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Ê�ËÂÌuÍ Î�Ï_Ð�Ê�ÑuÎ�Ò�ÎUÑfÎUË°Ó�Î¤Ô�Õ�Ö�ÎU×PØ�Ô~ÎUÖ Ù´Ú ÔÜÛTÓ*Ó*ÎUÝuÝ'Ù�Ý�ÌfÍ°Î8Ò�Ú Ë°Ó�ÌfÙ�ÕLËÞÕLÒRÌfÍ Î¬×�ÛNßTÎ*Ñ+à®Ý�Ú á â@×�ÛNßLÎUÑ�Ó*Û"×�×�ÎUÖ£ÌfÍ°Î¬ã�ÎOÖ�Ù´Ú°ÔÜä�Ó*Ó*ÎUÝuÝ
å ÕTËTÌuÑfÕT×¯æYã�ä åRç ×�ÛNßLÎUÑUè¯ÐQÍzÛ"ÑuÙ´Ë é�Û~×�Ù´Ô~Ù´ÌfÎOÖ�Ó�ÕLÔ~Ô+Ú Ë Ù�Ó*Û¥ÌuÙ´ÕTË¬ázÛ"Ë°Ö�ê�Ù�ÖQÌuÍ�Î*ë8Ó�Ù�Î*ËEÌf×�ß¬ÛLÔ�ÕTË é�Û"×�×·Ë Õ�Ö�ÎOÝRÙ´Ë�ÌfÍ°Î�Ë Î�Ìcê¦ÕLÑuì�Ù�Ý
ÌuÍ Î�Ô�Û"Ù�Ë�ÕLá ícÎUÓ\ÌuÙ´îTÎ�Õ"Ò¯ê�Ù�ÑuÎ*×�ÎUÝuÝ�ã�ä å&ï ÑuÕ"ÌuÕQÓ*ÕL×�Ý*è�ä±ê�Ù´ÑuÎ*×�ÎUÝuÝ�ã�ä å&ï ÑuÕ"ÌuÕ�Ó�ÕL×�Ô�Ú°Ý�Ì�ÛTÖ Ö�ÑuÎUÝuÝRÌfÍ Î+Í Ù�Ö Ö�Î*Ë�ÌfÎ*ÑuÔ~Ù´ËzÛ"×`ÛLË°Ö
Î*ð ï ÕTÝfÎUÖ�ÌuÎ*ÑuÔ~Ù´Ë°ÛL× ï ÑuÕLá°×´ÎUÔñÙ�Ë�ÕLÑsÖ�Î*Ñ�ÌfÕ8Ô~Î*Î*Ì/Ù´ÌuÝ�Ô~ÛLÙ´Ë®ÕLá�ícÎOÓ\ÌfÙ�îLÎTèRò.Ù´ÑuÎ*×�ÎUÝuÝ�Ë Î*Ìcê©ÕTÑfì¬Ó*Û"Ë�á=Î�éTÎ*Ë ÎUÑuÛL×´×�ß¬Ó*×�ÛTÝfÝfÙ´ó°ÎUÖ�Ù�ËTÌuÕ
Ìcê¦Õ°ô�æcõ ç Ó�ÎUËTÌuÑuÛL×´Ù�ö*ÎOÖqØ�Û"Ë°Ö.æ@à ç Ö Ù�Ý�ÌfÑuÙ´á°Ú�ÌfÎOÖ÷Ë Î�Ìcê¦ÕLÑuì�Ý*è�Ê�ËÞÓ�ÎUËEÌfÑsÛ"×�Ù´öUÎUÖ.æ�Ù�Ë�Ò�ÑsÛLÝ�ÌfÑuÚ°Ó\ÌuÚ ÑuÎ ç ê�Ù�ÑfÎU×´ÎOÝfÝ�Ë Î�Ìcê¦ÕLÑuì�Ý*Ø0Û�Ó�ÎUËTÌuÑuÛL×
ÎUËTÌuÙlÌcßTØ¯ÕLÑ+á°ÛLÝfÎ¬Ý�ÌuÛ"ÌfÙ�ÕLËøæPù�Ð ç Ø¯ÛTÓ\ÌuÝ�ÛLÝ�Û"Ë?Ù´ËEÌfÎUÑ�ÒYÛTÓ�Î¬ázÎ*Ìcê©ÎUÎ*ËÂÌuÍ Î¬ê�Ù�ÑuÎ*×�ÎUÝuÝ+ÛLË°ÖÂÙ�Ë�Ò�ÑuÛTÝcÌuÑfÚzÓ\ÌfÚ°ÑfÎ¬ê�Ù´ÑuÎ*×�Ù´Ë°Î¤Ë Î*Ìcê©ÕTÑfì�Ý�ÛTÝ
ê¦Î*×�×¦ÛTÝ+ÛTÝfÝfÙ�éLË°Ý�ÌfÙ�Ô~Î�Ýf×´ÕLÌuÝ�æYÝfÙ´Ë°éL×�Î¬ÓsÍ°ÛLË Ë Î*× ï ÑuÕ"ÌuÕ�Ó�ÕL×�Ý ç ÕLÑ~ÓsÍ°Û"Ë°Ë Î*×�Ý¬æYÔ�Ú ×´ÌfÙ ï ×�Î�ÓsÍ°Û"Ë Ë°Î*× ï ÑfÕLÌfÕ�Ó�ÕT×�Ý ç ÛLÔ�ÕTË é�ÛL×´×¦Ë Õ�Ö�ÎOÝ
Ò�ÕTÑ�Î�ë8Ó*Ù´ÎUËTÌ�ÓsÍ°Û"Ë Ë°Î*×�Ú ÌfÙ�×´Ù�öUÛ"ÌfÙ�ÕLË�Õ"Ò�ÌuÍ Î�ê�Ù�ÑfÎU×´ÎOÝfÝ�Ë Î�Ìcê¦ÕLÑuìGè¦Ê�Ë�ÌuÍ Î+Ö Ù�Ý�ÌfÑuÙ´á°Ú�ÌfÎOÖÂæ�Ù�Ë�Ò�ÑuÛTÝcÌuÑfÚzÓ\ÌfÚ°ÑfÎ*â@×�ÎUÝuÝ ç ê�Ù�ÑuÎ*×�ÎUÝuÝ�Ë Î�Ìcê¦ÕLÑuìGØ
ÌuÍ Î*ÑuÎRÙ�Ý�Ë°Õ_Ó*Î*ËEÌfÑsÛ"×�ÛTÖ�Ô~Ù´Ë Ù�Ý�ÌfÑsÛ¥ÌfÙ�ÕLË~Û"ËzÖ+ÛL×´×�Ë Õ�Ö�ÎOÝ�Ù´Ë�ÌuÍ Î�Ë Î�Ìcê¦ÕLÑuì�ÛLÓsÍ°Ù´ÎUîLÎ¦Î�ë8Ó�Ù�Î*ËEÌhÓsÍ°ÛLË Ë Î*×QÚ�ÌuÙ´×�Ù�öUÛ¥ÌuÙ´ÕTË~Ù´Ë�Û_Ö�Ù�ÝcÌuÑfÙ�á Ú�ÌuÎUÖ
Ô�Û"Ë°Ë Î*ÑOè8úRÍ Î8ÝuÓ�Õ ï Î�Õ"Ò¦ÕLÚ Ñ ï Î*ÑfÒ�ÕLÑuÔ�Û"Ë°Ó*Î~Î*î¥Û"×�Ú°Û¥ÌuÙ´ÕTË®Ò�ÑsÛ"Ô~ÎUê©ÕTÑfì�Ù�Ý'Ù�Ë�ÌuÍ Î¤Ö�Ù�Ý�ÌfÑuÙ´á Ú ÌfÎUÖ£ê�Ù�ÑfÎU×´ÎOÝfÝ_Ë°Î�Ìcê¦ÕLÑuì=è�û�Õ¥ê©ÎUîLÎ*ÑOØ
ÌuÍ Ù�ÝRÙ�ÝRË ÕLÌ�Û�×�Ù´Ô~Ù´ÌuÛ"ÌfÙ�ÕLË�ÛLÝ¦ê©Î�Ò�Õ�Ó�ÚzÝRÕLË¬Ö Ù�Ý�ÌfÑuÙ´á°Ú�ÌfÎOÖ¬ê�Ù�ÑuÎ*×�ÎUÝuÝ©Ë°Î�Ìcê¦ÕLÑuì�á=ÎUÓUÛ"Ú°ÝfÎ_ÙlÌ�Ù�ÝRÔ~ÕLÑuÎ�ÓsÍ°ÛL×´×�Î*Ë°éLÙ�Ë é�Ö Ú Î�ÌfÕ�Û"á°ÝfÎ*ËzÓ�Î
ÕLÒ�Û~Ó�ÎUËEÌfÑsÛ"×qÛLÖ�Ô~Ù�Ë Ù�ÝcÌuÑuÛ"ÌfÙ�ÕLË·è
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ò£Î8Ö�Ù�îEÙ�Ö�Î�ÌuÍ Î¤Ö�Ù�Ý�ÌfÑuÙ´á Ú ÌfÎUÖ÷ê�Ù�ÑuÎ*×�ÎUÝuÝ_Ë Î�Ìcê¦ÕLÑuì�Ý_Ù´ËEÌfÕ�Ìcê¦Õ�Ó�×�ÛLÝuÝfÎUÝUô8æcõ ç ê�Ù´ÑuÎ*×�ÎUÝuÝ'ÛLÖ�Í°ÕQÓ~Ë°Î�Ìcê¦ÕLÑuìQÝUØ�ÛLË°Ö.æPà ç ê�Ù´ÑuÎ*×�ÎUÝuÝ
ÝfÎ*Ë°ÝfÕLÑRË Î*Ìcê©ÕTÑfì�ÝUè�úRÍ Î'Ó�ÕLÔ~Ô~ÕLË�ÕLá ícÎUÓ\ÌuÙ´îTÎUÝRÕLÒ0ã�ä åüï ÑuÕ"ÌfÕ�Ó*ÕL×�Ý¦Ö ÎUÝfÙ´éTË ÎUÖ¬Ò�ÕLÑ�ê�Ù�ÑuÎ*×�ÎUÝuÝ¦ÛTÖ�Í Õ�Ó_Û"Ë°Ö�ÝfÎ*Ë°ÝfÕLÑRË Î*Ìcê©ÕTÑfì�ÝRÛ"ÑuÎ
ÌuÕ�ÛTÓsÍ Ù´ÎUîLÎ+Î�ë8Ó�Ù�Î*ËEÌ'ÓsÍ°Û"Ë Ë°Î*×�Ú�ÌfÙ�×�Ù´öOÛ¥ÌfÙ�ÕLË£Û"Ë°Ö ï Õ¥ê¦Î*Ñ~æ�ÎUË Î*ÑuéLß ç Î�ë8Ó�Ù�Î*ËzÓ�ßLè'ò.Ù�ÑuÎ*×�ÎUÝuÝ�ÛTÖ�Í Õ�Ó+Ë Î�Ìcê¦ÕLÑuì¬Ù�Ý�ÑfÎOýEÚ Ù´ÑuÎUÖ®ê�Í Î*ÑuÎ
Û¬ó ð�ÎUÖ£Ó�ÕTÔ~Ô�Ú Ë Ù�Ó*Û"ÌfÙ�ÕLË�Ù´Ë�Ò�ÑsÛLÝ�ÌfÑuÚ°Ó�ÌfÚ ÑuÎLØ·ê�Ù�ÑuÎUÖ�ÕLÑ_ê�Ù´ÑuÎ*×�ÎUÝuÝUØ�Ö�ÕQÎUÝ�Ë ÕLÌ�Î�ð�Ù�Ý�Ì'ÕLÑ_Í°ÛTÝ_ázÎUÎ*Ë÷Ö�ÎUÝ�ÌfÑuÕ¥ßLÎOÖqè+úRÍ Î�éTÕTÛL×0ÕLÒhÌuÍ Î
Ë Î*Ìcê©ÕTÑfì�Ù�Ý¯ÌfÕ�ÛL×´×�Õ¥êþÛ_éTÑfÕTÚ ï Õ"Ò·Ó�ÕTÔ~Ô�Ú Ë Ù�Ó*Û"ÌfÙ�Ë é'Ë Õ�Ö�ÎOÝ�ÌfÕ�ÝfÎ�ÌuÚ ï Û"ËzÖ~Ô~ÛLÙ´ËEÌsÛ"Ù�Ë~Ó*ÕLË Ë°ÎUÓ\ÌuÙ´ÕTË8Û"Ô~ÕLË°é/ÌuÍ Î*Ô�ÝfÎ*×�îLÎOÝ¯ê�Ù´ÌfÍ ÕTÚ�Ì
ÌuÍ Î�Ý�Ú ï ï ÕTÑ�Ì�ÕLÒ0Û�á°ÛLÝfÎ_ÝcÌsÛ¥ÌfÙ�ÕLË�è�Ê�Ë¬ÑuÎUÓ*Î*ËEÌ�ßLÎUÛLÑuÝUØTÌfÍ Î�ÛTÖ�Í Õ�Ó�Ë Î�Ìcê¦ÕLÑuì�ÝhÍ°ÛNîTÎ_ázÎUÎ*Ë�îLÎ*Ñuß�Ú°ÝfÎ�Ò�Ú ×�Ù´Ë�Ó�ÕQÕLÑsÖ�Ù�Ë°Û¥ÌuÙ´ÕTË¤ÕLÒ0×�Û"ÑuéLÎ
ÝuÓ*ÛL×´Î/Î*Ô~Î*ÑuéLÎUË°Ó�Ù�ÎUÝUØEÓ*ÑfÙ�ÝfÙ�ÝhÑfÎOÝ ï ÕLË°ÝfÎLØEÔ~Ù´×�Ù´ÌuÛ"Ñuß�Û ï ï ×´Ù�Ó*Û"ÌfÙ�ÕLË°ÝUØEÛLË°Ö¤Ó*ÕLË�Ò�ÎUÑfÎUË°Ó�Î/Ô~Î*Î�ÌuÙ´Ë°éTÝUè�ã�ÎUÖ�Ù�Ú ÔÿÛLÓUÓ�ÎOÝfÝ©Ó�ÕLËEÌuÑfÕT×`æYã®ä åRç
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t0 t1=t0+d                      t2=t0+αr t3=t0+d+αr

RTS1,0-TS RTS1,0-RS RTS1,0-RERTS1,0-TEEvent:
Timeline

State of Node 1:

State of Node 0:

Tx

Idle

Tx WaitIdle

TxRxRx

Event History: RTS1,0-TS @ t0, RTS1,0-RS @ t1, RTS1,0-RS @ t2, RTS1,0-RE @ t3
State History: Node 1: { <Idle, _, t0>, <Tx, t0, t2>, <Wait, t2, _> }, Node 0: { <Idle, _, t1>,   
<Rx, t1, t3>, <Tx, t3, _> }, Node 2: { <Idle, _, t1>, <Rx, t1, t3>, <Defer, t3, _> }

Time relations: 1. t1=t0+d     2. t2=t0+αr 3. t3=t0+d+ αr

State of Node 2: Idle DeferRxRx
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Target event identification

Protocol performance objective function or expression

Target events

Wanted conditions,  Relations between wanted 
and unwanted transitions

Error generation algorithm 

Transition table F

�`Ù�éLÚ°ÑfÎ���ô�ù¦×�ÕQÓsì¬Ö�Ù�ÛLéLÑsÛ"Ô ÕLÒ0ÎUÑfÑuÕLÑ¦éLÎUË Î*ÑsÛ¥ÌuÙ´ÕTË¬Û"×�éLÕTÑfÙ´ÌfÍ°Ô�è
:



(d) Output of error generation algorithm

(b) Output of target event identification 

Target event:
Data-RE

BOCOLBOFT3S-RTS, S-CTSUnsuccessful DataU-Data

Pkt

S-RTS (Successful RTS)

Pkt

Precondition/
Unwanted condition

4

2

1

Weight

BOFT

BOCOL

BOFT

Wanted Condition
Transmitter    Receiver

DeferSilent drop of RTSD-RTS

BOFTUnsuccessful CTSU-CTS

BOCOLUnsuccessful RTSU-RTS

DescriptionWanted 
Transition

(a) Input to target event identification

Performance metric:
Throughput = α / β

(c) Wanted and unwanted transitions

Wanted transitions: Successful Data (S-Data, row 6), S-CTS (row 4), S-RTS (row 1)  

Unwanted transitions: U-RTS, U-CTS, U-Data, D-RTS
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0: <Idle, t1, t2>
He:
RTS-TS0,1@ t0,

SOI:
t1 < t2
t2 ≤ t0

PLs:
PLe:
0: <WCTS,t3,t4>

PLSOI:
t3 < t2
t4 ≤ t0
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×�ÕLË é¬ÛLÝ�ÌuÍ Î�Ù�Ô ï ×�Ù�ÓUÛ¥ÌfÙ�ÕLË ï ÑfÕ�Ó*ÎUÖ�Ú ÑuÎ�ÛTÖ Ö Ý�Ë°Î*êbÙ�Ë�Ò�ÕLÑuÔ�Û¥ÌfÙ�ÕLË�Ù�ËEÌfÕ¤ÌfÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ°è�Ê�Ô ï ×�Ù�ÓUÛ¥ÌuÙ´ÕTË�Õ"Ò¯Û"Ë®Î*ËEÌfÙ´Ìcß�Ô~ÛNß�ÛLÖ°Ö�Û"Ë
ÎUËTÌuÙlÌcßÞæYÎ*îTÎ*ËEÌUØ·Ý�ÌuÛ"ÌfÎLØGÌuÙ´Ô~Î~ÑuÎ*×�Û¥ÌfÙ�ÕLË ç Ù�ËTÌuÕ¤ÌuÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ8Ù´Ò©Ù´Ì_Ö ÕEÎOÝ�Ë Õ"Ì_Î�ð�Ù�ÝcÌ_Ù´Ë�ÌfÍ°Î�ÝuÓ�ÎUË°Û"ÑuÙ´Õzè'úRÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ8Ù�Ý ï ÑfÚ Ë°ÎUÖ
Ù´ÒRÌfÍ Î8Ë°Î*ê Î*ËEÌfÙ´Ìcß®ÌuÕ�ázÎ¬ÛLÖ Ö�ÎOÖ�ÌfÕ�ÌfÍ°Î¤ÝfÓ*Î*Ë°ÛLÑfÙ�Õ�Î�ð�Ù�ÝcÌsÝ'Ù´Ë÷ÌuÍ Î8Ó�ÕTÑfÑuÎUÝ ï ÕLË°Ö�Ù�Ë é ï ÑuÕLÍ Ù�á Ù´ÌfÎOÖ�×�Ù�ÝcÌ�ê�Ù´ÌfÍÞÓ*Î*ÑfÌuÛLÙ´ËEÌcß?æYÙPè ÎLè�Ø�ÙlÒ
ÌuÍ Î?� �  #��ÀL¨� �Óv')�,+, #"��! ï ÑfÕ�Ó�ÎOÖ�Ú ÑuÎ¤Ò�ÕTÑ�ÌfÍ°Û"Ì~ÎUËEÌfÙ´ÌcßÞÑfÎ*ÌfÚ ÑuË°Ý~Û �`Ø¯ÎOÝ[��ÌfÕÂÓsÍ ÎUÓsìÞÛLéTÛLÙ´Ë°Ý�Ì�ÌfÍ Î ï ÑuÕLÍ Ù�á Ù´ÌfÎOÖ?×�Ù�Ý�Ì ç èO�0Ù�éLÚ ÑuÎ
õ�> ï ÑuÎUÝfÎ*ËEÌuÝ�ÌfÍ Î~ÝuÓ�Î*ËzÛ"ÑuÙ´Õ8éTÎ*Ë ÎUÑuÛ"ÌfÙ�ÕLË�Ú°ÝfÙ�Ë é¬Ù�Ô ï ×�Ù�ÓUÛ¥ÌfÙ�ÕLËzÝ�Ù�Ë�Ö�Î*ÌuÛLÙ´×@è å ÕLË°ÝfÙ�Ö Î*Ñ�ÌuÍ Î�Î*ÑuÑfÕTÑ/Ö�ÎOÝfÓ*ÑfÙ ï ÌfÙ�ÕLËéð�Ç ï ÑfÎOÝ�ÎUËTÌuÎUÖ�Ù�Ë
�0Ù�éLÚ ÑuÎ~õ,> è�æYÛ ç ÌuÍ°Û¥Ì�Ö�ÎOÝfÓ*ÑfÙ�á=ÎUÝ¦ÌfÍ°Î_Ó*ÕL×�×´Ù�ÝfÙ´ÕTË¬ÕLÒ���ú�Ð&ÈBÎ É'Û"ËzÖS��ú�Ð#Ä0ÎúÇ�Û"ÌRË°ÕQÖ Î�õ_ÕLÒ�ÌfÕ ï ÕT×´ÕTéLß�Ê\è�ò£Î'ÝcÌsÛ"ÑfÌRáQß¤Ó*Õ ï ßQÙ´Ë°é�ÌuÍ Î
ÎUÑfÑuÕLÑ�Ö�ÎOÝfÓ*ÑfÙ ï ÌfÙ�ÕLË�ð�Ç/Ù�ËEÌfÕ"ÐLÄLØ�ÌuÍ Î'ÑfÕQÕLÌRÕLÒ�ÌuÍ Î�Ý�ÎOÛ"ÑsÓsÍ8ÌuÑfÎUÎ_ÛTÝ ï ÑuÎUÝfÎ*ËEÌfÎOÖ¤Ù�Ë�ÌfÍ Î_ó°éTÚ ÑuÎLè

Ê�Ô ï ×�Ù�ÓUÛ¥ÌuÙ´ÕTË®Õ"Ò�ÌuÍ Î�Î*îLÎUËEÌuÝ/Ù´Ë®ÌfÍ Î~ÝfÓ*Î*Ë°ÛLÑfÙ�Õ¤ÛTÖ Ö Ý�ÌfÍ Î~Ó�ÕTÑfÑuÎUÝ ï ÕTË°Ö�Ù�Ë é�ÌuÑuÛLË°Ý�Ô~Ù´Ì�â�ÝcÌsÛ"ÑfÌ+æYú�Ð ç ÎUîLÎUËTÌsÝ�Ù�ËEÌfÕ � � ØzÌuÙ´Ô~ÎUÑ
ÑuÎ*×�Û¥ÌuÙ´ÕTË°Ý¯Ù�ËEÌfÕ��
	��°Ø�ÛLË°Ö ï ÑuÕLÍ°Ù´á Ù´ÌfÎOÖ8ÎUËTÌuÑfÙ�ÎUÝ©Ù�ËTÌuÕ0
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ÝfÍ Õ¥ê&ÌfÍ Î'ÎUËTÌuÙlÌuÙ´ÎOÝ�ÌuÍ°Û¥Ì/ÛLÑfÎ'ÛTÖ Ö�ÎUÖ¬ÌuÕ�ÌfÍ Î�ÝuÓ�ÎUË°Û"ÑuÙ�Õ�æYÙPè ÎLè�Ø ÌuÍ Î�ÎUËTÌuÙlÌuÙ´ÎOÝ�ÌuÍ°Û¥Ì�ÛLÑfÎ'éTÎ*Ë ÎUÑuÛ"ÌfÎUÖ¬áQß¤Ù�Ô ï ×´Ù�Ó*Û"ÌfÙ�ÕLË·Øzá Ú�Ì/ÛLÑfÎ_Ë ÕLÌ
ÛTÖ Ö�ÎUÖ�ÌuÕ�ÌuÍ Î/ÝuÓ�ÎUË°Û"ÑuÙ´Õ�ÛLÑfÎ�Ë°Õ"Ì¦ÝfÍ Õ¥ê�Ë ç è��°ÕLÑ©Î�ð Û"Ô ï ×�ÎLØEÎ*îTÎ*ËEÌhÎ*ËEÌuÑfß2��ú�ÐEâm�|; È Î É Û"Ì � Ä Ù�ÝhÛ�Ý�Ú°ÓUÓ�ÎOÝfÝ�Ò�Ú ×=ÑfÎOÓ�Î ï ÌfÙ�ÕLË8Û¥Ì©Ë Õ�Ö�Î
7_Û"ËzÖ+áQßy{�Î*Ô~Ô�Û���Ø¥ÌuÍ Î*ÑuÎ�ÝfÍ ÕLÚ ×�Ö�ázÎ�Ë°Õ�ÕLÌfÍ ÎUÑ�ÑfÎOÓ�Î ï ÌfÙ�ÕLË~Î*îTÎ*ËEÌ�ÌfÍ°Û"Ì¯Ë Õ�Ö�Î	7_Ó*ÛLË ï Õ"ÌuÎ*ËEÌfÙ�Û"×�×�ß�Í ÎUÛLÑ�æ�ÕTÑ�Õ¥îLÎ*ÑuÍ ÎOÛ"Ñ ç Ö�Ú°ÑfÙ�Ë é
ÌuÍ Î+ÝfÚ°Ó*Ó*ÎUÝuÝcÒ�Ú°×·ÑfÎOÓ�Î ï ÌfÙ�ÕLË�Ù�ËEÌfÎ*Ñuî¥Û"×n
 � Ç Ø � Ä �@è�ÐQÙ�Ë°Ó�Î+Ë Õ�Ö�Îy7�ÍzÛLÝ�ÕTË ×´ß�ÕLË°Î�Ë Î*Ù�éLÍQá=ÕLÑ�æYË Õ�Ö�Î+à ç ØzÌfÍ Î'Ìcê¦Õ8ÎUîLÎ*ËEÌsÝ�Û"ÑuÎ�ÛLÖ Ö ÎUÖ
Ù�Ë8ÌuÍ Î ï ÑfÕTÍ Ù´á°ÙlÌuÎUÖ8×�Ù�ÝcÌRÙ´Ë��0Ù´éTÚ ÑfÎ+õ,>°è�æYá ç è�ò.Í ÎUË Î*îTÎ*ÑRÛ"Ë8ÎUËEÌfÑuß�Ù�Ý¦ÛLÖ Ö ÎUÖ�ÌuÕ�ÌuÍ Î ï ÑfÕTÍ Ù�á ÙlÌuÎUÖ¤×´Ù�ÝcÌOØQÕLÚ Ñ ï ÑuÕQÓ*ÎUÖ�Ú°ÑfÎ�ÓsÍ ÎUÓsì�Ý©ÙlÒ
ÌuÍ Î�ÎUËTÌuÑfß+Î�ð�Ù�ÝcÌ¦Ù´Ë~ÌuÍ Î�Í Ù�Ý�ÌfÕLÑuß¬æ�� � Û"Ë°Ö�� � ç è�ÊdÒ=ÌuÍ Î ï ÑfÕTÍ Ù´á°ÙlÌuÎUÖ~Î*ËEÌuÑfß�Î�ð�Ù�ÝcÌsÝ¯Ù�Ë�ÌfÍ Î�Í Ù�Ý�ÌfÕTÑfßTØLÌuÍ Î�ÝuÓ�ÎUË°Û"ÑuÙ´Õ'Ù�Ý ï ÑfÚ Ë°ÎUÖqè�Ê�Ë
ÌuÍ Ù�Ý�Î�ð Û"Ô ï ×�ÎLØ ÌfÍ Î ï ÑfÕTÍ Ù´á°ÙlÌuÎUÖ�Î*ËEÌfÑuÙ�ÎUÝ�Ö�Õ¤Ë Õ"Ì�Î*ðQÙ�Ý�Ì�Ù´Ë�ÌuÍ Î�Í Ù�ÝcÌuÕLÑußLèn��Õ¥ê'Ø ÎUîLÎ*ËEÌsÝ	��ú�ÐEâm�/Ð&ÈBÎ É�Û¥Ì � Ç_Û"Ë°Ö¯��ú�ÐEâo��Ð#Ä0ÎúÇ_Û"Ì
� È'éTÎ*Ë ÎUÑuÛ"ÌfÎ���ú�ÐEâ�ú�Ð&ÈBÎ É�Û"Ì � É�Û"ËzÖ���ú�ÐEâ�ú�Ð#Ä1ÎúÇ'Û¥Ì � )�ÑuÎUÝ ï ÎUÓ\ÌuÙ´îTÎ*×�ß¤Ú°ÝfÙ�Ë é�Ù´Ô ï ×�Ù�Ó*Û¥ÌuÙ´ÕTË�ÑfÚ°×´Î�õTèn�0Ù�éLÚ ÑuÎ�õ,>°è�æPÓ ç ÛLË°Ö£õ,> è�æ�Î ç
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õ��



Input to test generation

Node 1 in BOFT

Node 1 in Defer Node 0 in BOCOL

Node 0 in BOFT

Node 0 in Defer
Node 1 in BOCOL

U-RTS U-Data

U-RTS U-Data
RTS0,1
collision
with RTS2,3
at node 1

RTS0,1
collision
with CTS2,3
at node 1

RTS0,1
collision
with Data2,3
at node 1

..

..
..

.. ..

..

..

Hs:
1: <BOCOL, t2, _>

He:
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2

SOI:
t1 = t0 – αr
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
PLs:
PLe:
PLSOI:

E1

Hs:
1: <BOCOL, t2, _>

He:
CTS-RE2,3@ t0,
CTS-RS2,3 @ t1,
RTS-RS0,1 @ t2

SOI:
t1 = t0 – αr
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0

PLs:
PLe:
PLSOI:

E2

Hs:
1: <BOCOL, t2, _>

He:
Data-RE2,3@ t0,
Data-RS2,3 @ t1,
RTS-RS0,1 @ t2

SOI:
t1 = t0 – αr
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
PLs:
PLe:
PLSOI:

E3

�0Ù´éTÚ ÑfÎrM°ô å ÕTË°Ý�ÌfÑuÚ°Ó\ÌuÙ´Ë é~Ù�Ë Ù´ÌfÙ�Û"× ï ÛLÑ�ÌuÙ�ÛL×·ÝfÓ*Î*Ë°ÛLÑfÙ�Õ°è

Hs:
1: <BOCOL, t2, _>
He:
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2

SOI:
t1 = t0 – αr
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0

PLs:
PLe:
PLSOI:

T0

a) Tree node T0: Error description E1

Hs:
1: <BOCOL, t2, _>
He: 
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2
RTS-TS2,3 @ t3,
RTS-TS0,1 @ t4

SOI: 
t1 = t0 – αc
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
t3 = t1 – d
t4 = t2 – d

PLs:
PLe:
CTS-RS2,3 @ τ0
CTS-RE2,3 @ τ1
PLSOI:
t1 ≤ τ 0 ≤ t0
t1 ≤ τ 1 ≤ t0

T0

c) Tree node T0 after round 1 implication

RTS-RE2,3 @ t0 PLe:CTS-RS2,3 @ τ0, CTS-RE2,3 @ τ1
PLSOI: t1 ≤ τ 0 ≤ t0, t1 ≤ τ 1 ≤ t0

RTS-RS2,3 @ t1 He: RTS-TS2,3 @ t3, SOI: t3 = t1 – d

RTS-RS0,1 @ t2 He: RTS-TS0,1 @ t4, SOI: t4 = t2 – d

b) Specifying scenario in a) using implication

RTS-TS2,3 @ t3 He: RTS-TE2,3 @ t5, 
Hs: 2: <Tx, t3, _>,
SOI: t5 = t3 + αr

RTS-TS0,1 @ t4

d) Specifying scenario in c) using implication

He: RTS-TE0,1 @ t6, 
Hs: 0: <Tx, t4, _>,
SOI: t6 = t4 + αr

Hs:
1: <BOCOL, t2, _>
2: <Tx, t3, _>
0: <Tx, t4, _>
He: 
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2
RTS-TS2,3 @ t3,
RTS-TS0,1 @ t4,
RTS-TE2,3 @ t5,
RTS-TE0,1 @ t6

SOI: 
t1 = t0 – αc
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
t3 = t1 – d
t4 = t2 – d
t5 = t3 + αr
t6 = t4 + αr

PLs:
PLe:
CTS-RS2,3 @ τ0
CTS-RE2,3 @ τ1
PLSOI:
t1 ≤ τ 0 ≤ t0
t1 ≤ τ 1 ≤ t0

T0

e) Tree node T0 after round 2 implication

�0Ù´éTÚ ÑfÎ~õ�> ô¯Ð�Ó�ÎUË°Û"ÑuÙ�Õ+éTÎ*Ë ÎUÑuÛ"ÌfÙ�ÕLË¤ÚzÝ�Ù�Ë é~Î*ÑuÑfÕTÑ�ÝfÓ*Î*Ë°ÛLÑfÙ�Õçð�ÇNè
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He: 
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2
RTS-TS2,3 @ t3,
RTS-TS0,1 @ t4,
RTS-TE2,3 @ t5,
RTS-TE0,1 @ t6
WCTST-TS2 @ t5,
WCTST-TS0@ t6

SOI: 
t1 = t0 – αc
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
t3 = t1 – d
t4 = t2 – d
t5 = t3 + αr
t6 = t4 + αr

PLs:
PLe:
CTS-RS2,3 @ τ0
CTS-RE2,3 @ τ1
PLSOI:
t1 ≤ τ 0 ≤ t0
t1 ≤ τ 1 ≤ t0

T0 Hs:
1: <BOCOL, t2, _>
2: <Tx, t3, t5>
0: <Tx, t4, t6>
2: <WCTS, t5, _>
0: <WCTS, t6, _>
1: <Rx, t1, t2>

�`Ù�éLÚ°ÑfÎ~õLõTô�úRÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ"ð�Ç�Û¥Ò�ÌuÎ*Ñ	7~ÑuÕLÚ Ë°Ö°Ý©ÕLÒ0Ù�Ô ï ×�Ù�ÓUÛ¥ÌfÙ�ÕLËzÝ*è
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Ù�Ë�Ò�ÕLÑuÔ�Û¥ÌuÙ´ÕTË�Ù�Ý�éLÎ*Ë°Î*ÑsÛ¥ÌfÎOÖ�áEß�ÌuÍ Î�Ù�Ô ï ×´Ù�Ó*Û"ÌfÙ�ÕLË ï ÑuÕ�Ó�ÎOÖ�Ú ÑuÎLè�úRÍ Î*ÑuÎ�Ò�ÕTÑfÎTØ°ê¦Î�Î*ËQÚ Ô~ÎUÑuÛ"ÌfÎ'ÌuÍ Î�ÌuÑfÎUÎ�Ë Õ�Ö�ÎåÐ Ä Û"Ì�ÌfÍ°Ù�Ý ï ÕTÙ´ËEÌOè
��Õ"ÌfÎ+ÌfÍzÛ¥Ì�ÌfÍ Î~Î*ËQÚ Ô~ÎUÑuÛ"ÌfÙ�ÕLË ï ÑuÕ�Ó�ÎOÖ�Ú ÑuÎ�ÑuÎ�ÌfÚ°ÑfË°Ý�Û"×�×�ÓsÍ Ù�×�Ö®Ë Õ�Ö�ÎUÝ�Õ"Ò�Ð ø ØqÍ Õ¥ê¦Î*îTÎ*ÑOØzê¦Î~Ó�ÕLËEÌuÙ´ËQÚ Î+ê�ÙlÌuÍ�ÕTË Î+á°ÑuÛLË°ÓsÍ®Û¥Ì_Û
ÌuÙ´Ô~Î�ÌfÕ ï ÎUÑ�Ò�ÕTÑfÔ Û6����Ð¬Ý�ÎOÛ"ÑsÓsÍ·è�ú`ÛLá ×´Î�: ï ÑfÎOÝ�ÎUËTÌsÝ¯ÌuÍ Î¦ícÚ°Ý�ÌfÙ´ózÓ*Û"ÌfÙ�ÕLË¬Ý�ÌuÛ"ÌfÚ°Ý¦ÕLÒ�Î*îTÎ*ËEÌ¦Í°Ù�Ý�ÌfÕTÑfß~Õ"Ò�ÌfÍ Î_ÝfÓ*Î*Ë°ÛLÑfÙ�Õ ï ÑfÎOÝ�ÎUËTÌuÎUÖ
Ù�Ë¬�0Ù�éLÚ ÑuÎ¬õTõLè'úRÍ Î~Ó�ÕT×´Ú Ô~Ë£Ö�Î*Ë ÕLÌfÎOÖ�áQß � (�+,$N- * %
 1~� #�! #���,(�% ï ÑuÎUÝfÎ*ËEÌuÝ�ÌfÍ Î�ËQÚ Ô�á=Î*Ñ_ÕLÒ ï ÑuÎUÖ�ÎOÓ�ÎUÝuÝfÕLÑsÝ�Õ"ÒhÌfÍ Î�Î*îTÎ*ËEÌ_ÛTÝ
Ö�ÎUÑfÙ�îLÎOÖ�Ò�ÑuÕLÔ�ÌfÍ Î~ÌuÑuÛLË°ÝfÙlÌuÙ´ÕTË�ÌsÛ"á ×�Î~Ù´ËÞú0Û"á°×´Î28°è¬úRÍ Î8Ó�ÕT×´Ú Ô~ËÂÖ�ÎUË Õ"ÌuÎUÖ£áQß¬� �  #��ÀL¨� �Óv'��9+� 1"��! ï ÑuÎUÝfÎ*ËEÌuÝ�ÌuÍ Î�Î�ð�Ù�ÝcÌuÎ*Ë°Ó*Î
Ý�ÌuÛ"ÌfÚ°Ý�Õ"Ò0ÌfÍ Î ï ÑfÎOÖ�ÎUÓ*ÎUÝuÝ�ÕTÑ�Õ"Ò�ÌfÍ Î�Î*îLÎUËEÌ�ÛLÝ�ÑuÎ�ÌuÚ ÑuË ÎUÖ�áQß8ÌuÍ Î�� �  1��ÀL¨^ 'Óv'��9+� #"x�0 ï ÑfÕ�Ó�ÎOÖ�Ú ÑuÎLèn� ÕLÑ�Î�ð Û"Ô ï ×�ÎLØ4�0ú�ÐQâm�	;FÈBÎ É
Û"Ì � Ä8Í°ÛTÝ�ÕLË°×´ß£ÕLË Î ï ÑfÎOÖ�ÎUÓ*ÎUÝuÝ�ÕTÑ8æ)��ú�ÐEâo��Ð&È0Î É¬Û¥Ì � Ç ç ÌfÍ°Û"Ì+Î*ðQÙ�Ý�ÌuÝ'Ù�ËÂÌfÍ°Î¤ÝfÓ*Î*Ë°ÛLÑfÙ�Õ°Ø0Û"Ë°Ö÷Í°Î*Ë°Ó*Î8ÙlÌ�Ù�Ý�ícÚ°Ý�ÌfÙ´ó°ÎUÖqè5;hîLÎUËTÌsÝ
��ú�ÐEâ�ú�Ð&ÈBÎ É�Û"Ì � É�ÛLË°Ö?��ú�ÐEâ�ú�Ð#Ä!ÎbÇ'Û"Ì � )�Û"ÑuÎ'Ú Ë¥ícÚzÝcÌuÙló°ÎOÖ?æ�ö�(�-�~ÂÙ�Ë��0Ù´éTÚ ÑfÎ�õTõ ç ÛTÝ�Ë ÕTË Î�ÕLÒ0ÌuÍ Î*Ù�Ñ ï ÑfÎOÖ�ÎUÓ*ÎUÝuÝ�ÕTÑuÝRÎ*ðQÙ�Ý�ÌuÝ�Ù�Ë
ÌuÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ°è
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^YUJ]7��^�� � � 2 T,NIT�k � l F`L m� *L�NSQ �kF`C
^YUJ]7��^J] � � 2 T,NIT ø � l F`L m� *L�NSQ �kF`C
^YUJ]7��^J] k � ø T,NIT � � l F`L m� *L�NSQ �kF`C
^YUJ]7�DUf] � � 2 T,NIT 2 ª �fI Þ�M>no bL�N�Q �kF`C
^YUJ]7�DUf] k � ø T,NIT 8 ª �fI Þ�M>no bL�N�Q �kF`C
^YUJ]7�DU#� � � 2 T,N#TCp � l F`L m� *L�NSQ �kF`C
^YUJ]7�DU#� k � ø T,N#T�q � l F`L m� *L�NSQ �kF`C
c�deUJ]KU#��UJ] � T,NIT p � l F`L m� *L�NSQ �kF`C
c�deUJ]KU#��U�� � T,NIT�q � l F`L m� *L�NSQ �kF`C

��Õ"ÌfÎ�Ò�ÑfÕTÔ ÌuÍ Î�ÌuÑuÛLË°ÝfÙlÌuÙ´ÕTË�ÌuÛ"á°×´Î�æYú0Û"á ×�Î�8 ç ÌfÍ°Û"Ì�ÛLË5�0ú�ÐQâdú�Ð�ÍzÛLÝ�Ìcê¦Õ ï ÑuÎUÖ ÎUÓ�ÎOÝfÝfÕLÑsÝUô ï ÑuÎUÖ�ÎOÓ�ÎUÝuÝfÕLÑ�Ù�Ë�ÑuÕ¥ê³õ+ÑfÎ ï ÑfÎOÝ�ÎUËEÌuÝ
Û8ÌfÑsÛ"Ë°ÝfÔ~Ù�ÝuÝ�Ù�ÕLË�ÕLÒ���ú�Ð�ê�Í Î*Ë�ÌfÍ Î�Ë Õ�Ö�Î�ÑuÎUÓ*Î*Ù�îLÎOÝ�Û ï ÛTÓsìLÎ*Ì�Ò�ÑuÕLÔ Í Ù´éTÍ Î*Ñ�×�ÛNßLÎ*ÑOØzÛLË°Ö ï ÑuÎUÖ ÎUÓ�ÎOÝfÝfÕLÑ�Ù´Ë�ÑuÕ¥ê�õLõ+ÑfÎ ï ÑfÎOÝ�ÎUËEÌuÝ
Û�ÑuÎ�ÌuÑuÛLË°ÝfÔ�Ù�ÝuÝ�Ù�ÕLË£Õ"Ò	��ú�ÐGè¢;hÛLÓsÍQ��ú�ÐEâ�ú�Ð÷Î*îTÎ*ËEÌ�Ù�ËÂÌfÍ Î¬ÝfÓ*Î*Ë°ÛLÑfÙ�Õ ÐLÄ8Í°ÛLÝ�Ìcê©Õ ï ÑfÎOÖ�ÎUÓ*ÎUÝuÝ�ÕTÑuÝUØ`Ó*ÑfÕEÝfÝ ï ÑfÕ�Ö�Ú°Ó�Ì�Õ"Ò�ê�Í Ù�ÓsÍ
ÑuÎUÝfÚ ×´ÌuÝ�Ù�Ë¯8~ÓsÍ°Ù´×�Ö�Ë Õ�Ö�ÎUÝUôsÐLÄ@Ç¥ØAÐLÄ�ÈLØ�ÐLÄ^É¥ØzÛLË°Ö Ð4Ä3)�ÝfÍ Õ¥ê�Ë¬Ù�Ë?�0Ù´éTÚ ÑfÎ�õNà�è�æ�á ç è å ÕLËzÝ�Ù�Ö�Î*ÑRÌuÍ Î_ÌfÑuÎ*Î'Ë°ÕQÖ Î�Ð4Ä�Ç/Ù�Ë¯�0Ù�éLÚ ÑuÎ�õ,7°è
úRÍ Î�Ë Õ�Ö�Î~Ù�Ý�Û¤Ò�Ú ×�×´ß�Ý ï ÎUÓ*Ùló°ÎOÖ�ÝuÓ�ÎUË°Û"ÑuÙ�Õ¬ÛLÝ�Û"×�×�Î*ËEÌuÙlÌuÙ´ÎOÝ/Ù�Ë�ÌfÍ Î�ÝuÓ�Î*ËzÛ"ÑuÙ´Õ¤ÛLÑfÎ/ícÚ°Ý�ÌfÙ´ó°ÎUÖ·Ø�Û"Ë°Ö®Í Î*ËzÓ�Î~ÙlÌ'Ù�Ý_Û¤×�ÎUÛ"ÒhË Õ�Ö�ÎLè�ä
×�ÎUÛ"Ò0Ë Õ�Ö�Î ï ÑuÎUÝfÎ*ËEÌsÝ�Û�ÌuÎUÝ�Ì�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ+ÌfÍ°Û"Ì�×´ÎOÛLÖ Ý¦ÌuÕ+ÌuÍ Î_ÌuÛLÑféTÎ�Ì�Î*ÑuÑuÕLÑ�Ö�ÎUÝuÓ�ÑuÙ ï ÌfÙ�ÕLË·è

�0Ù´éTÚ ÑuÎ�õ98 ï ÑfÎOÝ�ÎUËTÌsÝqÌuÍ Î¯ÌuÙ´Ô~Ù�Ë é/Ö�Ù�Û"éTÑuÛLÔ&ÕLÒQÌfÍ ÎRÛ"á=Õ¥îLÎ¯ÝuÓ�ÎUË°Û"ÑuÙ´Õzè�úRÍ Î�ÌuÙ´Ô~Ù�Ë é_Ö�Ù�ÛLéLÑsÛ"Ô&Í°ÛLÝ�ázÎUÎ*Ë�Ô�Û"ËQÚ°ÛL×´×�ß�ÑfÎOÓ�ÑuÎUÛ¥ÌuÎUÖ
Ú°ÝfÙ�Ë é�ÌuÍ Î_ÐzÏ/Ê¯Õ"Ò·ÌuÍ Î/ÌfÎUÝ�Ì�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ ï ÑuÎUÝfÎ*ËEÌfÎOÖ�Ù�ËS�0Ù´éTÚ ÑuÎ�õ,7°è���Õ"ÌuÎ�ÌuÍ°Û¥ÌRÚ°ÝfÙ´Ë é�ÌfÍ Ù�Ý©ÌfÙ�Ô~Ù´Ë é~Ö�Ù�Û"éTÑuÛLÔ³ê¦Î�ÓUÛ"Ë8ÑuÎ*éTÎ*Ë ÎUÑuÛ"ÌfÎ
ÌuÍ Î�ÌuÎUÝ�Ì_ÝuÓ�ÎUË°Û"ÑuÙ´Õ~ÌuÍ°Û¥Ì�×´ÎOÛLÖ Ý�ÌfÕ8ÌfÍ Î+ÌuÛLÑféTÎ�Ì�ÎUÑfÑuÕLÑ�ÛLË°Ö�ÝfÙ´Ô+Ú ×�Û¥ÌfÎ�ÌfÍ Î�ÝfÓ*Î*Ë°ÛLÑfÙ�Õ8Ù�Ë®Û8Ë Î*Ìcê©ÕTÑfì�Ý�Ù�Ô�Ú°×�Û"ÌfÕLÑOØ°ÎTè ézè´ØGË°Ý�âcà?
 à0���dè
ò£Î8Ú°ÝfÎ¬Ð°Ï/Ê_Õ"Ò	$.-�-Rî¥Û"×�Ù�ÖÂÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ�ÌfÕ®Ó*ÕLÔ ï ÛLÑfÎ~ÌuÍ Î�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì�ÑuÎUÖ�Ú°Ó�ÌfÙ�ÕLËÂÕLÒ¦ÌuÍ Î¤ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*Ø0Û"Ë°Ö£ÌuÍ Î*ËÂÕTÚ�Ì ï Ú�Ì�ÌuÍ Î
ÝuÓ�ÎUË°Û"ÑuÙ´Õ�ÌfÍ°Û"Ì¦×�ÎUÛTÖ Ý¯ÌuÕ�ÌuÍ Î�ê©ÕTÑuÝ�ÌhÌuÍ ÑfÕTÚ éLÍ ï Ú�ÌUè�úRÍQÚ°Ý©éLÎUË Î*ÑsÛ¥ÌuÙ´Ë é�ÌfÍ Î�ê©ÕTÑuÝ�Ì¦ÝuÓ�ÎUË°Û"ÑuÙ�Õ�Ù�Ý¦Ú Ë°ÑfÎOÛ"×�Ù�Ý�ÌfÙ�Ó�ÛTÝhÙ´Ì¦ÑuÎUýEÚ Ù�ÑuÎUÝ©Ú°Ý¯ÌuÕ
Î*ðQÍzÛ"Ú°Ý�ÌfÙ�îLÎU×´ß~Î�ð ï ×�ÕLÑuÎ�ÌuÍ Î_Ó�ÕLÔ ï ×�Î�ÌuÎ�ÝfÎUÛLÑuÓsÍ8Ý ï ÛTÓ�ÎLè¯ÐQÎOÓ\ÌuÙ´ÕTËS��è 8°è à ï ÑuÎUÝfÎ*ËEÌsÝ¯ÌuÍ Î/Î*ð�ÎUÓ�Ú ÌfÙ�ÕLË¤ÕLÒ`Û"Ë¬Û ï ï ÑuÕTÛTÓsÍ~Ò�ÕLÑ©ÌfÍ Î'ÝuÛ"Ô~Î
Î*ð�ÛLÔ ï ×´Î_Ú°ÝfÙ�Ë é~Í Î*Ú ÑuÙ�ÝcÌuÙ�ÓUÝ*è

õ,M



RTS-TS0,1 @ t4

Pkt0,1 @ t4,
0: <Idle, _, t4>
0: <Tx, t4, _>

BOTE0 @ t4,
0: <BO, _, t4>
0: <Tx, t4, _>

RTS-TS2,3 @ t3

Pkt2,3 @ t3,
2: <Idle, _, t3>
2: <Tx, t3, _>

BOTE2 @ t3,
2: <BO, _, t3>
2: <Tx, t3, _>

T0

T01: Adds to T0:

Pkt2,3 @ t3, 
Pkt0,1 @ t4, 
2: <Idle, _, t3> 
2: <Tx, t3, _> 
0: <Idle, _, t4> 
0: <Tx, t4, _> 

T03: Adds to T0:

Pkt2,3 @ t3,
BOTE0 @ t4,
2: <Idle, _, t3>
2: <Tx, t3, _>
0: <BO, _, t4>
0: <Tx, t4, _>

T02: Adds to T0:

BOTE2 @ t3,
Pkt0,1 @ t4,
2: <BOFT, _, t3>
2: <Tx, t3, _>
0: <Idle, _, t4>
0: <Tx, t4, _>

T04: Adds to T0:

BOTE2 @ t3,
BOTE0 @ t4,
2: <BO, _, t3>
2: <Tx, t3, _>
0: <BO, _, t4>
0: <Tx, t4, _>

a) Predecessors of unjustified entities of tree node T0

b) Enumeration of T0 creates 4 branches rooted at T0
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He: 
RTS-RE2,3@ t0,
RTS-RS2,3 @ t1,
RTS-RS0,1 @ t2
RTS-TS2,3 @ t3,
RTS-TS0,1 @ t4,
RTS-TE2,3 @ t5,
RTS-TE0,1 @ t6
WCTST-TS2 @ t5,
WCTST-TS0@ t6
Pkt2,3 @ t3, 
Pkt0,1 @ t4,

SOI: 
t1 = t0 – αc
d < αr
αr< αc
t1 ≤ t2
t2 ≤ t0
t3 = t1 – d
t4 = t2 – d
t5 = t3 + αr
t6 = t5 + αr

PLs:
PLe:
CTS-RS2,3 @ τ0
CTS-RE2,3 @ τ1
PLSOI:
t1 ≤ τ 0 ≤ t0
t1 ≤ τ 1 ≤ t0

T01 Hs:
1: <BOCOL, t2, _>
2: <Tx, t3, t5>
0: <Tx, t4, t6>
2: <WCTS, t5, _>
0: <WCTS, t6, _>
1: <Rx, t1, t2>
2: <Idle, _, t3> 
0: <Idle, _, t4> 
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t4 t2 t6

RTS-TS0,1 RTS-RS0,1
RTS-TE0,1

t3 t1 t5 t0

RTS-TS2,3 RTS-RS2,3
RTS-TE2,3

RTS-RE2,3
CTS-TS2,3

WCTS-TS1

WCTS-TS2Pkt2,3

Pkt0,1

Time
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Input to test generation

Node 1 in Defer

Hs:
1: <Defer, t0, t1>

He:
RTS-RE2,3@ t0,

SOI:
t1 = t0 + θr

PLs:
PLe:
PLSOI:

Eh
1

Apply Heuristic 1 r Defer
Apply Heuristic 3 r Node 1

Node 1 in Defer

Defer on RTS2,3 Defer on CTS2,3

Defer on RTS2,3

Apply Heuristic 8 r on RTS2,3

Input to test generation

Node 1
in BOFT Node 1 

in Defer

Node 0 
in BOCOL

Node 0 
in BOFT

Node 0 
in Defer

Node 1 
in BOCOL

(a) Choices from the input

(b) Choices from Defer (c) Error scenario using heuristics
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Hs:
1: <Defer, t0, t1>

He:
RTS-RE2,3@ t0,
RTS-RS2,3@ t2,
DeferT-TS1@ t0,
DeferT-TE1@ t1,
RTS-RS0,1@ t3,
RTS-TE2,3@ t4,
RTS-TS2,3@ t5,
RTS-TS0,1@ t6,
RTS-TE0,1@ t7,
Pkt2,3@ t5,
Pkt0,1@ t6,

SOI:
t1 = t0 + θr
t2 = t0 - αr
t0 < t3
t3 < t1
t4 = t0 - d
t5 = t4 - αr
t6 = t3 - αr
t7 = t6 + d

PLs:
PLe:
PLSOI:

Hs:
1: <Defer, t0, t1>

He:
RTS-RE2,3@ t0,

SOI:
t1 = t0 + θr

PLs:
PLe:
PLSOI:

Th
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(a) Tree root node

Th
01

(b) First valid scenario reported as an output scenario
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(c) Topology: G0 = {1,2,4}, G1 = {0,6,8},…,G9 = {5,8}

(b) Output of error generation algorithm

(d) Input error scenario

Hs: 0: <Defer, t0, t1>
1: <BOFT, t2, t3>

He:

SOI: t0 < t1 ,
t2 < t3

PLs:
PLe:
PLSOI:

(a) Input to error 
generation algorithm

Target event:
Data-RE
ACK-RE

Pkt

S-RTS, S-CTS, S-Data

S-RTS, S-CTS

S-RTS (Successful RTS)

Pkt

Precondition/
Unwanted condition

5

4

3

2

1

Weight

BOFT

BOFT

BOCOL

BOFT

Wanted Condition
Transmitter    Receiver

BOCOLUnsuccessful ACKU-ACK

DeferSilent drop of RTSD-RTS

BOCOLUnsuccessful DataU-Data

BOFTUnsuccessful CTSU-CTS

BOCOLUnsuccessful RTSU-RTS

DescriptionWanted 
Transition
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(b) Worst case scenario leading to zero 
throughput of the whole network
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(d) Worst case scenario leading to most 
energy waste of the whole network 

0 1

2

3

4

5

6

7

8

9

ACK3,7

ACK0,1

ACK5,9

Defer Defer

Defer Defer

(c)Worst case scenario leading to 
most unfairness of the whole network. 
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(a) Worst case scenario leading 
to zero throughput at link 0-1
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ÌfÕ_ÌuÍ Î�Ô�Û¥ð�Ù�Ô�Ú Ô³Ú Ë�ÒYÛLÙ´ÑuË ÎUÝuÝ¯Ù�Ë~ÌfÍ°Î�Ë Î�Ìcê¦ÕLÑuìGè`úRÍ Î/Û"×�éLÕLÑuÙ´ÌfÍ Ô Û ï ï ×�Ù�ÎUÝhû���ÌfÕ�Ô�Û"ðQÙ�Ô~Ù´öUÎ�ÌfÍ°Î�ËQÚ Ô�á=Î*Ñ©Õ"ÒGéTÛ"Ù�Ë ÎUÑuÝ�Ù�Ë
ÌfÍ Î�Ë Î�Ìcê¦ÕLÑuì8ê�Í Ù�×´Î�Ô~Û"ð�Ù´Ô~Ù�ö*Ù�Ë é~ÌfÍ Î+ËQÚ Ô�á=Î*Ñ�ÕLÒ�îEÙ�Ó\ÌuÙ´Ô�Ý�Ù´Ë�ÌuÍ Î�Ë Î*Ìcê©ÕTÑfì8áQß�ÓsÍ ÕQÕTÝfÙ´Ë°é+ÌuÍ Î�éEÛ"Ù�Ë Î*ÑsÝ�æ�ÌuÑuÛLË°ÝfÔ�Ù´Ì�ÌuÎ*Ñfâ
ÑfÎOÓ�ÎUÙ´îTÎ*Ñ ï ÛLÙ´ÑsÝ ç ê�Ù´ÌfÍ?Ë°Õ�Õ¥îTÎ*Ñu×�Û ï á=Î�Ìcê¦Î*ÎUËÞÌuÍ Î*Ù�Ñ�ÌuÑuÛLË°ÝfÔ�Ù�ÝuÝ�Ù�ÕLËÂÑsÛ"Ë éTÎUÝ¬æYÝfÚ°ÓsÍÞÌuÍ°Û¥Ì�ÌfÍ Î¤ÌfÑsÛ"Ë°ÝfÔ~Ù�ÝuÝfÙ´ÕTË°Ý'Ò�ÑuÕLÔ ÌuÍ Î
éTÛLÙ´Ë ÎUÑuÝ'Ö Õ�Ë Õ"Ì~Ö�Ù�Ý�ÑuÚ ï Ì�ÕTË Î¤ÛLË Õ"ÌuÍ Î*Ñ ç Û"ËzÖÂÓsÍ ÕQÕTÝfÙ´Ë é�ÌuÍ Î¤îQÙ�Ó\ÌuÙ´Ô�Ý�ê�Ù´ÌfÍ°Ù´ËÂÌuÍ Î¤Õ¥îTÎ*Ñu×�Û ï ï Ù�Ë é�ÌfÑsÛ"Ë°ÝfÔ~Ù�ÝuÝfÙ´ÕTË£ÑsÛ"Ë°éLÎ
Õ"Ò�ÌfÍ°Î�éTÛLÙ´Ë°Î*ÑsÝ*èRÊ�Ë�ÌuÍ Ù�Ý�ÝuÓ�Î*ËzÛ"ÑuÙ´ÕzØ�ÌfÍ Î6��Õ�Ö ÖQâdËQÚ Ô�á=Î*ÑuÎUÖ�Ë Õ�Ö�ÎOÝ/ÛLÑfÎ�ÛL×´êRÛNß�ÝRÌfÑsÛ"ËzÝ�Ô~Ù´Ì�ÌfÙ�Ë é8ÕTÑ�ÑuÎUÓ*Î*Ù�îEÙ�Ë é8ÛLË°Ö�ÌfÍ°Î�8
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ò£Î�Ý�Ù�Ô�Ú°×�Û"ÌfÎ�ÌfÍ Î�ÝuÓ�ÎUË°Û"ÑuÙ�ÕTÝ©ê©Î_éLÎUË Î*ÑsÛ¥ÌuÎUÖ¤Ú°Ý�Ù�Ë é~Ë°Ý�â�à�
 à!����ÌfÕ�æcõ ç îTÎ*ÑuÙlÒ�ß¤ÕLÚ Ñ�ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*ØQÛ"ËzÖ�æ@à ç Ú°ÝfÎ�ÌfÍ ÎOÝ�Î�ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ¯ÌuÕ
ÛLË°Û"×�ßQö*Î/ÌfÍ Î ï Î*ÑfÒ�ÕLÑuÔ�Û"Ë°Ó*Î/ÕLÒ`ÌuÍ Î ï ÑfÕLÌfÕ�Ó�ÕT×Pè�ò£Î�Û"×�Ý�Õ�éLÎUË Î*ÑsÛ¥ÌuÎ/ÑsÛ"ËzÖ�ÕLÔÿÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ©Ò�ÕLÑRÌfÍ°Î_ÝuÛ"Ô~Î�ÌfÕ ï ÕT×´ÕTéLÙ�ÎUÝ©ÌfÕ�Ó*ÕLÔ ï Û"ÑuÎ
ÌuÍ Î ï ÎUÑ�Ò�ÕTÑfÔ�ÛLË°Ó�Î�Ö�Î*éTÑuÛTÖ Û¥ÌuÙ´ÕTË ï ÑuÕ¥îQÙ�Ö ÎUÖ�áEßÞÌfÍ Î�ÌuÎUÝ�Ì¤ÝfÓ*Î*Ë°ÛLÑfÙ�ÕTÝ+ê©Î�éTÎ*Ë ÎUÑuÛ"ÌfÎ�ê�ÙlÌuÍjÑfÎOÝ ï ÎUÓ�Ì�ÌuÕÂÑuÛLË°Ö�ÕTÔ�×�ßÂéLÎUË Î*ÑsÛ¥ÌuÎUÖ
ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*è
ò£Î�ÝfÙ�Ô�Ú ×�Û¥ÌuÎ¤ÌuÍ Î¤ÌuÎUÝ�Ì~ÝuÓ�ÎUË°Û"ÑuÙ�ÕTÝ+ê©Î¬éLÎ*Ë°Î*ÑsÛ¥ÌfÎOÖqØ�Ë°ÛLÔ�ÎU×´ß÷ÌuÍ ÕTÝfÎ�Ý�Í Õ¥ê�Ë?Ù´Ë}�0Ù´éTÚ ÑfÎ�õ,:°è÷úRÍ°Î�ÛLÑfÑuÕ¥ê�Ý�Ù�ËÞÌuÍ Î�ó°éLÚ ÑuÎ

ÑuÎ ï ÑuÎUÝfÎ*ËEÌ_ÌfÍ°Î8Ö�Ù´ÑuÎUÓ�ÌfÙ�ÕLË°Ý_ÕLÒFHzÕ¥ê�Ý_Ù´Ë£ÌfÍ°Î�ÌfÎOÝcÌ�ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ_ÛLÝ_éLÎUË Î*ÑsÛ¥ÌuÎUÖ�áQß®ÕLÚ°Ñ_Ò�ÑuÛLÔ�ÎUê©ÕTÑfìGè~ò£Î�Ú°Ý�Î å ù/��ÝfÕLÚ ÑsÓ�ÎOÝ�Û"Ì
Û�ÑsÛ¥ÌuÎ�Õ"Ò|>°è ��ã�ù/�¦ÐGè`ú`Õ"ÌsÛ"×©ÝfÙ�Ô�Ú ×�Û¥ÌuÙ´ÕTË÷ÌfÙ�Ô�Î¤Ù�Ý2�B>�ÝfÎUÓ*ÕLË°Ö Ý'Ò�ÕLÑ+ÛL×´×¦ÝfÓ*Î*Ë°ÛLÑfÙ�ÕTÝUè�ò�Î¬Ú°Ý�Î¤ÑuÛLË°Ö�ÕLÔ ÝfÓ*Î*Ë°ÛLÑfÙ�ÕTÝ�Ù´ËÂê�Í Ù�ÓsÍ
ÌuÍ Î�ÝfÕLÚ ÑsÓ�ÎOÝ�Û"Ë°Ö�ÝfÎUýEÚ Î*ËzÓ�ÎUÝ�Û"ÑuÎ_ÛTÝfÝfÙ�éLË ÎOÖ¬ÑsÛ"ËzÖ�ÕLÔ~×�ßLèhú0Û"á ×�Î�M ï ÑuÎUÝfÎ*ËEÌuÝ�ÌfÍ Î�ÝfÙ�Ô�Ú ×�Û¥ÌuÙ´ÕTË�ÑuÎUÝfÚ ×´ÌuÝUè©úRÍ Î�Ó*ÕL×�Ú Ô~Ë°Ý�ÎUËEÌfÙ´Ìf×�ÎUÖ

ú`ÛLá ×´ÎrM°ô�Ð�Ù´Ô+Ú ×�Û"ÌfÙ�ÕLË�ÑuÎUÝfÚ ×lÌsÝ*è
%257+b-�(|698=< . >6d � zfz �@>�d;S �@>�d��
UYF�L�N  bp � ¬K° ²  bp ­9³�� ³9ª��  bp ��® ° �
^fTOM*CbI9[ � p ²b��²9® ° ¬*p ³��

¿ ��� Û"Ë°Ö��S¥�¥�ÑfÎ ï ÑuÎUÝfÎ*ËEÌ~ÌfÍ Î�Ë Î�Ìcê¦ÕLÑuìÂÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì¬Û"ËzÖ.ÛNîLÎ*ÑsÛ"éTÎ¬ÎUË Î*ÑuéLß�Î�ë8Ó�Ù�Î*ËzÓ�ßLØRÑuÎUÝ ï ÎOÓ\ÌuÙ´îTÎ*×�ßLè úRÍ Î®Ó�ÕT×´Ú°Ô�ËzÝ
ÎUËTÌuÙlÌu×´ÎOÖ,� �y� Â5Û"Ë°Öa� ���I� ÑuÎ ï ÑfÎOÝ�ÎUËTÌ¦ÌfÍ°Î�ÛNîLÎ*ÑsÛ"éTÎ�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì�æ�Ù�Ë�� ç Õ"Ò0éTÛLÙ´Ë ÎUÑuÝRÛLË°Ö8îQÙ�Ó\ÌfÙ�Ô�Ý�Õ"Ò`ÌfÍ Î_ê¦ÕLÑsÝcÌ¦ÒYÛ"Ù�ÑuË ÎUÝuÝ
ÌuÎUÝ�Ì�ÝfÓ*Î*Ë°ÛLÑfÙ�ÕTÝUØqÑfÎOÝ ï ÎUÓ�ÌfÙ�îLÎU×´ßTè2��Õ"ÌuÎ~ÌfÍ°Û"Ì'ÌfÍ Î8ÛNîTÎ*ÑsÛ"éLÎ+Ë Î�Ìcê¦ÕLÑuì�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�ÌuÝ�Ò�ÕTÑ'ÕLÚ Ñ_ÌuÎUÝ�Ì�Û"Ë°Ö®ÌfÍ Î�ÑsÛ"ËzÖ�ÕLÔ�ÝuÓ�ÎUË°Û"ÑuÙ�ÕTÝ
ÛLÑfÎy>°è´õ,8#�B:�Û"Ë°ÖÂõTè :°õ,:0� Ø ÑuÎUÝ ï ÎOÓ\ÌuÙ´îTÎ*×�ßLØ=ÑfÎ ï ÑfÎOÝ�ÎUËEÌfÙ�Ë é¤Û�ÌuÍ ÑuÕLÚ éTÍ ï Ú�Ì�ÑuÎUÖ Ú°Ó\ÌuÙ´ÕTË�áQß�Û8ÒYÛLÓ�ÌfÕLÑ/Õ"Ò�õNà�Ó�ÕTÔ ï Û"ÑuÎUÖ�ÌfÕ¬ÑuÛLË°Ö�ÕTÔ
ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*è`úRÍ ÎRÎ*Ë ÎUÑféTß'Î�ë8Ó�Ù�Î*Ë°Ó*ß'Ù�Ý�ÑuÎ ï ÑfÎOÝ�ÎUËTÌuÎUÖ�áEß_ÌuÍ Î�ÛNîLÎUÑuÛLéLÎ�ÌuÍ ÑfÕTÚ éLÍ ï Ú�Ì¯ÛLÓsÍ Ù�Î*îTÎUÖ'Ù�Ë+ÌfÍ Î�Ë Î*Ìcê©ÕTÑfì ï Î*Ñ�ÌuÕ"ÌuÛL×QÎ*Ë ÎUÑféTß
Ý ï ÎUËEÌ+Ù�Ë��LÕTÚ ×´ÎTè®Ï/Ú Ñ�ÌuÎUÝ�Ì�ÝuÓ�Î*ËzÛ"ÑuÙ´ÕEÝ'ÛLÓsÍ Ù�Î*îTÎ8Û�ÑfÎOÖ�Ú°Ó�ÌfÙ�ÕLËÂáQß£Û�ÒYÛLÓ\ÌuÕLÑ�ÕLÒ	:�Î*Ë ÎUÑféTß�Î*ë8Ó�Ù�Î*Ë°Ó*ß£Ó*ÕLÔ ï Û"ÑuÎUÖ�ÌuÕ�ÑuÛLË°Ö�ÕTÔ
ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*è5��Õ"ÌuÎ8ÌfÍzÛ¥Ì�ÌuÍ Î¤éEÛ"Ù�Ë Î*ÑsÝ�ÛTÓsÍ Ù�Î*îLÎRM0M è :��5Ô~ÕLÑuÎ�ÌfÍ ÑuÕLÚ°éLÍ ï Ú Ì�Ó�ÕTÔ ï Û"ÑuÎUÖ�ÌfÕ®ÌfÍ Î¬îQÙ�Ó�ÌfÙ�Ô~Ý+×�ÎUÛLÖ Ù´Ë é®ÌfÕ�Î*ðQÌfÑuÎ*Ô~Î
Ú Ë ÒYÛ"Ù�ÑfË ÎOÝfÝUè©úRÍ°ÎUÝfÎ'ÑfÎOÝ�Ú ×´ÌuÝ�Ö�Î*Ô~ÕLËzÝcÌuÑuÛ"ÌfÎ�ÌfÍ°Û"Ì�Ê<;�;F;}:!>Tà è´õTõ/Ù�Ý�Î*ðQÌfÑuÎ*Ô~Î*×�ß8Ú Ë�ÒYÛLÙ´Ñ/Ù´Ë�ÌuÍ Î�ÝfÎ*Ë°ÝfÎ_ÌfÍ°Û"Ì/ÝfÕLÔ~Î'Ë Õ�Ö�ÎUÝ�Ù´Ë�ÌuÍ Î
Ë Î*Ìcê©ÕTÑfì�ÝcÌsÛ"ÑuîLÎ�ê�Í Ù�×´Î�ÕLÌfÍ ÎUÑ�Ë Õ�Ö�ÎOÝ�ÛLÓsÍ°Ù´ÎUîLÎ~Í Ù�éLÍ÷ÌfÍ°ÑfÕTÚ éLÍ ï Ú�ÌUè�úRÍ Î8ÑuÎUÝfÚ ×´ÌuÝ�ÛL×�ÝfÕ�Ö�Î*Ô~ÕLËzÝcÌuÑuÛ"ÌfÎ~ÌfÍzÛ¥Ì�ÌuÍ Î�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì
ÓUÛ"Ë®ÑuÎUÛTÓsÍ�ö*ÎUÑfÕ¬ê�ÙlÌuÍ£ÛLË�Ù´ËzÓ�ÑuÎUÛLÝfÎ�Ù�Ë�ÌuÍ Î~ËQÚ Ô�á=Î*Ñ�Õ"ÒhÕTË éLÕTÙ´Ë°é8ÌfÑsÛ"ËzÝ�Ô~Ù�ÝfÝfÙ´ÕTË°Ý�Ù�Ë�ÌuÍ Î~Ë Î*Ù�éLÍQá=ÕLÑuÍ ÕQÕ�Öqè��=Î*ÑuÕ�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì
ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ�Í°ÛNîLÎ�á=Î*ÎUË�ÕLá°ÝfÎ*ÑuîLÎOÖ+Ò�ÑfÎOýTÚ°Î*ËEÌf×�ß�Ù�Ë8ÑuÎUÛ"×zÖ�Î ï ×�Õ¥ßLÎOÖ�Ë Î�Ìcê¦ÕLÑuì�Ý�á Ú�Ì©Ë°Î*îLÎUÑ¯á=Î*Î*Ë~Ò�ÕTÑfÔ�ÛL×´×�ß+ÛLË°Û"×�ßQö*ÎUÖ�ÕTÑ¯Î�ð ï ×�Û"Ù�Ë ÎUÖ·è
ÐQÚzÓsÍ¬ÝfÍ ÕLÑfÌ¯ÌfÎUÑfÔ Ú°Ë�ÒYÛ"Ù�ÑfË°ÎUÝuÝhÝfÎ*îLÎUÑfÎU×´ß~Û
�GÎUÓ�ÌuÝ ï Î*ÑfÒ�ÕLÑuÔ~ÛLË°Ó�Î�Õ"Ò�ú å �?ÛLË°Ö8ÑuÎUÛL×lâ@ÌfÙ�Ô~Î�Û ï°ï ×´Ù�Ó*Û"ÌfÙ�ÕLË°Ý�
 à�õ@�dè�úRÍ Î�Ö Î*éLÑsÛLÖ°Û¥ÌfÙ�ÕLË
ÕLÒ�ÌuÍ ÑuÕLÚ éTÍ ï Ú�Ì¤ÛTÝ�ê©ÎU×´×�ÛLÝ�ÎUË Î*ÑuéLß?Î�ë8Ó�Ù�Î*Ë°Ó*ßþÛLÑfÎ�ÝfÙ´éTË Ù´ózÓ*ÛLËTÌu×´ß�ê©ÕTÑuÝfÎ�Ò�ÕLÑ8ÕTÚ Ñ�ÌuÎUÝ�Ì¬ÝfÓ*Î*Ë°ÛLÑfÙ�ÕTÝ�Ó*ÕLÔ ï ÛLÑfÎOÖÞÌuÕÞÑuÛLË°Ö�ÕTÔ
ÝuÓ�ÎUË°Û"ÑuÙ´ÕEÝ*è

x/±f° Ë¬´�µ1¶ôÇ�¾y[|ºEz�{¬· ºíË!º��
ã�ä å ä`ò�æYã�Ú ×lÌuÙ ï ×´ÎRä�ÓUÓ�ÎUÝuÝ å ÕL×�×´Ù�Ý�Ù�ÕLË�ä�îLÕTÙ�Ö ÛLË°Ó�Î�ò.Ù�ÑuÎ*×�ÎUÝuÝ ç 
lõ,8
�EÙ�Ý0Ö�Î*ÑuÙ´îTÎUÖ�Ò�ÑuÕLÔ ã�ä å ä®
´õ,7B�TÌuÕ�ÌuÛTÓsìQ×´Î�ÌuÍ Î¦Ú Ë ÑuÎ*×�Ù�ÛLá Ù´×�Ù´Ìcß
ÕLÒ°ê�Ù´ÑuÎ*×�ÎUÝuÝ`Ô�ÎOÖ�Ù�Ú Ô�è0úRÍ Î¦á°ÛTÝ�Ù�ÓhÍzÛ"Ë°Ö ÝfÍ°ÛLìEÙ�Ë é�Ô~ÎOÓsÍ°Û"Ë Ù�ÝfÔ~Ý0ÕLÒzã�ä å ä`ò Û"ÑuÎ©ÝfÙ´Ô~Ù�×�ÛLÑ�ÌuÕ/Ê<;F;�;¬:!>Tà è´õTõ�ê�ÙlÌuÍ�ÌuÍ Î©Ò�ÕL×�×´Õ¥ê�Ù�Ë é
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(c) Topology: G0 = {1,2,4}, G1 = {0,6,8},…,G9 = {5,8}

(b) Output of error generation algorithm

(d) Input error scenario

Hs: 0: <BOCOL, t0, t1>
1: <BOFT, t2, t3>

He:

SOI: t0 < t1 ,
t2 < t3

PLs:
PLe:
PLSOI:

(a) Input to error 
generation algorithm

Target event:
Data-RE
ACK-RE

S-RTS, S-CTS, S-Data

S-RTS, S-CTS

S-RTS (Successful RTS)

Pkt

Precondition/
Unwanted condition

4

3

2

1

Weight

BOFT

BOCOL

BOFT

Wanted Condition
Transmitter    Receiver

BOCOLUnsuccessful ACKU-ACK

BOCOLUnsuccessful DataU-Data

BOFTUnsuccessful CTSU-CTS

BOCOLUnsuccessful RTSU-RTS

DescriptionWanted 
Transition
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(b) Worst case scenario leading to zero 
throughput of the whole network
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(d) Worst case scenario leading to most 
energy waste of the whole network 
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(c)Worst case scenario leading to 
most unfairness of the whole network. 
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(a) Worst case scenario leading 
to zero throughput at link 0-1
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(a) Model of wireless nodes and 
network with no support for QoS. (b) Model of wireless nodes and network with 

support for QoS: for 4 traffic classes.
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(a) Topology: G0 = {1,2,4}, G1 = {0,6,8}
,…,G9 = {5,8}
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(b) Assignment of priority classes to victim node i . (number of 
priority classes attached ≥≥≥≥ 1). Active priority class is in bold.
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(c) Assignment of priority classes 
to gainer node j (number of priority 
classes attached  = 1).
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(d) Worst QoS scenario. Lowest priority class P4 at gainer 
nodes (0,1,3,5,7,9) transmit while highest priority class 
P1 active at victim nodes (2,4,6,8) defer.
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Transmission ranges:

RTS:

CTS:

Data:

ACK:

G2
RTS = {0,1,3,4}, G3

CTS = {1,2,4,5}, 
G2

Data = {1,3}, G3
ACK = {2,4}

�0Ù´éTÚ ÑuÎ'à!7 ô�ã�Õ�Ö�ÎU×·Õ"Ò0Ë Î�Ìcê¦ÕLÑuì~ÌfÕ ï ÕT×´ÕTéLß8Ù�Ë�á°ÛLÝfÙ�Ó_úW� å ÝuÓsÍ Î*Ô~ÎUÝUè
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(a) CSMA/CA (without TPC) scenario. Nodes 
2, 4 defer on RTS and 6, 8 defer on CTS.

Defer (RTS0,1)

Defer (RTS0.1)

Defer (CTS1,0)

Defer (CTS1,0)

Defer (RTS0,1)

Defer (RTS0.1)

Defer (CTS1,0)

Defer (CTS1,0)

Defer (RTS0,1)

Defer (RTS0,1)

Defer (CTS1,0)

Defer (CTS1,0)

(b) CSMA/CA (with TPC) scenario. Nodes 2, 3, 
4, 5 defer on RTS and 6, 7, 8, 9 defer on 
CTS.
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8 ï ÑfÎOÝ�ÎUËEÌuÝ¦Û"Ë
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8zè�æPÛ ç0ï ÑuÎUÝfÎ*ËEÌuÝ¯ÌfÍ Î/ÝfÓ*Î*Ë°ÛLÑfÙ�Õ'ê�Í Î*Ë�Ë°Õ ï Õ¥ê¦Î*Ñ©Ó�ÕLËEÌuÑfÕT×°ÝfÓsÍ°Î*Ô~Î�Ù�Ý
Ú°ÝfÎUÖ~ê�Í°Ù´×�Î|�0Ù´éTÚ ÑuÎ/à
8zè�æYá ç0ï ÑuÎUÝfÎ*ËEÌuÝ¯ÌfÍ Î�ÝuÓ�ÎUË°Û"ÑuÙ�Õ�ê�Í°Î*Ë8á°ÛTÝ�Ù�Ó�úW� å ÝuÓsÍ Î*Ô~Î�Ù�Ý¯Ú°ÝfÎUÖ·è¢{�Î�ÌhË°ÕQÖ Î|>_Ù´Ë°ÙlÌuÙ�Û"ÌfÎ/Û�ÌuÑuÛLË°ÝfÔ�Ù�ÝuÝ�Ù�ÕLË
ÌuÕ�Ë Õ�Ö�Î�õ�Ù�ËR�0Ù´éTÚ ÑuÎ�à
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(a) Omni-directional antenna. Nodes 2,3,5,6 
in the direction of omni-antenna defer on 
RTS while 0 Î 1 transmission is in progress.

G0

(b) Directional antenna. Node 0 can beamform its
antenna towards node 1 using angle φφφφ1 or φφφφ2.
Node 2,3 in the direction of φφφφ1 (G0,φφφφ1) and node 2,6 
in the direction of φφφφ2 (G0,φφφφ2) defer on RTS while 
0 Î 1 transmission is in progress.
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Node 1 does not receive RTS4,1 as its 
antenna is directed towards node 1. 
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� ú`ÑuÛLË°ÝfÔ�Ù´Ì���ú�ÐGØ���Û¥ÌuÛ�ÛLË°Ö£ä å�� Û¥Ìw

Ä9�`� ÃÑß ��ÄEØ`ÛLË°Ö å ú�Ð£Û"Ìw
#Ã =9ê ô���Õ"ÌuÎ�Ò�ÑfÕTÔ	ú0Û"á ×�Î�õLõ�ÌfÍ°Û"Ì å ú�Ð®Ù�Ý_ÌuÍ Î
Ó*ÕLËEÌfÑuÕL×0Ô~ÎUÝuÝfÛLéLÎ�ÌuÍ°Û¥Ì'Û"×�Î*ÑfÌuÝ/ÌuÍ Î+Ë°ÕQÖ ÎUÝ�Ù´Ë�ÌfÍ°Î+Ë ÎUÙ´éTÍQázÕTÑfÍ ÕQÕ�Ö�ÕLÒ¯ÌfÍ Î~Ù�ËEÌfÎ*ËzÖ�ÎUÖ�ÑfÎOÓ�ÎUÙ´îTÎ*Ñ�ÌuÕ�ÛNîTÕLÙ�Ö�Ó�ÕT×´×�Ù�Ý�Ù�ÕLË
ê�Ù´ÌfÍQ��Û¥ÌuÛ�ê�Í°Ù�ÓsÍ÷Ù�Ý�ÌfÍ Î�Ô~ÕTÝ�Ì�×�Ù´ìTÎ*×�ß�ÌfÕ�Õ�Ó*Ó*Ú ÑOè�Ð�Î*Ë°Ö�Ù�Ë é å ú�Ð£Û¥Ìå
 Ã =9ê�Û"×�Î*ÑfÌuÝ�ÌuÍ Î�Ô�Û¥ð�Ù´Ô+Ú Ô�ËQÚ Ô+ázÎUÑ'Õ"Ò
Ë Õ�Ö�ÎOÝ�Ù�Ë~ÌfÍ Î�Ë°Î*Ù�éLÍQázÕTÑfÍ°ÕEÕ�Ö+Õ"ÒGÌfÍ°Î�Ù´ËEÌuÎ*Ë°Ö�ÎOÖ~ÑfÎOÓ�ÎUÙ´îTÎ*ÑOè�úRÍQÚ°ÝhÝfÎ*Ë°Ö Ù´Ë é å ú�Ð�Û"Ì�
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Ó*ÕL×�×´Ù�Ý�Ù�ÕLËzÝ�Õ"Ò���Û¥ÌsÛ è�úRÍ Ù�Ý/Ô~Õ�Ö�Ùló=Ó*Û¥ÌuÙ´ÕTË�Ù�Ý�Î*ð ï ÎUÓ�ÌfÎOÖ�ÌfÕ¤Ù´Ô ï ÑuÕ¥îLÎ'ÌuÍ Î~ÛNîLÎ*ÑsÛ"éTÎ'Ó*ÛLÝfÎ'ÌuÍ ÑfÕTÚ éLÍ ï Ú�Ì/Ù�Ë®ÛTÖ Ö�Ù´ÌfÙ�ÕLË
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Ô~Î*ËEÌuÙ´ÕTË ÎUÖ®ÎUÛ"Ñu×�Ù´ÎUÑ�ÌuÍ°Û¥Ì�ÌfÑsÛ"Ë°ÝfÔ~ÙlÌfÌfÙ�Ë é å ú�Ð�áQß�Û"×�Î*ÑfÌfÙ�Ë é¬ÛTÝ�Ô~ÛLËQß�Ë°ÕQÖ ÎUÝ_ÛLÝ ï ÕTÝuÝ�Ù�á ×�Î�Ù�Ë®ÌuÍ Î+Ë°Î*Ù�éLÍQázÕTÑfÍ°ÕEÕ�Ö
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ÛLËTÌuÎ*Ë ËzÛ�Ýfß�ÝcÌuÎ*Ô�ÝUè�û�Õ¥ê©ÎUîLÎ*ÑOØGÌfÍ°Î�Ù´Ë°Ó*ÑfÎOÛLÝfÎUÖ®ËEÚ°Ô�á=Î*Ñ'Õ"Ò¦Í Ù�Ö Ö�Î*Ë£ÌuÎ*ÑuÔ�Ù�Ë°ÛL×�Ý_Ù�Ë£Ö Ù´ÑuÎUÓ�ÌfÙ�ÕLË°ÛL×¯Û"ËEÌfÎUË Ë°Û�Ý�ß�Ý�ÌfÎ*Ô
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éTÎ*Ë ÎUÑuÛ"ÌfÎUÖ¬áQß¤ÕTÚ ÑRÒ�ÑuÛLÔ~Î*ê¦ÕLÑuì�Ú°Ý�Ù�Ë é å â�úW� å.ï ÑfÕLÌfÕ�Ó�ÕT×qÙ´Ë�ÌuÍ Î'éLÙ�îLÎUË¤ÌuÕ ï ÕL×�ÕLéTßLèhä/Ý�Ù´Ë å â�úW� å Ø.��ú�Ð�Û"ËzÖ å ú�Ð�ÛLÑfÎ'ÝfÎ*ËEÌ
Û"Ì\
 Ä9�`� ÃÑß ��Ä ÛLË°Ö 
 Ã =9ê°Ø ÑfÎOÝ ï ÎUÓ�ÌfÙ�îLÎU×´ßTØQÌfÍ Î'Ë Õ�Ö�ÎOÝ�à�Û"Ë°ÖS8�Ö�Î�Ò�ÎUÑ�ÕLË¬ÌfÍ Î���ú�Ð£æYÝfÙ�Ô�Ù�×�Û"ÑRÌfÕ å Ð�ã®ä�I å ä ç Û"Ë°Ö¤ÌfÍ°Î'Ë Õ�Ö�ÎUÝW�°Ø
��Ø.: Ø Û"ËzÖSM~Ö�Î*Ò�Î*Ñ�ÕLË¬ÌfÍ°Î å ú�Ð®æPÝ�Ù�Ô~Ù´×�Û"ÑRÌuÕ~úW� åRç è ä/ÝW�0ú�Ð¬Ù�Ý�Ý�ÎUËEÌ¦ÌuÕ�ÛNîLÕLÙ�Ö¤Û~Ó*ÕL×�×´Ù�Ý�Ù�ÕLË¬ê�ÙlÌuÍ�ä å�� Ø ÛLÝRÝ�ÚzÓsÍ�Û~Ó�ÕT×´×�Ù�Ý�Ù�ÕLË
Ù�Ý¯×�ÎUÝuÝ¯×�Ù´ìTÎ*×�ß�ÌuÕ�Õ�Ó*Ó�Ú°Ñ©Ó�ÕTÔ ï Û"ÑuÎUÖ+ÌfÕ+Û�Ó�ÕT×´×�Ù�ÝfÙ�ÕLË~ê�ÙlÌuÍR�/Û"ÌuÛ8æYê�Í Ù�ÓsÍ8Ù�Ý©ÛNîLÕTÙ�Ö�ÎOÖ�áEß�Ý�ÎUË°Ö�Ù�Ë é�Û å ú�Ð ç ØEáEß�Ý�ÎUË°Ö�Ù�Ë é'ÌuÍ Î���ú�Ð
Û"Ì�Û�×�Õ¥ê©ÎUÑ ï Õ¥ê©ÎUÑ�ê¦Î�Î�ð ï ÎUÓ\Ì/ÌfÍ Î å â�úW� åüï ÑfÕLÌfÕ�Ó�ÕT×·ÌuÕ¬ÛLÓsÍ°Ù´ÎUîLÎ'Ô~ÕLÑuÎ'ÒYÛ"Ù�ÑuË ÎUÝuÝ�ÛLË°Ö�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�Ì/Ó�ÕTÔ ï Û"ÑuÎUÖ�ÌuÕ¬Ó�×�ÛLÝuÝfÙ�ÓUÛ"×
úW� å ÝuÓsÍ Î*Ô~ÎOÝ*è�ä�Ý��0ú�ÐqØ���Û¥ÌsÛ�Û"Ë°ÖÂä å��ñï ÛLÓsìTÎ�ÌsÝ�Û"ÑuÎ8Ý�ÎUËEÌ�Û¥Ì�ÌuÍ Î¤Ö�ÎOÝ�Ù�ÑfÎOÖ ï Õ¥ê¦Î*Ñ'×�Î*îTÎ*×@Ø`ê¦Î8Î*ð ï ÎUÓ�Ì�ÌfÍ°Î å âdúW� å ÌuÕ
ÛTÓsÍ Ù´ÎUîLÎ�Ô~ÕLÑuÎ�ÎUË Î*ÑuéLß�Î*ë8Ó�Ù�Î*Ë°Ó*ß¬Ó�ÕTÔ ï Û"ÑuÎUÖ8ÌfÕ å Ð�ã�ä�I å ä�è

�/Ú ÑfÙ�Ë é~ÌuÍ Î�ó°ÑsÝ�Ì/Ó�ÕTÔ�Ô+Ú Ë Ù�Ó*Û"ÌfÙ�ÕLË�ázÎ*Ìcê©ÎUÎ*Ë�Ìcê¦Õ�Ë Õ�Ö�ÎUÝUØ���ú�Ð�ÓUÛ"Ë Ë°Õ"Ì�á=Î�Ý�ÎUËEÌ/Û¥Ìy
 Ä9�`� ÃÑß ��Ä ÛLÝ�ÌuÍ Î'ÌuÑuÛLË°Ý�Ô~Ù´Ì�ÌuÎ*Ñ�Ö�ÕQÎOÝ
Ë ÕLÌ�Í°ÛNîLÎ�Û"ËQß ï ÑuÙ�ÕLÑ�ìQË Õ¥ê�×´ÎOÖ�éLÎ�ÛLázÕTÚ�Ì�ÌfÍ Î ï Õ¥ê©ÎUÑ�×´ÎUîLÎ*×�ÎUË ÕLÚ°éLÍ�ÌuÕ'ÑfÎOÛLÓsÍ�ÌfÍ Î�Ù�ËEÌfÎ*ËzÖ�ÎUÖ+ÑfÎOÓ�ÎUÙ´îTÎ*ÑOè`úRÍQÚ°ÝUØLÛ¥Ì�ÌfÍ°Î�ázÎUéLÙ�Ë Ë Ù�Ë é
æYê�Í Î*Ë�Ë Õ_Ù�Ë�Ò�ÕLÑuÔ�Û¥ÌuÙ´ÕTË~ÛLázÕTÚ�Ì�
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Defer (RTS0,1)

Defer (RTS0.1)

Defer (CTS1,0)

Defer (CTS1,0)

Defer (CTS1,0)

Defer (CTS1,0)

CSMA/CA (with C-TPC) scenario. Nodes 2, 4 
defer on RTS and 6, 7, 8, 9 defer on CTS.
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�0Ù�éLÚ ÑuÎ�à0��ô0ò£ÕLÑsÝ�Ì¦ÌuÍ ÑuÕLÚ éTÍ ï Ú�Ì�ÛLË°Ö8ÒYÛLÙ´ÑuË ÎOÝfÝ�ÝuÓ�ÎUË°Û"ÑuÙ´Õ�Ù�Ë�ÝuÓsÍ ÎUÔ�ÎOÝRê�ÙlÌuÍ å âdúW� å è

ÕTË÷ÌfÍ Î8Ô~ÎOÝfÝuÛ"éTÎ~Ìcß ï Î¤ÛLË°Ö÷Ë Õ�Ö�Î¤Ö�ÎUË°ÝfÙlÌcß Ç�Ç Õ"ÒRÌuÍ Î8Ë Î*Ìcê©ÕTÑfìGè¯�0ú�Ð÷ÛLË°Ö å ú�ÐÂÛLÑfÎ~ÌuÑuÛLË°Ý�Ô~Ù´Ì�ÌuÎUÖÂÖ�Ù�ÑfÎOÓ\ÌuÙ´ÕTË°Û"×�×´ß®ÌfÕ¥êRÛ"ÑsÖ Ý
ÌuÍ Î_Ù´ËEÌfÎUË°Ö�ÎOÖ8ÑuÎUÓ�ÎUÙ´îTÎ*Ñ¦ê�Í Î*Ë¬Ë Õ�Ö�Î_Ö�Î*Ë°ÝfÙ´Ìcß8Ù�Ý¦Í Ù�éLÍ�Û"Ë°Ö¤ÕLÔ~Ë Ù�Ö�Ù�ÑfÎOÓ\ÌfÙ�ÕLËzÛ"×�×´ß~ê�Í ÎUË¤Ë Õ�Ö�Î'Ö�ÎUË°Ý�Ù´Ìcß�Ù�Ý©×�Õ¥ê'è�úRÍ Î_Ö�Ù´ÑuÎUÓ�ÌfÙ�ÕLË°ÛL×
ÌuÑuÛLË°Ý�Ô~Ù�ÝfÝfÙ�ÕLË~Õ"Òv��ú�ÐNI å ú�Ð�ÑuÎUÖ Ú°Ó�ÎOÝ�ÌfÍ Î/Ó�ÕL×�×�Ù�ÝfÙ´ÕTË°Ý�Ù�Ë8Í Ù�éLÍ ×�ß+Ö Î*Ë°ÝfÎUÖ~Ë Î*Ìcê©ÕTÑfìGØTê�Í Ù´×�Î�ÌuÍ Î�ÕLÔ~Ë Ù�Ö�Ù�ÑfÎOÓ\ÌuÙ´ÕTË°Û"×�ÌuÑuÛLË°ÝfÔ�Ù�ÝuÝ�Ù�ÕLË
Ù�Ë°Ó�ÑuÎUÛTÝ�ÎOÝ0ÒYÛ"Ù�ÑfË°ÎUÝuÝ�Ù´Ë~×�Õ¥êþÖ�ÎUË°ÝfÙlÌcß+Ë Î�Ìcê¦ÕLÑuì�Ý�ê�Í Î*ÑuÎ�Ó�ÕL×�×�Ù�ÝfÙ´ÕTË~Ù�Ý�Ë°Õ"ÌhÛ ï ÑuÕLá ×�Î*Ô�è¢�/Û"ÌuÛ'ÛLË°Ö~ä å�� Û"ÑuÎ�Û"×�êRÛNßQÝ`ÌuÑuÛLË°Ý�Ô~Ù´Ì�ÌuÎUÖ
ÕTÔ�Ë°Ù�Ö�Ù�ÑuÎUÓ\ÌuÙ´ÕTË°Û"×�×�ß8ÌfÕ8ÛNîTÕLÙ�Ö8ÌuÍ Î ï ÑuÕLá°×´ÎUÔñÕLÒ�Ö�ÎOÛ¥Ò�Ë ÎOÝfÝUè/��Ú ÑuÙ�Ë é�ÌfÍ°Î�ÕLÔ~Ë Ù�Ö�Ù�ÑfÎOÓ\ÌfÙ�ÕLËzÛ"×GÌfÑsÛ"ËzÝ�Ô~Ù�ÝfÝfÙ´ÕTË�Õ"Ò��/Û"ÌuÛ8ÛLË°Ö�ä å�� Ø
Û�Ë Õ�Ö�Î'ÑuÎUÓ*Î*Ù�îLÎ��0ú�Ð�ÝfÎ*ËEÌ�ÌfÕ~Ù´ÌuÝfÎ*×´Ò�ÛLË°Ö�Ô�ÛNß�ÑfÎOÝ ï ÕLË°Ö¤ÌfÕ�Ù´Ì�×�Û¥ÌfÎUÑ�Ö�Î ï Î*ËzÖ�Ù´Ë°é�ÕLË¬ÌfÍ Î ï ÑuÕ"ÌuÕ�Ó�ÕL×qÔ~ÎOÓsÍ°Û"Ë Ù�ÝfÔ Ç�È è

��ÕLÌfÎ�ÌfÍ°Û"Ì©ÌuÍ Î���ú�Ð�ÛLË°Ö å ú�Ð8Û"ÑuÎ�Ý�ÎUËEÌ©ÌuÕ+Û"×�Î*ÑfÌhÌuÍ Î�Ë°Î*Ù�éLÍQázÕTÑfÍ°ÕEÕ�Ö�ÌuÍ°Û¥Ì�Û"ÑuÎ ï Õ"ÌfÎUËEÌfÙ�Û"×qÓ*ÛLË°Ö�Ù�Ö Û¥ÌuÎUÝ�Ò�ÕTÑ¦Ó*ÕL×�×´Ù�ÝfÙ´ÕTË°Ý
ê�Ù´ÌfÍþä å�� ÛLË°ÖE��Û¥ÌsÛ Ø�ÑuÎUÝ ï ÎOÓ\ÌfÙ�îLÎU×´ßTè®ä�Ý å ú�Ð÷ÌuÑuÛLË°ÝfÔ�Ù�ÝuÝ�Ù�ÕLËÂÛLÝ+ê¦Î*×�×¦ÛTÝy��Û¥ÌuÛ®ÑfÎOÓ�Î ï ÌfÙ�ÕLËÞÛLÑfÎ8á=Õ"ÌuÍ�Ö�Ù�ÑuÎUÓ\ÌuÙ´ÕTË°Û"×©Ù´Ë å â
��ã�ä å æY×´Ù�ìLÎ¯�/ã®ä åRç Ø�ÌfÍ°Î ï ÑuÕLázÛ"á Ù�×´Ù´Ìcß÷Õ"Ò/Û�Ó�ÕT×´×�Ù�ÝfÙ�ÕLËÞê�Ù´ÌfÍO�/Û"ÌuÛ�Ù�Ý~ÝuÛ"Ô~Î¤Ù�Ë å âo�/ã®ä å Û"Ë°ÖJ�/ã®ä å è�Ð�Ù´Ô~Ù�×�ÛLÑf×�ßLØhÛTÝ
ÌuÍ Îj�0ú�Ð�ÌfÑsÛ"ËzÝ�Ô~Ù�ÝfÝfÙ´ÕTË�ÛLË°Ö�ÌuÍ Î�ä å�� ÑuÎUÓ�Î ï ÌfÙ�ÕLË÷Û"ÑuÎ�á=Õ"ÌuÍÂÖ�Ù´ÑuÎUÓ�ÌfÙ�ÕLË°ÛL×�Ù´Ë å âm��ã�ä å Û"Ë°ÖP�/ã®ä å ØGÌfÍ Î ï ÑuÕLá°ÛLá Ù�×´Ù´Ìcß�Õ"Ò
Û£Ó�ÕT×´×�Ù�ÝfÙ�ÕLË?ê�Ù´ÌfÍjä å�� Ù�Ý+ÌfÍ Î�ÝuÛ"Ô~Î¬Ù�Ë å âm��ã�ä å ÛLË°ÖJ��ã�ä å è¯úRÍ ÎUÑfÎ*Ò�ÕLÑuÎLØ�ÌuÍ Î�ÌfÍ ÑuÕLÚ éTÍ ï Ú�Ì�Ù�Ë å âo�/ã®ä å Ö�ÕQÎUÝ�Ë ÕLÌ
Ö�ÎUéLÑsÛLÖ�Î'Ó*ÕLÔ ï Û"ÑuÎUÖ8ÌfÕR��ã�ä å Ø á Ú Ì�ÌfÍ Î'ÎUË Î*ÑuéLß¤Î�ë8Ó�Ù�Î*Ë°Ó*ß¤Ù�Ë å âm��ã�ä å Ù�Ý�Î*ð ï ÎOÓ\ÌfÎOÖ¬ÌfÕ�Ù�Ô ï ÑfÕ¥îTÎ�Ó*ÕLÔ ï Û"ÑuÎUÖ¤ÌfÕR��ã�ä å
ÛTÝ/ê¦Î~Î*×�Ù´Ô~Ù�Ë°Û¥ÌuÎ�ÌfÍ Î�Ö�ÎOÛ¥Ò�Ë ÎOÝfÝ ï ÑuÕLá°×´ÎUÔ�è�úRÍ Î~ÕLÔ~Ë Ù�Ö�Ù�ÑfÎOÓ\ÌfÙ�ÕLËzÛ"×0ÌfÑsÛ"Ë°ÝfÔ~Ù�ÝuÝfÙ´ÕTË®Õ"Ò/�/Û"ÌuÛ�Û"Ë°Ö£ä å�� ØqÍ Õ¥ê¦Î*îTÎ*ÑOØ=Ù�Ë°Ó*ÑfÎOÛLÝfÎUÝ
Ó*ÕL×�×´Ù�Ý�Ù�ÕLËzÝ�Û"Ì'Õ"ÌfÍ°Î*Ñ_Ë Õ�Ö�ÎUÝ_Ù�Ë£ÌfÍ Î~Ë ÎUÙ´éTÍQázÕTÑfÍ ÕQÕ�Öqè�ú�Õ�ÑuÎUÖ�Ú°Ó*Î�Ó�ÕL×�×�Ù�ÝfÙ´ÕTË°ÝUØGÌfÍ Î~ÌuÑuÛLË°Ý�Ô~Ù�ÝfÝfÙ�ÕLË�ÕLÒn��Û¥ÌuÛ�ÛLË°Ö�ä å�� Ó*ÛLË�á=Î
ÝfÎ*ËEÌ�Û¥Ìm
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ò£Î ï ÑuÕ ï ÕTÝfÎ�Û�Ò�ÑsÛ"Ô~ÎUê©ÕTÑfì�Ò�ÕTÑ�ê¦ÕLÑsÝcÌ�Ó*ÛLÝfÎ ï Î*ÑfÒ�ÕLÑuÔ�Û"Ë°Ó*Î'Î*î¥Û"×�Ú°Û¥ÌuÙ´ÕTË�Õ"Ò¯ê�Ù�ÑfÎU×´ÎOÝfÝ�ÛLÖ�Í Õ�Ó�ã®ä å&ï ÑfÕLÌfÕ�Ó�ÕT×�ÝUè|��Ù�îLÎ*Ë�Û ï ÑfÕLâ
ÌuÕQÓ*ÕL× ï Î*ÑfÒ�ÕLÑuÔ~ÛLË°Ó�Î/ÕLá�ícÎOÓ\ÌuÙ´îTÎLØQÕLÚ Ñ©Ò�ÑsÛ"Ô~Î*ê¦ÕLÑuì�ózÑuÝ�Ì¦éTÎ*Ë ÎUÑuÛ"ÌfÎOÝ¯ÌuÍ Î ï ÑfÕLÌfÕ�Ó�ÕT×=Ó*ÕLË°Ö�Ù´ÌfÙ�ÕLËzÝhÌuÍ°Û¥Ì�Ô~Î*Î*Ì¦ÕTÚ ÑRÝcÌuÚ°Ö�ß8ÕTá�ícÎUÓ�ÌfÙ�îLÎ
ÕLÒ0éTÎ*Ë ÎUÑuÛ"ÌfÙ�Ë é+ê¦ÕLÑsÝ�ÌRÓUÛLÝfÎ_ÝuÓ�ÎUË°Û"ÑuÙ�ÕTÝUè`ÊdÌ�ÌuÍ Î*Ë�Û ï ï ×�Ù´ÎOÝRÕLÚ ÑRÌuÎUÝ�Ì�éLÎ*Ë°Î*ÑsÛ¥ÌfÙ�ÕLË�Û"×�éLÕTÑfÙ´ÌfÍ Ô ázÛLÝfÎUÖ�ÕLË�Ý�ÎOÛ"ÑsÓsÍ¤Ô~Î�ÌuÍ Õ�Ö Ý�ê�Í Ù�ÓsÍ
Ù�ÝRÛ�Ô~Ù´ð8Õ"Ò·Ò�ÕTÑfêRÛ"ÑsÖ�Û"Ë°Ö¤á°ÛLÓsìQêRÛ"ÑsÖ�Ý�ÎOÛ"ÑsÓsÍ·è���Ù´îTÎ*Ë8ÌuÍ Î ï ÑuÕ"ÌfÕ�Ó*ÕL×GÓ�ÕLËzÖ�ÙlÌuÙ´ÕTË¤ÕTÑhÌuÍ Î ï Û"ÑfÌfÙ�Û"×qÝfÓ*Î*Ë°ÛLÑfÙ�Õ�Ö�ÎOÝfÓ*ÑfÙ�á=ÎUÖ8Ù�Ë8ÌuÎ*ÑuÔ�Ý
ÕLÒ¯Ë Î�Ìcê¦ÕLÑuì¤Ë Õ�Ö�Î�ÝcÌsÛ¥ÌuÎUÝUØzÎUîLÎ*ËEÌsÝ*ØGÛ"Ë°Ö�ÌfÙ�Ô�Î+ÑfÎU×�Û"ÌfÙ�ÕLË°ÝUØzÌfÍ Î�ÌfÎUÝ�Ì/éTÎ*Ë ÎUÑuÛ"ÌfÙ�ÕLË�ÛL×´éTÕLÑuÙlÌuÍ Ô Ú°ÝfÎUÝ/Í ÎUÚ ÑfÙ�Ý�ÌfÙ�Ó*Ý�ÌuÕ¤éTÎ*Ë ÎUÑuÛ"ÌfÎ'ÌuÍ Î
ê¦ÕLÑsÝcÌhÝuÓ�ÎUË°Û"ÑuÙ�Õ°ØLÕLÒ�ÌfÎUË8Ù´Ë ï ÑuÛTÓ\ÌuÙ�ÓUÛ"× ÑuÚ Ë�ÌuÙ´Ô~ÎLè�ò£Î�Í°ÛNîTÎ�Ú°ÝfÎUÖ~ÕTÚ Ñ¯Ò�ÑsÛ"Ô~Î*ê¦ÕLÑuì�ÌuÕ�Û"ËzÛ"×�ßEöUÎ�ÌfÍ°ÑfÕTÚ éLÍ ï Ú�ÌUØEÎ*Ë ÎUÑféTß�Î*ë�Ó*Ù´ÎUË°Ó�ß
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