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A<,/A<S�KMJ�NOFHPQAC68,/kO.D+-ACX54)P/.
fW+-NOFHG
+-7cX5+-PY+;v8PQ79Ap68ACFHkHF13/+-f54).Dk ( ,/7c,jNO+-P ( 79FHE!a8kH+`kH, ( +gP84)R'Â]d[kH68+9ÂcAC4ðG
PY+-,/AC+yG
4).TACFH.D68FHA ( ,/.Df
G
4)E!a8,/ACF ' FHkeFHA ( RCPå4)E ACBT+�VlFH.T6�4�~`|W> a8På4)AC4)G
4)kD79AC,/G�.�AC45ACBD+�+-ACBT+-PQ.D+-A8fW+-NOFHG
+�fWPuFHNO+-PQ7jFH.�,/.
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ACBD+U79G
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BD,/7ºE!,/fW+�79FHd[.TFHv8G
,/.DAD,/fWNO,/.DG
+gE!+-.DAC7tFH.�+64�AC+-.TfWFe.TdMACBD+-FHPc68ACFHkHFHA ( FH.5.D+-X G
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5 .�, z På4)|lbW68*s~y|l> 79FHE!68kH,/ACFH4).DJ/,/kHkm79FHE!68kH,/AC+-f�.D+-ACX54)P/.MG
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68FHAC7�,/G
PY4)797�,�PY+-,/k�~`|W> .T+-ACX54)P/.[J§X5BDFHkH+jACBD+`ACPQ,/Rãv8G;RC4)Pl,/kHk	W�_`7�FH.�ACBD+j7]FeE!68kH,/AC+-f5.T+-ACX54)P;.OJ
WtFHPuAC68,/k©WtFePQAC68,/kx_yFePåG
68FeAC73=!WJW�_`79ICJlFe7ME!68kHACFHa8kH+�4�+gf 4).TAC4 ACBT+5PY+-,/k{W�_ 7968a8a84)PQACFH.Dd!ACBD+5.T+-A*0
X54)P/.!G
4).D.D+gG
ACFe4). FH.ÅACBT+�79FHE!68kH,/AC+-f�.D+gACX�4)P/.o:y|WBD+
N[FHPQAC68,/klACFeE!+�keFH.T+�FH7sfWFeNOFHfW+-f�FH.DAC4nG
+gkek
ACFHE!+-7j+-,/G
B!4)RlX5BDFHG
B!FH7Ua8På4)a84)PuACFH4).T,/kek ( PY+-a8PY+g79+-.DAC+gf!Fe.!På+-,/k10CACFeE!+ ')( ,/.!+ga84)G
BDJ),/7�G
,/. ' +
79+-+g. FH. q FHdO68PY+�F[:?Z/:�|WBD+5+-a84)G
B�E!687]A ' +�kH4).Dd�+-.D4)68dOB RC4)P}ACBD+ ' 6879FH+-79Aºa8B ( 79FHG
,/kxBT4)79AtAC4
+�4�+-G
68AC+jAC,/7�.O7tRC4)PcACBT+Ua84)PQACFH4).�4)RTACBD+�79FHE!68kH,/AC+-f3.T+-ACX54)P;.hACBD,/A[FHAD7968a8a84)PQAC7L:

Physical Host 2

Routing Table

Physical ATM Switch

Virtual Sources and Sinks
Physical Host 1

Virtual Sources and Sinks
Physical Host 3

Virtual ATM Software Switch

InP InVC OutP OutVC

E

CT

E = Epoch Time

CT = Cell Time

Virtual Time

Real Time

1A1 1A31A2

= Virtual Circuit

= Network Connection

... ...

Virtual Host 1

Virtual Host 2

Virtual Host N

Virtual Host 2

Virtual Host 1

Virtual Host N

... ...

q FedO68PY+JF[: Z�h/|WBT+ z På4)|lbW68*�~MPYG
BTFeAC+gG
AC68PY+

QM68Pl,/a8a8På4),/G
B�AC4�E!,/a8a8FH.Dd�,�79FHE!68kH,/AC+-f1~`|W>�.D+-ACX54)P/.s79FHE!68kH,/ACFH4).�4).DAC4},�79+-Ap4)R)a8B ( 7�0
FHG
,/k)BD4)79AC7�FH7ºfW+-a8FHG
AC+-f5Fe. q FHdO68PY+JF[:?ZºRC4)Po,ð79FHE!68kH,/AC+-fn.T+-ACX54)P/.hG
4).TAC,/FH.DFH.Dd�E.< N[FHPQAC68,/km~`|W>
BD4)7]AC7s,/.Df 4).D+1NOFHPuAC68,/ko~`|W> 79X5FHACG
B ACBT,/A;FH7ME!,/a8a8+-f@4).DAC4�ACBDPå+-+1a8B ( 79FHG
,/kc~y|l> 0CG
,/a8, ' kH+
BD4)7]AC7L:o|WBD+Ma8PQFH.DG
FHa8kH+-JTBT4)X5+-NO+-P�J)FH7}ACBT+M79,/E!+MRC4)P`,/. ( .D68E ' +-P;4)Rc79X5FHACG
BD+-7j4)PyBD4)79AC79J ' 4)ACB
NOFHPuAC68,/kº,/.Dfúa8B ( 7]FeG
,/kÛ:r[�+3G
+-PQAC,/FH.Dk ( fW4 .D4)AjFH.DAC+g.Df�ACBDFH7�v8dO68PY+�AC4 ' FH,/71ACBD+3På+-,/fW+-P�FH.DAC4
' +-kHFH+-NOFH.Dd!ACBD,/Ao794)68PYG
+-7]J[7]Fe.:.O79JO,/.Df 79X5FHACG
BD+g7UE!687]A ' +hE!,/a8a8+-fÅ68.TFeRC4)PQE!k ( 4).DAC4�a8B ( 79FHG
,/k
7968a8a84)PQA[E!,/G
BDFH.D+-7;,/7;ACBT+}v8dO68PY+U7968dOdO+-79AC7L:-|WBD+UE!,/a8a8FH.Dd�4)RDACBD+U79FHE!68ke,/AC+gfn.D+-ACX54)P/.�4).TAC4
ACBD+�a8B ( 7]FeG
,/k).T+-ACX54)P/.
FH79J�FH.�På+-,/kHFeA ( J ­O«�©
®�¯°³s©
®�´µ¼¤¦?®�©
®�³ :m|WBD+�4).Tk ( .[.T4)X5.1PY+-79ACPQFHG
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,/k
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PY4)7]7ºa8B ( 79FHG
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79X5FHACG
B�FH7x6879+gf�AC4�,/kHke4)X ,/P ' FHACPu,/P ( E!,/a8a8FH.DdM4)R)79FHE!68kH,/ACFH4).�+-.DACFHACFH+-7l,/.Df5RC,/G
FHkHFeAC,/AC+g7ºACBT+y79G
,/k10
FH.Dd
4)R[ACBT+j79FHE!68kH,/ACFe4).x: q FHdO68PY+�F[: Zt,/kH794hFHkekH6879ACPQ,/AC+-7�7]4)E!+j4)RTACBT+`E!4)PY+�FH.DACFHE!,/AC+�796 ' ACkH+-ACFH+-7x4)R
NOFHPuAC68,/kD~`|W> fW+-NOFHG
+-7�,/.Df NOFePQAC68,/k<~y|l> 79X5FHACG
BD+-79JpFe.TG
kH68flFH.Td3NOFHPuAC68,/kD,/.DfÅa8B ( 79FHG
,/kDACPQ,/Rîv8G
E!68kHACFHa8ke+64�FH.Dd�,/.Df ACBD+�FHE!a8,/G
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BDPY4).T4)687sfWFH79ACPQF ' 68AC+gf{G
4)E!a868AC,/ACFH4).T7�6879FH.Dd G
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NO+-.DACFH4).T,/kcAC+-G
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,/6879+5G
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AC41,MG
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,/6879+
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B
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4)kekH+-G
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+O:x5 .n,/kHkDG
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G
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FH+-.TADa8+-PQRC4)PQE!,/.DG
+�FH.5ACBD+�a8PY+-7]+-.DG
+j4)RT.D4).x0CPå+-,/k10CACFeE!+UkH4),/f;:

|WBD+�a8+-PQFH4)flFHGº.D,/AC68PY+U4)R z PY4)|Wbl68*�G
4)E!a868AC,/ACFH4).T7�7968a8a84)PQACFe.Td
.T+-ACX54)P/.h7]FeE!68kH,/ACFH4).�.D,/A*0
68PQ,/kHk ( kH+-,/fW7cAC4ðACBD+y.T4)ACFH4).
4)R «,«/¬�lu¨/¥ J/4)PWa8+-PQFH4)fl7]J§4)Rp+�4�+gG
68ACFe4).x:µi�68PQFH.DdM+-a84)G
BG�sJ-,jG
4)E!a86�0
AC,/ACFH4).1X5FeACB5,}79FH.DdOkH+UFH.Ta868AT,/.Tfn4)68ACa868AOG
4).D7968E!+-7�fW,/AC,}a8PY4)fW68G
+-f ')( FHAC7º7]68a8a8keFH+-PoFH.�7]4)E!+
a8PY+-NOFH4)687l+-a84)G
BDJ6�IHKJML J§,/.Df1a8PY4)fW68G
+-7WfW,/AC,`ACBD,/A�X5FekHk ' +ºG
4).D7968E!+-f�Fe.h794)E!+tRC68AC68PY+º+-a84)G
BDJ
���NJ�OuJ ')( FeAC7tG
4).T7968E!+-PQ:g~M7�79BT4)X�.1FH. q FHdO68PY+JF[: E/JL+-,/G
B5+-a84)G
B�G
4).T79FH79AC7�4)RD,}G
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FH.DAC+-PQNO,/ko=
PRQlIm,/.Df!794)E!+},/E!4)68.DA<4)RD79kH,/G�.�ACFHE!+�=%STQlICJ§X5BD4)79+Ua868PQa84)79+�Fe7;AC4�,/kHkH4)X ACBT+ðfW,/AC,
+�4�a8+-G
AC+-f5RCPY4)E PY+-E!4)AC+jG
4)E!a84).T+-.DAC7xAC4h,/PQPQFeNO+ ' +-RC4)PY+�ACBT+j796 ' 79+-wO68+-.TA)+-a84)G
B ' +-dOFH.D7L:g_y4).x0
79+-wO68+-.TACk ( J�ACBD+}+-a84)G
B�ACFeE!+�=%U�QlImFH7jACBT+ð7968E 4)R8ACBT+sG
4)E!a868AC,/ACFH4).3ACFHE!+s,/.Df�ACBT+s79kH,/G�.5ACFeE!+�h
U�QWVXPRQG�	SYQy:

Computation Time (CT) Slack Time (ST)

Epoch Time (ET)

Time

q FHdO68PY+�F[: EAhL*�ACP�68G
AC68PY+�4)RT,/.5bWa84)G
B

|WBD+ðG
4)E!a868AC,/ACFH4).�Fe.TAC+-PQNO,/kTFH.3,/. ( d[FHNO+-.�+-a84)G
BF�ýFH7`FHAC79+-kHR8a8,/PQACFHACFH4).D+-f!FH.DAC41ACBTPY+-+}79+-d90
E!+-.TAC7ð,/7�79BT4)X�. FH. q FHd[68På+�F[: F[:}|WBT+�PY+-G
+-FHNO+1a8BD,/7]+�G
BD+gG�.[7ðAC4!79+-+�FHRt,/kHkc4)R�ACBT+�fW,/AC,1ACBD,/A
FH7y.T+-G
+-7979,/P ( AC4�G
4).DACFH.T68+ðX5FHACB�ACBT+}G
68PQPY+g.DA<+-a84)G
B5BT,/7y,/PQPQFeNO+-fWJ�79a8+-G
FHv8G
,/kHk ( J�ACBD+}fW,/AC,sRCPY4)E
+-a84)G
BZ�[H\JMLá:�5 RDFHA<BT,/7;.T4)ACJLACBD+-.1ACBT+}+-a84)G
B1FH7;7�.OFea8a8+gflJg4)P �M¼°¥�¥�«�¶ ,/.DfnX5FHkHk[.T+-+-f�AC4 ' +UPY+�0
,/ACAC+-E!a8AC+-f!,/AWACBT+s.D+�4�A8a8+-PQFH4)fWFeG�FH.DNO4)G
,/ACFH4).�:�5 RWACBD+s.T+-G
+-797],/P ( fW,/AC,MBD,/7j,/PQPQFHN[+gflJpACBD+sG
4)E20
a868AC,/ACFH4).�a8BT,/79+ya8PY4)fW68G
+-7ofW,/AC,URC4)PWG
4).T7968E!a8ACFH4). ')( fW4)X�.T79ACPY+-,/E G
4)E!a84).D+-.TAC7cfW68PQFe.TdM,/.
+-.T7968FH.Dd�+-a84)G
BTJg79a8+-G
FHv8G
,/kHk ( J-+-a84)G
B]�^�_J`Og:g|WBD+;ACBDFHPYf5,/.Df�v8.D,/k�a8BD,/7]+y4)R)ACBD+yG
4)E!a868AC,/ACFe4).
FH.DAC+-PQNO,/kDACPQ,/.T79E!FHAC7jACBD+�fW,/AC,
a8På4)fl68G
+gf AC45ACBT+sfW+-79ACFH.D,/ACFH4).nG
4)E!a84).T+-.DA8FH.!a8PY+-a8,/PQ,/ACFH4).nRC4)P
ACBD+�+-.T7968FH.Ddh+-a84)G
B14).1ACBD+�fW+-79ACFH.T,/ACFe4).1BT4)79AC7L:

Time

Computation Time (CT)

Receive TransmitProduce

q FedO68PY+JF[: FAhL*�ACP�68G
AC68PY+�4)RT,}_`4)E!a868AC,/ACFH4).¥5 .TAC+-PQN[,/k

|WBD+aJ`b-PY+ga8PY+-79+-.TALa84)AC+-.DACFH,/kgfW+-kH, ( 7 ' +-ACX5+-+-.sACBT+�a8PY4)fW68G
ACFH4).�4)RpfW,/AC,y,/.Tf�FHAC7W796 ' 79+-wO68+-.TA
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BT4)FHG
+h4)RWACBT+cJ`bDNO,/kH68+-7jFH7�kH,/PYdO+-k ( fW+-a8+-.TfW+-.DAT4).nACBD+s7]+-E!,/.DACFHG
7j4)R
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fWFe7]ACPuF ' 68AC+-fÅ,/a8a8keFHG
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Data Cells

Source Switch Destination

Backward RM Cells

Forward RM Cells
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EXPLICIT RATE (ER)

CURRENT CELL RATE (CCR)

Queue Length (QL)

Sequence Number (SN)

Reserved

PROTOCOL ID = 1

CLP
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MINIMUM CELL RATE (MCR)
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VCI

VCI PTI
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X : Not Specified
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+-kHkH7j,/PY+�79+-.TAD,/.Tf�PY+gG
+-FHN[+gflJ
' 68A<.T4�4)ACBD+-Pca8PY4)G
+-7979FH.Td�FH7yfW4).D+O:	5 .�VWFe.T6�4�0C~y|l>@J�,/a8a8kHFeG
,/ACFH4).T7`ACBD,/A<4)a8+g.�~M~MVCYsG
4).D.T+-G�0
ACFH4).D7UG
,/.Å4).Tk ( På+-,/f�,/.Df�X5PQFHAC+~]�E ')( AC+ ' 68RãRC+-PQ71=?,/.Å+g.DACFHPY+h~`|W> G
+-kHkeJ8E!FH.T687ðACBD+h25+-,/fW+-P
bWPQPY4)Po_yBD+-G�.3=?25bl_yICIu:á|WBD+j,/a8a8kHFHG
,/ACFe4).1FH7tPY+-7]a84).D79F ' kH+`RC4)Plv8kekHFH.Dd
FH.1ACBD+`+-.TACFHPY+j~`|W> BT+-,/fW+-P
+�4�G
+-a8A<RC4)PtACBD+ð2�bW_M: |WBDFH7`FH.DG
kH68fW+-7`ACBT+�WtFePQAC68,/k[_`FHPYG
68FHAC5¤fW+-.TACFHv8+-PU=!W�_�5 ICJmACBD+�WºFHPQAC68,/k z ,/ACB
5 fW+-.DACFHv8+-P`=!W z 5 ICJLACBD+U_`+-kHkOVW4)797 z PQFe4)PQFHA ( =?_`V z ICJ�ACBD+Urs+-.D+gPuFHG q kH4)X#_`4).TACPY4)kl=?r q _`ICJ�,/.Df!ACBT+
z , ( kH4),/f1| ( a8+�5¤.TfWFeG
,/AC4)P�= z |'5 Iu:�|WBD+ºN[FHPQAC68,/kL~`|W> *p~%7!kH, ( +-P<FH.D7]+-PQAC7oACBT+;4).T+ ')( AC+º2�bW_ ,/.Df
a8,/7979+g7�]�F ')( AC+hG
+-kHkH7sfW4)X�.�ACBT+
NOFHPQAC68,/kl~y|l> kH, ( +-Pj79AC,/G�.o:g[úBT+-.�,1~`|W> G
+-kHkWFe7}PY+-G
+-FHNO+-f
4).�,/.1~M~MVCYUG
4).T.D+-G
ACFH4).TJ-ACBD+`*�~%7�kH, ( +-PlG
BD+-G�.O7�ACBD+j25bW_�,/.Df�fWFH79G
,/PYfW7tACBD+`G
+-kHkmFHR[,/.1+-PQPY4)P
FH7�fW+-AC+-G
AC+-f;:�5¤Rt.T4)ACJ<FHAºPå+-E!4)NO+-7sACBD+�2�bW_ ,/.Tf{a8,/7]79+-7ðACBT+�PY+-E!,/FH.TFe.Tdz]�E ')( AC+-7s68a�AC4!ACBT+
,/a8a8kHFHG
,/ACFe4).x:

5 .!~h~MVC]MG
4).D.T+-G
ACFH4).D79Jm,/a8a8kHFHG
,/ACFH4).D7UPY+-,/f ,/.Df�X�PQFHAC+�a8,/G�.O+-AC7j4)RlN[,/PQFH, ' kH+�kH+-.Td[ACBx:W|WBT+
*p~%7 kH, ( +-P�79+gd[E!+g.DAC7�ACBD+}a8,/G�.O+-AC7tFe.TAC4�T/^ ')( AC+}a8, ( kH4),/fW7;,/.Tf!,/ACAC,/G
BD+-7ºRC68kHkO~`|W> BD+-,/fW+-PQ79J
79+-.TfWFe.TdM]�F ')( AC+3~`|W> G
+-kHkH71fW4)X�.@ACBT+3NOFHPuAC68,/kº~`|W> fW+-NOFeG
+�79AC,/G�.o:�|WBT+3kH,/79AjG
+-kHkº4)Rj,/.
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~M~MV']�a8,/G�.O+-AWFH7jE!,/P/.O+-f�,/7j7968G
BnFH.nACBD+ z |'5l,/.Df G
4).DAC,/FH.T7j,/.n~M~hVC]�ACPQ,/FHkH+-Py,/AWACBD+ð+-.Df�4)R
ACBD+Ma8, ( kH4),/f ACBD,/AlFH.DG
kH68fW+-79J[,/E!4).Dd�4)ACBD+-P;ACBDFH.DdO79JO,�a8,/G�.O+-AlkH+-.DdOACB!FH.DfWFHG
,/AC4)PQ:i[úBD+-.�G
+-kHkH7
,/PQPQFeNO+h4).n,/.!~M~MV']hG
4).D.T+-G
ACFH4).DJ)ACBT+�2�bW_`7j,/På+hG
BT+-G�.O+-f ,/.DfWJOFeRl.D4�+-PQPY4)PQ7j,/PY+MRC4)68.DfWJ)ACBT+
a8, ( kH4),/fl7U,/PY+
w[68+g68+-fÅ68.TACFek8ACBT+
kH,/79AcG
+-kHk84)RxACBD+ha8,/G�.O+-AcFH7ðPå+-G
+-FHNO+-f;:�5 Rx,/. +-PQPY4)P`FH7ðRC4)68.TflJ
ACBD+U+-.TACFePå+}a8,/G�.O+-ATFe7ºfWFH79G
,/PYfW+-fWJLFe.TG
kH68flFH.Td1ACBD+UG
+-kHke7;ACBD,/A<BT,/NO+ ( +-A[AC4�,/PQPQFeNO+}ACBD,/A ' +-kH4).Td�AC4
ACBD+j+gPuPå+-f5a8,/G�.[+gAu:g|lBT+jkH+-.DdOACB�FH.TflFHG
,/ACFH4).5RCPY4)E ACBD+`~M~MVC]UACPQ,/FHkH+-Pca8+gPuE!FHAC7�ACBT+`*p~%7 ke, ( +-PoAC4
PY+-,/7]79+-E ' kH+ðACBT+}+-PQPY4)Pe0CRCPY+-+ða8, ( kH4),/fW7;FH.TAC4�,sNO,/PQFe, ' kH+�kH+-.Td[ACB ' 68RîRC+gP�E!,/ACG
BDFH.Dd5ACBD+U4).D+U79+-.TA
4).1ACBD+�ACPQ,/.D7]E!FeAT79FHfW+jACBD,/ADFH7ºa8,/7979+-f�68a�AC4
ACBT+U,/a8a8kHFHG
,/ACFH4).�:

±'  ´'  ± ®�ü ÂM�}Â ü Ë��
ÂpÁ û Ä ° �åÉ Æ

z PY4)a84)PQACFH4).D,/kW|OFHE!+1Fe7�,5G
4).Tv8d[68PQ, ' kH+1kH, ( +-P�4). ,5N[FHPQAC68,/kc~y|l> fW+-NOFHG
+1ACBD,/A�a8PY4)NOFHfW+-7sACBT+
G
4).DACPå4)k;79ACP�68G
AC68På+nRC4)P z På4)|lbW68*�7 ( .DG
BDPå4).D4)687�fWFH79ACPQF ' 68AC+-f�a8PY4)a84)PQACFH4).D,/kºACFHE!+!~`|W> .T+-A*0
X54)P/.179FHE!68ke,/ACFH4).T7L:m_`68PQPY+-.DAD7968a8a84)PQADFH7`,/NO,/FHke, ' kH+MRC4)PtNOFePQAC68,/kO~`|W> fW+-NOFeG
+g7y4)NO+-P�a8B ( 79FHG
,/k
~`|W>�fW+-NOFeG
+g7c4).Dk ( �g+gRîRC4)PQAC7x,/PY+`4).TdO4)Fe.Td�RC4)P8NOFePQAC68,/k z |1+-ACBD+-PQ.T+-Ap,/.Tf�NOFHPQAC68,/k z |5~`|W>�4)NO+-P
a8B ( 79FHG
,/km+gACBD+-PQ.D+gAu:

|WBD+ z PY4)a84)PQACFH4).D,/ko|[FHE!+5kH, ( +-PðFH7hG
4).DACPY4)kHkH+-f ')( ,3På+-,/k10CACFeE!+¥.O+-PQ.D+-klACBDPå+-,/f ACBT,/A;FH7MFH.x0
NO4�.O+-f368.Tfl+gPcS�K%7c|90CVWFe.T6�4ðG
4).TACPY4)km4).5,s79AC,/ACFHGy+64�a8kHFHG
FHADPY+-,/k10CACFHE!+ð7]G
BD+-fW68kH+�ACBD,/AD+g79AC, ' kHFe7]Bx0
+-7xACBT+j+-a84)G
B�ACFHE!+O:g|WBT+ja8+-PQFe4)f54)ROACBD+yPY+-,/k10CACFHE!+}ACBTPY+-,/fgÁ 7x+�4�+-G
68ACFH4).�FH7�a8PY+-fW+-AC+gPuE!FH.T+-f1,/.Df
79+-A ')( ACBT+�6879+-PcX5BT+-.1ACBD+J.O+-PQ.D+-k�FH7;79X5FHACG
BD+gf3FH.DAC4hPY+-,/k10CACFHE!+ðE!4)fW+O:65 .5dO+-.D+-PQ,/kHJ/ACBD+�kH+-.Td[ACB
4)RDACBT+�+-a84)G
B179BD4)68kHf ' +}kH4).Td�+-.D4)68dOB�RC4)PoACBD+ ' 6879FH+-79A[a8B ( 79FHG
,/kmBT4)79A[AC4
G
4)E!a8kH+-AC+�,/kHk)4)RDACBT+
AC,/7�.O7�FH.�+g,/G
B�G
+gkek10C79kH4)ATRC4)PcACBD+�a84)PQACFH4).14)RTACBT+�N[FHPQAC68,/k)~`|W> .T+-ACX54)P/.
ACBT,/ATFHAD7]68a8a84)PuAC7/:

_.¾ m ¾Û_.¾ < Ä Á > - ¿ ),? > DdÌ�+�(*D*? >
z PY4)|WbW68*�7 ( .TG
BDPY4).TF�3/,/ACFH4).!FH7�,/G
G
4)E!a8kHFe7]BD+-f�ACBDPY4)68dOB3, ª/«�®�³ 79FHE!a8kH+�E!+-G
BT,/.DFH79E{:oi�68PQFH.Dd
+-,/G
Bh+-a84)G
BDJ +-,/G
BhBD4)7]Ap79+-.TfW784)68Ap,`a8,/G�.O+-A�4).
+-NO+-P ( G
4).Dv8dO68PY+-f
N[FHPQAC68,/kLG
FHPYG
68FHA)7968a8a84)PQACFe.Td
ACBD+j7]FeE!68kH,/ACFH4).5X5BD+-ACBT+-PW4)Pc.D4)AO,/. ( fW,/AC,�=?~y|l> G
+-kHkH79IT.T+-+-fW7xAC4 ' +jACPQ,/.D79E!FHACAC+-f�4)Pc.T4)Au:µ~Mkek
z PY4)|WbW68*�a8,/G�.O+-AC7j,/PY+�ACFHE!+-7]AC,/E!a8+-f�X5FHACBnACBT+�+-a84)G
B3fW68PQFH.Dd�X�BTFHG
B!ACBD+ ( X5+-PY+sdO+-.T+-PQ,/AC+-f
,/.Df{+-,/G
B a8B ( 79FHG
,/koBT4)79Aj.O.D4)X579J<ACBTPY4)68dOB�ACBT+�79+-AC68aÅ4)R z PY4)|Wbl68*�JTBT4)X�E!,/. ( a8,/G�.[+gAC7sAC4
+�4�a8+-G
AOa8+-Pc+ga84)G
B =?4).D+�a8+-PcG
4).Tv8dO68PY+-f�7968a8a84)PQACFe.Td
NOFHPQAC68,/k)G
FHPYG
68FHACIu:

5 R[,/kHkm4)R[ACBD+ya8,/G�.[+gAC7xRCPY4)E +-a84)G
BI�ÍHÎJML[BD,/NO+j,/PQPuFHNO+-fWJ/ACBD+g.�ACBD+j+ga84)G
B�X5FHkekpa8PY4)G
+-+-f;:�5 R
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.D4)ACJpACBD+s+-a84)G
B�X5FekHk ' + �h¼°¥�¥�«�¶ ,/.Df FHAlX5FHkHk ' +�PY+60C,/ACAC+-E!a8AC+-f!fW68PQFe.Td5ACBD+s.T+�4�A8S�K%7c|90CVWFH.D6�4
a8+-PQFH4)fWFeG;FH.DNO4)G
,/ACFH4).DJ�a8PY+-7968E!FH.Dd�ACBD,/ADACBT+}E!FH797]Fe.Td�fW,/AC,sBD,/7º,/PQPQFeNO+-f!FH.�ACBD+�E!+-,/.TACFeE!+):�~M7
,/kHkH68fl+gfÅAC45FH. *�+-G
ACFH4).cF[: E[: Z]JTFH. z PY4)|WbW68*�.T+-ACX54)P;.�79FHE!68kH,/ACFH4).D79JOACBD+gPY+�FH7U,h.D+g+-f�AC4�E!4)fW+-k
79FHE!68kH,/AC+-f ACPQ,/.T79E!FH7979FH4). fW+-kH, ( 79Jo7]4 G
+gkekH7h,/PY+54)RCAC+-. RC4)PYG
+gf AC4 X�,/FHAºFH.{wO68+-68+g7s,/RCAC+-PðACBT+ (
BD,/NO+�,/PuPQFHNO+-f;:5|WBTFe7hG
FHPYG
68E!79AC,/.TG
+n,/kHke4)X57 z PY4)|WbW68*!ACBD+54)a8a84)PQAC68.DFHA ( AC4�PQ,/Fe7]+�ACBT+�NO,/kH68+
4)RBJs68a�AC4!ACBD+�E!FH.TFeE!68E 4)R�ACBD+�79FHE!68ke,/AC+gf{kHFH.x. fW+-kH, ( 7ðFHE!a84)79+-f@4).ÅACBTFH7sa8B ( 79FHG
,/klBD4)79Au:
5 . 4)ACBD+gP�X�4)Påfl7]JºX5+nG
,/.�FH.TACPY4)fW68G
+n,�7 ( .TG
BDPY4).TF13/,/ACFe4). ¦?¬
¯°«�®�©
­Alu« J`X5BD+gPY+nX5+nX5FHkek;,/kHke4)X
+-a84)G
BT7UAC4�a8PY4)G
+-+-f BD,/NOFH.Dd!.T4)A ( +-AlPY+-G
+-FHNO+-f ,/kHkW+�4�a8+-G
AC+-f E!+-7979,/dO+-7/:c2�4)X5+-NO+-PîJ ' +gG
,/6879+
ACBD+�AC4)kH+-PQ,/.DG
+nFH7�ACBT+ �M¼°­O¼��h£9� 4)Rj,/kHkº79FHE!68ke,/AC+gf kHFH.x.@fW+-kH, ( 79J�FHAjfW4)+-7�dO68,/PQ,/.DAC+-+�BD,/NOFH.Dd
PY+-G
+gFeNO+-f�,/kHk)E!+-7979,/dO+-7�X5FHACB5,ða84)AC+-.TACFe,/k ' +-,/PQFH.Dd�4).1ACBT+UG
68PQPY+g.DA[+-a84)G
B�:

|WBDFH7xa8BD+g.D4)E!+-.T4).hFH7xfW+-a8FHG
AC+-f1FH. q FHdO68PY+gF[: ^�X5BD+-PY+y,ja8,/G�.[+gA)Fe7cd[+g.D+-PQ,/AC+-f ')( ,�PY+gE!4)AC+
BD4)7]A`FH. +-a84)G
B£�|HÏ�§:�|lBT+3a8,/G�.O+-A`FH7�dO+-.T+-PQ,/kHk ( +64�a8+-G
AC+gf AC4 ,/PQPQFeNO+nFH. +ga84)G
B��sJ ' 68Aj,
79FHE!68kH,/AC+-f{keFH.:.ÅfW+-kH, ( 4)R;RC4)68PU+-a84)G
BD7]J<,/kHke4)X57MACBD+�a8,/G�.[+gAº,�X5FH.DfW4)X�4)RºNO,/kHFHf +-a84)G
BT7sFH.
X5BDFHG
B{AC4�,/PQPQFHN[+):¥5 .@ACBDFH7
+64�,/E!a8kH+-JoACBD+�a8,/G�.[+gA;,/G
AC68,/kHk ( ,/PuPQFHNO+-7hFe.{+-a84)G
BÍ�Ï��Ð5,/.Tf FH7
796 ' 79+gw[68+g.DACk ( RC4)PYG
+gf AC4�X�,/FHAWFH.3,�wO68+-68+}68.DACFHkO+-a84)G
Bp���ÒÑ§Jm79FHE!68kH,/ACFH.Dd5FHAC7`.D+-ACX54)P/.�kHFH.x.
fW+-kH, ('¿ J/,/ADX5BDFHG
B5ACFHE!+}FHATFe7ºv8.D,/kHk ( a8PY4)G
+g7979+-f;:

N+5N+4N+3N+2N+1NN-1

Time

Packet generated
Expected arrival

Valid arrival interval for a simulated link delay of 4 epochs

Actual arrival
Packet delivered

q FHdO68PY+JF[: ^Ah-*�FeE!68kH,/AC+-f3VlFH.:.�i�+-kH, ( 7;,/.Tf3|WBD+gFeP{5¤E!a8,/G
A[4).5* ( .DG
BTPY4).DF13/,/ACFH4).

|WBD+j79FHE!a8kHFHG
FeA ( 4)R[ACBT+j7 ( .DG
BTPY4).DF13/,/ACFH4).1a8PY4)AC4)G
4)k�Fe7tACBT+ja8PuFH.TG
Fea8,/kpPY+-,/794).�ACBT,/A z PY4)|Wbl68*
fW4)+-75.D4)AUG
68PQPY+-.DACk ( 7]68a8a84)PuA�+-ACBT+-PQ.D+-A�,/7�ACBD+�a8B ( 79FHG
,/kj7968a8a84)PQA�.D+gACX�4)P/.9��ACBD+ a8PY4)AC4)G
4)k
G
4).DAC,/FH.T7ð.D43G
4).DACFH.DdO+-.TG
Fe+g7ðX5BD,/AC794)+gN[+gPyRC4)P�kH4)79Aca8,/G�.O+-AC7L:y|�437968a8a84)PQAo+-ACBD+-PQ.T+-ACJOACBD+�7 ( .:0
G
BDPå4).DF13/,/ACFH4). E!+-G
BT,/.DFH79E FH.{ACBD+ z PY4)a84)PQACFH4).D,/kx|OFHE!+�ke, ( +-PðX�4)68kHf BT,/NO+�AC4 ' +�+�4�AC+-.Tfl+gf

Ä íVÆ6ÕÃÍXÇ�ß�ÌÛÑÓÆSÉJÝ�Ç/Ç/È%Ç/Ò�ÇgßgÌÎÚÛÚ�È�ÕÃÑÓÌÛÖªÇ�ÑÓÆ�É¶Ñ�É�ÚÎÌÎÈ6Ý�×VÇ/ÚÛÉ;Ò�ÕÃÜxÜ�ÕÃË�Ù{ß�ÕÃË�ÚÛ×�É¶ÖªÑÓË�É;ÚÛÚÎÒ%Æ6É;Ø�Ç�ÑÓÆ�Ç�Ð�É¶ÖªÝ�Ç/Ñ�Þ�Ç;ÌÎÈ6è
Ð�Ù¸ÕÃÖeÇ/ÍXÍªÇ/×�ÌÛÈ�Ç/Ð�ÕÃÖeÆ«ÓZÔgÕZá`Ö�ÕÃßgÇ/Ø¼Ç/ÙÓÔZÕÃÈ6ÇxÇ;Ð�ÕÃÖªÆgÌÎÍ�É¶×V×VÇ/×�ÑÓÕiÉ;ÚÛÚ�ÚÎÌÎÈ6Ý�×VÇ;ÚÎÉ;Ò�Í�Ñ!ÕiÍªÌÎÏJË�ÚÛÉ;ÑÓÇ�ÖªÚÛÕÃÖeÝ¼ÌÎÈ6èi×VÇ/ÚÛÉ;Ò�á
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AC4368ACFHkHF13/+�,�7]FeE!a8kH+hv�4�+gf'0CX5FH.DfW4)X�X�FH.Tfl4)X5FH.Dd379G
BD+-E!+MAC4�fl+gAC+-G
AokH4)79Ala8,/G�.O+-AC7�4)P`4)68A*0C4)R*0
79+-wO68+-.TG
+
a8,/G�.O+-Ao,/PQPuFHNO,/kH7L: q 68PQACBD+gP�JD,/. ,/G�.O.D4)X5kH+-fWd[+gE!+-.DAo4)PjPY+-ACPQ,/.D79E!FHAxPå+-wO68+-79AcE!+gG
Bx0
,/.DFH79E X54)68kef�.D+-+gf AC4 ' +MFHE!a8ke+gE!+-.DAC+-f AC4�PY+-G
4)NO+-PyRCPå4)E 7968G
B!RC,/FHkH68PY+-7U,/.DfÅACPu,/.T79E!FHACACFH.Dd
BD4)7]AC7jX�4)68kHf .D+-+gf�AC45PY+-AC,/FH.�a8,/G�.O+-AC7j68.DACFHkTACBD+ ( ,/PY+h,/G�.[.T4)X5ke+gfldO+-f�4)P;RC,/kekD4)68AC79FHfl+�ACBT+�7�0
kHFHflFH.Td!+-a84)G
B!X5Fe.TfW4)X1:�~`|W>{JO4).!ACBT+
4)ACBT+-PyBT,/.DfWJTFH7}PY+-kHFH, ' ke+gJDkH4)X fW+-kH, ( ,/.Df +g7979+-.TACFe,/kHk (
kH4)797�0CRCPY+g+O:l|WBD+ z På4)|lbW68*�7 ( .TG
BDPY4).TF13/,/ACFe4).!a8På4)AC4)G
4)kTG
4).TAC,/Fe.T7�,�79FHE!a8kH+ME!+-G
BD,/.TFe7]E AC4�fW+�0
AC+-G
A[ACBD+UkH4)797t4)RD,sa8PY4)a84)PQACFH4).D,/k�ACFHE!+ða8,/G�.O+-A[Fe.�ACBD+�a8B ( 7]FeG
,/kp.D+-ACX54)P/.o:/|WBTPY4)68dOB1BD68.DfWPY+gfl7
4)R z PY4)|WbW68*}+64�a8+-PQFHE!+-.TAC7ckH,/79ACFH.DdME!FHkHkeFH4).T7º4)R)+ga84)G
BD7c+g,/G
BDJ-PY+g7968kHACFe.TdMFe.
a8B ( 79FHG
,/k�~`|W> G
+gkek
ACPQ,/.D79E!FH797]Fe4).T7tFe.5ACBT+ ' FekHkHFH4).D79J�.D4)A[,ð7]Fe.TdOke+�~`|W> G
+gkekH7ºBD,/7º+-NO+-P ' +g+-.1kH4)79Au:

_.¾ m ¾Û_.¾!G nCa ?9- ¿G¤À¿ +�& I &
|WBD+
PY+-,/k10CACFHE!+1ACBDPY+-,/f@G
4).TACPY4)kHkeFH.Td a8På4)a84)PuACFH4).T,/klACFHE!+�+64�+-G
68AC+g7},5G
4).DNO+-.TACFH4).D,/kW796879a8+-.TfC0
X54)P/.nkH4)4)aÅ,/7U79BD4)X5.�FH. z PY4)dOPQ,/E F[: Z/:;~MAcACBD+hAC4)a 4)RxACBD+hkH4)4)a8JTACBT+
ACBTPY+-,/f FH7U796879a8+-.Tfl+gf
')( S�K%7c|90CVWFe.T6�4sFHR8+-FHACBD+-PoACBD+�.O+-PQ.D+-kmFH7;.D4)A[Fe.�PY+-,/k10CACFHE!+ðE!4)fW+-JL4)Px68.TACFek)ACBT+}ACBTPY+-,/fnFH7;.D+�4�A
79G
BT+-fW68ke+gfy:¼[ BT+-.1ACBD+�ACBTPY+-,/f3FH7º,/X5,�.[+g.D+-fWJ-ACBT+UX54)P/.�a8BT,/79+j4)RD,/.5+-a84)G
B1+g.D7968+-7/:

¤ ),? Æ ),+ ` _.¾ < z På4)a84)PuACFH4).T,/kp|OFHE!+}|WBDPå+-,/f3*�6879a8+-.DfC0*[�4)P;.�VW4)4)a

1 while (!rt_suspend(SUSPEND_IF_NRT)) {
2
3 if (receive() == SUCCESS) {
4 produce();
5 transmit();
6 }
7
8 if (stop_time()) break;
9 }

bW,/G
B�PY+-,/k10CACFHE!+j+-a84)G
BhG
4).D79FH79AC7o4)R)ACBDPY+-+;RC68.DfW,/E!+-.TAC,/k�a8BT,/79+-7c,/7ca8PY+-NOFH4)6879k ( ,/kHkH68fW+-f5AC4
FH.Å*�+-G
ACFH4). F[: E��WPY+-G
+-FHNO+-J<a8PY4)fW68G
+h,/.Df�ACPQ,/.D7]E!FeAu:y|WBT+�FHAC+-PQ,/ACFH4).�4)RxACBT+
kH4)4)a FH7}AC+-PQE!Fe.T,/AC+-f
')( ,M79AC4)anG
4).DfWFHACFH4).nACBD,/A87]FedO.T,/ke7yACBD+s+-.Tf!4)RWACBD+s79FHE!68kH,/ACFH4).DJm,/AWX5BDFHG
BnACFHE!+sACBT+sPY+-,/k10CACFHE!+
ACBDPå+-,/f ' PY+g,�.[7t4)68A[4)RDACBT+UkH4)4)a�,/.Df�+�4�FHAC7L:

|WBD+5PY+-G
+-FHNO+5a8BD,/79+5+-.T7968PY+-7ðACBD,/Aº,/kek�fW,/AC,�.D+-G
+-7]79,/P ( AC4 a8PY4)G
+-+gf X5FHACB�ACBD+5+-a84)G
B BT,/7
,/PQPQFeNO+-f3,/7;+-.TRC4)PYG
+-f ')( ACBD+�7 ( .TG
BDPY4).TF�3/,/ACFH4).5a8PY4)AC4)G
4)kÛ:

5 RcACBD+hPY+-G
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G
+-+gfl7]J[ACBT+ z PY4)a84)PQACFe4).T,/k<|OFHE!+�kH, ( +-P`ACBD+g.!E!4)N[+g7}AC4�ACBD+Ma8PY4�0
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fW68G
+ða8BT,/79+O:m|WBDFH7ya8BT,/79+ð+-.TAC,/FHke7;v8PQ79A<68.Da8,/G�.OFH.Dd1,/.Tf�fl+gE!68keACFHa8kH+�4�FH.Dd1ACBD+UPY+-G
+gFeNO+-f�a8,/G�.90
+-AC7�,/.Df�FHE!a84)79FH.Dd3ACBT+M79FHE!68ke,/AC+gf kHFe.:.nfW+-kH, ( 7U4).!,/kHk8G
+-kHkH7UFe. ACBD+�a8,/G�.O+-AC7/:{5¤AlACBD+g.!a86879BD+-7
ACBD4)7]+�G
+-kHkH7�X5BD4)7]+�79FHE!68kH,/AC+-fúfW+-kH, ( BD,/7�+64�a8FHPY+-f�68a ACBD+3NOFHPQAC68,/k;fW+-NOFHG
+37]AC,/G�.{,/.Tf�FH.DAC4
ACBD+}794)RCACX5,/PY+ð7]X�FHACG
B�4)P�ACBD+w.O+-PQ.T+-k)794)G�.O+-ADFHE!a8kH+-E!+-.TAC,/ACFH4).�:[~MA<ACBTFH7ya84)FH.DACJ�,/. ( .D+-G
+g7979,/P (
G
+-kHk10C79X5FHACG
BDFH.DdhFH7x,/G
G
4)E!a8kHFe7]BD+-f ')( Fe.TNO4�.[FH.TdhACBT+yNOFHPQAC68,/k�~`|W>�794)RCACX5,/PY+;79X5FeACG
B
79X5FHACG
BDFH.Dd
RC68.DG
ACFH4).TJlRC4)kHkH4)X5+-f ')( 7]+-PQN[FHG
FH.Dd ,/kHkc4)a8+-. NOFHPuAC68,/koNOFePQAC68,/koG
FePåG
68FeAC7M4). +g,/G
B a8PY4)a84)PQACFH4).D,/k
ACFHE!+�N[FHPQAC68,/k)~`|W> fW+-NOFHG
+�ACBDPY4)68dOB�a8+gPuRC4)PQE!FH.DdhG
+-kHk10CkH+-NO+-k)ACPQ,/Rîv8G`79BT,/a8FH.Ddo:g~M7�a8PY+-a8,/PQ,/ACFH4).
RC4)P`ACBT+
ACPQ,/.D7]E!FeAoa8BD,/79+gJ[+g,/G
B�NOFHPQAC68,/kl~y|l> fl+gN[FHG
+hFH7}a8+-PQE!FHACAC+-f�AC4�79+gke+gG
Ac,�79FH.Td[kH+hG
+-kHk8AC4
79+-.Tf�fW68PQFH.Dd
ACBDFH7t+-a84)G
B1FHR<4).D+�FH7t794
+g.D, ' kH+-f;:

|WBDFH7xFH7xRC4)kHkH4)X�+gf ')( ACBT+yACPQ,/.D7]E!FeA)a8BT,/79+-J§fW68PuFH.Td�X�BTFHG
B�ACBD+;+-.D, ' kH+-f5G
+-kHkH7x79BT,/PuFH.Tdh+g,/G
B
7968a8a84)PQACFH.Dd
a8B ( 79FHG
,/kTNOFHPQAC68,/kOG
FePåG
68FeAl,/PY+sE!68kHACFHa8kH+�4�+-f!FH.DAC4�~M~MVC]sa8,/G�.O+-AC79J�4).D+ða8+gP�a8B ( 79F10
G
,/k)7968a8a84)PQA9W�_`J/ACBD,/A[,/PY+UPY+-kH, ( +-fnAC4hACBD+jfW+-79ACFH.D,/ACFH4).1BT4)79Au:

_.¾ m ¾Û_.¾!_ ÄCI > @CD >ÀÆ + > @ HJI - I D o D >ÀÆ
[úBD+-.
794)68PYG
+-7c79+-.Df5fW,/AC,�4).�,/.14)a8+-.hNOFHPuAC68,/kpN[FHPQAC68,/kpG
FHPYG
68FHA[4).�,�NOFePQAC68,/k�~`|W> fW+-NOFHG
+-J-ACBT+
' 68RîRC+gPºa8På4)a8,/d[,/AC+g7ºFHAC7;X�, ( fl4)X5.5AC4�ACBT+}NOFHPQAC68,/k[fW+-NOFHG
+ðkH, ( +-PQ79JLX5BD+-På+ðACBD+UfW,/AC,sFH7y+-NO+-.TAC6�0
,/kHk ( 79+-.DAT4)68AT4).TAC4�ACBT+U.T+-ACX54)P/.c:/|WBD4)79+�G
4).Tv8d[68På+-f3X5FHACB5,s*p~%7 kH, ( +-Px79+gd[E!+g.DA[ACBD+ ' 68RîRC+-P
FH.DAC4¥T/^ ')( AC+Ma8, ( ke4),/fW7�,/.Df�a8PY4)a8,/dO,/AC+�, ¦?®�©
¼°­ 4)R']�F ')( AC+M~`|W> G
+-kHkH7UAC4�ACBT+Mke, ( +-PQ7 ' +-kH4)X1:
QM.
,jNOFHPQAC68,/kLfl+gN[FHG
+;N[4)FHf14)Rm, z |1kH, ( +-P�J§ACBD+;G
+-kHkLACPu,/FH.hFH7ca8,/7979+gf�fW4)X�.MAC4}ACBD+ºke4)X5+-7]ApNOFHPuAC68,/k
fW+-NOFHG
+}kH, ( +-P�JLX5BDFHG
B5+-.DG
,/a87]68ke,/AC+g7ºACBT+�~`|W> G
+-kHkH7;FH.DAC4
,s.D+gACX�4)P/.ha8,/G�.O+-AT,/.Tfn79+-.TfW7�FeAT4)68A
4).1ACBD+�a8B ( 7]FeG
,/kp.D+-ACX54)P/.
fW+-NOFHG
+O:

[úBD+-.�ACBD+MNOFHPQAC68,/kl~y|l> fl+gN[FHG
+hFH7ðG
4).Dv8dO68PY+gfÅX5FHACB , z | kH, ( +gP�JDX5BDFHG
B�PY+-7]FefW+-7 ' +-kH4)X
ACBD+U*p~%7 ¿ JLACBT+}G
+-kHkH7y,/På+ ' 68RãRC+-PY+-f ')( ACBT+�ke, ( +-P�,/.Tfn,/PY+ ­[¬�¦ FHE!E!+-fWFe,/AC+gk ( 7]+-.DA[4)68AD4).TAC4
ACBT+
a8B ( 79FHG
,/kl7968a8a84)PQAc.T+-ACX54)P;.o:`~M7sfW+-a8FHG
AC+-f FH. q FHdO68PY+~F[: \/JlG
+gkekH7s+g.DAC+-PQFH.Dd!ACBT+ z PY4)a84)PQACFH4).D,/k
|OFHE!+UkH, ( +-Pl,/PY+�wO68+-68+-f5FH.DAC4M,ðACPQ,/.D7]E!FeAOwO68+-68+`4).1,Ua8+-P�0*WJW�_ ' ,/79FH7tX5BD+-PY+jACBT+ ( X5,/FeA[AC4 ' +
+-.T, ' ke+gf ')( ACBT+UACPQ,/Rãv8G`79BD,/a8+gPQ:

~M7ða8,/PQAx4)RxACBT+
X54)P/.nfW68PQFe.Td!+-,/G
B +-a84)G
BDJTG
+-kHk�0CkH+-NO+-klACPQ,/Rîv8G�79BT,/a8FH.Dd!FH7ða8+-PQRC4)PQE!+-f�4).
+-NO+-P ( 4)a8+g.§W�W�_ÊX5FHACB{a8+g.DfWFH.DdÅG
+gkek�ACPQ,/.T79E!FH7979FH4).�:�|pPQ,/Rãv8G�79BD,/a8FH.TdÅ,/a8a8kHFH+-7
,3fl+gG
Fe7]Fe4).
RC68.DG
ACFH4).�AC4!+-,/G
BzWJW�_`JDX5BT4)79+�a868PQa84)79+hFH7sAC4!fW+-G
FHfl+gf�X�BT+-ACBD+gP`4)P�.D4)A�ACBD+�WJWU_ 79BD4)68kHf

Ä ç�Ù¸ÕÃÐ�ÕÃÙ*ÑÓÌÎÕÃÈ6É;Ú�ÑÓÌÛÏJÇ�Ø¼ÌÛÙ*Ñ!Ë�É¶Ú�óAíVö¨×�Ç/Ø¼ÌÛÖªÇ/ÍY×4&)+¸ë¶Þ�Ç�ÖeÕÃÈ`¹�è�Ë�Ù¸Ç/×gßgÌÎÑÓÆ�ÉÀ��ó©ô�ÚÎÉ¶Ò¼Ç/Ù	É*Þ	ÕÃØ¼Ç�ÑÓÆ6Ç�ç�í�ÚÎÉ;Ò�Ç/ÙÓá

T/^



...

RM

CBR

VBR

ABR

UBR

Generated and turned-around RM cells

VC 1

VC 2

VC 3

VC n

Waiting Enabled

Outbound

Down to Device

TX

TX

TX

TX

q FHdO68PY+JF[: \Ah/|pPQ,/.D79E!FHA[*pFHfW+Jdh68+g68+-FH.Dd�FH.5ACBD+ z PY4)a84)PQACFH4).D,/k�|OFeE!+UVW, ( +-P

' +�,/kHkH4)X5+-f�AC4!79+-.Tf ,1G
+-kHkoFH.�ACBDFH7ð+-a84)G
BTJ ' ,/79+-f�4). FHAC7sG
68PQPY+-.TAxG
+-kHkoPQ,/AC+n=
CCR

Iu: z PY4)dOPQ,/E
F[: E379BD4)X57�ACBD+�,/kHdO4)PuFHACBTE 6879+-f AC4�7]BD,/a8+�~`|W> ACPQ,/Rîv8G
JxX5BDFHG
B{dO68,/Pu,/.TAC+-+-7�ACBT,/Ay,n794)68PåG
+
79+-.TfWFe.Td1,/A8PQ,/AC+

CCR
G
+-kHkH7ja8+-P�79+-G
4).Tf!4).3,M79FHE!68kH,/AC+-f�kHFe.:.54)R879a8+-+-f

linerate
G
+-kHkH7ja8+-P

79+-G
4).TfnX5FHkekO79+g.Dfn+�4�,/G
ACk (
CCR

G
+-kHkH7yFH.
linerate

G
+-kHk�0C7]ke4)AC7/:)|WBT+},/kHdO4)PQFeACBTE FHAC79+-kHR<FH7`NO+-P (
79FHE!a8kH+�,/.Df37]a8,/G
+-7�G
+-kHkmACPQ,/.D79E!FH797]Fe4).14).1ACBT+jkHFe.:.�,/7º+-NO+-.Dk ( ,/7ta84)7979F ' kH+-J-68ACFHkHF�3/FH.Td1PY+-E!,/FH.x0
fW+-Pc,/G
G
68E!68kH,/ACFH4).�AC4
,/a8a8PY4�4�FHE!,/AC+}a8+gPuFH4)fWFHG;ACPQ,/.T79E!FH7979FH4).1FH.�,/G
G
4)Påfl,/.TG
+ðX5FHACB1ACBD+

CCR
:

¤ ),? Æ ),+ ` _.¾!G z På4)a84)PuACFH4).T,/kp|OFHE!+}|�Pu,/Rãv8Gy*�BD,/a8FH.Dd

1 /* Initialization. */
2 send = linerate / CCR;
3 remainder = linerate % CCR;
4
5 /* During each epoch. */
6 if (!--send) {
7 /* Send a cell. */
8 send = linerate / CCR;
9 remainder += linerate % CCR;
10 send += remainder / CCR;
11 remainder = remainder % CCR;
12 } else {
13 /* Do not send a cell. */
14 }

_`0C7!,/.Df�~M0C7n,/PY+;79BD,/a8+gf ')( ACBDFH7l,/kedO4)PQFHACBDE!JµX�BTFHke+gW�0'7�,/.Df1KM0C7n,/PY+;.D4)Au:�QMRmG
4)68PQ79+-J
FH.�,U_`0C7 G
4).T.D+-G
ACFH4).TJ

CCR
.D+gN[+gPlG
BT,/.DdO+-79JgX�BTFHke+jFH.�,/.�~h0C7�G
4).D.T+-G
ACFH4).DJ-FHAOBD,/7cACBD+`a84)AC+-.:0

ACFH,/k)RC4)PcG
BT,/.DdO+},/ATACBD+jPY+gG
+-a8ACFH4).14)RD+-,/G
B ¨ H ¥ G
+-kHkÛ:
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W�0'7 ACPQ,/Rîv8GhFH7�FeE!a8kH+-E!+g.DAC+-f{ACBDPY4)68dOB�ACBD+�~`|W> 7º+gRC+-PY+-.TG
+�|pPQ,/Rîv8Gh*p4)68PåG
+ =?~S7o|W*pItFH.
z PY4)|WbW68*�X5BDFHG
B!fWFH79a8+-.T79+-7ºG
+-kHke7 ' ,/79+gf 4).3,/.n+�4�a8keFHG
FHAlACFeE!+�kHFH.D+M79G
BT+-fW68kH+O:D|WBDFH7jFH7j,
NO+-P (
FH.DAC+-På+-79ACFH.Dd
,/.Df!FH.DACPQFHdO68Fe.Td�RC+-,/AC68PY+ ' +-G
,/6879+UFHA<+-797]+-.DACFH,/kHk ( E!+-,/.T7yACBD,/A z PY4)|WbW68*�G
,/.�PY+ga8keF10
G
,/AC+ ©
­[³ ~`|W> 79ACPY+-,/E�X5BD4)79+�G
+-kHkOACPQ,/.D79E!FH7979FH4).179G
BT+-fW68kH+UG
,/. ' +}+64�a8kHFHG
FHACk ( G
,/a8AC68På+-f;: q 4)P
FH.D79AC,/.TG
+-Jg7]4)E!+;4)RmACBT+y~%7c|W*JW�0C7n794)68PYG
+-7l6879+-f�Fe.
_`BD,/a8AC+gP�TjX�+gPY+;G
+gkekLACPQ,/G
+-7o4)Rm,/.�> z bWr
G
kHFHa!RCPY4)E ACBD+}E!4)N[FH+�� ¦?©
® l ©
®�¥ 7]ACPY+-,/E!+-fn,/G
På4)797y,�PY+g,/k[~y|l> .T+-ACX54)P;.o:�~%7o|l*MG
,/.�,/ke7]4 ' +
6879+-f@AC4!PY+ga8keFHG
,/AC+14)ACBT+-P�RC68.DfW,/E!+-.DAC,/ko794)68PYG
+�G
+gkeko4)P}a8,/G�.O+-A�a8,/ACAC+gPu.T7ð7968G
BÅ,/7�4).x0C4)RîRCJW4)P
79AC,/ACFH79ACFHG
,/kHk ( 7]FedO.TFev8G
,/.TA84).D+-7º7968G
B�,/7y>@,/P/.O4)N[FH,/.x:O~MkHkOACBD,/A<FH7`PY+gw[68FHPY+gf!,/PY+ð79AC,/ACFH79ACFHG
,/kOPQ,/.x0
fW4)E .D68E ' +gP�d[+g.D+-PQ,/AC4)PQ79JL7968G
B�,/7`ACBD4)79+UG
4).DAC,/FH.T+-f!FH.3ACBD+}r�R5K *pG
FH+-.TACFev8GjVWF ' PQ,/P ( J�,/.Df�,
79FHE!a8kH+}a8På4)d[PQ,/E AC4
dO+-.T+-PQ,/AC+jACBD+�79G
BT+-fW68ke+):

KM0'7úACPQ,/Rîv8GhFH7s79BT,/a8+-f@6879FH.Dd!,�AC4�.[+g. ' 68G�.O+-Ax,/kHdO4)PQFHACBDE X5BD+-PY+�6879+-P�0CkH+-NO+-kla8PY4)dOPQ,/E!7
G
,/. 79a8+gG
FeR ( ,�AC4�.O+-.@PY+-a8kH+-.TFe7]BDE!+-.TA`PQ,/AC+n,/.Dfú,�E!,�4�FHE!68E ' 68G�.O+-A`79F13/+-JtX5BDFHG
B fW+-RC,/68kHA
AC4 ACBT+379FHE!68kH,/AC+-fúkHFe.T+nPQ,/AC+n,/.Dfú4).T+-J�PY+-79a8+gG
ACFeNO+-k ( :c5 . z PY4)|WbW68*pJ ')( fW+-RC,/68kHACJºKM0C7 G
+-kHkH7
,/PY+ ©
¯�k�©
³/¥ ,/kHkH4)X�+gfÅAC45ACPQ,/.D79E!FHACJOBD4)X5+-NO+-P�J)ACBT+ ( v8.Df�ACBD+-E!79+gkeNO+-7 ' +-BDFH.Df�,/kHk<4)ACBD+-PºACPQ,/Rîv8G
G
kH,/7979+-7UFH.Åa8PQFH4)PQFeA ( RC4)PjACBD+hkeFH.:.!4).DG
+�ACBT+ ( ,/På+�+-.T, ' ke+gfy:�[úBT+-.�Kh0C7 G
+gkekH7},/PY+�X5,/FHACFH.Dd�AC4
' +sACPQ,/.D7]E!FeACAC+gflJLACBT+ð79BT,/a8+-PxBD,/.TfW7`4)68ADAC4�.O+-.T79JL+-,/G
B34)R8X5BDFHG
B�,/kekH4)Xõ,MG
+-kHkOAC4 ' +s+-.T, ' ke+gflJ
,/7skH4).Dd!,/7ðACBD+ ( ,/På+�,/NO,/FekH, ' kH+O:w[úBD+g.�ACBT+ ' 68G�.O+-AxFH7ð+gE!a8ACFe+gflJTG
+-kHkH7s,/PY+ ' kH4)G�.O+-f�,/.Df@ACBT+
' 68G�.O+-A[Fe7ºPY+-a8kH+-.TFH79BD+-f�X5FHACB1AC4�.[+g.D7�,/ADACBT+j79a8+-G
FHv8+-f�Pu,/AC+):

[úBD+-.�G
+-kHkH7},/På+
+-.T, ' kH+-f ')( ACBT+h7]BD,/a8+-P�J[ACBD+ ( ,/PY+
ACPQ,/.D79RC+-PQPY+gf�RCPY4)E ACBD+-FHP�WJW�_úw[68+g68+
AC45ACBD+�fW+-NOFHG
+Mw[68+g68+-79JmX5BD+gPY+�G
+-kHkH7},/PY+M79+ga8,/Pu,/AC+gf ')( G
kH,/797L:obW,/G
B!fW+-NOFHG
+hBT,/7�v8N[+MwO68+-68+-7
,/7y7]BD4)X5.5Fe. q FedO68PY+�F[: \���4).D+U+-,/G
B3RC4)Pi7t>@J�_y0'7tJVW�0C7ºJL~M0C7�,/.Df!KM0C7}:
~MA<ACBT+}G
4).TG
kH6879FH4).
4)R`+-,/G
B +-a84)G
BDJc+-,/G
B NOFHPQAC68,/k;~y|l> fW+-NOFHG
+3FH7
,/kekH4)X5+-f�AC4 7]+-.Df ¬
­O« G
+gkektFHRjACBD+gPY+3,/PY+�,/. (
+-.T, ' ke+gfy:n|WBDFH7hFH79J�4)RjG
4)68PQ79+-J ' +-G
,/687]+�X5+37]a8+-G
FHv8G
,/kek ( G
BD4)7]+3ACBD+�~`|W> G
+-kHktACFHE!+n,/7�ACBT+
' ,/79FHG�NOFePQAC68,/kTACFeE!+ð68.DFHAu:[|WBD+gPY+-RC4)PY+-J�+-,/G
B�+-a84)G
B3G
,/.nPå+-7968kHA<FH.n,/A8E!4)79A<4).T+ðG
+-kHk ' +-FH.Dd579+-.TA
4).{+-,/G
B 7]FeE!68kH,/AC+-f�.T+-ACX54)P/.ÅkHFH.x.o:3|WBD+�G
68PuPå+-.DA;E!+-G
BD,/.TFe7]E 6879+-f AC4ÅG
BD4)4)79+5,!G
+-kHktFH7�,
79ACPQFHG
A<a8PQFH4)PuFHA ( G
PQFHAC+-PQFH4).�X5BTFeG
B�79+-PQNOFHG
+-7;ACPQ,/Rãv8GjG
ke,/7]79+-7yFH.�ACBD+}4)PYfW+-P/��7t>@J�_`0C7ºJVW�0C7tJ�~M0C7
,/.Df�KM0C7}:m|lBT+-PY+-RC4)På+-JcFHRjACBD+gPY+�FH7
,/. 7t> G
+-kHktX�,/FHACFH.DdOJ�FHA`X5FHkHk ' +�79+-.TAyPY+-dO,/PYfWkH+-797h4)R`ACBT+
4)G
G
68a8,/.DG ( 4)R)4)ACBT+-P8wO68+-68+-7L:Ã5¤R).T4�7t> G
+gkek�FH7xX5,/FHACFe.TdOJ ' 68A),�_`0C7�G
+-kHk�FH79JµACBD+-.hACBD+;_`0C7 G
+gkek
X5FHkek ' +jG
BD4)79+g.DJg+gACG�:g_`BD4)79+g.�G
+-kHkH79J/,/AOE!4)79A)4).D+jRCPå4)E +g,/G
B1a8PY4)a84)PQACFe4).T,/kLACFeE!+jNOFHPQAC68,/kp~`|W>
fW+-NOFHG
+-Jx,/PY+�ACBD+-.@+-.TwO68+-68+-f{4).DAC4 ,/.{4)68A ' 4)68.Tf wO68+-68+579BT,/PY+-f ')( ,/kHk z | fW+-NOFHG
+-7 ' +-FH.Dd
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E!68kHACFHa8ke+64�+-f�4).DAC45,�a8,/PQACFHG
68kH,/PjNOFePQAC68,/k8G
FHPYG
68FHAxFH.!ACBD+Ma8B ( 7]FeG
,/kD.D+-ACX54)P/.o:o|WBD+�G
4).DAC+g.DAC7j4)R
+-,/G
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ò è �.�9¤ í �.£Kã�Ü?ÚDâäæIâ�Ø#���aÙdô¡�����r�iÿ£åTîjâäçtà.ádâäã4à.áDâäà.Ü?ÚKåTëjádîjëjáêîjåTçtáTåTò�ádÚ�âÊã�åTòdá%#cà.çïâÊã
#cÛÝádÜ?Ú9#cÚ�âäç
â
ÛÝáYÜ?åTæIîjëjádâäãÂà���âäà.Þ½ÿüðÝðÝå(#câäß��«âäðÝð7��à.ádâ>!c� ©
¸ ��&Mëjã�ÛÝÞ�íqâäþ6îjåTÞ�â�Þ�ádÛÝà.ðC#câäÛÝí�ÚDádâäßúà.èêâäçtà.íêÛÝÞ�í
à.Þ�ß�à>�3?CK2°²«>=@?�°�ABà.ãñàaòdçtà.Ü?ádÛéåTÞGåTò�ádÚ�â,� ©�¸ �
�

��� P.�����/�
�'�

��� P.��� �
�'�

PÊP.�

�(�$�X '¡(¢��$ 5£ ��¤¥ ��� P.�

�jçïåTíêçtà.æ +�ô +aã�Ú�å(#cã8ádÚDâBòdëjÞDßÀà.æIâäÞ�ádà.ðYà.ðÝíêåTçtÛÝádÚ�æ â�þ�âäÜ?ëjádâ�ßGà.áDádÚ�â�çïâäÜ?â�îjádÛéåTÞúåTò�à ª �*�
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¹�°²¯3Ha°�?C¦ ¦�§#¦ ���'���«ÿ�� ÿüáDádÚDâ���âäÜ?âäîjádÛÝåTÞKåTòDà,³Àà.Ü?ì^#cà.çïß��r� �«âäðÝð
1 MACR= (15 * MACR+ CCR) >> 4;
2 FairShare = (MACR * 7) >> 3;
3
4 if (length >= HIGH) {
5 CI = 1;
6 NI = 0;
7 } else if ((length < HIGH) && (length > LOW)) {
8 CI = 0;
9 NI = 1;
10 } else if (length <= LOW) {
11 CI = 0;
12 NI = 0;
13 }
14
15 ER = MIN(ERInRMCell, FairShare)
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øTà.Þ�ß>#cÛÝßÀádÚ8ô
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Ü?Ú�ÛÝádâäÜ?ádëjçïâ

�Àà.Ü?Ú ïcâäá2�MîjâäÜißÂà.â�æIåTÞ�ádçtà.èêâäçtã�âäã«ã�â�è�â�ç;à.ð�îjÚ�à.ã âäãiåTòÀâäþ6âäÜ?ëjádÛÝåTÞ8ôDõÀÚDâ»ïcâäá2�MîjâäÜiÜ?åTÞ�ádçïåTð
ßÀà.âäæIåTÞ4&a£ ë �@£�¤#� ç &�ÛÝÞDè�åTìêâäãBádÚ�â�ã�âüòdëjÞ�Ü?ádÛÝåTÞ�ãBåTÞ_âäà.Ü?ÚWåTò4ádÚ�âgßÂà.â�æIåTÞ�ã�ÛÝÞpádÚ�âgÛÝÞ�îjëjá�ã�Ü?çtÛéîjá;ô
ÿüðÝðiåTò�ádÚ�â�îjÚDà.ã�âäãóæIëjã áBøTâIßÀâ¡�jÞDâäß\ÛÝÞ\ádÚ�â�ßÀà.âäæIåTÞQ&vøTëjá�ÞDåTÞ�â�ÛÝãcà.Ü?ádëjà.ðÝðéýNçïâ¡	êëjÛÝçïâäß�ádå
ßÀåWà.ÞDýêádÚ�ÛÝÞ�íFâ�þ�Ü?âäîjáñã�âäÞDßNà.Þ^à.Ü?ìêÞ�å(#cðÝâäßÀíêâäæIâäÞ�á�øTà.Ü?ìÎádåZádÚ�âGÜ?åTÞ�ádçïåTð4ßÂà.â�æIåTÞÎádåpádâäðÝðRÛÝá
ádÚ�à.á�ádÚDâKâäþ�â�Ü?ëjádÛéåTÞWåTò�ádÚ�âKîjà.çtádÛÝÜ?ëjðéà.çaîjÚ�à.ã�âKÚDà.ãfÜ?åTæIîjðÝâäádâäß���ÞDåTá�ßÂåTÛÝÞDíZã åZç'ëjÞDãfádÚ�âKçtÛÝã�ì
åTò�ïGâ�á2�MîjâäÜ�Ú�à.ÞDíêÛéÞDí3&^#cà.ÛÝádÛÝÞ�í�òdåTçvà.Þ_à.Ü?ì�ÞDå(#cðéâ�ßÂíêâäæIâ�Þ�áÀádÚ�à.áÂÞ�âäèêâäçvà.çtç;ÛÝèêâäã2ôcVüádÚDâäçiádÚDà.Þ
ádÚ�âúà.Ü?ì�ÞDå(#cðéâ�ßÂíêâäæIâ�Þ�ádã
&DádÚ�âóßÀà.âäæIåTÞDãqÚ�à.èêâcÜ?åTæIîjðÝâäádâóà.ëjádåTÞ�åTæIý_çïâ�í�à.ç
ßÂÛÝÞDí�#cÚDà.áñádÚDâäý
ßÀå½ßÀëjçtÛÝÞ�í½âäà.Ü?ÚcîjÚ�à.ã�âêô9�Àà.Ü?ÚcîjÚ�à.ã âBÛÝã�ðÝÛÝã�ádâäß�øTâ�ðéå(#í#GÛÝádÚKÛÝádãñÛéÞDádâäÞ�ßÀâäßcëjã�â��

î Õ £ í ¤ í �.� í�ï.è �7��Þ�ÛÝádÛÝà.ðéÛ
�.âqádÚDâÊßÀà.âäæIåTÞ8ô
î½ð è ¤#ø��a�äÿüðÝðéåTÜ?à.ádâBà.Þ�ýúÞ�âäÜ?âäã ã�à.çtý½çïâ�ã�åTëjçïÜ?âäã2ô
î½ñ � è £��¡�Àã�ádà.øTðÝÛÝã�Úcà.Þ�ýúÞDâäÜ?âäã�ã à.ç;ý½Ü?åTÞ�ÞDâäÜ?ádÛÝåTÞ�ã2ô
îRò ø�£��9�jâäçtòdåTçtæÏádÚDâ�çïâ¡	êëjâäã�ádâäßcà.Ü?ádÛÝåTÞ�ã.ô
î Ó �c� ë²è ���«ðÝåTã�âBà.Þ�ý½åTîjâäÞKÜ?åTÞ�ÞDâäÜ?ádÛÝåTÞ�ã2ô
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îRó í £ ícë îa�.ûêÛéÞDÛÝã�ÚKà.Þ�ýóëjÞT�jÞ�ÛÝã�ÚDâäß]îjåTçtádÛÝåTÞKåTò�ádÚ�â�çïâ¡	êëjâäã�ádâ�ß§#cåTçtì�ô
îRò è ���.òM¤2�ªôqâäÞDâäçtà.ádâÊà�çïâäîjåTçtá�åTòDádÚDâ�çïâäã�ëjðÝádã2ô
î ô.è �.ò ç � ì £����ñâ�ðéâ�à.ã�âÊà.Þ�ýóà.ðÝðÝåTÜ?à.ádâäß�ç
âäã�åTëjçïÜ?âäã.ô
îRõ í �c�5���Àþ�ÛÝá;ô

1üã�âäçtã�îjçïåTèêÛÝßÀâ�ïcâäá2�Mîjâ�Üqà.ÞFÛÝÞ�îjëjá8ã�Ü?çtÛÝîjá8ádÚ�à.á8ßÀâäã Ü?ç;ÛÝøTâäãaà.ÞFâäþ6îjâäçtÛÝæIâäÞ�áRÛÝÞFàcæIà.ÞDÞ�âäç
ádÚ�à.áêÛÝã8æIâäà.ÞDÛéÞDíêòdëjðYádåfádÚ�âÊà.îjîjçïåTîjçtÛÝà.ádâ�ïcâäá2��îjâäÜ8ßÀà.âäæIåTÞ�ã2ôMïGâ�á2�MîjâäÜ8îjà.çtã�âäã4ádÚ�â«ã�Ü?çtÛÝîjáêà.Þ�ß
Ü?åTÞ�ádà.Ü?ádãÊádÚDâfßÀà.âäæIåTÞ�ãÊåTÞ�ÚDåTã�ádã
&YádýêîjÛÝÜ?à.ðÝðÝý�çïâäæIåTádâfåTÞDâäã
&Yà.ã�ádÚDâfã�Ü?çtÛéîjáÀßÀÛÝÜ?ádà.ádâäã2ôjõÀÚ�âfßÀà.âä÷
æIåTÞ�ãüðÝÛÝã�ádâäÞÎåTÞÎõ����^îjåTçtádãP#Gà.ÛÝádÛÝÞ�íWádåWç
âäÜ?âäÛÝèêâ�ïcâäá2��îjâäÜfÜ?åTæIæIà.Þ�ßÀãüà.Þ�ß	à.ÞÎÛÝÞDã�ádç'ëjÜ?ádÛÝåTÞ
øTðÝåTÜ?ìFòdçïåTæ ádÚ�âcÛÝÞ�îjëjáñã�Ü?çtÛÝîjá%&8#cÚ�ÛÝÜ?ÚÎádÚDâäýWç
âäÜ?âäÛÝèêâ]à.ÞDßÒîjà.çtã�âKøTâäá%#câäâäÞpádÚ�â í £ í ¤ í �.� í�ï.è à.Þ�ßë²è ¤#ø��½îjÚDà.ã�âäã2ô�³ÀâäòdåTçïâ�â�à.Ü?Ú�ßÀà.âäæIåTÞ�âäþ6ÛÝádã
&MÛÝáÀÛÝã«íêçtà.Þ�ádâäß_ádÚ�âaåTîjîjåTçtádëjÞ�ÛÝádýóádåKã�âäÞDßIàüçïâäîjåTçtá
øTà.Ü?ìcádåóádÚ�âaëjã�âäçRßÀëjçtÛÝÞ�íKádÚDâwò è ���.òM¤TîjÚ�à.ã âêôYõÂÚDâaç
âäîjåTçtá�Ü?à.Þ�Ü?åTÞDádà.ÛéÞ]à.Þ�ýêádÚ�ÛÝÞDíKádÚ�â�ßÀà.âäæIåTÞ
#cÛÝã�Ú�âäã�ádåGçïâäðÝà.ýIøTà.Ü?ìIádåGádÚ�âüëjã�âäç�&�ÛÝòRà.Þ�ýêádÚDÛéÞDí�ô`1üîjåTÞ_Ü?åTæIîjðÝâäádÛÝåTÞ4&êádÚ�âgßÀà.âäæIåTÞIîjçïåTÜ?âäã ã�÷
âäãqà.ç
âKì�ÛÝðÝðÝâäß^à.Þ�ß^øTâäòdåTçïâóÛÝá�âäþ6Ûéádã/&�ïGâ�á2�MîjâäÜaîjçïâäã�âäÞDádã�ádÚDâóÛÝÞ�òdåTçtæIà.ádÛÝåTÞFçïâäîjåTçtádâäßÎòdçïåTæ ádÚDâ
èêà.çtÛéåTëjãñßÀà.âäæIåTÞ�ã�ádågádÚ�âÊëjã�â�çtô

ûêëjç;ádÚDâäçtæIåTçïâ5&�ádÚ�âfßÀà.âäæIåTÞ�ãiÞ�âäâäßZÞ�åTájøTâüã�ádà.çtádâäßIøTý]Ú�à.ÞDßWà.ÞDßpðÝâäòdáÀç'ëjÞ�ÞDÛéÞDí]ðÝÛÝìêâüÜ?åTÞ�÷
èêâäÞ�ádÛÝåTÞDà.ðvßÀà.âäæIåTÞNîjçïåTÜ?âäã�ã�â�ã2ô(ïcâäá2��îjâäÜóÛÝãóã�âäáÊëjî\ã ëjÜ?Ú	ádÚ�à.á í £ è ¤ ç &iádÚDâ���Þ�ádâ�ç;ÞDâäá«ã�ëjîjâ�çï÷
ã�âäçtèêâäçaßÂà.â�æIåTÞ4&U#cÛÝðÝð8à.Ü?ádÛéèêà.ádâ�ádÚDâ�ïGâ�á2�MîjâäÜgßÀà.âäæIåTÞ4&�£ è ¤ ë � è � ç &�åTÞ�à�çïâäæIåTádâGÚ�åTã�á.#cÚ�âäÞ
àGÜ?åTÞ�Þ�â�Ü?ádÛéåTÞpÛéãüâäã ádà.øTðéÛÝã�ÚDâäß�åTÞFàGçïâäÜ?åTíêÞ�Û
�.âäß ïcâäá2�MîjâäÜfîjåTçtáD� ô���çïåTÞ�ÛÝÜ?à.ðÝðÝý'&s£ è ¤ ë � è � ç ÛÝãgâ�ã�÷
ã�âäÞDádÛÝà.ðéðÝý�ádÚDâ�ïcâäá2��îjâäÜ�â¡	êëjÛÝè�à.ðÝâäÞDá4åTò í £ è ¤ ç à.ÞDßFçïâäÜ?â�ÛéèêâäãBÛÝÞ�òdåTçtæIà.ádÛÝåTÞWà.øTåTëjá�ádÚ�â
ïcâäá2�Mîjâ�Ü
ßÀà.âäæIåTÞgádåfÛéÞDèêåTì�âvà.Þ�ßcádÚ�âvîjåTçtáYåTÞh#cÚDÛéÜ?Ú½ádåfÛÝÞ�èêåTìêâiÛÝá;ô9��ò�£ è ¤ ë � è � ç Ü?à.ÞúðÝåTÜ?à.ádâ«ÛÝÞ�òdåTçtæIà.ádÛÝåTÞ
à.øTåTëjá�ádÚDâaçïâ9	�ëjâ�ã�ádâäß�ßÀà.âäæIåTÞcÛÝÞ�ÛÝádãvÜ?åTÞ��jíêëjçtà.ádÛéåTÞ��jðÝâ5& æêè ¤#� æ £ è ¤ ë � è �Tö �I�.£1�/&YÛÝám#cÛÝðéð�âäþ6âäÜ?ëjádâ�ÛÝá%&
çïâ¡	êëjÛÝçtÛÝÞ�íóÞDå½ëjã�â�ç�ÛÝÞ�ádâ�ç;èêâäÞDádÛÝåTÞ8ô
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�jçïåTíêçtà.æ +�ô ��Ü?åTÞ�ádà.ÛÝÞ�ãgà.Þ�âäþ6à.æIîjðéâ�ïcâäá2�Mîjâ�Ü½ã�Ü?çtÛÝîjáñëjã�âäßÒádåZçïâäðÝà.ýÎÿ«õ�� ádçtà.ò¥�jÜóøTâäá%#câäâäÞ
á%#cåcÞ�åTßÀâäã«à.Ü?çïåTã ãBà½èêÛéçtádëjà.ð�ÿiõ�� ã�åTòdá%#cà.çïâfã
#cÛÝádÜ?ÚIÛÝÞZà��jçïåTõ��Àë��óÿ«õ�� ÞDâäá%#cåTçtìGã ÛéæIëjðÝà.÷
ádÛÝåTÞ8ô�õÀÚDâaã�Ü?çtÛÝîjá�Ü?åTÞDádà.ÛÝÞ�ãià�ã�ëjîjâäçï÷døTðÝåTÜ?ìóádÚDà.á�ßÀâäã�Ü?çtÛÝøTâäãñádÚ�âBí�â�Þ�âäçtà.ðYæIà.ÞDÞ�âäç8ÛÝÞ§#GÚDÛÝÜ?Ú]ádÚDâ
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âäþ6îjâäçtÛÝæIâäÞ�áÂã�Ú�åTëjðÝßFîjç
åTÜ?âäâäß���ÛÝÞZádÚ�ÛÝãaâ�þ�à.æIîjðÝâ5&a�@�cø ë ¤ è ò)ôiõÀÚ�âgèêà.ðÝÛéß�ã�ëjîjâ�çï÷døTðÝåTÜ?ì�ádýêîjâäã�à.çïâ
ðÝÛÝã�ádâäß�øTâ�ðéå(#À�

fFA�°�K%?CGGõÀÚDâiÛÝÞ�ßÀÛÝèêÛéßÀëjà.ð6øTðÝåTÜ?ì�ã4åTòTádÚ�âiã ëjîjâäçï÷døTðÝåTÜ?ìfà.çïâ«âäþ6âäÜ?ëjádâäßúÛéÞ½ádÚ�âvåTçïßÀâäçjÛÝÞJ#cÚ�ÛÝÜ?ÚúádÚDâäý
à.îjîjâäà.çvÛÝÞIádÚDâfã�Ü?çtÛéîjá%&Mã�âäçtÛÝà.ðéðÝý���Û
ô âêô &MádÚ�â>�jçtã�ájøTðÝåTÜ?ì�ÛÝãÊâäþ6âäÜ?ëjádâäß_ÛÝÞ�ÛÝádãÊâäÞ�ádÛÝçïâ�ádýGøTâ�òdåTçïâ
ádÚ�â�ã�âäÜ?åTÞDß]âäèêâäÞKøTâ�í�ÛÝÞDãñâ�þ�âäÜ?ëjádÛÝåTÞQ&.à.Þ�ß�ã å½åTÞRô

®>?�°�?CG%G%ACGGõÀÚ�â�ÛéÞDßÀÛéèêÛÝßÀëjà.ðjøTðÝåTÜ?ì�ãÊåTòÂádÚ�âfã ëjîjâäçï÷døTðÝåTÜ?ì]à.ç
âgç'ëjÞIÛÝÞIîjà.çtà.ðÝðÝâäð�à.ã�ýêÞ�Ü?ÚDçïåTÞ�åTëjã ðéý��
Û
ô âêô &�ádÚDâäýÎà.ðÝðiøTâäíêÛÝÞÒâäþ6âäÜ?ëjádÛÝåTÞ^çïåTëjíêÚ�ðÝý�à.áÊádÚ�â�ã�à.æIâ�ádÛéæIâT&ñøTëjáÊÞDåÎíêëjà.ç;à.ÞDádâäâäã½à.çïâ
æIà.ßÂâBádÚ�à.á�ádÚ�â�Ûéç�âäþ6âäÜ?ëjádÛÝåTÞ9#GÛÝðÝðTçïâäæIà.ÛÝÞcã�ýêÞ�Ü?ÚDçïåTÞ�Û
�.âäß]ÛÝÞGà.ÞDýw#cà.ý�ô

DFG2­>f.±%A�°_õÀÚDâ«ÛÝÞ�ßÀÛÝè�ÛÝßÀëjà.ðMøTðÝåTÜ?ìêã8åTòêádÚ�âvã�ëjîjâäçï÷døTðÝåTÜ?ìgà.çïâÊâäþ6âäÜ?ëjádâäßóÛÝÞóîjà.çtà.ðÝðÝâäðYã�ýêÞ�Ü?ÚDçïåTÞ�åTëjã ÷
ðéý��vÛ
ô âêô &8ádÚDâäýFà.ðÝð�øTâäíêÛÝÞNâäþ6âäÜ?ëjádÛÝåTÞ^åTò«âäà.Ü?Ú ïGâ�á2�MîjâäÜ½îjÚ�à.ã�âGà.áÊádÚ�âGã�à.æIâ�ádÛÝæIâêô�ûêåTç
âäþ�à.æIîjðÝâ5&êÞDå]ßÀà.âäæIåTÞé#cÛÝðÝð�øTâäíêÛÝÞIádÚ�â>ò²ø�£�îjÚDà.ã�âføTâäòdåTçïâ
�.�c�DßÂà.â�æIåTÞ�ãÊÚ�à.èêâ
�jÞ�ÛÝã�ÚDâäß
ádÚ�â*�.� è £KîjÚ�à.ã�âT&äà.Þ�ß�ã å½åTÞRô

��Þ�ã�ÛÝßÀâ]ádÚDâ�ã�ëjîjâ�çï÷døTðÝåTÜ?ìFà.çïâ�øTðÝåTÜ?ìêãúádÚDà.á«âäà.Ü?ÚÒßÀâäã Ü?ç;ÛÝøTâ]ã�åTæIâ]îjåTçtádÛÝåTÞ�åTòÊádÚ�âGåTèêâäçtà.ðéð
âäþ6îjâäçtÛÝæIâäÞ�á;ôX�Àà.Ü?ÚKøTðÝåTÜ?ìúÛÝÞKàBã�ëjîjâäçï÷døTðÝåTÜ?ìgã�îjâäÜ?Û
�jâäãRádÚDâÊÞ�à.æIâÊåTò�ádÚ�â�ïcâäá2��îjâäÜRßÀà.âäæIåTÞóòdåTç
#cÚ�ÛÝÜ?ÚIádÚ�â�øTðéåTÜ?ì]ÛÝãÊßÂâ�ã�ádÛÝÞ�âäßIà.ÞDßpà.Þ�åTîjádÛÝåTÞ�à.ðDÚ�åTã�ájÞDà.æIâfà.Þ�ßWîjåTç;ájÞDëjæIøTâäçñåTÞé#cÚ�ÛÝÜ?ÚIádå
Ü?åTÞ�ádà.Ü?áÀádÚDâqßÀà.âäæIåTÞ8ôDõÀÚDâqádà.çïíêâäájæIà.Ü?Ú�ÛÝÞDâS#cÛÝðÝð�ßÀâäòdà.ëjðÝájádå½�c�.�I�.�cî�� ë ¤DÛÝòÂÞDåTájã�îjâäÜ?Û
�jâäß_à.Þ�ßZà
îjåTçtáDÞDëjæIøTâäç4òdåTç4Ü?åTæIæIëjÞ�ÛÝÜ?à.ádÛÝåTÞ§#cÛÝðÝðTøTâaà.ã ã�ÛÝí�ÞDâäßGÛéò�Þ�åTá�îjçïåTèêÛéßÀâäßvô
��Þ�ã�ÛÝßÀâcâäà.Ü?Ú�øTðéåTÜ?ìÎÛÝãgádÚ�âcðÝÛÝã�áiåTòvÜ?åTæIæIà.Þ�ßÀãúádåZøTâ]îjà.ã ã�âäß^ádåpádÚ�âcã�îjâ�Ü?Û��jâ�ßÒßÀà.âäæIåTÞ8ô

ÿüðÝádÚ�åTëjíêÚ½â�à.Ü?ÚúßÀà.âäæIåTÞgÜ?à.ÞóßÀâ¡�jÞ�âvÛéádã�å(#cÞúã�âäæIà.ÞDádÛÝÜ?ãRà.Þ�ßcã�ýêÞ�ádà.þÈ&)ÛéáTæIëjã áYã�à.ádÛÝã�òdýüÜ?âäçtádà.ÛÝÞ
çïâäã ádç;ÛÝÜ?ádÛÝåTÞ�ã�ÛéæIîjåTã âäß�øTýÀïcâäá2��îjâäÜ6ô,ïcâäá2�Mîjâ�Üqîjà.çtã�âäãqâäà.Ü?ÚpøTðéåTÜ?ì3&ÀÞ�åTá8òdåTçBÜ?åTÞ�ádâ�Þ�á%&jøTëjá�ádå
âäÞDã�ëjçïâÊádÚ�à.áDÛÝá�Ü?åTÞ�òdåTçtæIã�ádågÛéádã�ðÝà.Þ�íêëjà.íêâBã�ýêÞ�ádà.þÈ&5#cÚ�ÛÝÜ?ÚcøTà.ã�ÛÝÜ?à.ðéðÝýcÜ?åTÞ�ã Ûéã áDåTòI�

ID = ID [(ID[=value] [, ID[=value] ...])];

#cÚ�âäç
âBádÚDâ�ãj	êëjà.çïâ�øTç;à.Ü?ìêâäádã�ÛÝÞ�ßÀÛÝÜ?à.ádâBåTîjádÛéåTÞDà.ðYã�îjâäÜ?Û
�jÜ?à.ádÛÝåTÞ8ô
õÀÚ�âqà.çïíêëjæIâäÞDájðÝÛéã áÂÛÝÞ�îjà.ç
âäÞ�ádÚDâäã�âäãvÛéãÊåTîjádÛÝåTÞDà.ð�&MøTëjájÛéòÂÛÝáÀâäþ�ÛÝã�ádã/&�ádÚDâqà.çïíêëjæIâäÞ�ádãiã�Ú�åTëjðÝß
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¹�°²¯3Ha°�?C¦ ¦�§�: ÿüÞ½�Àþ6à.æIîjðéâmïcâäá2�Mîjâ�Ü`�MÜ?çtÛÝîjá
1 cluster {
2 vdev testbed18 {
3 vdev = atm (V1, physical=atm, itf=0, vc=60, localmac="0020ea000776",
4 remotemac="0020ea000777", stack=sarpt, delay=10);
5 pt = config (linerate=8000, wait=0, stop=50000);
6 kurt = pt (repeat=5000, schedule="pt_sched_150",
7 path="/users/shouse/ProTEuS/KURT/user_pro gs");
8 }
9
10 test testbed18 {
11 type = full (blocksize=2048, duration=5);
12 protocol = atm (PVC, vc=V1.0.50, class=ABR, pcr=8000, ccr=1000);
13 own = testbed18;
14 peer = testbed20;
15 }
16
17 vdev testbed19 {
18 vdev = atm (V1, physical=atm, itf=0, vc=60, localmac="0020ea000777",
19 remotemac="0020ea000776", stack=sarpt, delay=10);
20 vdev = atm (V2, physical=atm, itf=0, vc=65, localmac="0020ea000779",
21 remotemac="0020ea000778", stack=sarpt, delay=10);
22 pt = config (linerate=8000, wait=0, stop=50000);
23 kurt = pt (repeat=5000, schedule="pt_sched_150",
24 path="/users/shouse/ProTEuS/KURT/user_pro gs");
25 }
26
27 vswitch testbed19 {
28 vswitch = port (P1, itf=V1, queueing=perclass);
29 vswitch = port (P2, itf=V2, queueing=perclass);
30 vswitch = connection (invc=P1.0.50, outvc=P2.0.50, aal=0, class=ABR);
31 }
32
33 vdev testbed20 {
34 vdev = atm (V1, physical=atm, itf=0, vc=65, localmac="0020ea000778",
35 remotemac="0020ea000779", stack=sarpt, delay=10);
36 pt = config (linerate=8000, wait=0, stop=50000);
37 kurt = pt (repeat=5000, schedule="pt_sched_150",
38 path="/users/shouse/ProTEuS/KURT/user_pro gs");
39 }
40
41 test testbed20 {
42 type = full (blocksize=2048, duration=5);
43 protocol = atm (PVC, vc=V1.0.50, class=ABR, pcr=8000, ccr=1000);
44 own = testbed20;
45 peer = testbed18;
46 }
47 }
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1 vdev = atm (V1, physical=atm, itf=0, vc=50, localmac="0020ea000778",
2 remotemac="0020ea000779", stack=SARPT, delay=50);
3
4 pt = config (linerate=365000, wait=50, tolerance=100, stop=365000);
5
6 kurt = pt (repeat=5000, schedule="pt_sched_250", start=952059105,
7 path="/users/shouse/ProTEuS/KURT/user_progs ");
8
9 pt = arts (repeat=5000, schedule="StarWars-8000.sched", vc=V2.0.40,
10 path = "/users/shouse/ProTEuS/atm/vatm");
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þ�à.ã�Þ�åTá8øTâäâäÞZà�þ4üÝí3þpîjç�üÝåTç�üéádý�ô���à.á%þ�âäç�&já%þDâúõ�âäã�á4ßÀà.âäæIåTÞ�ý?åTÞ4ý?âäÞDádçtà.ádâäßÎåTÞpá%þDâ 1i}>�Îà.Þ�ß
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õ>þ�âäçïâBà.çïâ,�jè�âBàCýFý?âäîjádâäß`ý?åTæIæIà.Þ�ßÀãj�6åTÞ�âBòdåTç8ã�âäádá%üÝÞ�ígá%þ�âBádâäã�á�ádýêîjâ5&.åTÞ�âBòdåTç8ã�îjâ5ýFüÝòdý3üÝÞ�í
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1 protocol = atm (PVC, vc=V2.0.70, class=abr, ccr=1000, pcr=15000);
2
3 clip = PVC (itf=atm0, own=10.0.0.1, peer=10.0.0.2, vc=0.0.60,
4 path="˜/ProTEuS/atm/arpd");
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