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Probe traffic: Poisson, cross traffic: Poisson source; server rate µ ≈ 6970 pkts/s
(a) ρ = 0.965, γ = 124 pkts/s

λ = 6600

K = 10 pkts
K = 30 pkts
K = 65 pkts
K = 100 pkts
K = 150 pkts
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(b) ρ = 0.983, γ = 248 pkts/s

λ = 6600

K = 10 pkts
K = 30 pkts
K = 65 pkts
K = 100 pkts
K = 150 pkts
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(c) ρ = 1.019, γ = 496 pkts/s

λ = 6600

K = 10 pkts
K = 30 pkts
K = 65 pkts
K = 100 pkts
K = 150 pkts
K = 1000 pkts
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(d) ρ = 2.470, γ = 125 pkts/s

λ = 17068

K = 10 pkts
K = 30 pkts
K = 65 pkts
K = 100 pkts
K = 150 pkts
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Probe traffic: Poisson, cross traffic: Poisson source; server rate µ ≈ 6970 pkts/s
(a) K = 10 pkts

K = 10

ρ = 0.965, γ = 124 pkts/s
ρ = 0.983, γ = 248 pkts/s
ρ = 1.019, γ = 496 pkts/s
ρ = 2.470, γ = 125 pkts/s
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(b) K = 30 pkts

K = 30

ρ = 0.965, γ = 124 pkts/s
ρ = 0.983, γ = 248 pkts/s
ρ = 1.019, γ = 496 pkts/s
ρ = 2.470, γ = 125 pkts/s
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(c) K = 65 pkts

K = 65

ρ = 0.965, γ = 124 pkts/s
ρ = 0.983, γ = 248 pkts/s
ρ = 1.019, γ = 496 pkts/s
ρ = 2.470, γ = 125 pkts/s 60
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(d) K = 100 pkts

K = 100

ρ = 0.965, γ = 124 pkts/s
ρ = 0.983, γ = 248 pkts/s
ρ = 1.019, γ = 496 pkts/s
ρ = 2.470, γ = 125 pkts/s

%�BCUGO?.1*�¢9\D¢*t	�\Z>N9;GRCO+2@BC;GF&;M=}21(?*5*:0T21BDe�7M21*:H�f?O+st*:.K01BCv:*5Na0:\?2@(+*QFoO?e"ft*A.j;M=�8?.T;Gfg*:0

}_;GF?01BCH?*A._F?;�I�21(?*~0T*A2Z;9=�01BCelO+R�7M21BD;9F?0ZIK(?*A.1*~79RDR]0T;GO?.14A*:0)K�B�\ *M\a=p;G.T*:UG.T;GO?F?H m`c;�jf/7M46[aU9.1;GO?F+H
0T;GO?.T4:*:0'Mn79.1* �};GBC010T;GFy|YRCBC[9* Kp2Y`a8g* K�'bt�M M \ � *W(?7�N9*W01*A*:F�ft* =p;G.1*�2@(/7M2�2@(?BC0i01* 2�;9=501BCelO?RD7M21BD;GF+0
O+F?H?*:.32679[M*:0q2@(?*h.1;Gf+O?0T21F?*:0T0_;9=mft;921(keX;aH?*:RC0u2@;5NyBC;GRD7M2@BC;GF�;9=m21(?*h79010TO?eX8+2@BC;GFn;9F�21(?*jH+BD032@.1BCf?O+21BD;9F
;M=>2@(?*�0T*:.TNaBC4:*-21BDeX*:0A\"')(+*�.1*:RD7M21BCN9*�*:.1.T;G.�Kp*1Iy8?.1*A010T*:H BCFW8g*:.14A*:Fb267MUG*�M~BC0E.1*A8t;9.T2@*AHWBDFW'}79f?RC*i¢G\(]y\
�L*E;Gf+01*:.3NG*E21(/7M2dfg;921(���79F?H � 7M.1*Efg*A2T2@*:.Z*:032@BCek7{2@*:H	790�� BDF+4:.1*:7901*A0:\\JYF�79RCRm4:7901*A0:w ���03267P`a0

'}79f?RC*V¢G\ ]	� XK*:RD7M2@BcNG*�*:.T.1;G. K�*�I+8+.1*:0T01*AH�BDF�8t*A.14:*AFb2679UG* MX;M=E2@(?*	*:032@BCe�7M2@*A0�K�0T46(?*:eX* �RG$� � Ml=p;G.
¢�t�!"!"!"!-8+.1;Gfg*:0��Z�z;GBC0101;9Fy|YRCBD[M* �/;�IK0Aw � �
���	� �yw�� � � 	 *+w � �
� � � /�79F?H � ��� � * �	�Z>032@BCek7{2@;G. � ����* � � � * � ��� 	 � � ��*U* � �%� 	 *�� _+\C¢ ¢G\C¢ !+\�!`� !+\C¢ !+\C¢
�� �+\(t �+\(] £+\^� ]y\ � �?\�!



��� �������	��
 �������������������������  "!#�$�� %!'&(�)��!#��*��!�+,���.-/�������0���1!#���2&3 #!'&4�1 

IKBc2@(+BDF _+\C¢ � ;9=u2@(?*-21.1O?*-NM79RCO?*CK�4 = \�.1;�I tnBDFW'}79f?RC*i¢G\(]�Mj0TO?46( 7M0t�VBC0<;�N9*:.T*:0T21BDe�7M21*:H�w IK(?*A.1*P7M0
���03267P`a0dIKBC21(?BDFE�y\ t � ;9=�21(?*E2@.TO?*~NM79RCO?*�K�4 = \+.T;�I _lBCFi'}79f?RC*�¢G\ ]`Mq01O+46(�7M0)��BD0)O?F+H?*:.T*:0T21BDe�7M21*:H�\

')(?*"*A0T21BDe�7M21BD;GF�;9=u� BD0hF?;92~790K0@7M21BD03=�794A21;G.T`�790)21(?*"*A0T21BDe�7M21BD;GF&;9=���\jJ 2jBD0h4:RC*P7M.h21(/7M2K2@(?*
roO/7MRDBc2Y`W;9= �� 79F+H �� BC0<BDF �?O?*:F?4A*:HLfo`&2@(?*�roO/79RCBc2Y`W;9=q*:032@BCek7{2@;G.T0 ��RG 79F?H ��-\-^<O+.<F?*1Ia2Q0T21*:8JBD0
21;&RC;y;9[J7M2l21(?*�8g*:.3=p;G.1e�79F?4A*�;9=_2@(?*A01*n*A0T2@BCe�7M2@;9.10:\E�L*kIKBCRDRq4:;GeX8?Oy2@*�21(?*�RC;G010"8?.1;9f/79f?BCRDBc2Y`2�HG
7MF?Hn2@(?*<*�Iy8t*A4A2@*AH�.T*:0T8t;GF+01*<2@BCeX*TX 790)*�Iy8t*A4A2@*AH�fb`k2@(?*Q��
5���:���y���9��eX;aH?*:R�O+01BCF?U�2@(?*~21.1O?*
NM79RCO?*A0E;9=��L7MF?HW��\<')(?*-.T*:0TO?RC21BDF+UnN97MRDO?*A0<;9=8�HG	79F?H � 79.T*"21(?*:FW4A;GeX8/79.1*AH 2@;n21(?*l*A0T2@BCe�7M2@*AH
NM79RCO?*A0:\ � 01e�79RCR)*:.1.T;G.�fg*A2YIZ*:*:F�ft;921( 8/79BC.10X;9=hN97MRDO?*A0kBCeX8?RCBD*A0�7W01e�79RCRK*:.T.1;G.�BCF ���79F?H �� 790
8+.1*:H+BD4 2@*:H�fb`i0146(?*AeX* �HG!� �-\q^EO?.),/F?H?BCF?UG0K4P7MF�fg*501O?eXe�79.1BCv:*AH 790)=p;GRCRC;�IK0A\
� ')(?*nRC;G010-8+.1;Gf/7Mf?BDRCBc2Y` 8?.T*:H?BC4A21*:H fb` 21(?*�eX;aH?*:R�w/�HG]w>BD0"01e�79RCRD*A.-2@(/7MF 2@(?*�*:0T21BDe�7M21*:H ��HG]\
')(?*h79f?01;9RDO+21*KH?*ANaBD7M2@BC;GF�;9=t21(?*K8?.1*AH?BC4A2@*AHo�RGrK�H?* ,/F?*AHn790 � �RGg$ ��RG �3M�H?*:4A.1*:7901*A0Z=p.1;9e !+\�!�t�]
K3¢�£+\^_ ��;9=u.T*:RD7M2@BcNG*�H?* NaB�7M21BD;9F � Mh=p;G.~� � ��*kH?;�IKF 2@; !+\�!"!�tOKpty\�� ��;9=u.1*AR�7M21BCN9*�H?*ANaBD7M2@BC;GFUM
=p;G.K� ��� 	 *+\

� ')(?*�*�Iy8t*A4A2@*AH�.1*A018g;GF?0T*�2@BCeX*�8?.1*AH?BD4 2@*AH�fb`�2@(?*	eX;yH?*AR w �-wdBC0�0TRDBCUG(b2@Rc`�R�7M.1UG*A.X21(/79F 2@(?*
*:0T21BDe�7M21* ��-\�')(?*jH+*ANaB�7{2@BC;GF�;9=t2@(?*K8?.T*:H?BC4A21*:H'� BDF+4:.1*:7901*A0Z=p.T;Ge ]��D� � K £+\^_ �%;M=meXBC01e�7M2@46({M
=p;G.K� ����*�O?8	21; ���y¢3� � K2�?\(t � ;9=�eXBC01e�7M2146(UM)=p;9.K� ��� 	 *+\

� ')(?*���
5���P���y���9� eX;aH?*:Rq8?.1*AH?BC4A2@0lelO?46( fg*A2121*:.Q2@(?*n.T*:0T8t;GF+01*�21BDeX*'� 21(/79F 21(?*�RC;G010
8?.1;Gf?79f?BCRDBc2Y` �HG]\

J 2Q0T*:*:eX052@(/7{2Q21(?*X*:.T.1;G.<BCFL*A0T21BDe�7M21BDF?U&� BC05H?O?*X2@;i2@(?*X*A.1.1;9.Qfg*A2YIZ*:*AFC�RGW79F?H ��HG]w}7MF?HV21(/7M2
fg;921(-2@(?*d*A.1.T;G. ;GFX� 79F?H�21(?* K�0Te�79RDR�M�;GF?*_;GF �XNM79.3`�790 H+;y*A0 2@(?*d*A.1.T;G. ;GF ��RGg\�J 2uBD0>7MRD0T;<8t;G0T01BCf?RC*
21(/7M2h2@(?*Q*:.T.1;G.T0E7M2j(/79F+H 79.T*-79RC01;�7Msm*A4A21*:H fb`�2@(?*"*:.T.1;G.h;GF ��-wgf?O+2h2@(+BD0jBDeX8/794 2�KpBC=>Bc2j*1IyBD032@0'MjBD0
F+*:UGRCBDU9BDf?RC*Xft;M2@(Jft*A4P79O+01*�;9=Z21(?*X01e�79RCR>*:.T.1;G.<;GF �� 79F?HJft*A4P79O+01*�;9=Z21(?*XR�7M.1UG*�.T*:RD7M2@BcNG*�*:.T.1;G.<;GF
��RGg\
����� �?��� �$# � # ��� 5{e u;k'e�n�ex�`o0cas�i`�1y�e1k�q�m`gpo.i�czy �	e�y�n1k�o2�1e g65{e y�e1czy1o0g2o0q�o0g 3Vi	�"�� m`c;� �� g i7q�m`k�o2m`gpo.i�czy
o0c ��HG m`c;� �� �

')(?*qNM79RCO?*A0}2@(?7M2}79.1*qUGBcNG*:FlBDF"'�79f+RD*h¢G\(]KIZ*:.1*Z4:;GeX8?Oy2@*:HQ=p;G.q¢*t�!"!"!�!K8+.1;Gfg*:0A\�')(?*Z*ANG;9RDO+21BD;9F
;M=h21(?*n*A0T2@BCe�7M2@*A0X;�N9*:.�2@(+*nFoO?elfg*:.X;9=h8?.T;Gft*A0�BD0�8+RD;92T2@*AH�BDF %�BCUGO?.T* ¢G\C¢�_+\L^Ef?01*A.TNG*�BCF %�BDU9O?.1*
¢9\D¢�_PK 7�M~(?;�I 21(?*�*:0T21BDe�7M21* �� =p;G.5� ����*�4:;GFbN9*:.1U9*:0-7Mft;�NG*X2@(+*kH/7M01(?*AH RCBDF?*XIK(?BC46(�.1*A8?.1*A01*AFo210
21(?*X2@.1O+*�NM79RCO?*X2@;&fg*�*:0T21BDe�7M21*:H�\�')(?*�0@7Me�*kBD052@.TO?*k=p;9."� � � *+\ %];9."� � � 	 ) �B*U* ) � 	 *+w�2@(?**A0T21BDe�7M21* ���4:;GFbN9*:.1U9*:0l21;�2@(+*�4:;9.1.1*A4A2"N97MRDO?*M\�')(?*�.T*P790T;GFLIK(b`Gw}=p;G."0Te�79RDRZ��w ���;�NG*A.1*A0T2@BCe�7M2@*A0
��wzBD0Q2@(/7M2 ��RGJBC0QR�79.TUG*:.52@(?79FL21(?*��RGW8?.1*AH?BD4 2@*AH�fb`V21(?*�e�;aH?*AR)K �� fg*:BCF?U 4:RC;G0T*�21; � =p;G.50Tek7MRDR
� �����=!#�$�C����/�-+��U"�$-3/��'��/�+A 0;���KPs�$��A �KPZg-_�+�� �����8��+A�U��8 /C��UM� ��A"�YU �+��� 8 � �8�� 	
�8��+A�Uu/��%��+&)���#/�&)���B�$�+������U

������
����� �7H



� � �`��
���� � &(� � � �*!'& �zY���8 � � !# b�a��$����a� �* �&  �]�
�dM \"XK*:4:79RDR�21(/7M2hBCF�2@(+*-���:���y���9� roO?*:O+*9wtIK(+*:F�21(?*QRD;b7MH�BCF?4:.T*P790T*:0'�MH?*:4A.1*:7901*A0:w�fg;92@(�2@(+*"RC;G010
8+.1;Gf/7Mf?BDRCBc2Y`V79F?HJ2@(?*X.1*A018g;GF?0T*�21BDeX*�BDF?4A.1*:7901* �MH?*:4A.1*:7901*M\ %/;G.<R�7M.1UG*�NM79RCO?*:05;9=d��w IZ*�(/7PNG*�01*:*AF
21(/7M2 ��HGkBC0d0TRDBCUG(b2@Rc`nRD79.1U9*:._21(/79F��RGOK.ta\ � � ;9= eXBC01e�7M2@46({Md79F?Hn2@(?7M2 �� BC0d01RCBDU9(o21RC`�01e�79RCRD*A.d2@(/7MF �
K��?\(t �#;9=�eXBC01e�7M2@46({M \ Zu7946(neXBD0Te�7M2@46(iBCF?H?O?4A*:0)7MF�*:.T.1;G.Z;GF ���waf?O+2d0TBDF+4:*j21(?*~BCF?H?O+4:*:Hi*A.1.T;G.10_79.1*
BCFW;G8?8g;G0TBC21*�H?BD.T*:4 2@BC;GF?0:w�21(?*-,/F/7MR�.1*A01O?Rc25BC0E2@(/7M2 ��VBC0E;GF 267M.1UG* 2$K�4 = \m8?RC;92@0E=p;9.<� � � 	 ) ��*U* ) � 	 *BCF.%�BDU9O?.1*�¢G\C¢�_{K�7�MxM \

57
50

62
50

67
50

100 1000 10000 100000es
tim

at
ed

 e
xo

ge
no

us
 r

at
e 

(p
kt

s/
s)

number of probes

Probe traffic: Poisson-like flow, cross traffic: 100 Poisson-like flows
(a) Estimation of λ

λ = 6677

K = 10 pkts
K = 30 pkts
K = 65 pkts
K = 100 pkts
K = 150 pkts
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(b) Estimation of K

K = 10
K = 30

K = 65

K = 100

K = 150
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Evolution of the estimated buffer size vs. the number of probes
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(f) K = 100 pkts
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250 sources, ρ = 2.707
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Evolution of the exogenous rate vs. the number of probes
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Evolution of the estimated buffer size vs. the number of probes
(c) K = 10 pkts
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(d) K = 30 pkts
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(f) K = 100 pkts

K = 100

number of probes

250 TCP sources, ρ = 1.258
1000 TCP sources, ρ = 1.421
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