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jarok.cs.ohiou.edu:35361_==>_mork.cs.ohiou.edu:ftp-data ((rto-rtt) samples)
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sequence number
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jarok.cs.ohiou.edu:35361_==>_mork.cs.ohiou.edu:ftp-data (time sequence graph)FIN
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rtt (ms)

time

jarok.cs.ohiou.edu:35352_==>_mork.cs.ohiou.edu:ftp-data (rtt samples)
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sequence number

time

vger.cs.ohiou.edu:35393_==>_mork.cs.ohiou.edu:discard (time sequence graph)
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

R
�

R
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

SYN

�+=YZLM"@>: �!U?j�8 �$=?cd: ��:Fe6M":<B"KF:
�

@DI��!9 C>G �79"G�� CD9":���� :<KFC�GLQ+��:F;ACDIL@AC�GLQ+ILB
�/E!NY:X�5GWB"B!:<K 5

CD=?GWB U

�

�$9"=Y;�=?;�C>9":	CD=?cd:�;A:<e6M":FB"K<: ZL@DI��"9PQfGW@�C>9":%EaIRCDI C>@DILB!;AQf:<@
h

:FC �.:<:FB

� 
 ���

ILB"E !

�����

U

�!U�� �*@>G
h

NY:Fc ��=?C>98�JIL;�C���: CD@>ILB";>cd=`C���NYZLGW@>=`CD9"c

��Q CD:<@�C>9": 9aILB!E"G4�&C>9":<@A: K<ILB
h

:dIPE":FK<@A:lIL;A:^=?B CD9":dB6M"c
h

:<@%GLQ�M";A:<@A;
h

:<=?B"Z\9aILB"E!NY:FE

h
O CD9": B": � ;>: C GLQ�;>IRCD:FNYN?=?C>:<; QfGW@ ��IR@>E"=?B"Z3CD9!: �aILK��R:FCD; Qf@AGWc ;>GWM"@AK<:[C>G3E":<;�CD=?BaIRC>=YGWB M!;>:<@

CD:<@Acd=YBaIRNY;FUg�$9":<@A:�=?;*I�E":FK<@A:lIL;A:$=YB e6M":FM"=?B"Z	E":<NYIlO IRB"E I�E":FK<@A:lIL;A:$=YB �H�$� :<B"KFGWM"B�CD:F@>:<E
h

O

CD9": �"ILK��L: CD;�CD@>ILB";Ac =`C>C>:<E IRQ C>:<@�C>9": 9aIRB"E"G4�Hi C>9": : � :<K C	=?;�CD9aI C�CD9!: �aILK��R:FCD;�C>@DILB!;>cd=?CACD:FE

IRQ CD:F@.CD9!:�9aILB!E"G4� ��=YN?N :�9 � :<@A=Y:FB"K<:%IXNY:F;>;>:F@�ILcdGWM"B�C�GRQ0E":<NYIlO[IL;.K<GWc��aIR@>:<E[C>G CD9!: �aILK��R:FC>;

CD9aIRC�IR@>:�e6M":<M":FE M�� ��=`CD9%CD9": �"@A:F_7=YGLM";0;>:FCHGLQ�;DIRC>:<N?NY=`CD:F;H9"ILB"E"N?=YB!Z�I�NYIL@>ZW:F@1M";>:F@ � G �!M"N I CD=?GWB U

�$9"=Y;PK<ILB�@A:<;>M!N?CP=?B I ;AK<:<B"IL@>=?G ��9":<@A: ;>GWcd:3GRQ	CD9": �aILK��L: CD;PCD@>ILB";Ac =`C>C>:<E =?cdc :FE"=YIRCD:FN?O

IRQ CD:F@gCD9":�9aILB!E"G4� ��=?NYNa@A:lILK]9 CD9":$E!:<;AC>=YB"IRCD=?GWB M!;>:<@*C>:<@>cd=?BaILN
h

:FQfGW@A:�CD9": �aIRK��L:FC>;.C>9aIRC �.:<@>:



84�

CD@DIRB";>cd=`C>CD:FE h : QfGW@>:�CD9":�9aILB"E!G4�+U+�$9"=Y; ��=YN?N @A:<;AM"N?C�=YB C>9":�ZL:<B":F@DIRC>=YGWB GLQ1E"M��!NY=?KlIRC>:���� 		;<U

� Q1CD9":�;>:FB"E":<@5;>=?E":�GLQ1������K<GLB"B":<K CD=?GWB[@A:<K<:F=?_L:<; ��E"M��"N?=YK<IRCD:���� 	%;Fi!=`C ��=?NYN @>: CD@>ILB";>cd=`C$ILN?N

M"BaILK��6B"G���N?:<E"ZW:FE �aILK��R:FCD; ��=?C>9"GWM!C �5IL=?C>=YB!Z^QfGW@$CD9!:X�H���#CD=?c :F@$CDG : 9 �"=?@>: IRB"E ��=?N?N�:FB�CD:<@

CD9": Q IR;AC�@A:<KFG _L:<@�O �"9aIR;>:LU��$9":<@A:FQfGW@A: CD9":X: � :<KFC�GLQ*CD9":XE":<KF@>:<IL;>: =?B �+�$�(=?;�CD9aI C�CD9!:<@>: =Y;

ILZ�IL=?B I @A:FCD@>ILB";Ac =?;>;A=YGLB8GLQ+ILN?@>:lIRE!O[CD@>ILB";Ac =`C>C>:<E �aILK��L: CD; ��9"=YK]98ILZ�IL=?B\@>:F;>M"N`CD;�=YB
I ��IR;ACD:

GLQ1B": C �5GW@�� h ILB"E ��=?E!C>9 U*��N?;>G B!G ������� ��=?N?N ;�C]IL@�C ��=`CD9^CD9":�K<GWB!ZW:<;�CD=?GWBPIl_WGW=?EaILB!K<: �!9aIL;>:

IRQ CD:F@�CD9":%K<GLc �!NY: CD=?GWB
GRQHQ IL;�C�@>:<KFG _W:<@�O ��9"=?K]9 ��=?NYN1@A:<;>M!N?C�=?B C>9":%E":<KF@>:lIR;>:�GLQHC>9"@>GLM"ZW9��"M�ClU



8�j

	"U8�$�%�����04������	���\����V ���.�$�%
3

����V��*�$���	���

�$9":F@>:�9aIL; h :<:FB _L:<@AOdN?=`C>CDN?: �"@>: _7=YGWM!;.@A:<;>:<IL@>K]9^CDG%: 9 �"N?GW@>:$C>9":�: � :<KFC>;.GRQ C>9":�K<GWcdc M!B"=/5

KlIRC>=YGWB :<B�_7=?@>GWB"cd:FB6C�GLQ*I �0�.�,;DIRC>:<N?NY=`CD:�B":FC �.GW@�� GLB C>9":XE!:<NYI O\_RIL@A= IRC>=YGLB";$CD9aIRC�C>9":XE"IRC]I

;>:<ZLc :FB�CD;�M";>=?B"Z CD9!:<;>:	B!:FC �.GW@��6;�:<B"KFGWM"B�CD:F@<U��$9"=?;�CD9":F;>=?; �5GL@�� 9"IL;�@>:F;>M"N`CD:FE\=YB[C>9":	cdG�E"= 5

baKlIRC>=YGLBPGLQ1CD9":	:�9�=Y;�CD=?B"ZdK<G7E":�GLQH�	���$U!��G�� �%��� ;AGLQ C ��IR@>:�K<ILB
h

:�M";>:FE\C>G ;>=?c M"NYIRC>:�CD9":

E":<NYIlO
K]9"IL@DILK CD:F@>=?;ACD=?K<;�GLQ*I �0��� ;DIRC>:<N?NY=`CD:�B":FC �.GW@�� U�4�;>=?B"Z^C>9":�;>=?c �!NY:�=YB�C>:<@AQ IRK<: GRQ��	���$i

CD9": E":<NYIlO K]9aIL@DIRKFCD:F@>=?;AC>=YKF;[GLQ�_RIL@A=YGWM!;^KFGWB!baZWM!@DIRC>=YGWB!;^GLQ��0�.� K<ILB
h

:
ILBaILN`O7S<:<E U ) =`CD9

CD9":�: 9 � :F@>=?cd:<B�C]ILN ;>: CDM��Pcd:<B�C>=YGWB!:<EP=?BP��:FKFCD=?GWB �!U?jWi7IXN?GLC.GLQ1:�9!=?;AC>=YB!Z =Yc��"N?:<cd:<B�CDIRCD=?GWB";$GLQ

����� KlILB
h

: CD:F;AC>:<E QfGW@�C>9":<=?@ � :<@AQfGL@>c ILB"KF: GWB _LIR@>=?GWM";�KFGWB!baZWM!@DIRC>=YGWB!;	GLQ.����� ;DIRC>:<N?NY=`CD:

B":FC �.GW@��6;FU���Q CD:F@�;�CDM"E�O�=?B"Z C>9":�;ACD@AM"KFC>M"@>:�GLQg����� ;>IRCD:FNYN?=?C>: B": C �5GL@��6;<i C �5G^c^I ��GW@$Q ILKFC>GW@>;

CD9aIRC�K<ILB\K<GWB�CD@A=
h

M!CD:%CDG CD9!:%_RIL@A= I CD=?GWB
=?B\:<B"E65 CDG75/:<B!E
E":FN IlO �.:<@A:X;�CDM"E"=?:<E

�

'�IL@>=YIRCD=?GWB\=?B �"@AG �aILZWIRCD=?GWB\E":<NYIlO 5g�$9":�_LIR@>=YIRCD=?GWB[=?B �"@AG �aILZ�I CD=?GWB E":FN IlO^=Y;5KlILM";A:<E
h

O CD9":

K]9aILB"ZL=YB"Z E"=?;ACDILB"K<:F;
h

:FC �.:<:FB
CD9!:�;>IRCD:FNYN?=`CD:<;�ILB"E M";A:<@�CD:<@Acd=YBaIRNY;FU

'�IL@>=YIRCD=?GWB\=?B
M";A:<@ � G��"M"NYIRCD=?GWB 55�$9!:<@>:XKlILB
h

:XI^NYIL@AZW:	_LIR@>=YIRCD=?GWB8=?B\CD9":XM";>:F@ � G �"M"NYIRC>=YGWB

h
:F=YB!ZX9aIRB"E"N?:<E

h
O C>9":�;A:FC.GLQ ;DIRC>:<N?NY=`CD:F;

h
:FQfGW@A:�IRB"E I Q CD:<@*C>9":

�

��������


GLQ K<GWB"B!:<KFC>=YGLB

C]I �R:<; �"NYILK<:RU��$9!=Y;�ILZ�IL=?B\KlILM!;>:<;�I N IR@>ZW:	_RIL@>=YIRC>=YGWB\=?B
:FB"E35 CDG 5 :<B"E E":<NYIlOWU

��Q CD:<@$;�CDM"E�O�=?B"ZdCD9":F;>:%C �5GdQ ILK CDGW@A;<i!C>9":%: � :<KFC�GLQ�CD9!:<;>:%_RIL@>=YIRC>=YGWB\GWBPC>9": � :F@AQfGW@Ac ILB"K<:

GLQ0����� �5IL;�ILB"ILN?O7SF:<E U*�$9":	@A:<;AM"N?C>;$ILB"E\IRBaILN`O�;A=Y;5GLQ1CD9"=?;�;�CDM"E!O^9aIL;
h

:F:<BP:<B6M"cd:F@DIRC>:<E\=YB

��:<K CD=?GWB 	"U?jWU

	"UYj �5GWB!K<N?M";>=?GWB";

�$9":	QfGWN?N?G ��=?B"Z��5:F@>:%CD9":	@A:<;AM"N?C>;�IRB"E
=?B!Qf:F@>:<B!K<:<;�GLQ�CD9":%@A:<;>:<IL@>K]9
K<GWB!E"M"KFC>:<E8IL;�I��"IL@AC

GLQHC>9"=?;�C>9":<;A=Y; �5GL@��

�



8

�

'�IL@>=YIRCD=?GWB";�=?B8�H�$� 5*��Q CD:<@.K<GWB!E"M"KFC>=YB!Z c^IRB6O^: 9 � :<@A=Ycd:<B�C>;�C>G ILBaIRN?O7S<:�CD9":	�H�$� h :<9"I _ 5

=YGL@ GLQ�I �0��� ;>IRCD:FNYN?=?C>:PB":FC �.GW@�� i�=`C 9aIL; h :<:FB�G h ;>:F@A_L:<E�CD9aIRC E"M"@A=YB"Z C>9":[9aILB!E"G4�

CD9":F@>:
KlILB h : I ;AM"E"E":FB _RIL@>=YIRC>=YGWB =YB �+�$�	U��$9": : � :<KFC GLQ�C>9"=?;^_RIL@>=YIRC>=YGWB GWB CD9":

� :F@AQfGW@Ac ILB"K<:
GLQ������ =?;^E": � :FB"E":FB6C[GWB C>9":8=?c��"NY:Fcd:<B�C]IRC>=YGLB GLQ�������U5�aGW@ cdGW;AC

GLQ$CD9!: =?c �!NY:Fc :FB�C]IRC>=YGWB!; GLQ������#IR; E"=?;>K<M!;>;>:FE�=YB � ��� :FB"E"= 9&�Xi�C>9":<@A:[=?; I
CD=?cd:<@

ZW@DIRB7M!N IL@A=?C/O GLQ 84� �Lcd; IRCAC]ILK]9!:<E�CDG3CD9!:PKlILN?K<M"NYIRC>=YGWB�GLQ��+�$� ��9"=?K]9 �!@>:F_L:<B�CD;^ILB�O

@>: CD@DIRB";>cd=?;>;>=?GWB�GLQ�;A:<ZWcd:<B�C>; QfGW@ �H�$� N?:<;A; CD9"ILB 84� �Rc ;FU8� Q��+�$� =?; cd:lIR;>M"@A:<E�=YB

c M"N`CD= �"N?:<;*GLQ�8 � �Lcd;<i CD9":FB c GL;ACgGRQaCD9":�_LIR@>=YIRCD=?GWB";H:<B"KFGWM"B�CD:F@>:<E h O�CD9":������ �aILK��R:FC>;

=YB
Id�0�.�,;DIRC>:<N?NY=`CD:�B":FC �.GW@�� �5GWM!NYE B"GLC�@>:F;>M"N`C�=YB @>: CD@>ILB";>cd=?;>;A=YGWB8GLQ �"ILK��L: CD;<U

��@AG
h

N?:<cd; ��=?C>9
;AGWcd:XKFGWB"ZW:F;ACD=?GWB K<GWB�C>@>GWN0ILN?ZWGW@A=?C>9"cd; 5.V�M!:�CDG CD9!:	: � :<KFC�GLQ

������� � � �����

� � � � ���

!

�	�
	

iaC>9":<@A:X=?;�;AM"E"E":FB3K]9aILB!ZW: =?B C>9":�B":FC �.GW@��PC>@DI

�

K
h

:F=YB"Z^9aILB"E!NY:FE
h

O\CD9":

;DIRC>:<N?NY=`CD:F;[=?B6_LGWN`_W:<E =?B�@>GLM!CD=?B"Z C>9":
�aIRK��L:FC>; ��9"=?K]9 K<GWM!NYE�@A:<;AM"N?C[=YB C>9":
QfGLNYN?G���=YB"Z

�"@>G
h

NY:Fcd; ��=?C>9�@>:F; � :<K C[CDG CD9":
: 9�=Y;�CD=?B"Z K<GLB"ZW:<;�CD=?GWB K<GLB6C>@>GWN�ILN?ZWGW@A=?C>9"cd;^M";A:<E
h

O

�����

�

�*@>G
h

N?:<c ��=`CD9
��:FCD@>ILB";Ac =?;>;A=YGLB8�$=?c : ��M!C 5��#;>M"E"E!:<B =YB!K<@>:<IL;>: =YB �H�$�,K<ILB3N?:lILE

CDGdCD9":X: 9 �"=?@DIRC>=YGLB3GLQ*�H���#CD=?c :F@<U$�$9"=?;�K<ILB8N?:lILE CDG ��IL;�CD: QfM"NH@A:FC>@DILB";Acd=Y;A;>=?GWB

GLQ �aILK��L: CD;FU

�*@>G
h

N?:<c ��=`CD9 =?E"NY:%KFGWB"B":FKFCD=?GWB 5 � QaI�K<GWB!B":<K CD=?GWB 9aIL;
h

:F:<B =?E"N?:�QfGL@+I�NYGLB"Z�C>=Ycd:LiRCD9":

������;>9"GLM"NYE
M";>:�;>N?G��(;ACDIL@AC ��=`CD9 CD9": ��=?B"E"G�� ;>=?S<:�GLQ�j�;>:FZWcd:<B�C�QfGW@�;>:<B!E"=YB!Z

I B!: � ;>: C GLQ�EaIRC]I\GW@%CD9"=?; K<ILB @A:<;AM"N?C =YB I
N?GW;>;�GLQ�I N IR@>ZW:F@XB6M"c
h

:F@ GLQ$E"IRC]I

;>:FZWcd:<B�CD;FU

�*@>G
h

N?:<c ��=`CD9
�JIL;AC���:FC>@DILB!;>cd=?C���NYZWGL@>=`CD9"c 5.�aGW@�I KFGWB"B":FKFCD=?GWB ��=?C>98I NYIL@>ZW: ��=?B35

E"G�� ;>=?S<:Ri�=`Q	CD9":
B6M"c
h

:<@PGLQ%E"IRC]I ;>:<ZLc :FB�CD;P=?B �a=YZL96C =Y; N IL@AZW:Li�C>9":3;AM"E"E":FB

E":<KF@>:<IL;>:
=YB �+�$� KlILB NY:<ILE C>G C>9":
ZL:<B":F@DIRC>=YGWB GLQ	E"M �"NY=?KlI CD:8��� 		;FU �$9":<;A:

E"M��"N?=?KlIRC>:���� 		;�KlILB
ILZ�IR=YB\@>:F;>M"N`C�=YB �5IL;AC>:FQfM"N0@>: CD@>ILB";>cd=?;>;A=YGWB8GLQ+E"IRC]I!U



84�

	"U

�

�aM!C>M"@>:	) GW@��

�/B GW@>E":F@	CDG
QfM!@ACD9!:<@�: 97CD:FB"E CD9!:^@A:<;>:<IL@>K]9 CD9aIRCX9aIL; h :<:<B K<GWB"E!M"KFC>:<E IL; �aIL@�C�GLQ5C>9"=Y;

CD9":F;>=?;Xi"QfGWN?N?G ��=?B"Z^IL@>:<IL;�KlILB h :%: 9 �"N?GW@>:FE

�

�7CDM"E�O\GLQ+E!= � :<@A:<B�C �6=?B"E GLQ+GL@ h =`C]ILN K<GWB";�CD:FNYNYIRCD=?GWB 5.��; �"IL@AC�GLQHCD9"=?;$CD9":F;>=?;<i �0���#;DIRC>:<N?NY=`CD:

B":FC �.GW@��7; ��=`CD9 � GWNYIL@ KF=Y@AK<M"NYIL@ GL@ h =`CD; 9"I _L: h :<:<B ;�CDM"E!=Y:FE U �$9"=?; �5GW@�� K<ILB h :[: 9 5

CD:FB"E":<E CDGd;AC>M"E!OPC>9":%: � :<KFC�GLQHB"GWB65 � GWN IR@$K<GWB";�CD:FNYNYIRCD=?GWB";FU

�7CDM"E�OPCD9":%: � :<K CD;�GLQ�_LIR@>=?GWM"; �6=YB"E!;�GLQH@>GLM!CD=?B"Z ILN?ZWGW@>=`CD9!c ; 5J�$9":�ILN?ZWGW@A=?C>9"c2C>9aIRC �5IL;0M";A:<E

CDG KlILN?K<M!N IRC>: C>9": @>GWM!C>:PQfGW@>c C>9": ;>GWM"@AK<: CDG CD9":\E":F;ACD=?BaIRC>=YGLB�M";>:F@ C>:<@Ac =?BaILN?;���IL;

h
IL;A:<E GWB ;>=?c��"NY: 9":FM"@>=?;AC>=YKF;\GLQ�KlILN?K<M"NYIRC>=YB"Z C>9": cd=YB"=?c M!c B6M"c

h
:<@\GLQ�9"G �!;<U �/B

�"@DIRKFCD=?K<:Ri!CD9!:<@>:%IR@>:�c ILB�O K<GWc��"N?: 9[@>GWM!C>=YB!ZdILNYZLGW@>=`CD9"cd;5C>9aIRC5KlILB
h

:�=?c �!NY:Fc :FB�CD:<E i

ILB"E[C>9":	: � :<K C�GLQ1CD9":F;>:%@>GLM!CD=?B"ZdILN?ZWGW@A=?C>9"cd;�GWB[CD9!:	:<B"E35 CDG 5 :<B"EPE!:<NYI O KlILB
h

:�;AC>M"E35

=Y:FE U

� � :<K C�GRQg�0���,;>IRCD:FNYN?=?C>:XB!:FC �.GW@��6;�GLB GRCD9":F@�=?c��"N?:<cd:<B�C]I CD=?GWB";�GRQ+����� 5\�$9": G�� :F@DIRC>=YB"Z

;AO7;AC>:<c ��M"BJ�%� 87U�� ��IR; M";A:<E C>G8;AC>M"E!O CD9!: _RIL@A= IRC>=YGLB";X=?B&�H�$� E":<NYIlOWU\�/B =`CD;�=Yc�5

�"N?:<cd:<B�C]I CD=?GWB�GLQ������Hi+�+��� E!=YE B"GRC G7K<K<M!@ QfGW@%CD9": _RILN?M":F; GLQ��+�$� GLQ�N?:<;A; CD9aILB

84� �Lcd;FU��$9":F@>: IL@A: c ILB�O
GLCD9":F@�=?c��"NY:Fcd:<B�C]IRC>=YGLB";	GLQ*����� ��9"=?K]9 cd=?ZW9�C�M";A: ;>GLc :

GLCD9!:<@.C>=Ycd:F@5ZW@>ILB6M"N IR@>=`C/O QfGL@�C>9":�K<ILNYKFM"NYIRCD=?GWB";�GRQ0�+�$�	U7�$9":�: � :<K C�GLQ CD9":�_LIR@>=YIRCD=?GWB";

=YB �+�$�2ILB"E � :<@�QfGW@>c ILB!K<:	GLQH�+��� ILN?ZWGW@>=`CD9!c ;�QfGL@5CD9":�_RIL@A=YGLM";�GLC>9":<@$=?c��"NY:Fcd:<B�C]I75

CD=?GWB";�GLQH������=Y;�E": baB"=`CD:FN?O\GWB!:�GRQHC>9":%c GL;AC�=YB�C>:<@>:F;AC>=YB"Z[IL@>:<IL;�CDG
h

:	=?B�_W:F;ACD=?Z�IRC>:<E U



-5� -��1���
�

���������



8 	

-5� -��1��� � ���������

�

���$�	k � � 
8IL@�� ��NYN?c ILB i���EaIRc ��ILN?E �.:<N?N i.ILB"E ��9"I���B ��;AC>:<@>c ILB U&�	���

�

�$9": ��9"=YG

��: C �5GW@��\�*c M"NYIRCDGL@<U��H:FK]9"B"=?KlILN�@>: � GL@AClia�	9!=YG 4�B!=?_L:<@>;A=?C/OLi+j kLk ��U

�

��NYNYk � � 
8IL@��2��NYN?c ILB U �/c��"@>G _7=YB!Z ����� �H:F@AQfGW@Ac^IRB"K<: ��_W:F@ �!IRCD:FNYN?=`CD:��59aIRB"B":<N?;<U


8IL;�CD:<@ 
 ;�CD9!:<;>=?;<i ��9"=?G 4�B"=`_W:F@>;>=`C/OWi ��M"ZLM";AC�j kWk ��U

�

���.��kWk�� 
8IL@�� ��NYN?c ILB i�' U��HI79�;>GWB i�ILB"E�) U��7CD: _W:FB";<U#����� �5GWB"ZL:<;AC>=YGLB �5GLB6C>@>GWN i

j kWkWk�U*�����

�

� �!jWU

�

-��0�g��k ��� �$=Yc -5:F@>B":F@>;�5/�1:<:Li"��U��+=?:<N?E"=YB!Z"i"ILB!E\�XU���=?:<N?;>:<B U.��O�� :F@ACD:�97C��H@>ILB";AQf:F@$�*@>GLC>G 5

K<GWN!5.���$������jWU��!i 
8IlO j kWk4�!U������ j k4	 8�U

�

�$�$TWk � � ��IRc GLB���ILK<:F@>:F;<i.�0=5�aM"B"Z �59aIRB"Z"i�ILB"E���Il_�=�TWIL=?B U3) =Y@A:<N?:<;A; �/B�C>:<@>B!:FC ILB"E

�/B�CD@DIRB":FC���KFK<:F;>;<i�j kWk4�!U

�

�5GWc k 8 � V�GWM"ZWNYIL;��$U �5GWcd:<@<U��

� � ��� � ����� �������	��

���	�

�

$������

�

� �	����� �

!

�

�

�
� ���	� ��� ��� ��� �

� ������������� � � ������� ���

�

�	� ����� �����

U���@A:<B�CD=?K<: ��ILN?N i �L@>E :<E!=?C>=YGWB i1j kWk 8�U

�

TWIL= � ��� ��I �5TWIL=YB U�V�=?_L:<@>ZL:<B"KF:�GRQH�$=?cd:<GWM�C���N?ZWGW@>=`CD9!c ;.QfGW@$�+IRK��L:FC���:FC>@DILB";Acd=Y;A;>=?GWB";<U

� ����� � � ���	��
 ��
 � � �

�

� � ��� ���

�

� � ��� � ����� ��� �����

�

� ��� ����� ��� � ������� � � ����� �

!

��� �����

������� �

! !

��� � ����� � ��� �

i �aILZW:F;�j�� 	�� j��Rk!i j k4� �!U

�

TWILc k � � �
h"h

IL;	TWILc ILN?= � GWM!@<U��

����� ��� �

���

��� �	� ���

�

��� ���	���	� ��� � ����� ��������� ����� �

! !

� � � �

����� � ���! ����� �������

U���@AC>:<K]9
��GWM";A:Li0j kWk4�!U

�

��=`C]kWk � �1:<G E"ILB"K<: CD9": ��=`C>CD:F@
h

M!Z"i j kWkLk!U

9�C>C �

�

��� � � �%U B �.KLU K<GWc �Lk � 8��Lk � 8 Q

�

;>=?E":LjLU 9�CDcdN U

�

		GW9ak4��� V	ILB"=?:<N7
 U 		GW9"B U+�*@>G _7=?E"=YB!Z
�

NYG
h

ILN6-5@>GWILE
h

ILB!EX�/B�CD:F@>B": Cg��K<K<:F;>;+4�;>=?B"Z��0G�� 5

��IL@AC>935���@
h

=?C��!I CD:<N?N?=?C>:<;<U���:<K]9"B"=?KlIRN�@A: � GW@AC<ia�H:FNY:FE":<;A=YK �5GW@ � GW@>IRCD=?GWB i jlkWk �!U

�

	%� � � � �*9"=YN 	%IL@AB ILB"E �5@DIL=?Z �+IRC>@>=?E"ZW:LU��/c��"@AG _7=?B"Z&��GWM"B!E35/��@>= � �$=?cd: ��;�CD=?c IRCD:F;

=YB3��:FNY=YI
h

N?: ��@DILB"; � GL@AC	�*@AGLCDG7K<GWN?;<U

� ����� � � ���	��
 � � �����#"

�$�&%

�

�

"!"

i �aIRZW:<;

�

� ��i j k � ��U



8 8

�


8��T���k 8 � 
 U �XU ��N?NY:F@AOWiH�XU �$U �*@A=YKF:Li*T!U ) U )&IL@AE i�ILB"E ��U � U V	I ��=?N?_RI
�5M"@>=?:<N U �0G�� ��IR@ACD9

��@ h =`C 

=YKF@>GW;>IRCD:FNYN?=`CD:<; QfGW@dV	IRCDI �5GLc cXM"B"=?KlIRC>=YGLB";[4�;>=?B"Z&�7c^IRNYN���:<@>cd=?BaILN?;<U

�H:FK]9"B"=?KlILN0@A: � GW@AC<i ��M"@>@A:FO ��IRCD:FNYN?=?C>:X��:<K]9!B"GWN?GWZLO � CDE iJ4 	 i j kWk 87U

�



=?N � ��� V U �*UJ
 =YN?NY;FU��/B6C>:<@AB":FC�V�:<NYIlO\�:9 � :<@A=Ycd:FB6C>;<iHj k � �!Ug����� �4�Wk!U

�

��GW; �

�

� TLGWB �HGW;�CD:FN U5��=?c �!NY: 
8IL=?N1�H@>ILB";�Qf:<@��*@>GLC>G�KFGWN i!��M"ZWM!;ACXj k �

�

Ug����� �

�

jWU

�

��� � 8 � TLGWB&��GW;AC>:<N.ILB"E&TLG O7KF:[��:FO7B"GWN?E";<U �+=?N?:^��@DILB!;AQf:<@X�*@>GLC>G�KFGWN � �+����
Di+��K CDG h :<@

j k � 87U*����� k 8Lk!U

�

����TL��kWk�� �7CD: �"9aILB �%U �*@>IRC>C<i1��=?K]9aIL@AE � U ��IL=?B":F;<i0��IL@ANg�$U �aGW;A;DI\TL@FUYi1IRB"E 

=?K]9aIL:<N+� U

�H:Fc��"NY:RU ��B � � :<@>IRCD=?GWBaILN�ILB!E��H:F@AQfGW@Ac ILB"K<:3��_W:<@�_7=Y: � GLQ�� ��� V�� 4�
 �1G��

��IL@AC>93��@
h

=?C��!I CD:<N?N?=?C>: �6O�;�CD:Fc U �

� � � � �

! !

� � � ������� ��� �

i jlkWkWk!U

�

��V � ��=?K]9aIL@AE^�XU���IL=YB!:<;�ILB"E^��IRC>9aILB"=?:<N T!UWV	I _7=?;<U*��:<@A;>GWBaIRN �5GLc cXM"B"=?KlIRC>=YGLB";�'�= I

�1G � ��IL@AC>98��@
h

=?C��!I CD:<N?N?=?C>: �5GLc cXM"B"=?KlIRC>=YGLB ��: C �5GW@��6;<U

�

�7C>:lk � � V�GWM"ZWNYIL; 	 U �7C>:<B"ZL:<@<U+��M"@�_7=?_RI
h

=?N?=?C/O%��BaILN`O�;A=Y;�GLQ6CD9!:��/@A=YE!=YM"c �0G��&��IR@ACD9X��@
h

=?C

�!IRC>:<N?NY=`CD:���: C �5GL@��JU*
8IR;ACD:F@ 
 ;�C>9":<;A=Y;FiW��=?@0�aGW@>KF:��/B";AC>=?C>M!CD:�GLQ��H:FK]9"B"GWN?GWZLOLi!j kWk ��U

�

C>:<NYkWk�� �H:FK]9"B"=?KlILN���_L:<@A_7=?: �(GRQ�C>9":���:<N?:<E":F;>=?K ��:FC �.GW@��JU��H:FK]9"B"=?KlILN1@A: � GW@AC<i"��:<N?:<E":F;>=?K

�5GW@ � GW@>IRCD=?GWB i jlkWkWk!U

�

'���k � � '�=��6@DILc '�=?; �.:<; ��IL@>IL=YIL9�ILB!E TLGW9"B���:F=YE!:<c ILB"B U �/c��"@>G _7=?B"Z @A:<;�C]IL@�C GLQ�=?E"NY:

����� K<GWB"B!:<KFC>=YGLB";<U$��:<K]9"B!=YK<ILN+��: � GW@�C�k ��51� ��jWiJ4�B"=`_W:F@>;A=?C/O
GLQ��7GWM!CD9!:<@>B3��ILN?=/5

QfGW@>B!= I!i"��G _W:Fc
h

:<@ jlkWk ��U

�

) G�GWk 8 � �1NYG O7E ) G7G�E U ��:FC �.GW@�� ��:<@AQfGL@>c ILB"KF:^GLQ���GWB65/ZW:FGW;ACDIRCD=?GWBaIL@�O �5GWB";�CD:FNYNYIRCD=?GWB";

�*e7M!= ��� :<E ��=?C>98�/B�CD:F@>;DI CD:<N?N?=?C>: �1=YB��6;FU�
8IL;�CD:<@ 
 ;�CD9":F;>=?;<i 4�B"=`_W:F@>;>=`C/O
GLQ���M!@>@>: OWi

j kWk 87U



����������V�� �



84�

� U
���*���������"

���"�����	�,�$��
8� �	4�� ����V,�$�	4���V,����� ���$��
8� �5������4��0�*�$���	�

���%� �!4������

�/B IRKFCDM"ILN!=?c��"NY:Fcd:<B�C]IRC>=YGLB GRQJ����� QfGW@g��M"BJ�%� i CD9":�cd:<IL;>M"@A:<cd:<B�C�GLQ �+�$��=?; h IL;A:<E GWB

CD9":$IRK<K<M!@DILK O GLQaC>9":5CD=?cd:<@ h :<=?B"Z�M!;>=?B"Z	CDG�cd:lIR;>M"@A:$�+�$�	UW�/B �!@DILK CD=?K<:�I�C>=Ycd:<@+GLQ ILK<KFM"@DIRKFO

84� �Lcd;�=Y;�M";A:<E CDG c :<IL;>M!@>:X�+�$�	Ua�$9":%CD=?c =?B"Z =Y;�E"GLB":
h

OP=?B"KF@>:<cd:FB6C>=YB!ZPI KFGWM"B�CD:F@�:F_W:F@AO

84� �Lcd;<U	��;%I ;>:FZWcd:<B�C�=Y;�;>:<B�C	C>9": K<GLM"B�CD:<@	=?;	;>: C�CDG ��U	�$9": ;ACDIL@AC>=YB!ZP;>:<e6M":FB"K<: B6M"c
h

:<@

GLQ*CD9": ;>:<ZLc :FB�C ��9!GW;>: �H�$�,=?;
h

:<=?B"Z[cd:lIL;AM"@>:FE =?;	ILN?;>G @>:<KFGW@>E!:<E U	) 9":FB IRB3��� 	 C>9aIRC

=YB"KFNYM!E":�CD9"=?;�;A:<e6M":<B!K<:	B6M"c
h

:<@$=?;�@A:<K<:F=?_L:<E i"C>9":�C>=Ycd:F@�=Y;.CDM"@AB":<EPG4�
ILB!E[CD9":�K<GWM"B�C$GRQ1CD9":

K<GWM"B�C>:<@�c M"N`CD= �"N?=Y:FE
h

O 84� �Lcd;$=?;�CD9":	B": � �H�$�	U"�$9":<@A:FQfGW@A:Lia=`QHC>9":���� 	#QfGL@5CD9":	;A:<ZWcd:FB6C

=Y;�@>:<KF:<=`_W:FE ��=`CD9!=YB I � :F@>=?G�E
GLQ 84�4�Lcd;�C>9":<B3=`C�K<GWM"B�C>:<E IL;XjlK<GLM"B�C�GW@�j<C>=YK��JU�� QgCD9":���� 	

=Y;%@>:FK<:F=?_L:<E IRQ C>:<@ 84�4�Lcd;�CD9":FB CD9!: K<GWM"B�C�=?;XIRZ�IL=?B =?B"KF@>:<cd:FB6C>:<E
h

O�jWU �$9"=Y;�cd:lILB!;%C>9aIRC

CD9":��+�$�2=Y;�cd:lIL;AM"@>:FE8=?B
cXM"N`CD= �"NY:F;�GLQ�84� �Rc ;FU

��G\=YN?NYM!;ACD@>IRCD:dCD9!: : � :FKFCXGLQ�CD9"=?;	CD=?c :F@XK<ILN?K<M"NYIRCD=?GWB QfGWN?NYG���=?B"Z
:�9 � :F@>=?c :FB�CD; �.:<@A:^KFGWB35

E"M"KFC>:<E

�



8 �

400

350

300

250

 10:59:00  10:58:30  10:58:00  10:57:30  10:57:00  10:56:30 

rtt (ms)

time

jarok.cs.ohiou.edu:34919_==>_mork.cs.ohiou.edu:discard (rtt samples)

�

�����

�

�

�

�

�

�����

�

��

�

�

�

�

�

�

�

�

��

�

�����

��

�

���

��

��

�

�

�

�������

�

�

�

�

�

��

�

�

��

�

�

���

�

�

�������

�

���

��

�

�

�

����

�

�

�

�

�

�

���

�

�

����

�

�

�

�

�

�

���

��

��

�

�

�

�

�

���

�

�

�

�

��

�

�

���

�

��

�

�

�

�

�

���

��

�

����

�

��

�

�������

�

���

�

����

�

�

rtt

�

�+=YZLM"@>:%� U?j �+�$� _7;��$=?cd:
�

@DI �"9
��9"G���=YB!Z[ILB\�/B"KF@>:lIR;>:�GLQ5j�� �Lcd;�=YB
�+�$�

�$9"=Y;$baZLM"@>:	ZW=`_W:F;$CD9":%�+�$� _7;$CD9":�C>=Ycd:	ZW@>I��"9[QfGW@5C>9":	EaIRCDI CD@DIRB";AQf:F@
h

: C �5:F:<B �

�������

ILB"E

!

�����

U

��9 � :<@A=Ycd:<B�C�B"G"U$j 5 �/B C>9"=Y;\:�9 � :<@A=Ycd:FB6C
CD9": EaI C]I&CD@>ILB";AQf:F@P=Y;\=?B"=`CD=YIRCD:FE
h

:FC �.:<:FB2C �.G

c ILK]9"=?B":<;gC>@DILB";�Qf:<@A@>=?B"Z������ �aILK��L: CD;gM!;>=?B"Z��	���$UR�/B!=?C>= ILN6CD=?cd:5E":FN IlO�QfGW@0QfGW@ �5IL@>E!=YB"Z

CD9": �aIRK��L:FC>;8=?;\;>:FC\C>G j�� �Lcd;\ILB"E2IRQ CD:F@\I K<:<@�C]IL=?B � :<@A=YG7E GLQ�CD=?c : C>9": E":<NYIlO =Y;

=YB!K<@>:<IL;>:FE CDG j�84�Rc ;FU^��;X;A:<:FB =?B �+=?ZWM"@A:^�XUYjLi0C>9":<@A:^=?;XILB =?B"KF@>:lIR;>: =YB �+�$�#Qf@AGWc

I
h

GWM!C

�

� �Rc ;$C>G �4� �Lcd;<U



84�

222650000

222600000

222550000

222500000

 10:59:00  10:58:30  10:58:00  10:57:30  10:57:00  10:56:30 

sequence number

time

jarok.cs.ohiou.edu:34919_==>_mork.cs.ohiou.edu:discard (time sequence graph)
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sequence number

time

jarok.cs.ohiou.edu:34922_==>_mork.cs.ohiou.edu:discard (time sequence graph)
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jarok.cs.ohiou.edu:35352_==>_mork.cs.ohiou.edu:ftp-data (time sequence graph)
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26.5000 05:53:26 25.5000 05:53:25 24.5000 05:53:24 

sequence number

time

vger:33080_==>_mork.cs.ohiou.edu:discard (time sequence graph)
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