^�hjqxiJcaLUTVL�q{l�L�em�d\VcpW���l�£{e��.n_LUq{TVh�\`^A¡�¢¤L
¥ X{Wmqw\Vh���^*\VGJL�L��-Lol$\]Wmq{n���L�|mhj�mL�TVemK1L�L�ZJWYK1iJ�jL�eY�¦l�emqJ§{|mXJcpW�\ah�eAq{T�\VcaLUWY\VLUn�WYqkWY�j^A\ahjlUWY�j��^A¡
¨�©wª>«a¬�­ ��®0�m�°¯ em�Jhj��L�WAn[G{e�lm�Ji{WAlp mL�\HiJcaemi{Wm|AWY\VhjemqC�wemi_\ah�K*Wm�CcVeAX_\VLoT��_ikW�\VG�l�X{cV��W�\aXJcaLUTU¡
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 � � eAX{T�X_\Vhj�jhjTVemq{T���L1��Wmh�\ ¥ XJL*��W�ikeAc�\aR�L*L��-Lol$\Vhj�mL�n{WYq{T��jLUT�caRUTVLUWmX_Z¤TaWYq{T�§k��n_Rol�cae���\
LUq<cpWYh�T�eAq�h�q��mLUcaTVL�n_L���W[n_LUq{T�h�\VR���e_lUWY�jL�n_Xx\VcpW�§klm�kqJeAX{T�K�eAqw\Vcaemq{T ¥ XJL�\aemX_\aL���WYcahjWY\VhjemqxTVi{WY\Vh�WY�jL
nJL���W1n_L�qkT�h�\VR�n_L�\acaWY§kl:f`emXJL�TVXJc���W�l�emXJca�JXJcaL�n_LUT	\acaWYf`L�\aT�nJL�iJcVeAi{WY|wW�\ah�eAq[n_LUTHikW ¥ XJL�\pT�nJWYqkT�n_LUT
caRUTVLUWmX_ZxK1em�{h��jLUT�WAn GJe_l*n_L�qkT�LoT��0XJq i-L�X l�eAK1K�L[XJq h�qkn_hjl�L�emiJ\Vh ¥ X{L*��WmcVh�WY�{��L�l�emXJca�kL*�jLUT���WYh�T��
l�LUWmX_Z��jXJK1h�q{L�X_Z ¡ � eAX{T ¥ X{WmqA\ah�§kemq{T¦��� L��>L�\:L�\:qJemXkT¦\VcpWYh�\VeAq{TdWmq{WY�j^w\Vh ¥ X{L�K1L�qw\ ¥ XJL�� ¥ XJLUTdL�Z_L�K1iJ�jLUT
TVhjK�i{��LoT�¡
�.­ �o� « ��� 
 ��� ¯ em�Jhj��L�Wmn�GJe_lm�oi{cVeAi{WY|wW�\Vhjemq�n_L�i{W ¥ XJL�\aTU�ocaemXJ\VLUTCemi_\ah�K*WY�jLUTU��l�eAXJcV�{XJcVLoTCn_L:\VcpW�f`L�\pT�¡
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2·q<\VGJLUh�c�caL���L�caL�qkl�L�i{WmikLUc�eAq<\aGJL�lUWYi{WAl�h�\`^�em�dK1em�Jhj��L1Wmn<GJe_l�qJL�\`��eAcV _TU��3�XJiJ\aW[Wmq{n�4�X{K1Wmc65 /�7
TVGJe��	LUn1\aG{W�\	\VG{L�cpWmnJh�X{T�eY�0l�emcacaLUl$\�cVLol�L�iJ\Vhjemq�nJLUl�W�^_T�h�q�h�q��AL�cpT�L�eY��T ¥ X{WYcaL]cae�eY\�em�"cpWmn_hje�LUK�h�\�\aL�c
nJL�q{TVh�\`^A¡�FHG{hjT�LUT�\VhjK1WY\VL��HWmT�emcah�|Ah�q{Wm���j^xn_LUcVhj�mLon¤��cVeAK�hjq_��emcaK*W�\Vhjemq�\aGJL�eAcV^�l�emqkT�h�n_L�cpW�\ah�eAq{T�WYqkn
h�T�qJeY\�caL���W�\aLUn�\ae�Wmq�^�i{WYcV\Vh�l�XJ��WYc�qJL�\`��eAcV �hjK�i{��LUK�L�\aWY\VhjemqC¡82·q95jM�7¦�	L�caLUnJL�cah��ALUn�\aGJhjT�caLUTVXJ��\aT�hjq
W[i{WYcV\Vh�l�X{�jWmc�qJL�\`��eAcV �hjK�i{��LUK�LUqw\aW�\ah�eAqx��GJLUcVL�\VhjK1L�h�T�T��jeY\V\VLon<WYq{n<\VcpWYq{TVK1h�\V\VLUc�WmcVL�n_hjTVi{WY\alpGJLon
cpWYqkn_emK1�j^�Wmq{n*XJqJh���emcaK1��^1eAq�W�iJ��WYq{Wmc:K*WYi"¡;:"L�\=<[�-L�\VGJL�n_L�q{TVh�\`^�em� \VcpWYq{TVK1h�\V\VLUc�i-L�c	XJqJh�\	WmcVLoW
Wmq{n�ikLUcST��jeY\o�%<�hjTHL�Z�i{cVLoTVTVLUn[h�q��Jh�\SikLUcST ¥ X{WmcVL�K�L�\VLUc�ikLUcST��jeY\o¡	2 \	\aXJcaq{THemX_\H\aG{W�\H\VG{L�caWAn_h�XkT�em�
\aGJL�l�eAcVcaLUl�\�caLUl�LUi_\Vhjemq�eY��W�i{WAlp mL�\H��h�\VGJhjq�W�l�LUc�\pWYhjq[iJcaem�kWY�Jhj��h�\`^1hjTHL ¥ X{WY�-\Ve?>@ A ��GJLUcVL ¥ X{WYqw\ah�\`^B n_L�i-L�qknJTHemq[\VGJL�|mhj�mLUq�iJcaem�{Wm�Jh��jh�\`^m�w\VGJL�W�\V\VLUqwXkW�\Vhjemq�l�e�L���l�h�LUqA\	eY�"�HW��mL�iJcaemi{Wm|AW�\ah�eAq�WYq{n�\VGJL
TVhj|mq{Wm� � e��mLUc � qJemh�TVL�cpW�\ah�e�cVL ¥ X{h�caLUn���eAc�l�emcacaLUl$\�cVLol�L�iJ\VhjemqDC7T�LUL�5jM�7���emc�K1emcaL�n_L�\aWmh���T'E�¡�FHGJh�T�l�emK1LUT
��caemK \VG{L���Wml�\S\VGkW�\]\aGJL�nJhjTV �em�:l�eAcVcaLUl�\ScVLol�L�iJ\Vhjemq���h�\VGJhjqxW*|Ah��AL�q�iJcaem�{Wm�Jh��jh�\`^�l�emqw\aWmh�q{T]W1§{qJh�\VL
q�XJK��kLUc�eY�0\VcpWYq{TVK1h�\V\VLUcaTU�w\VG�X{T�G{WAT�WYq�WYcaLUW�iJcaemi-emcV\Vhjemq{Wm�k\aeGFA ¡2 �-��L	l�emqkT�h�n_L�c�WSq{L�\`�	emca �nJhjTVi{W�\plpGJLUn�WSK*WYi�eY�kn_hjK1L�q{TVhjemq8Hr\VGJLUq�\aGJL�LoT`\ah�K*WY\VL	eY�J\aGJL�cpWmnJh�X{T
��hj�j�¦�kL >A�I�JLK ¡M2·q¤\VGJL�TVL ¥ XJLU�¦��L1��hj���:��e�em ¤W�\�v�N K*WYikT�|mLUqJL�cpWY�jh$OUh�q{|[e_l�lUWmTVh�eAqJq{WY�j^�\VG{L*cVLoT�XJ��\aTeAq<WYq�^�n_h�K1LUq{T�hjemqkWY�"K*Wmi{T�¡]¢ GJL�q�\aGJL�nJL�q{TVh�\`^P<xh�qkl�caLUWmTVLUTSh�qxW[K*WYi� mLUi_\�l�emq{T�\aWmqw\S\VGJLUqC�-\VGJL
K1hjqJhjK�XJK q�XJK��-L�cSem�0G{emi{TSl�emqJq{LUl$\ah�q{|1\`��e1i-emhjqA\pTRQTS'U \VLUq{nJTS\Ve*�-L�L ¥ XJhj��WY�jL�qw\�\VeWV,X
Q6S)U8Y @ A>��G{L�caLZV,X
Q6S)U�Y�n_L�q{eY\VLoTH\VG{L�L�X{l���h�n_h�WYq�n_h�T`\pWYq{l�L��-L�\`�	L�LUq�K�eA�Jhj��LTQ�Wmq{n�K�eA�Jhj��L+U�¡ ¯ LUWmqw��G{h��jLm�
\aGJL�h�q{l�cVLoWmTVL]em�C\VGJL�q�XJK��-L�cHem�"cVLU�jW�^_T:q{W�\aXJcaWm���j^1h�qkl�caLUWmTVLUTd\VGJL�\acaWY�*l�n_L�qkT�h�\`^m¡;2 �;[�hjT�\aGJL�Wml$\aX{WY�
\acaWY��l�n_LUq{TVh�\`^<|AL�qJLUcaWY\Vhjemq<i-L�c�XJq{h�\�WmcVLoWJ�;�
\��]\1\VGJL�\VcpW���l���e_lUWY�j��^<|AL�qJLUcaWY\VLon�emq�K1em�Jhj��L�qJe_n_LoT��
q{eY\S\aGJL�\VcpW���l�caL���W�^mLon[��^�\VGJL�K1em�Jhj��L�qJe_n_LUTU�J\aGJL�q�\aGJL�W��AL�cpWY|mL�n_LUq{T�h�\`^�\VcpW���l���hj���0TVWY\Vh�T`��^�\VGJL
h�n_LUqA\ah�\`^�^�<�_`[baV @ A> ��G{L�caLcaV�hjT]\VGJL1W��mLUcaWm|mL�L�Xkl��jhjn_h�WYq¤n_hjT�\aWmq{l�L��kL�\`��LUL�q�\`�	e[LUq{n�i-emhjqw\aT�h�qxW
l�emqJq{LUl$\ah�eAqC¡
FHGJh�TSi{cVLU�whjemXkTHhjn_LUqw\Vh�\`^�WATVTVXJK1LUT	\aG{W�\S\aGJL�i{WY\�\aL�caq�eY��i{W�\aG��kL�\`��LUL�q�ikeAh�qw\pT]l�e��AL�cpT�\VGJL�K*Wmi

hjq<WYq�X{qJh���eAcVK K*WYqJqJLUc�TVe1\VG{WY\S\VG{L�\VcpW���l�n_LUq{TVh�\`^A�{|mLUqJL�cpW�\aLUn�WYqkn�caL���W�^mLon �Jh�T]l�emq{T�\aWmqA\SeAq�\VGJL
��G{em�jL	K*WmiC¡d2·q�\VG{hjTdlUWmTVL:\aGJL�i{WY\VG�\VG{WY\dl�emq{qJLUl�\0\`�	e�ikeAh�qw\pT���h�\aG�\aGJL�K1h�q{h�K�XJK.q�XJK��kLUc¦eY�kG{emi{T
h�T��AL�ca^¤l��jeATVL�\Ve�\aGJL[T�\VcpWYhj|mGw\���hjqJLA¡fe	X_\�\aGJL ¥ XJLoT`\ah�eAq WYcahjTVLUT�Wm�keAX_\�\VGJL�T�G{WmikL[eY�	\VGJL�eAi_\VhjK*WY�
ikW�\VG ��G{L�q�\VGJL�\VcpW���l*n_L�qkT�h�\`^¤h�T�qJem\�XJqJh���emcaK�¡�FHG{hjT�ikWYi-L�c���hj�j�:WmnJnJcVLoTVT�\aGJL[lUWmTVL*��GJL�caL1\VGJL
\acaWY��l�ikW�\�\aL�caq�h�T�qJem\�XJqJh���emcaK WYqkn[��GJLUq�\VGJL�\acaWY�*l�n_LUq{TVh�\`^�h�T�GJhj|mG�L�q{emXJ|AG[\aG{W�\Sh�\SK*WY mLoT	\VGJL
L���l�hjL�qw\�cpWmn_hje�cpWYq{|mLUT:h�qJ§{qJh�\VL��j^�TVK1Wm���;C�hjq�\VGJL�TVlUWY�jLSeY�"\VGJL�K*WYigE�¡0¢�L���h��j� WmnJn_caLUTaT:\VGJL�iJcaem�J�jL�K
eAq h�\aT1K*WAl�caeATal�emi{hjl�WmTVikLol$\*��GJLUcVL�l�eAqJqJLol$\Vhjemq i{W�\aG{T*eAqJ��^ W��>LUl$\1\acaWY�*l�n_LUq{TVh�\`^ WY\*h�q_§kqJh�\aL��j^
TVK*WY�j�CTVlUWY�jLm¡;2·q�eY\aGJL�c��	emcpnJT	��L�n_LoWY� GJLUcVL���h�\VG�WmTV^�K1i_\Vem\Vh�l�lUWmTVLm¡
qJe*K1eA�Jh��jh�\`^m�JTVe���WmcU�_L�\alm¡¦bdcVeA�J�jL�K ��h�\VG�eAi_\VhjK*WY� i{WY\VG�W��>LUl�\VhjqJ|*n_L�q{TVh�\`^m�JWYqkn���h�l�L��mLUcaTaWJ¡

h i ��!"!��$#���%$�'&�����!��+���	�k,.��
�/*!

¢�L�l�eAq{T�h�n_LUc¦K1WATVTVhj�mL��j^�n_L�qkT�LHqJL�\`��eAcV _T0emq1W�v�N�K*WYiC¡0¢�LHnJL�qJem\VL���^8<dXkjlS)mnY�\VGJL	\VcpW���lHn_LUq{T�h�\`^
WY\�ikeAh�qw\�eY��l�e�emcpn_hjq{W�\aL�X
jlSomnY	eAq[\aGJL�K1WmiC¡¦¢�L�TVXJiJi-eATVL�\VG{WY\���XJq{l�\Vhjemqp<lX
jlSomnYHh�T�l�eAqw\VhjqwX{emX{T	hjq
X
jlS)m!Y���emc"WY\C��LoWmT�\d:CLU�kLoT�|AXJL¦h�qw\aL�|mcpWY�{��LA¡ ¢ GJL�q8<dXkjdSomnY WmcVL¦XJq{h���eAcVK1�j^���WYca|mL0\VG{L�q�\VG{LdcaWAn_hje�caWmqJ|mLoT
\aL�q{nx\Ve��-LTq`K1h�l�caeATal�emi{hjl�r�Wmq{n¤cVeAX_\VLoT�lUWYq¤�kL*l�eAq{TVhjn_LUcVLonxWAT�l�emqw\Vhjq�XJemXkT��jhjqJLUT��-L�\`�	L�L�q�qJe_n_LoT�¡
b¦WAlp mL�\pT�\VcpW��mL��j�jh�qJ|�emq*W�caemX_\aLts�i{WmTaTVh�qJ|�e��AL�c�ikeAh�qw\dem�-l�e�eAcan_hjq{WY\VL+XkjdSomnY0��h��j�JL�Z�i-L�cahjL�q{l�L�GJemi{T�em�

uduwv�xny�z�z�{



t �=\��!�������%���

�jL�q{|Y\VG >� A	��
	� 
�� ��GJL�q�i{WmTaT�hjqJ|�h�q[\VGJL�iJcae�Z�hjK1h�\`^�eY��ikeAh�qw\+XkjlS)mnY$¡ :CL�\�� X
jlS)m!Y _ @ A
> �w\VGJL�q�XJK��-L�c

em��GJeAi{T	\VGkW�\]W�i{Wmlp AL�\�K�XkT`\SL�Z�i-L�cahjL�q{l�L�eAq�caemXJ\VLbsxh�TSl��jeATVL]\ae1\VGJL�hjqw\VLU|mcpWY��^������ X
jdX�� Y�Som X�� Y)Y V��
��G{L�caL���hjTSW1l�XJcV��hj��hj|mq�WY�kTVl�hjTaT	emq�cVeAX_\VLbs¦¡

2·q�\aGJL�TVL ¥ XJLU�"�	L�WYcaL��jeweA �h�qJ|���emc]caemXJ\VL���h�\VG�\aGJL�TVGJemcV\VLoT`\�GJemi�q�XJK��kLUc�WYqkn���L�l�emq�f`Lol$\aXJcVL
\aG{W�\�h�\Sh�TSeAi_\VhjK*WY�Chjq�\VLUcVK*T�em��\acaWY�*l��kWY��WYq{l�h�qJ|�Wmq{n���e_lUWY�Ci-L�cV��emcaK*WYq{l�L�hjq�\VLUcVK*T�em�dn_L���W�^[WYqkn
\aGJcaemXJ|AGJiJX_\o¡��]�:l�eAXJcaTVL�\VG{hjT�l�eAK1LUTS��h�\VG<\VGJL�WmTaT�XJK1i_\ah�eAq�\VG{WY\�Wmq�^�qJLU��l�emq{qJLUl�\Vhjemq{T]iJcVe���h�n_LUT
eAqJ�j^�hjq_§{qJh�\VLoT�hjK*WY�{hjq{l�cVLUK�LUqw\:eY�>\VG{L�\VcpW���lSn_LUq{TVh�\`^A¡���LoWYcplpGJhjqJ|�\VGJL]i{W�\aG1\VG{WY\:K1h�qJhjK1h$OULS\aGJLSGJeAi
q�XJK��kLUc��kL�\`��LUL�q¤\`��e�ikeAh�qw\aT+Q Wmq{n�U h�T�\VGJLUcVL���emcaL�L ¥ XJhj��WY�jL�qw\���emc��jeweA �h�qJ|[��emc�\VG{L�ikW�\VG��jh�|AGA\
�-L�\`�	L�LUq Q WYq{nWU hjq[W�K1LUnJh�XJK ��h�\VG�qJemq �6XJq{h���eAcVK emiJ\Vh�l�WY�-hjq{n_L�Z <dXkjdSomnY$¡	2 \HhjT� �qJe���q*\aG{W�\	\VGJL
eAi_\VhjK*WY� i{WY\VG�TaW�\Vh�T�§{LUTHeAq�LoWmlpG�eY��h�\aTSikeAh�qw\��%X�� Y-_ X
jdX�� Y�Som X�� YoY�^

V
V�� X � X��%X�� Y)Y

V!�%X�� Y
V�� Y _#"$� X%�%X�� YoY C`M E
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