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L{HO[&ðC]�V6`Mñ�XZYÏSZS�]8L êµ]8Vµ[4Y\LOKMîÏ^¦YÏ^�î\K%VµNa]%ùr`aV¦ê_XZ],` � ]8Vµ]zS1î�`{K%S¤YÏ^6^ÓY\N%LZY�ø?é8KML{êµî\íÑîÏKMV_N%]8V
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êµXZ]"] � `aVÓê�S�]8ïZî\`ní%]8S�Y\L�ê_XZ]�I Y\Vµ]8î�]z^µ^�þ ç 
 ü Y�L�ñØV	K%^ÓêµV_HOé�êµHZV_]"ðOK%^µ]8S?ý0ù%^µ`%[4]~Vµ]z^Ó]zKMV	é	XZ]�V	^
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���ô 
 
�ë"XO]�L�êµXZ]~LQHZ[&ðC]�V�`%ñCé�`%[4ï?]�êµY\LZN�^lê	Knê_Y�`aLO^�Y�LOé�Vµ]zK%^µ]8^8ô �~XZY\^+YÏ^+LZ`%ê
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���ô 
 
�YÏ^RSZ]8é�V_]8Ka^ÓY\LZN?ôZõjLÙ`%êµXZ]8V
ë�`aV_SZ^8ù ��V_Y � ç é�K%ï�êµHOVµ]z^�Y\LÆñ¸K%é0ê6êµXO]J] � ]zé0ê_Y ú ]�LZ]z^µ^6`Mñ�� ç � ç Y\LÈ^µ`%î ú Y�LONÖêµXO]JXOY\SQè
S�]�L ê_]�V_[6Y\LOK%î3ïZV_`%ðZî\]�[ K%^ÎëW]�î\î3Ka^���
���ô 
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ü � ü Kaý�ù � ü ð?ý�ù�� ü é8ýÓýW^µXZ`në ê_XZ]Rï?K%é	ì%]�êWî\`a^_^�V_KMêµY\`6K%NaKMY\LO^Óê�ê_XZ]�` � ]�V_]8SFî\`aKaSxô �~XZ]�íF^µXZ`në



2 3 4 5 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of Neighbors

S
(T

hr
ou

gh
pu

t)

Slotted ALOHA w/ACKs
NP−CSMA             
IEEE 802.11, Q=N−1  
FAMA−NCS, Q=N−1     
PriMA, Q=N−1         

2 3 4 5 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of Neighbors

S
(T

hr
ou

gh
pu

t)

Slotted ALOHA w/ACKs
NP−CSMA             
IEEE 802.11, Q=N/2  
FAMA−NCS, Q=N/2     
PriMA, Q=N/2         

� 
�� Á��ZÁOÂ+Ã hloz¥ay Ã f{¥ai��ze_hl�j¥{��m{oM�%e"�ae_y8hle	e



0.05 0.1 0.15 0.5 1 1.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Throughput comparison for N=3, Q=2 in 1Mbps ideal channel

Each station’s load

T
hr

ou
gh

pu
t

router’ throughput (delay req.:0.01s)            
other host’s throughput (router delay req.:0.01s)
router’ throughput (delay req:0.05s)             
other host’s throughput (router delay req.:0.05s)
router’ throughput (delay req:0.1s)              
other host’s throughput (router delay req.:0.1s) 
router’ throughput (delay req:0.5s)              
other host’s throughput (router delay req.:0.5s) 

Ê g�Ë

0.05 0.1 0.15 0.5 1 1.5
0.005

0.01

0.05

0.1

0.5

1

2
Router’s delay for N=3, Q=2 in 1Mbps ideal channel

Each station’s load

A
ve

ra
ge

 d
el

ay
(s

ec
on

ds
)

delay req.:0.01s
delay req.:0.05s
delay req.:0.1s 
delay req.:0.5s 

Ê Ä�Ë

� 
�� Á��OÁ�� m{eWhlo8¥aile_h�v	o8maÚ{yz¥ahÓg�ilwuozm Ê } ' « Ë



0.05 0.1 0.25 0.5 1 1.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Throughput comparison for N=4, Q=3 in 1Mbps ideal channel

Each station’s load

T
hr

ou
gh

pu
t

router’ throughput (delay req.:0.01s)            
other host’s throughput (router delay req.:0.01s)
router’ throughput (delay req:0.05s)             
other host’s throughput (router delay req.:0.05s)
router’ throughput (delay req:0.1s)              
other host’s throughput (router delay req.:0.1s) 
router’ throughput (delay req:0.5s)              
other host’s throughput (router delay req.:0.5s) 

Ê g�Ë

0.05 0.1 0.25 0.5 1 1.5
0.005

0.01

0.05

0.1

0.5

1

2
Router’s delay for N=4, Q=3 in 1Mbps ideal channel

Each station’s load

A
ve

ag
e 

de
la

y(
se

co
nd

s)

delay req.:0.01s
delay req.:0.05s
delay req.:0.1s 
delay req.:0.5s 

Ê Ä�Ë

� 
�� Á��ZÁ�� m{eWhlo8¥aile_h�v	o8maÚ{yz¥ahÓg�ilwuozm Ê } ' ¬ Ë



êµXOKMê,ë"XZ]8L êµXZ]Ñ` � ]�V_]8S î\`aK%SÈY\LOé�V_]8Ka^Ó]z^�ù�êµXZ]ÑïOK%é	ìa]�ê,S�V_`%ï V	Knê_Y�`¤ñØ`aVFõlÿ�ÿ�ÿ ��
���ô 
 

Y�LOé�Vµ]zK%^µ]8^"^µY�NaLZY�ø?é�K%Laê_î�í,ë"XZY\î�] ��VµY � ç é8KML�^ÓêµY\î�î;[4K%Y�L{ê	KMY\L�î�`në ïOK%é	ìa]�ê3S�V_`%ïUV	Knê_Y�`4ñØ`aV
êµXZ]~êlëW`�Vµ`aH�êµ]8V_^8ô �;Y\N%HOVµ] � ü SOý�^ÓXO`në�^�êµXOKMê�êµXZ]"K ú ]8V_K%N%]�ïOK%é	ìa]�ê�S�]�îÏK�í&K%é	XOY�] ú ]8S&ðQí¦êµXO]
êlë�`"êlíQïC]8^;`MñZV_`%H�ê_]�V	^tY\L ��V_Y � ç ô �~XZ]�ø?N%HZV_]�é�î\]8K%Vµî\í�^ÓXZ`në�^xêµXOKMê�ë"XZ]8L�êµXO]�êµV	K �Fé�î�`{K%S
Y\^ ú ]8Vµí4î\`në�ù{êµXZ]�ïOKaé	ì%]�ê	^�ñØV_`%[�K%î�îCê_XZ]5^Óê_KMêµY\`%LO^W]�òQïC]�V_Y\]�LOé�]3ê_XZ]5^_KM[4] ü Y\LO^µY�NaLZY�øCé�KML{ê0ý
S�]�îÏK�í%ô #�`nëW] ú ]�Vzù�ë"XZ]8L&ê_XZ]�ê_V_K �Fé�î\`aK%S&Y�L?é�V_]8K%^µ]8^8ù�ê_XZ]WïZVµ`%êµ`�é�`aî{^Óê_K%VÓê	^;SZY � ]�V_]�L{êµYÏKnê_Y�LON
êµXZ]¦^Óê_KMêµY\`%LO^"Kaé�é�`aV_SZY�LZN�êµ`6ê_XZ]�Y\V�V_]8ö{HZY\Vµ]8[6]8L{ê_^8ô

� �Ñâ�ß3å��Óä 
Qælâ�ß

��V_Y � ç Y\^WK�LZ]8ë�� ç�� ïZV_`Mê_`Qé�`%îOêµXOKMêWYÏ^�^µïC]8é�Y�ø?é8KMî\î�í4S�]8^µY\N%LZ]zS4ñØ`%VWK%SQè×XZ`�é�LZ]�êlë�`aVµì�^8ô
õ×ê�é�K%L4Kaé	XZY\] ú ]~Na`{`�S�êµXOVµ`aHZN%XZïOH�ê�Y\LFK%SQè×XZ`�é~LZ]�êlëW`%V_ì�^�ë"XZ]�V_]�XZYÏSZS�]8L4êµ]�V_[4Y�L?KMîZïZV_`%ðZè
î�]8[ YÏ^Wé�`%[4[4`%LrôaõjL)KaSZS�Y�êµY\`%Ltù{] ú ]�V_í6^Óê_KMêµY\`%LFX?K%^�ïZVµY\`%V_Y�êlíaè×ðOKa^Ó]zS�Kaé�é�]z^µ^�êµ`&êµXZ]�é	XOKMLZè
LZ]�î�ùnêµXQHO^ ��V_Y � ç é�KML6ïZV_` ú Y\S�]~]8î�]8[6]8L{ê_KMV_í �R`Qû&^µHZïZïC`%Vµê�ñØV_`%[ ê_XZ]�ðC`Mêµêµ`%[ HZïtùa[4K%ì{è
Y�LZN�Y�ê6KUNa`Q`QS1é	XZ`aY\é�]4ñØ`%V&^µHZïZïC`%VµêµY\LZN�XZY\N%XO]�V¦îÏK�í%]8V�ïZVµ`%êµ`�é�`aî\^5ê_XOKnê�Vµ]zöaHOY�V_]Fö{HOKMî\Y�êlí
`Mñ"^Ó]8V ú YÏé�]%ô ç LZ`Mê_XZ]�V�ð?]8LZ]�øOê&`Mñ ��V_Y � ç Y\^�ê_XOKnê¦Y�ê�é8KML1ïZV_` ú YÏS�]4ðC]�êÓê_]�V&^µHZïZïC`%Vµê¦ñØ`aV
K%SQè×XZ`�é�Vµ`aH�êµY\LZNÎK%^3^Ó`a[6]�ïOKaé	ì%]�ê_^"é�K%LUð?]¦NaY ú ]�LJXZY\N%XZ]8V�ïZV_Y�`aVµY�êµY\]8^"K%LOSJN%]�ê3SZ]�î\Y ú ]�V_]8S
]8KMV_î\Y�]8V�êµXOK%L)`%êµXZ]8V_^8ô{ûQY\[&HOî\KMêµY\`%LÎV_]8^µHZî�ê	^�^µXZ`nëÈêµX?Knê ��VµY � ç YÏ^WKMLF]z^ÓïC]8é�Y\K%î�î\í�ïOVµ`a[6YÏ^Óè
Y�LZN � ç�� ïZVµ`%êµ`�é�`aîxñØ`%VRK%SQè×XZ`�é�LZ]�êlëW`%V_ì�^~Y�LÙïZVµ]z^Ó]8LOé�]�`%ñ�XZ]�ê_]�V_`%N%]8LZ]�`aHO^WêµV	K �Fé�K%LOS
�R`{û)Vµ]zöaHOY�V_]�[4]�L{ê	^�ô

�	��� �rá��rß3å ��


� Ð Ã ijilf � ­8­ Í�Í�Í"Ð wue_ijp�Ð o�hly ­ Ã ilk�sÌÐ v Ã g�hjile_hl� ­ k¦g8mae_i ª v Ã g�hjile_h0Ð Ã ilk�sÌÐ
� Ð � Ð�É3Ð Â ozÄ{g8yzwZg�mQ���tÐ � sue	wumahlonvÓ¨�|��×§xg�vµ¨�eµi��MÍ�w�ilv Ã wum{y"wum���gz�%w�oR� Ã g8m{mae	su� � §xg�hji � � ª i Ã e
� w��{�ae_m Â e_hlk�wumQg�sx§xhlozÄ{sue	k wum)�+g�hjhlwue_hR�%e_m{�jeRÇ6¥{s�ilwuf{sue ª g8v_v	e	�j�3Ç6oM�ae_�"g8m{�6i Ã e3Å�¥{�×� ª
ilo8m{eR�%o8su¥ailwuozmO| 	�wum�

���������
�����������������������! ���"#"�$%���&�'�����&�(���')+*(�-,/.0 21�354&687-)��9�8.�:(6�|
faf?Ð �	¬%��®<;Q�	¬z«z« | �0��®�. Ð

« Ð�§�Ð � g�hlmO|!�jÇ4É��+É ª g }�e_Í � Ã g�m{m{e_s,É�v	v	e	�j�ÆÇ6e_i Ã oM��p\o8hÆ§xg8vÓ¨�e_i ��gz�%w�o%| 	Üwum
=?>@>2ACB  >@>2AD= "E���GF�$%� > ��H����#I��KJL ��("NMO$%�GF��2PQF���R����TS(�U�%VW ����<XYF��'F��O�ZFµ|nf{fOÐ �0«�¬(;{�	¬�� |
É����[�r| �	�z�8� Ð

¬ Ð]\%Ð%^~g�hlv_w�g ª �?¥{m{g ª É�v_e	��e	�;g8m{�¦��Ð%�rÐ � ¥{susuk�e_h0|_�×§�e_hjp\o8hlk¦g8mav	e�o8p � suono8h�É�v0Õn¥{wu�jw�ilwuozm&Ç6¥{s ª
ilwufas�e�É�v	v	e	�j��wum4É�� ª � onvW}We_i¹Í+o8hl¨M�	| 	�wumL`0�T�Y�ZF'FTH��U�%V����
Xa7-�
HE

�����b
Zcd 2 x| �0�8�	@ Ð

. Ð � q;qrq,��ozk�f{¥%ile_hr�Monv	wue_i����CÉ�}1Ç4É�}¤�niÓg8mQ�ag�hÓ�%�t��ozk�k�w�ijile	ez|�e0�ZÐu|8

�����!c��e���OH����
H+X<���
f �U�TF�,/F��Z� Ag= P!3DFTH��U$%" = �Z�ZF��'�h ����i���T�-,9jU3 =  lk[���9H@`�J%m(�'�&�'�-, A ��m�F��hjK`+npo9k@c-MiFT��� q��'�-4
���������lÐ � qrq;q,�MiÓ� @z��� Ð �z�_ªl�	�z��® | Â+Ã e � m{�×ilw�il¥aile;o8pZqtsue	v_ijhlwuv0g�sQg8m{�5qtsue	v_ijhlozmawuv	��qtm{y8wum{e	e_hl�	|
}�e_Íbr;o8hl¨�| �	�z�z® Ð

� Ð � Ð8�ZÐ8� ÃaÃ g	�Mg�g8m{�5��Ð�^W¥{faiÓgM|l� Â+Ã hloz¥{y Ã fa¥aitg�mQ� � g8w�hlm{e_�j�t§thlo8f�e_hjilwue	�xo8pQÉ��×�%m{v Ã hlo8m{oz¥a�
d~g�iÓg Â hÓg8ma�×pÏe_h�Ç6e_i Ã oM�%�WwumÎi Ã e � qrq;q @8��� Ð �8� Ç4É��Æ§xhlo8ilonv	o8sÌ| 	�wumtsu�KJv
Z���GF��Z�9�����&�(�9�-,
 ��(�YXYF��TF��9�ZF#���w`?F��������O�-, )�
Z�OH��Y���Q���OHE35��x���,/F > ��H(�&�y ���"#"�$z�i�&�'�����&���i�l| �0�8� . Ð

® Ð]\%Ð��rÐ;�%o8Äahlwum Ã o)g8mQ�ÖÉ�Ð;�ZÐ � hlwu� Ã m{g8¨M¥{k¦g�h0|a�jÔW¥{g8suw�i�� ª o8p ª �Me_hl�Mwuv	e�wumÑÉW� � onv6�+g�hjhlwue_h
�Me	m{�je3Ç6¥as�ilw�fasue5É�v	v	e	�j��£¤w�hle	sue	�j�W}�e_i�Í�o8hl¨M�	| 	¦w�mL

�����|{%��$%���O�-,}���LclF�,/FT���GFTH = �TF'�(�Q�K�
 ��("#"#$%�i�&�'�����&���i�Z)]~i�-,/.}:8�u)�Pa�8.g�z|{faf?Ð �0«	.8«Y;Q�0«8�	@ | �	�z�8� Ð

@ Ð�É�ÐnÇ6¥aw�h�g�mQ�E\%Ð�\aÐ8^~g�hlv	w�g ª �O¥{m{g ª É�v	e_��e	�	|_�j�%¥af{f�o�hjilw�mayWhle0g�s ª ilwuk�e�k5¥as�ilw�k�e	�aw�g�ijhÓgu��v�wum
g�Í�w�hle	sue	�j�+�?É�}3| 	�wum�`0�T�Y�u.Oc%`�

��3L$z, ���U"�F'H(�&�# ���"NM�$z���K�%V��(�9HNPQF���R����TS(�U�%V8|8f{fOÐ ¬a��; .�¬ |
�	�z�z® Ð



0.1 0.5 1 5 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Loss ratio comparison for N=4, Q=3 in 1Mbps ideal channel

Normalized other stations’ load

Lo
ss

 r
at

io

PriMA (on−off source,delay req:0.03s)       
PriMA (on−off source,delay req:0.06s)       
IEEE 802.11 (on−off source,delay req:0.03s)
IEEE 802.11 (on−off source,delay req:0.06s)

Ê g�Ë

0.1 0.5 1 5 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Loss ratio comparison for N=4, Q=3 in 1Mbps ideal channel

Normalized other stations’ load

Lo
ss

 r
at

io

PriMA (on−off source,delay req:0.04s)       
PriMA (on−off source,delay req:0.08s)       
IEEE 802.11 (on−off source,delay req:0.04s)
IEEE 802.11 (on−off source,delay req:0.08s)

Ê Ä�Ë

� 
 � Á��OÁ ÔWon�&�aw �Ze_hle	mnilw�g�ilwuo8m



0.1 0.5 1 5 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Loss ratio comparison for N=4, Q=3 in 1Mbps ideal channel

Normalized other stations’ load

Lo
ss

 r
at

io

PriMA (on−off source,delay req:0.05s)       
PriMA (on−off source,delay req:0.10s)       
IEEE 802.11 (on−off source,delay req:0.05s)
IEEE 802.11 (on−off source,delay req:0.10s)

Ê v�Ë

0.1 0.5 1 5 10
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
Delay comparison for N=4, Q=3 in 1Mbps ideal channel

Normalized other stations’ load

A
ve

ra
ge

 d
el

ay
(s

ec
on

ds
)

High−priority router(delay req:0.03s)
Low−priority router(delay req:0.06s) 
High−priority router(delay req:0.04s)
Low−priority router(delay req:0.08s) 
High−priority router(delay req:0.05s)
Low−priority router(delay req:0.10s) 

Ê �QË

� 
�� Á��OÁ ÔWo��6�aw �Ze_hle	mnilw�g�ilwuo8m Ê v	ozm�� iµË



� Ð3Ç,Ðg�rÐg\zw�g8m{y%|�\aÐdrRÐ��OwØ|xg8mQ�5r5Ðt��Ð Â g	�n|N�×��s�¥a�×ile_h�Å�g8�je0����oz¥ailwumayF§thlo�ilonv	ozs Ê �+Å���§�Ë
� ¥{m{vµilw�o8mQg�s��Mf�e	v	w�ÚQv	g�ilwuozmOÐ 	F�MhÓg�p�i ª wue_ijp ª k¦g8m{eµi ª v_Äahlf ª �jf�e	v ª��8� Ð i �Mi0|OÉ�¥ayaÐ �0�8�	@ Ð¦£Jo8hl¨Fwum
f%hlozy�hle	�j�	Ð

�	� Ð"��Ð��%wu�zg�¨M¥{k¦g�h0|8§�Ð��%wum Ã g%|zg8mQ���RÐzÅ Ã g�hly Ã g0�8g8mO|g�j��o�hleWq �MijhÓg8v_ilwuo8m�d~wu�×ijhlwuÄ{¥aile	��ÉW� Ã onv
��oz¥%ilwum{y Ê �+qtd�É��WË��%f�e	v	w�Ú{v0g�ilwuozmOÐ 	��%hÓg�p\i ª wue_ijp ª k¦g8mae_i ª v	e0�ag�h ª �jf�e	v ª¹�z� Ð i �%i0| � v_i0Ð �0�8�	@ Ð
£Jo8hl¨¦wum6f%hlozy8hle_�j�	Ð

�8� Ð3��Ð8�rÐ � ¥as�suk�e_h�g8m{� \aÐ%\aÐi^~g�hlv	w�g ª �?¥amQg ª É�v	e	��e	�	|}�×�%o8s�¥%ilwuozm{�;ilo � w��{�ae_m Â e_hlk�wumQg�s�§thlo8Ä ª
sue	k���wum6£1wuhle_s�e_�j��}�e_i�Í�o8hl¨M�	| 	�wumL`2�
�Y�ZFZFTH��K�%V����
X =  d3 cz
��h 21�3W3F| �0�z�z® Ð


