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e ∈ E

��ûo\ÁæIc`E
Be

S

í_XZø_cSL
WPæIc�[Tù>ìMîIEoW
ìTô�ì�ø_c?HKYZìM[_G�LPc?c`E/óVÿ�c?íMHPcSLPL
HKì_îdWKc?H

e
ûdéOìTWPcÅWPæg[�WÁXrô�ù>[_HP]Mc`G�ïg[_^{]_c?WKL�[THKc

EIìTW	GdHKì_ïIïyc`G�WPæg[TE(WPæIc'LPîIù>ù>[_HPXaLPc`G�ì�øMc?HKYÚìo[_G�óg[TE9Gdë'XaGVWKæ<LPc?c`E(óVÿ�[_YÚYI[��ycS^AWPcSG�c`í_HKc`LKL
HPìMîdWPc`HKL�XaLÁWPæIc�LK[Tù>c�[_L�WKæIc=ì�ø_c`HPYZìM[MG�c`LRWPXZù�[�WPcSG�ì_E WPæIc�^?ì_HKc�E9ìVGIc��

∑

∀e∈E

Be = M ⇒
∑

∀e∈E

Be

S
= R − T.

D'ôÀWPc`H�^`[TYa^�îIYa[�WKXÚE9í
Be

S

U�[TEVÿ�c?íMHPcSLPL-HPìMîdWPc`H
e
^{æIìVìMLPc`L-[OLRc?W�ìTôdögì�ëFL4WPìOWPc`HPù>XZE9[�WKcÉë'æIXa^{æ

ë'XÚYZYËHPcSLRìMYÚøMc�WKæIc�^?[TYa^�î9YZ[TWPc`G ì�ø_c`HPYZìM[MG4û õ HPc?ôØc?H{[TóIYZÿ_UyWPæ9c(ögì�ëFLOWKìÆógc<WPc`HPù>XZE9[�WKc`G [THKc
HK[_E9Gdì_ù>YZÿwLRc`YÚcS^AWKc`GÆ[Tù>ì_E9í�WKæIc=ö9ì�ëFL�WPæg[�WFï9[MLPLPc`G/WPæIc�^?ì_EIíMc`LRWPc`G YZXÚEI]¢û
èIì_H�c?øMc?HKÿ�^{æIìMLPc?E�ö9ì�ë�U?WKæIcÁc?íMHPcSLPL�LRc`E9GIL�ó9[M^{]=[�^�ìMEIí_cSLqWKXÚìME�HKc?ïyì_HPW �#� ��LRXZí_E9[_YÚYZXZEIí

ù<cSLPLK[TíMc�WPì'WKæIcÉXZEIíMHPcSLPL-EIìdGdc	ìTôdWKæIc	ögì�ë�U�HPc��oîIc`LRWPXZEIíFXÚW-WKì'WPc`HPù>XZE9[�WKc	WPæ9c
^�ìMEIEIcS^AWPXZì_E-û
D LPæIìMHRW{^�ì_ù>XZEIí�XÚE(WPæIcÁìMHPXZí_XZE9[TY�
	�(�:LRìMYÚîIWPXZì_E�ëÁ[_L�æIì�ë WPæIcÁc`í_HKc`LKL�XaGdc`EMWKXrúgc`L�WPæ9c

LRc?W	ìTô9ögì�ëFL�WPæ9[TW	ë
c`HPcÁï9[MLPLPXÚE9íOWKæIHPìMîIí_æ(WPæ9cF^�ì_E9í_c`LRWPcSG�E9ìVGIc�XZE>ì_H{Gdc?H�WKì�LRc`YÚcS^AWÉLPì_ù>c
ìTôdWPæ9c?ù WPìOWPc?HKù>XÚEg[�WPcMû`\�HPXZøVXZ[_YÚYZÿ_U`c?E9GIXÚEIí�[TE�[_HPóIXÚWPH{[THKÿFögì�ë WKæ9[�W�æ9[_L�[OGdX��¢c?HKc?EoW�HKì_îdWKc
�ØX�û cMûÚUyGdXZG�EIì_WÅ^�ìMEoWPHKXÚóIîIWPc=WPì>WKæIc�ì�ø_c`HPYZìM[MG#�Éù>[_]_cSLÁEIìwLRc`E9LPc_û9\ÁæIc�ï9HPc`øoXZì_îgLFLRìMYÚîIWPXZì_E
^?[TE ì_EIYZÿ ^{æ9ìoìoLRcwôØHPìMù WKæIìMLPcwögì�ëFL�WPæg[�W(HKc`^?c?XZø_cSG¹ù>[_HP]Mc`G¹ï9[M^{]_c?WKL`û � ì�ë�c?øMc?HSU4WPæ9c
EIc�Wqë�ì_HK]�ì_ïyc?H{[�WKì_H�ù>[�ÿ/ë'XZLPæ/WKì�^{æIìVìMLPcOö9ì�ëFL�ôØìMH�WPc?HKù>XÚEg[�WPXZì_E�EIì_WFì_EIYZÿ>ôØHPìMù WPæ9ìMLPc
WPæ9[TW
HKc`^�c`XÚøMc`G<ù�[THK]_cSG>ï9[_^{]Mc�WKL	óIîdWÉôØHKì_ù [TYZYgö9ì�ëFLËXZEoøMì_YZø_cSG>XÚE>WKæIcÅ^?ì_EIíMc`LRWPXZì_E×û ç û ígûÚU
ë'XrWKæIXÚEÕ[(ø_ìMXZ^?cOWKHK[�@�^�^�Ya[_LKL
WPæIc=ìMïgc`HK[TWPì_H�ù�[�ÿwïIHKc�ôØc`H�c`ù>c?HKí_c?Eg^�ÿw^?[_YÚYaL�ì�ø_c`H
HKc?íMîIYZ[_H
ïIæIì_E9cO^?[_YÚYaL	c`ø_c?E>WKæIì_î9í_æw[_^`^�XaGdc?EoW{[TYZYÚÿ(ì_EIYZÿ�WKæIcOïg[_^{]_c?WKLËì_ô¢WPæIcÅc?ù>c?HKí_c`E9^�ÿ<^?[TYZYaL	í_ì_W
ù>[_HP]Mc`G4û

' cÅïIHPìMïgìoLRcOWPì(HPc`YÚÿ>ì_E [TEwc`EIæ9[TEg^�c`G/LqW{[Tù>ïIXZEIí�ïIHKìd^�cSGdîIHKcOìTô4WKæIc�XÚEoWPc`HPXZì_H
EIìdGdc_û
\ÁæIc�ïIHKc?øVXÚìMî9LPYÚÿ�c �Vï9YZ[_XÚEIcSG�ïIHPìd^?c`GdîIHKcÅWPì�c?Eg^�ìdGdc�[TEgG LPXÚíME9[TY4ì�øMc?HKYÚìo[_G�ø�[_YÚîIc�XaLÁì_E9YÚÿ
LRYZXÚíMæoWPYZÿ·ù>ìVGIXrú9cSG4û×\ÁæIc>]_c`ÿ·XaGdc`[�XaL?U¢WKìÆLRWK[_ù>ï [_YÚYËì_WPæIc`H�ïg[_^{]_c?WKL�XZEµWKæIcw^�ìMEIí_cSLqWKc`G
EIìdGdc/WKæ9[�W�[THKc/E9ìTW�^?[THKHKÿoXZEIí·c`E9^�ìdGdcSG½ì�ø_c`HPYZìM[MG¹XÚEIôØì_HKù>[TWPXZì_E�ë'XÚWPæ [µE9c?ë ��� ��"�����!
LqW{[Tù>ï×ûË\Áæ9[�W�XaL?UË[ ï9[_^{]Mc�W>^?[TE¿æ9[�ø_c/WPæIHKc?cÕLRWK[_ù<ï9XÚEIí¹LRWK[�WKc`L � �¢ý�� ��U � � " ý ! ��!�U	[_E9G
��� ��" ����!�UoHKc`LPïgcS^AWPXZø_c`YÚÿMûM\ÁæIc�LqW{[Tù>ïIXZEIí(^`[TE�óycÅGdìMEIcOë'XÚWPæwWPæIcÅæIc?YZï/ì_ôyWqë�ì�óIXÚWKL�XZE�WPæ9c
ï9[_^{]Mc�WFæIcS[_Gdc`H`UIcMû ígûÚUIWPæIc ç �dïIYÚXa^�XÚW=N
ìMEIí_cSLqWKXÚìMEÆéOìTWKXrúg^`[�WKXÚìME � ç N�é �'óIXÚWKL��¤GdcSLP^?HPXZógcSG
XÚEwðZñ_ñ?ò ��U?ìMH-óVÿ�LRc`ï9[TH{[�WKXÚEIíÁWqë�ìFóIXÚWKL-ôØHKì_ù1WPæIc��OX��4êdc?HKø(N
ìVGIc õ ì_XZEMW � �=ê9N õ ��û�DOEIìTWKæIc?H
LRìMYÚîdWKXÚìME>XZLËXÚô¢WPæIcOEIc�Wqë�ì_HK]�ì_ïyc?H{[�WKì_HËYZìd^?[TYZYZÿ([_LKLPXÚíME9L�ôØì_H	c`ø_c?HKÿ�WKHK[�@w^�^?YZ[MLPLËWqë
ì�ì_WPæIc`H
��ê9N õ L?UVë'æIXa^{æ/[THKcFXZEoWPc?HKïIHKc�WKc`G�[�W�XrW{L�c?í_HKc`LKLËEIìdGdcSL
[ML	c`E9^�ìdGdcSG�ì_H�[��¢c`^AWKc`GwLRWK[_ù>ï9L?û
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\ÁæIc�LPc?ø_c`HPc�^?ì_EIíMc`LRWPXZì_E�æ9[TE9GIYÚXZEIíw[TYZí_ìMHPXÚWPæ9ù Gdc�úgEIc`GÆXZEÆWPæIc�ì_HKXÚíMXÚE9[_Y 
	�
� ^�ì_Eg^�c?ïIW
�¤GdcSLP^?HPXZógcSGÆXÚE·WPæIc(ïIHPc`øVXÚìMî9LFLPc`^AWKXÚìME �Áæ9[MLO[�ù�[ 	qì_HOLPæIì_HPWK^?ì_ù>XZEIí�ë'æIXa^{æÕEIc?cSGIL'WKì/óyc
[_GIGdHKc`LKLPc`G�WKì�í_c?W'[_E c @w^�XZc?EoWOLRìMYÚîIWPXZì_E×û
\ÁæIc�ïIHKì_ó9YÚc`ù*XaLOì�øMc?HP÷�HKc`[M^AWKXÚìME×û ' XrWKæµì�øMc?HP÷�HKc`[M^AWPXZì_E ë
c(HPc?ôØc?HOWPìwWKæIc>^?[_LPc�ë'æIc`E

ù<ìMHPcÁögì�ëFL	[THKcÁWPc`HPù>XZE9[�WKc`G<WPæg[TE�EIcS^�c`LKLK[THKÿ�óVÿ�WKæIcÅ^?ì_EIíMc`LRWPXZì_E<æ9[TE9GIYÚXZEIí�[_YÚíMì_HKXrWKæIùÆû
\ÁæIXZL�c �¢c`^AW�^`[TE¹óycwLRc`c?E½[_L�[_E#"RîIE9GIc?H{LRæIìVì_W%$(XZE¹WPæIc�YZXZEI]µîdWKXÚYZXaLP[TWPXZì_E¹í_H{[TïIæ ìTô�WPæ9c
[��¢c`^AWKc`GÆYZXÚE9]VL`û9\ÁæIXaL'XaLFæIXZí_æ9YÚÿ îIE9GdcSLRXZHK[_óIYZc�[_L�WPæ9c�HPcSLRî9YrWFXaLFYZìTWFì_ô�WKc?HKù>XÚE9[TWPcSG/ögì�ëFL
�Øc_û í9ûZU �Ëì åtõ ^`[TYZYZL���[TE9G ïyìoìMH'EIc�Wqë�ì_HK]�îdWKXÚYZXZLK[�WKXÚìME�[TôÀWPc`H'WPæIc�^?ì_EIíMc`LRWPXZì_E×û
\ÁæIc�HPcS[_LPì_E ìTô�WPæIc�ì�øMc?HP÷�HKc`[M^AWKXÚìMEwXZL'WPæIc�GIc?Ya[�ÿ_c`G/ôØc?cSGdó9[M^{]wXÚEg^�YZî9Gdc`GÆXZE�WPæIc(^�ì_EI÷

í_c`LRWPXZì_E>æ9[_E9GdYZXÚE9í�^�ìMEMWKHPìMYIYZìoìMï×ûoêdXÚE9^?cFù�[THK]VXÚEIí�XaL�Gdì_EIcOXÚEw^?ì_HKc'EIìdGdc`L`UTWKæIcÅGdcS^�XaLRXZì_EgL
XZL=ù�[_GIc<[TW=c`í_HKc`LKLOE9ìVGIc`L`U×[TE9GµWPc`HPù>XZE9[�WKXÚìMEµìTô
ö9ì�ëFL=[THKc<GIì_EIc<XÚE XZEIí_HKc`LKL�EIìdGdc`L`U4[
LRXZí_EIXÚúg^`[TEoW�Gdc`YZ[�ÿ>ù�[�ÿ>ógc=XZEoWPHKìVGIî9^�cSG�îIEoWPXZY¢WPæIc�ì�ø_c`HPYZìM[MG<XÚEdôØìMHPù�[TWPXZì_EwXaL�YÚcS[THKEIc`G�óVÿ
XÚEIíMHPcSLPL�EIìdGdcSL?ûg\ÁæIc�Gdc?Ya[�ÿ/^?ì_E9LPXZLRWKLÁì_ô-WKæIc�WPHKXZï/WKXÚù>c�ì_ô�GI[TWK[>ï9[M^{]_c�W{L
ôØHPìMù�WPæ9c�^�ì_EI÷
í_c`LRWPcSGÕ^�ìMHPc�E9ìVGIc�WPì/WPæIc(c?íMHPcSLPL`UIWKæIc(^?ì_îIEoWPXZEIíwXZEoWPc`HPø�[TY�XZEÕWPæIc(c?íMHPcSLPL��

S
��Uy[_E9GÆWPæ9c

WPHKXÚïÕWKXÚù>c<ìTôËWKæIc(c �dïIYÚXa^�XÚW�LRXZí_E9[_YÚYZXZEIíwù>c`LKLP[_í_cSLÁôØHPìMù c?í_HKc`LKL'WKì/XZEIí_HKc`LKL ��LRc`c(è�XZí9û 	 �Aû
�Õì_HKc?ì�øMc?HSU_îIEoWPXZYyWPæIc=ì�øMc?HKYÚìo[_G�GdcS^�HKc`[_LPc`L
[�W�WPæIc�^?ì_EIíMc`LRWPc`G/^�ì_HKcOE9ìVGIc=[_E [MGIGdXÚWPXZì_E9[_Y
WPHKXÚïd÷�WPXZù>c=ôØHPìMù�XZEIí_HKc`LKL
WPì>WPæ9c�^�ì_HKc�ù�î9LRWFc��dïIXZHPcMûI\ÁæIXaL'XZLÁóyc`^`[Tî9LPc=XÚù>ù>c`GIXZ[TWPc?YZÿ/óyc�÷
ôØì_HKc=WPæIc�^?ì_EIíMc`LRWPXZì_E�EIìTWKXrúy^?[�WKXÚìMEÕ[TE9G�ö9ì�ë1WPc`HPù>XZE9[�WKXÚìME�WPæIc�XZEIíMHPcSLPLÁù�[�ÿ/æg[�ø_c�LRc`EoW
ì_îdW>ï9[_^{]Mc�W{L�XZE WKæIc/ögì�ëFL�WKæ9[�W>ë
c`HPc�LRc`YÚcS^AWKc`G¹ôØìMH(WKc?HKù>XÚE9[TWPXZì_E×û�\Áæ9[TW<XaL?UË[·WPc?HKù>Xr÷
E9[�WKc`G ö9ì�ë ù�[�ÿ ^?ì_EoWPHKXÚó9îdWPc�WPì WKæIcÕ^�ì_E9í_c`LRWPXZì_E ôØì_Hw[ WPHKXZïd÷�WKXÚù>cÆôØHKì_ù WKæIcÆXÚE9í_HKc`LKL
WPì�WKæIc(^?ì_HKc�EIìdGdc_û×N
ì_E9LPXaGdc?HKXÚE9íw[TYZY×WPæ9c(Gdc`YZ[�ÿdL'XZEVø_ì_YZø_cSG�ë
c�íMc�WFWKæ9[�W�LRXZí_E9[_YÚYZXZEIí�WPæ9c
^�ì_E9í_c`LRWPXZì_E/æ9[_L
EIì<XÚEdögîIc?E9^?cÅìME�WPæ9c�ì�øMc?HKYÚìo[_G(ôØì_HÁ[_L
YZì_EIí>[_L

S + RTT
Udë'æIc`HPc 
�\'\

XZLÅWPæ9c(HKì_îIEgGV÷�WKHPXZïÆWPXZù>c_û � ì�ë�c?øMc?HSU9ë'XÚWPæµWPæIc<ì_HKXÚíMXÚEg[TY�^?ì_EIíMc`LRWPXZì_EÕæ9[_E9GdYZXÚE9í ù>c�WKæIìdG
^�ì_HKc�EIìdGdc`LÁ^�ìMEoWPXZEoî9c�ù�[_HP]VXZEIí�WKæIc�ï9[_^{]Mc�W{LÉîIEoWKXÚY¢WKæIc�ù>c`[_LPîIHKc`G/îdWPXZYÚXaLK[�WPXZì_E/ô¤[TYZYZLÁóyc�÷
YÚì�ë WKæIcÅ^?ì_EIíMc`LRWPXZì_E�WKæIHPcSLRæ9ì_YaG4ûM\ÁæVî9L`UVXrWÁ^?[TE/æ9[TïIïyc?E/WPæ9[TW
WKæIcOE9c`^�cSLPLK[THKÿ<Eoî9ù�óyc?H�ìTô
ö9ì�ëFL	[THKc'[TYZHPcS[_Gdÿ�ógc`XÚEIí�WPc?HKù>XÚEg[�WPcSG>óIîdW	WKæIcO^?ì_HKc�E9ìVGIcOLqWKXÚYZYgLPXZí_E9[_YZL�ì�øMc?HKYÚìo[_G�WKì�WPæ9c
c?í_HKc`LKL=[_L�LPæIì�ë'EµXZE½è�XÚígû �Iû×\ÁæIXaL=ëÁ[�ÿ_U4[�W�WKæIc�c?E9G ù>ì_HKc<ö9ì�ëFL=ë'XÚYZYËóyc>WPc?HKù>XÚEg[�WPcSG
WPæ9[_E�E9c`^�cSLPLK[THKÿ_û
\-ìÕLPì_YZø_c(WPæIc�ïIHKì_ó9YÚc`ù ìTôÁì�ø_c`HR÷�HPcS[_^�WPXZì_E·[�ù>c?ù>ì_HKÿ·EIc`c`GIL�WKìÕógc�XZEoWPHKìVGIî9^�cSGµXZE

WPæIc�^�ì_HKc�EIìdGdcSL�]_c`c?ïIXZEIíÆWKHK[M^{]µìTô'WKæIc/LPXÚíME9[TYZYZc`G¹ì�ø_c`HPYZìM[MGµXZE�[·^?ì_îIïIYZcwì_ôÁï9HPc`øoXZì_îgL
ù<cS[_LPîIHKc?ù>c?EoW(XZEoWPc`HPø�[TYaL`û�D�W<WPæIc�c?EgG�ìTô�[·ù>c`[MLRîIHKc?ù>c`EMW<ïgc`HPXZìdG�óyc�ôØìMHPc�LRXZí_E9[_YÚYZXZEIí
WPæIcÅì�ø_c?HKYZìM[_G×U�WPæIc�[_^�WPî9[_Ygù>c`[MLRî9HPcSG>ì�ø_c?HKYZìM[_G<LPæIì_îIYaG�óycÅGdcS^�HKc`[MLRcSG>ë'XrWKæwWPæ9cÅLPîIù ìTô
[TYZHPcS[_Gdÿ/LPXZí_E9[_YÚYZc`G�ì�ø_c`HPYZìM[MGILÁLqWKì_HKc`G�XZEÆWPæIc�ù>c`ù<ìMHPÿ LRXZE9^�c�WPæ9[TWOì�ø_c`HPYZìM[MGwXaLO[TYZHKc`[_GIÿ
ógc`XÚEIí�æg[TE9GdYZc`G XZE WKæIc�LPc?ø_c`HPc=^�ìMEIí_cSLqWKXÚìME/æ9[_E9GdYZXÚE9íw^�ì_EoWKHPìMYyYZìVì_ï×û

' c	ï9HPìMïgìoLRc�WKìOî9LPcÉ[FLPYÚXaGdXZEIíFë'XZE9Gdì�ë WPìÅLqWKì_HKcËïIHPc`øVXÚìMî9LRYZÿOù�[_HP]Mc`G�ì�ø_c`HPYZìM[MGIL?û�\Áæ9c
ù<c`ù>ì_HKÿ<^?ì_E9LPXZLRWKL	ìTô-[TE�XZEoWPc`í_c?HÉEoî9ù�óyc?HÉì_ô-^�c`YÚYaL?ûoD�WÉWKæIcOc`E9G>ìTô×c`ø_c?HKÿ�ù>cS[_LPîIHPc`ù>c?EoW
XÚEoWPc`HPø�[_Y�UÉWPæIc EIc?ë�c`LRW�^`[TYa^�îIYa[�WKc`G ì�ø_c`HPYZìM[MG XaL ïIî9LPæIc`G XZEoWPì�WKæIcµù>c`ù<ìMHPÿMU
[_E9G WPæ9c
ì_YaGdc`LRW ^�c`YÚY�XaL/GdHKì_ïIïyc`G×û å ô

R
Gdc?EIì_WPcSL�WPæ9cµù>c`[MLRîIHKc`G$G9[�WK[�HK[TWPc·[�W WPæIcµc?E9G$ì_ô�[

ù<cS[_LPîIHKc?ù>c?EoW(ïyc?HKXZìVG×U
T
XZL�WPæIcÕ[MGdù>XZLKLRXZì_E�^?ì_EoWPHKì_Y
WPæ9HPcSLRæIìMYZG×U�[_E9G

Mi

XaL�WKæIc
i
WKæ

ù<c`ù>ì_HKÿ�^�c?YZY �
i ∈ [1..N ]

��U�WPæIc`E$[�W>WPæIcÆc`E9G ì_ôÅc`ø_c?HKÿ¹ù>c`[_LPîIHKc?ù>c?EoW>XÚEoWKc?HKø�[_YÁWPæIc
^�ì_EgLRXaGdc?HKc`G ì�ø_c`HPYZìM[MG4UV[_LÁLRæ9ì�ë'E XZEÕè�XZí9û&�gUIXaL�WPæIc=ôØìMYÚYZì�ë'XÚE9í �

R̂ = R − T −

N∑

i=1

Mi .
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S

Time-line
Measured 
overload
Signaled
overload
Oveload
memory M1 M1 M1

M2M2
M2

Traffic
terminated

Overload
needs to be
terminated S+RTT

����� ±��y± ¼_xKÏ�xKfqx×j{uSvM�Sx{s��qp|u`vO´oh`vo�Mz|p|vo��¸	p³�q´'�q´ox4�Mfqu`�duSstxA�'}�xK�q´MuT�

éFc��VWSUdWPæIc�ù>c`ù<ìMHPÿ/XZLÁîIï¢GI[TWPc`GÆ[ML��
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