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��X(bCTcBEH�ÕsÎ�O Ó ÊsÎ@Í(ÄEÊ É ÕRØ Ó ·1§¨H<«

\�]6^`_�acbMd)e
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P L���B �1«EACB1H¦bcH_§]^wTcHGh2k1bVH�WYX(F£kE\m§mHGh�dU^eb¥·1§mHGSC^ebcH6^svw^(\¨§]^exE§mH¦^eTCÃRÄRÄ ÅCÆVÇ Ç�Î�O��EÕ É Ö(Í(Ð Ó Ì(Ê Ò Í Ó Ï Ê É
Ô Ê(Ä@«¥ACBE\mSjv(HGbcSV\¨X<[$��H�^wTcZEbVH�S�^e[�\mF£kE§¨HGF£H_[ Tc^eTV\mX([�Xe�@dUSVbGq�{(o1«-ACBEH�TcHGSUTVHGh�h?\]SUTVbc\¨xEZETV\mX([�B1^sv<H
v(HGbcSV\¨X<[$[RZEFJxyHGbcSG± �-É �J��X<b
xyX(TVB�Xe��TVB1HªW_X(bcH�Î�O��EÕ É Õ Ø Ó ^e[1h�TcBEHjÎ�O�EÕ�� Ó Ê�Î@Í<ÄEÊ É ÕRØ Ó ·1§mHGSG«

� ¸�I 0  �\]SVSVZEH<« :���TVBEH�¸�I 0  �§m\¨xEb`^ebcQ � \mS
^svw^e\m§]^exE§mH���X<bCW_§m^<SVS¥§mX<^<h?\¨[1|1®RL���B ��^(W¯Tc\¨vw^eTVHGS
^([¶X(k?Tc\¨F£\65G^eTV\mX([���X(b�bcHGl ZEH�SfT`Sª��X(bc¤C^eb`h?\¨[1|�TcXgSUTc^e[yhE^eb`h´L¸¥HG^e[yS_«�:��CTVBE\]S�§m\mxEbc^(bVQg\mS
[1XeT¥^svw^(\¨§]^exE§mH�bcHGl ZEH�SfT`S+��X(bc¤C^eb`h?\¨[1|�Z1SVHGS8bcH_|<ZE§]^eb�®([EX(TCSVX�k�H_bV��X(bcF£^([ TG®GdU^svs^�bVH 	1HGWYTV\mX([©«
O?X£TVBE\]S�\]Sj^2SVZEx?²9�¢^(WYTVX<bC��X(bjL���B<�$\¨F£kE§mH_F£H_[ T`^wTV\mX([�^([1h�¤�H�Z1[?��X(§]h�\�T¦TVX<|(HYTcBEH_b
¤
\¨TVB
^(§¨§"X(TVBEHGb��<L�*\¨F£kE§mH_F£H_[ T`^wTV\mX([�W_^<SUH�S_«

A�X2SUZ1FJ²�ZEk©®?¤¥H�h?HY·y[EHªTVBEHª��X<§¨§mXw¤
\m[E|��¢^(W¯TcX(bC[1^(F�H�^([1h�\�T`S�SUH_T
Xe��kyX SVSV\¨x1§¨Hªvw^e§mZEHGSG±
� �E�e� ß ������� %��	��
 %������$���� ���8���T%�������� ! ��� %�!#%� �! ���� �"�

TypeJmx = {ri1 # 2, mx4j−jsr160, mx4j−jsr160 # bcel}
�fqs�

��Û �½�?�%$ . � ACBEH�W_^<SUH�S
mx4j, mx4j # bcel

^ebcH6^(§mSVX�^svw^(\¨§]^exE§mH(® TcBEH_Q%^ebcH6W_X(bV²
bcHGSVk�X([1h?\m[E|�TcX%^([HG^(bV§m\mH_bjF -sd!B$k1bVH_²¨dUSVbGq�{(o£v<H_b`SU\mX([�Z1SV\m[E|�^$kEbVX<kEbc\¨H_Tc^ebcQ%bVF£\
W_X([E[1HGW¯TcX(b�«

7�� U�� 7 8 Ü 
 Û � ß'& ))(�Û ��1
� L�� X !@H_b`S�TVBEbcH_H
h?\"!@H_bcH_[ T+� \m[1hES8Xe��Lg¸�H�^e[J¤
BE\mW`B£W_^([Jx�H
vRZEH
^(S�TVB1bVHGH¥vw^(§¨ZEH�S�Xe�@^j�¢^<W¯TcX(b�¤
BE\]W`B
W_X(ZE§]h%^ !@HGW¯T�k�H_bV��X(bcF�^e[1W_HGSG«� HYT�Z1S
hEHYTc^(\¨§©TVBEH�SUHªTcBEbVHGH�W_^(SVHGSG±

P �_����1�à��?�wà «½ACBEH_Q¶^(bVH2F�^<h?H$X(��X([EH%WY§]^(ScSJ^([1h¶X([1H$\m[<TcH_bV�¢^(W_H(®+WYX?h?H�h½\m[Á^e[ ��� �E¡ "J¤¥^sQ
��X(§m§¨Xw¤
\m[E|�^�kEbVH�WY\]SUHj[1^eF£\m[E|�ScW`BEH_F£H��0WY§]^(ScS_® \¨[ TcH_bV�¢^(WYH�^([1h?F£HYTcBEX?hES�[1^eF£HGS`�¯«$@¦SUZ1^(§¨§mQ£�<L��
\¨F£kE§mH_F£HG[<T`^wTc\¨X<[1S�Z1SVH
dU^svw^£\m[<TcbVX SUk�HGWYTV\mX([%TVX�^(W`BE\mH_v<H�^(W¯TcZ1^e§�W_^e§m§]S���|<HYT�*wSVHYT`�¥¤
B1\mW`B�\]SjSVZEk?²
kyX SUH�h�TVX£xyH�xy^(h$��X(b�k�H_bV��X(bcF�^e[1W_HGSG«�t¦^eF£\¨[1|£ScW`BEHGF�H�^(kEkE§m\¨H�S
^wT+dU^svw^£SUX<ZEbcW_H6W_X?h?Hª§¨HGv(H_§9«

P à Ü 1��$��<0� « ACBEH_Q�^ebcHF�^(hEHgXe��X<[EH¿W_§m^<SVS�WYX?h?H�h�\¨[ ^e[ ���w� �E¡ "�¤¥^sQ<« ACBEH�WY§]^(ScS2FJZ1SfT
\¨F£kE§mH_F£HG[<TªTcBEH��<L��,+.- Ô Ø�Î�Ù ÌI>�@EÊRØ Ô \m[<TcH_bV�¢^(W_H(«�ACB1^eT6bcHGSVZE§¨TcS6\m[gTcBEbVHGHJ|<H_[EHGbc^(§�F£H_TVBEX?hES
TVX�W_XRhEH(± X<[EHC|(H_TUTVHGb8^e[1hJX([1H�SUH_TUTVHGb8WYX<F�F£X<[�TcX � * * L�x�HG^e[�^eTUTVbc\mxEZ?TVH�S8^e[yh�X<[EHCF�H_TVBEX?hJTVX
��X(bc¤¥^(bch�^e[RQ >�@EÊRØ Ô X(k�H_b`^wTV\mX([ « :�T+\mS�ZEkJTVX6TcBEH�k1bVX<|(b`^eF£F£H_b©TcX�WYX?h?H¥\¨[�HG^<W`B�Xe�1TVBEX SUH�TVBEbcH_H
F£HYTVB1XRh1S6TVBEH£kEbcX(k�H_b�h?\]SUky^wTcW`B¿F£HGW`B1^([E\mSVFN^(WGWYX<bch?\m[E|<§¨Q%TVX�^wTVTVbc\¨x1Z?TVH�SªX(b�^(WYTV\mX([1S¦[1^eF£H�S_«
tj^(F�\m[E|2ScW`BEH_F£H�^ek1kE§¨\mHGS
^eT�dU^svs^£SVX(ZEb`WYHªWYX?h?H�§mH_v<H_§9«

P � ß à Û * «#>EÍ�RÊ?Ë >�@1ÊRØ Ô Ö�^ebcH�§m\¨TUTV§mH�h?\"!�HGbVHG[<T�±$TcBEH_bcH%\mS£[EX´WY§]^(ScSJTVX�\¨F£kE§mH_F£HG[<T�« :³[4TVB1\mS
W_^<SUH<®�TVH�SfT´WYX?h?H½\]S¿bVH�h?Z1WYH�h TVX;²�TcBEH4W_bVH�^wTV\mX([ X(�2X([EH >?Í�?Ê?Ë >�@EÊRØ Ô hEHGScWYbc\¨k?TcX(b`S^e[yh
TVBEHG[g²9TVB1H���HGHGh?\m[E|%Xe�4>EÍ�?ÊRË >�@1ÊRØ Ô SVZEkEk�X(bVT¦¤
\¨TVB¿TVB1\mSªh?H�SVW_bV\mk?TVX<bjTcX�|<HYTªk1SVH_Z1h?X�\¨[ySfT`^e[?²
TV\]^wTc\¨X<[�Xe�6TVBEH¤C^e[ TcHGh >�@EÊRØ Ô «;À x1^<SU\]W�SVZEkEk�X(bVT���X(b$L�X?h?HG§¦L¸¥H�^e[ \mS2F£^([1hE^eTVX(bcQ½xRQ
1 O�@jtjo z43 1 EEÊ0/<Ð"Ù Ó Ê��>EÍ �?Ê?Ë>�@EÊ Ø Ô k1^(|(HGA(z43�®ETVB1H_bcHY��X(bcH�X(Z1b
TVH�SfT`S�Z1SVH�TVB1H�X([1H�SUB1\¨kEk�HGh�¤
\¨TVB
HG^<W`B�X(��TcBEHªTVH�SfTcHGh%�<L��*\mF£kE§mH_F£H_[ Tc^eTV\mX([1S��0SUHGH21jz?« B1«mq��¯«

354�67698;:=<7<9>7?!@A?9B76�?DCE?!8A?AFG4AHDC=I!B7JK<�L�F!HAM7<KN�O�P�H9Q"CR4�6�STMKU
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��Û �½�?�%$ 7 � 1 OQ@jt¦o<zH3 1 k1^e|<HGS
{Eq���AeoM3@\mS
^(§mSVX£\¨[ TVbcX?h?Z1W_\¨[E|JTVB1H�� º1�_����j�`�e�E»¯«
ACB1H_Q�^ebcHgx1^<SU\]W_^(§¨§mQ +0- Ô ØsÎ�Ù<Ì#>�@1ÊRØ Ô «�� º1�_�;���¦�c�e�E»�hE\ !@H_b���bVX<F�bVHG|(ZE§]^eb
+.- Ô ØsÎ Ù Ì�X([1HGSªX([1§¨QxRQgTVBEH2hE^eTc^%TfQRk�HGS2� dU^svs^�W_§m^<SVSVHGS`�¦Z1SUH�h¿TVXh?H�SVW_bV\mxyH�^eTU²
TcbV\mxEZ?TcHGSG®eX(k�H_b`^wTc\¨X<[�k1^(bc^(F�H_TVHGbcS�^e[1hJX(k�H_b`^wTc\¨X<[�bcHGSVZE§¨TcSG«�ÀjS�¤¥HCh?X¦[1XeT+\¨[ TcH_[1h
TcX�F�^(�(HJh1^wTc^2TfQRkyH�S6^2�¢^(WYTVX(b��0SUHGH 1�z?« r?« {<�
¤¥H£h?X$[EX(TªhE\mScSUX?W_\m^eTVH�TcBEHGSVHJTf¤�X
WG^(SVHGSG«

A�X2SUZ1FJ²�ZEk©®?¤¥H�h?HY·y[EHªTVBEHª��X<§¨§mXw¤
\m[E|��¢^(W¯TcX(bC[1^(F�H�^([1h�\�T`S�SUH_T
Xe��kyX SVSV\¨x1§¨Hªvw^e§mZEHGSG±
� �E�e� ß ������� %�� �%� ���T% >�@1ÊRØ Ô

TypeMBean = {std, dyn, model}
�0z<�

7�� U�� J � ���¿~ Û � ß"& �E�_�_�=<¢~���� Û �
K¦[1HªWG^e[�SUZySUk�HGWYT
TVB1^eT
^�§]^ebc|(H6[RZEF�x�H_b�X(��^eTUTVbc\mxEZ?TVH�SC\¨[%TcBEH�SV^(F£H >�@1ÊRØ Ô SVH_bcv(HGbCF£^sQ�\m[ TVbcX?h?Z1WYH
k�H_bV��X(bcF�^e[1W_H¦k1bVX<xE§¨HGF�S_«8ORX�¤¥Hª\¨[ TVbcX?h?Z1W_H¦TcBEHª��X(§m§mXw¤
\¨[E|�\m[<TcH_|<H_bC�¢^(WYTVX<bG±

� �E�e� ß �	��
 !�� %�$ �%�  �� �M$�� 
 �&%�� � %�$ ��� %% "�

NbAttr ∈ [1..maxAttributes]
�¢p<�

A�HGSUTcS�SVZE\¨TVHªZ1SVH_b�WG^e[�W`BEXRX<SVH
maxAttributes

^eT
¤
\¨§m§0«

7�� U�� U � ���¿~ Û � ß"& �¿~ Û ��1��
K¦[1H¦W_^([$SVZ1SUk�HGWYT-TcB1^wT
^�§]^ebc|(H
[RZEFJxyHGb�X(� >�@EÊRØ Ô Ö¦\m[�TVB1H6Sc^eF£HjL�x�HG^([�SVH_bcv(HGb8F�^sQ�b`^e\]SVH�kyHGbU��X<bU²
F�^([1WYHªkEbcX(xE§mH_F�SG«8ORX£¤�H�\m[ TVbcXRhEZ1WYH6TVB1Hª��X(§m§¨Xw¤
\m[E|�\¨[ TVHG|(HGbC�¢^(W¯TcX(b�±

� �E�e� ß �	��
 !�� %�$ �%� >�@EÊRØ Ô Ö � %�$ >�@EÊRØ Ô �%�$
�%�$

NbMbean ∈ [1..maxMbean]
� B �

A�HGSUTcS�SVZE\¨TVHªZ1SVH_b�WG^e[�W`BEXRX<SVH
maxMbean

^wT�¤
\m§¨§9«

7�� U�� 4 � ���¿~ Û � ß"& � Û10 � Û �G� <P1�Y Û �(� Û à 
 Û �2� Û � ß 1�à
:³[yh?H_H�h%TVBE\]S
�¢^<W¯TVX<b�\]Sj^e§]SVX2^Te+Eg? h@\ Ed8Mj �M86?f8;SU=`GR=@?9«
A�X£TVH�SfT¦TVBEHJ� �_��SVH_bcv \]WYH�\¨T¦\]S
[EH�WYH�SVSc^ebcQ2TcX2xyH
^(xE§mH�TVX�vw^ebcQ£\¨[wdfH�W¯Tc\¨X<[$b`^wTVH¦\���X([EH6[EH_H�hES-TVX�F�H�^(SVZEbcH�TVB1H2h6:4=V=_XV8(�M8MXHA G '�X(b S 8��@A]S2YdS�XV8(�M8MXHA G 'ªX(�

\�]6^`_�acbMd)e
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X<[EH�L¸¥HG^([%SVH_bcv(HGbG«+ORX£¤�Hª\m[ TVbcXRhEZ1WYHªTcBEHª��X(§m§¨Xw¤
\m[E|J�¢^(WYTVX(b�±

� �E�e� ß ��� %�� 
 %���� �5���I%������ �"� $% ��"% �! ���� 
  � �5���I%����&%%�	��%�� $ %�� 
 %����M� � %�$P�%�� �;���0�

InjectionRate ∈ [0..maxInjectRate]
�0r<�

A�HGSUTcS¥SUZ1\�TcH¦Z1SVH_b¥W_^([$W`BEXRX<SVH
maxInjectRate

^wTC¤
\¨§m§0«�R�H¦By^sv(HjW_X([1h?ZyW¯TVH�h£TVH�SfT`S-Z1k2TVX�qGo<o(o
bcHGl ZEH�SfT`Sjk�H_b�SVHGW_X([1h¿^(S¦TVB1\mS6vw^e§mZEH£\mS6BE\m|(B1H_b6TVB1^([�^([RQ%F�^ -R\mF�Z1F W_^(k1^(W_\�TfQ�Xe�C^e[RQ�Xe�¥X(ZEb6TVH�SfT
W_X([?·y|(ZEb`^wTc\¨X<[1S_« :-By^sv(HªZ1SVHGh%^�q�o(o�bcHGl ZEHGSUTcS¥k�H_bjSVHGW_X([1h%SUTVH_k�TVX�x1ZE\¨§]h�SUHGbV\mHGSG«

+<*�
 , �����$� 
*+Q
 ���
+ = 7RG �48@?Q8;S =`GR=6?Q7�^ebcH�W`B1^eb`^(WYTVHGbV\]SfTc\mWGS6¤
B1^wT�B1^sv<H�H !�H�W¯T�X<[´kyHGbU��X<bVF�^e[yWYHGS6xEZET�TVB1^([¶W_^e[´[EX(T�xyH
H(-?kE§¨\]WY\¨TV§mQ�W`B1^e[E|<HGh%\m[�TVBEH�TVHGSUT¦SVZE\¨TVH(«�À k1^eb`^eF£HYTcH_bjWG^e[�x�H�kEbcX(F£XeTcHªTVX$^��¢^<W¯TcX(b¦^e� TVHGbj^e[1^(§¨Q?SV\mS
X(��SVX(F£HªF£HG^(SVZEbcHGSG«-K¦[EH�W_^e[%HG^<SU\m§mQ�·1|(Z1bVHªX(ZET¥TcBEH�k1^(bc^(F�H_TVHGbcSCh?H_Tc^e\m§mHGh�\¨[%TVB1H�[EH#-RTjSVHGW¯Tc\¨X<[©«
R�BEHG[gbcZE[E[E\m[E|�F�H�^(SVZEbcHGS�X<[EH�FJZ1SUT6x�HJSVZEbcH�TVBy^e[g[1X$k1^(bc^(F�H_TVHGb�vw^ebc\¨H�S_®@X(b¦\¨[¿XeTcBEH_b¦¤�X<bchES

TcB1^wT�H(-?kyHGbV\mF£H_[ Tc^(§©WYX([yh?\�Tc\¨X<[1S
^ebcH6bVH�^e§m§¨Q$SUTc^(xE§mH¦��bcX(F X([EHªF£HG^<SUZEbcH6TVX�^e[1XeTVB1H_b�«

7�� 4 �P. Ú <P1�à ß"& � Û � ß � Û � ß 1,1 Û �e�M<� <�� Ü ��1�à � Û *0�?� Û à 
��?�w�$� Û � Û �w�
K¦[1§¨QgijL :�*w� i�L�a WYX<[E[EHGWYTVX<bcS£��F -QBYd6kEbcX(kEbc\¨H_TVX<bVQE�
X<bCdUSUb�qG{<o$W_X([?��X<bVF�^e[ TT1 O�@jtjo<pM3 1 W`By^ek?TcH_b B63
^(bVH
ZySUH�h"«+ACBE\mS-\mS-[EX�^�F�^edfX(b8bcHGSUTVbc\mWYTV\mX([©±�� OEi�qG{<o6��X(b�ijL :�*w� i�L�a¶\]S�W_X(F£F£X([E§mQJ^svw^(\¨§]^exE§mH�^e[yh
ZySUH�h%�0i�L :+WYX<[E[EH�W¯TVX<bG®(Xwv(H_b+� i�L�a¶X<b�: :VK¦a�®(\]S+F�^e[1h1^wTVX<bVQ�x Q�1 O�@jtjo<p43 1 k1^(|(H�p<pM3��¯«�i
F£\E*e�<i�La
By^sv(H�vs^(bV\mX(ZyS¦ky^eb`^eF£HYTcH_b`S��¢\0« H(±ªTc\¨F£H�X<Z?Tª��X(b�AjI�a*WYX<[E[EHGWYTV\mX([1SªF�^([1^e|<H_F£H_[ T`�Y« R¿H£B1^sv<H£W_X([?²
hEZ1W¯TcHGh�TcHGSUTcS6¤
\�TcBgh?H_�¢^eZE§¨TªSVZE[�dUhE��q<« B%� F6LµWYX<[?·1|<ZEbc^eTV\mX([©«ªK¦[EHJWG^e[�·1[1h¿h?HYT`^e\m§mS6^ex�X(ZET¦kEbcX(k?²
HGbUTc\¨H�SCXe��SUZE[�i�LP:-\mF�k1§¨HGF�HG[ Tc^wTc\¨X<[�^wTG±�Ã?ÄRÄ ÅCÆUÇRÇ ÕRØ<Ñ?Ø É ÖsÐ Ô�É ÌeÍ�Î@Ç Õ � Ö(ÊRÇ � É�� Ç �?ÍEÌ Ö<Ç Ï Ð�Ù �RÊRÇ Ó Î�ÙwÇ
ÖsÐ Ô?Ó Î Ù�Å Ó Í(ÅEÊ Ó Ä@ÙeÊ?Ö É Ã ÄeÎ@Ë1«

i�LP:�*w� i�L�aÁZySUH�S-AjI�a4^<S8Tcbc^([1SVkyX<bUT-§]^sQ(HGbG«�ORX�ky^eb`^eF£HYTcH_b`S�� �¢^<W¯TVX<bcS�\m[1h?H_H�h1��^(S+TcBEH���� � �c�_¼
¡������T3 "c¡e�1�@�%"_�9 ¢¡w�E»��"¡w�w�Y¼V��
V
-  ���_�%"_�³�"�� �?¼V¡I�(�;�Gº��?�8b`^wTV\mX�WYX(Z1§mh¿B1^sv(H�^%F�^wdfX<b6\mF£k1^(WYT�X([¿TVH�SfT`S_«
ACB1\mS�b`^wTV\mX¿WG^e[4vs^(bVQ�TcBEH_[ ^e[4\¨F£k�X(bVTc^e[ T£¤�X<bV�R§mX<^<h��

injectionRate
B1^<S�TcX�x�H�SUZEk1kyX<bUTcHGh½xRQ

SVH_v<H_b`^e§+kEbcX?WYH�SVSVZ1S�X<[½SUHGv(HGbc^(§8[EX?h?HGSG«ACBEH%SUQ?SUTVH_F k1^(bc^(F�H_TVHGbcS�^<S�TVB1H�AjI�a ¤
\m[1h?Xw¤ SV\ 5GH$W_^([
^(§mSVXB1^sv<H�SVX(F£H$\mF£k1^(WYTG«ÁK¦[EH%W_^e[4bVH_��H_b�TVX 1 LijoEqW3C��X(b£^e[4H#-RTVHG[1h?H�h½h?\]SVW_Z1SVSV\mX([Á^(xyX<Z?T£ijL :
k�H_bV��X(bcF�^e[1W_H6^([1h�WYX<[?·1|(Z1bc^eTV\mX([©«
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� >�@EÊRØ Ô JRÊ Ó ÑEÊ Ó CRÍ ÔRÔ Ê?ÌwÄ�ÙeÍ Ô�É³Ï Ê<Ä��RÄRÄ Ó Ù NRÐ?Ä?Ês�Y«  HYTjZ1S¦h?HY·y[EHGh rtd

^<SCTVBEHJ^(W¯TcZ1^e§ bVX<ZE[1h�TVbc\¨khEHY²
§]^sQ¦��X(b X<[EH-\m[Rv(X?W_^eTV\mX([2�0SUX�H(-?kEbVH�SVSVHGhª\m[�»_� "`¡w���w»��y¼V�����1�¯»¯� �¯« :³[�TVBEH¥W_^<SUH8X(�1SUH�l ZEH_[ TV\]^e§ \m[ v<X?W_^wTc\¨X<[1SG®
InjectionRate×rtd

��¤
BE\]W`B£B1^(S+[1X�h?\¨F£HG[1SU\mX([
(requests/second)× (seconds/request)

� F�ZySfT
SUTc^sQgZE[1h?HGb2q(«%K¦[´\m[½SU\mF£kE§mH_b�¤¥X(b`hES

InjectionRate
\]S�§¨\mF£\�TcHGh¿TVX

1/rtd requests/second
\m[

SVHGl ZEHG[ TV\]^e§"¤C^sQ(«
A�X�Xwv(HGbcW_X(F£H�TcBE\mS�§¨\mF£\�T`^wTV\mX([�TcBEH2X(xRvR\mX(Z1S6¤C^sQ\mS6TcX�Z1SVH£TVBEbcHG^<hES_«�À�� TVH_b�^�WYX(Z1kE§¨H�X(�-TcbV\mHGS

¤¥H£B1^sv(H�^<h?X(k?TcH�^%SV\mF�k1§¨H2ScW`BEH_F£H<±6X<[EH£TVB1bVH�^(h¿\¨[wdfH�W¯T`S�bVH�l ZEHGSUTcS�^eT�^�X<[EH£bVH�l ZEHGSUT�kyHGb�SUH�WYX<[1h
b`^wTcH��¢¤�Hª^(ScSVZEF£HjTcB1^wT

rtd
\mS
SVF�^e§m§¨HGb-TcB1^wT�qªSUH�WYX([yh2\m[%^([$X(k�H_b`^wTc\¨X<[1^e§�H_[RvR\mbVX<[EF£H_[ T`�Y®<TcBEH_bcHY��X<bVH

TcBEH�[RZEFJxyHGbjX(��\m[1SUTc^([1WYH�h%TVBEbcHG^<hESjW_X(bcbVH�SUk�X([1h1S¥TVX�TcBEH�T`^ebc|(HYT
InjectionRate

�¢^(WYTVX(b�«�¾�\¨|<ZEbcH�p
hEH_kE\]W¯T`SCTVBE\]SC\]h?HG^1«

ACBEH�F�^(\¨[�bcHG^(SVX([�TVX2hEX2SUX£\]SCTVBEH�§m^<W`�2Xe��bVH�SUX<§¨ZETV\mX([%Xe��TVBEH£Ö<Ë ÊRÊeÅ$WG^e§m§©\m[£dU^svs^1«�:³[1h?HGHGh%TVB1\mS
WG^e§m§"B1^(S
SVX(F£H�h?b`^s¤
x1^(W`�?SG±

q(«�08v(HG[�\¨�ETVB1H-k1^(bc^(F�H_TVHGb \]S�^jF�\m§m§¨\]SUH�WYX<[1hES�vs^(§¨Z1H¦��HGv(HG[�[1^e[1X<SVHGWYX<[1hES�� �Y®sTVBEH¥F£\¨[E\mF�Z1F ^(W¯TcZ1^e§
h?ZEb`^wTc\¨X<[�TVB1^eT�Ö<Ë ÊRÊeÅ�W_^([H_[1SVZEbcH�\]S¦l ZE\¨TVHJBE\m|(BEHGbjTcB1^e[X<[EH�F£\m§¨§m\]SUH�WYX([yh^e[1hgh?H_k�H_[1h1SjX<[
ZE[1h?HGbV§]^sQR\¨[1|J\m[?��b`^(SUTVbcZ1W¯TcZEbVH��0� F6L¶®�K¦k�H_b`^wTV\m[E|�ORQ?SfTcH_F�®EB1^(bchE¤¥^(bVHs�¯«

z?«�08v(HG[$\¨� TcBEH¦ky^eb`^eF£HYTcH_b¥|(\mv(H_[2TVX�Ö(Ë ÊRÊ(Å�\]SC^�bcHG^(§¨\]SUTV\]W�vw^e§mZEH(® TcBEH6^<W¯TcZ1^e§"h?ZEb`^wTc\¨X<[$W_^([$x�H6^
§¨\¨TUTc§¨HJh?\ !@H_bcH_[ TCTVBy^wT
TVB1H�H#-?kyH�W¯TcHGh%X([EH<«

pE« R�\�TcB´TVBEH�SV^(F�H�ky^eb`^eF£HYTcH_b6TVBEH�^(W¯TcZ1^e§�h?ZEb`^wTV\mX([´W_^([´vs^(bVQgxyH_Tf¤�HGH_[´Tf¤¥X�WG^e§m§mS�Xe�6Ö(Ë ÊRÊ(Åy«
ACBEHGSVH 	1Z1WYTVZ1^eTV\mX([1S
WG^e[%[EXeT�x�H�[EHG|(§mHGW¯TcHGh"«

ORX<F£H�XeTcBEH_b6¤C^sQRS
TVX%|(HYT6^2�R\¨[yhXe�+Tc\¨F£HGb�� G<Ã Ó ÊRØ� É9È ØyÙsÄ1®�G Ã Ó Ê Ø� É ÕRÍyÙ Ô dU^svw^2F£H_TVBEX?hES`��h?X
[1XeT
|(\mv(Hªx�HYTUTcH_b�bcHGSVZE§¨TcSG«

K¦[EH W_^([ Tc^(�(H ^ |(§]^e[1W_H ^eT SVF£^(§¨§ TVH�SfT kEbcX(|<bc^(F£S \¨[ TVX Í Ó Ï�É Í�N1ÕRÊ1ÌwÄ È ÊN É
ÕsÎ�O�N1Ê Ô ÌsÃ É Ð?Ä�Ù(Ë1ÙsÄ@ÙwÊ1Ö É ÄEÊ1ÖsÄ�Ö<Ë ÊRÊeÅCk1^<W`�s^(|(H�¤
BE\]W`B�WYX(F£H+¤
\¨TVBªTcBEH+TVH�SfT SVZE\¨TVH-hE\mSUTVbc\¨x1Z?TV\mX([©« GEÊEÖwÄ �
k1bVX<|(b`^eF W_^([�BEH_§mk%TVX�·1|<ZEbcH6X<Z?T�BEXw¤ ^£bVH�^e§©SVQ?SfTcH_F x�H_By^sv(HGS¥�¢^<WYHªTcBEHGSVH�kEbcX(xE§mH_F�SG« GEÊ1ÖsÄ � kEbcXe²
|<bc^(F |(\mv(HGS¦^e[¿\mh?H�^$X(�8TVB1H J-�ÖwÄ?ÊsÎ É ÌsÐ ÓRÓ Ê Ô Ä1G@Ù¯Î@Ê�>@Ù(Ë Ë1Ù<Ö�F�H_TVBEX?hgbVH�SUX<§¨Z?Tc\¨X<[Á��ZySUZ1^(§¨§mQ^ebcX(Z1[1h
qªF£\m§¨§m\mSVHGW_X([1hy�¯«

ORX TcBEH_bcH¶\mS 1 ß � Ü 1��;:�� ß 1L<PO<�?�>< ß 1 xyH_Tf¤�HGH_[ \¨[wdfH�W¯TcX(b`S�§¨X?W_^eTVH�h;X<[ SVH_k1^(bc^eTVH�h;WYX<F£kEZ?TVHGbcS
�¢[EX?h?HGS`�
[1X(bjx�HYTf¤¥H_HG[�\¨[edfHGW¯Tc\¨X<[TcBEbVH�^(hESj¤
\�TcBE\m[�TVBEH�SV^(F£H�\¨[edfHGW¯TcX(b6\¨[gX(ZEb¦\¨[wdfH�W¯Tc\¨X<[gSVW`B1H_F£H(«jÀ
¤¥X(bc�R§¨X ^(h$\mS
F�^(\¨[E§mQ�WYX([ySfTc\�TcZ?TVH�h�x Q%^£bc^eTVBEHGb
§¨X<[E|2SUTVHG^<h?Q$\m[wdfH�W¯TV\mX([�k�H_bc\mXRh´�¢F�X<bVHªTcB1^e[�Tf¤¥H_[ TfQ
F£\m[RZ?TVH�S
SUHGH¦��X<§¨§mXw¤
\m[E|�SVHGWYTV\mX([6B1« z(�Y«�ACB1\mS
SV\¨F£kE§mH�¤C^sQ£TVX£bVH�^e§m\ 5GH¦§mX<^<h2\m[wdfHGWYTV\mX([�\]SC|(XRX?h$HG[EX(ZE|<B
TcXH_[ySUZEbcH2^�T`^ebc|(HYT

InjectionRate
�¢^(W¯TcX(b�vw^(§¨ZEH$\¨[¶X<ZEbJW_X([ TVH(- T�« :³[edfHGW¯TcX(b`S�§mX(| SªH_[1^(xE§¨H$Z1S�TcX

HGvw^e§mZ1^wTcH¦TcBEH�|<^(k�x�HYTf¤¥H_HG[%^JT`^ebc|(HYT
InjectionRate

^([1h2TcBEH�^(WYTVZ1^(§©^sv(HGbc^(|(Hjvw^(§¨ZEH<«

\�]6^`_�acbMd)e



q�{ � ���?¼V�_�1� � ���w¼V����� � �	�(��
 �(���(�_¼���� � ��e ��-����
  ¢�Y���J��
¨¡w�w�

¾�\¨|<ZEbcH6p1±�:³[wdfHGWYTVX(b`SG®?\¨[wdfH�W¯TcX(b`S¥TVBEbcHG^<hES

QSRL\TQVU



� �(�$���c�_� "�� � �w¼�� q=A

-U* + � �$�	�<-I( �
A�b`^(h?\¨TV\mX([1^(§¨§mQÁ§mX<^<h \¨[edfHGW¯Tc\¨X<[ kEbcX?WYHGScSVZ1S2\]S�SVkE§m\�T%\¨[ TVBEbcH_Hk1B1^(SVHGS�^(S2H(-?kE§m^(\¨[1HGh�\m[�1 ÀjI
I

+
o<zR®

I¥L��@o<zR®yI
I 0
+
o(p43�±

q(«
^gb`^eF£k?²�ZEk4X(b£¤¥^(bVF�²�ZEk½kEBy^(SVH(«ÁACBE\]S�kEB1^<SUH�^e§m§¨Xw¤�S�TVX´SUTc^ebVT£\¨[wdfH�W¯Tc\¨X<[4ZE[ Tc\¨§
\¨T�bVH�^(W`BEH�S
^2SUTVHG^<h?Q ²�SUTc^eTVH6TVB1bVX<ZE|(BEk1Z?Tj§mH_v(HG§-� T`^ebc|(H_T

InjectionRate
�¢^(WYTVX(bj\¨[�X<ZEbjWYX<[ TVH#-RT¯�C¤
\�TcBEX(ZET

Xwv(HGb 	1XRX?h?\m[E| \m[wdfHGWYTVX(b`SCX(b % )�+
«
z?«
^�F£H�^(SVZEbVHGF£H_[ T�kEBy^(SVHj¤
BEHGbVH6\¨[edfHGW¯Tc\¨X<[$b`^wTcHj\]S�F�^(\¨[ Tc^(\¨[1HGh$^eT¥\¨TcS�T`^ebc|(HYT¥vw^e§mZEH6^([1h2¤
B1H_bcH

^e§m§©F£HG^<SUZEbcHGS¥§mX(| S¥^(bVHªbcHG^(§¨§mQ£Tc^(�(H_[%\m[<TcX2^(WGWYX(Z1[<T�«
pE«
^�b`^eF£k?²³h?Xw¤
[�kEB1^<SUH-¤
BEH_bcH-\m[wdfHGWYTV\mX([�b`^wTcH-\]S�SUTV\m§m§<F�^e\m[ Tc^(\¨[EH�h�^wT�\�T`S�Tc^ebc|(H_T vw^e§mZEH-x1Z?T�¤
B1H_bcH

F£HG^(SVZEbcHGSC§mX(| S¥^(bVH6[EHG|(§mHGW¯TcHGh"«8ACB1H�\mh?H�^�\mS¥TcX2^sv(X(\]h2F£H�^(SVZEbV\m[E|JTVBEH�Z1§�Tc\¨F�^wTcH�kEB1^<SUHª¤
BEHG[
\¨[edfHGW¯TcX(b`SC^e[1h %.)�+4^ebcH¦SUTVX(k1kE\¨[1|1«+¾EX<b�H(-?^(F£kE§¨H¦TVB1\mS¥b`^eF£k?²³h?Xw¤
[2kEB1^<SUH6^sv(X<\mhES-F£HG^(SVZEbc\¨[1|
ZE[1^<W`BE\¨HGv(H�h$bcHGl ZEH�SfT`S¥hEZEHªTVX2^(|(H_[ T
SUBRZ?TV²�hEXw¤
[©«

:³[X<ZEbjWG^(SVHªTVBEH£Õ�Î�O�N1Ê Ô ÌsÃy×EÌ<ËEÙeÊ Ô Ä1×sÐRÅ1E?ØsÎEÅ?ÄyÙYÎ�Ê�WY§m\mH_[ T¦kEbcX(k�H_bVTfQ�hEHY·1[EH�S
TcBEH�b`^eF£k?²�ZEkh?Z?²
b`^wTc\¨X<[%��X(b�\m[wdfHGWYTVX<bG«
À*k1SVH_Zyh?X2§m\¨[EH�^eb�\m[wdfH�W¯TV\mX([�b`^eF£k?²�ZEk�\]Sj^<W`BE\¨HGv(H�h$xRQ�SfT`^ebVTV\m[E|�X([EH�\¨[wdfH�W¯Tc\¨X<[
TcBEbcHG^(h��¢SVH_H�SVHGWYTV\mX([6B1«mq���H_v<H_bcQ�±

jmxbench # client # upRamptime
(InjectionRate/Number of requests injected by a thread per second)

À¦S8¤¥H�B1^sv<H�W`BEX<SVH_[�q
request/second

��X<b+TVB1H_l � � �`�Y¼6¡ ��¼c� ���1�Y»`�0»�  � �_� "_���	� �����J� �?¼V�`���º1�Y¼j»Y� "_�
¡e��� �0SUHGH SUH�W¯TV\mX([ By«¨q ^e| ^e\m[y�¯® ¤¥H SU\mF£kE§¨Q SfT`^ebVT X([EH TcBEbVH�^(h HG^<W`B
ÕsÎ�O�N1Ê Ô ÌsÃy×EÌ(Ë1ÙeÊ Ô Ä?×eÐRÅ�EEØ�Î1Å Ä@ÙYÎyÊ /InjectionRate

SVHGW_X([1h"«
¾�\m|(ZEbcH Bgh?HGkE\]W¯TcS�TVB1H$\]h?HG^(§-H
!@HGWYTJX(�¥TcBE\]S�b`^eF£k?²�ZEk½^ek1kEbVX ^(W`B¿��X(bJ\¨[wdfH�W¯Tc\¨X<[½bc^eTVH2HGv(X<§¨Z?Tc\¨X<[

hEZEbV\m[E|�^JTVH�SfT�«
K¦xRvR\¨X<Z1SV§¨Q<®"TVX�bcHG^(W`B¿TVB1\mS�SV\¨TVZ1^eTV\mX([¿TVBEH2SUTc^(bUT�h?ZEb`^wTc\¨X<[�^(§¨§mX?W_^eTVHGhg��X(b�X<[EH£\¨[edfHGW¯Tc\¨X<[�TVBEbcHG^<h

FJZ1SUTCx�H�§mX([E|£H_[1X(ZE|<B$TcX2^e§m§¨Xw¤�±

P \�T`S�WYbcHG^eTV\mX([%^e[1h%\m[E\�Tc\m^(§¨\65G^eTV\mX([�¹

P \¨[edfHGW¯Tc\¨X<[�Xe��\�T`SC·1b`SfT
bcHGl ZEHGSUTG«

K¦[1HªWG^e[�|(Z1HGSUT
TVB1^([�TcBEH�ÕsÎ�O�N1Ê Ô ÌsÃ1×EÌ<Ë1ÙeÊ Ô Ä1×eÐ<Å�E?ØsÎEÅRÄ@Ù`Î@Êªk1bVX<kyHGbUTfQ2FJZ1SUT�|(bcXw¤;^(WGWYX(b`h?\m[E|(§mQ£TVX
TcBEH

InjectionRate
�¢^(WYTVX<bC^<S¥TVBEH�[RZEFJxyHGb
Xe��TVBEbcHG^<hESC|(bcXw¤�S¥^(W_W_X(b`h?\m[E|(§mQ£TVX�TVB1\mSC�¢^<W¯TcX(b�«

� � ���
	 � ��	 	��C� ����� �

:³[ TcBE\]S$SVHGW¯Tc\¨X<[ ¤�HSVBEX(bVTV§mQ4hEHGScWYbc\¨x�HBEXw¤ TVBEH¿^e|(HG[ T2\mS2hEHGSV\¨|<[EHGh4��X(b$TVBEH¿SU\mF£kE§¨Hg|(HYT2k�X(§m§m\¨[E|
ScWYHG[1^ebc\mX1«LR¿H�h?X£[EX(T
\¨[1hEH_[ T�BEH_bcH¦TVX�H#-?kE§]^e\m[%BEXw¤�TVX£F£X?h?\¨��Q$X(b
H(-RTVH_[yh2TcBE\mSj^e|(HG[ TG«+ACBE\]S
^e|(HG[ T
\]S�WYX([E·1|(ZEb`^ex1§¨H�TcX¿SVZEkEk�X(bVT�^(§¨§C^e|<H_[ T�bcH_§]^wTVH�h´�¢^(WYTVX<bcSJh?HGScWYbc\¨x�HGh½\¨[ SUH�W¯TV\mX([4SUH�W¯TV\mX([ z?« B1«¿ACB1\mS
W_X([?·y|(ZEb`^wTc\¨X<[�Z1SUH�S�dU^svs^$kEbcX(k�H_bVTV\mHGSG« F8^(§¨Z1HGS£��\9« H£AjI�a kyX<bUTª[RZEF�x�H_b�®@[ Z1F�x�H_bªXe��Lg¸�H�^e[1SG®�«¨«m« �¯®

\�]6^`_�acbMd)e
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� �(�$���c�_� "�� � �w¼�� qMD

^([1hg�¢^(W¯TcX(bcQgWY§]^(ScSª[1^(F�H�S�^(Sª¤¥H_§m§-W_^([¿x�H$h?H_·1[EH�h¿vR\]^�TVBEH�SUH�kEbcX(k�H_bVTV\mHGSG«$K¦[EH2W_^([gT`^e�<H£^�§mXRX(�
^eTjÍ ÓRÏ�É ÍN1ÕRÊ1ÌsÄ È ÊN É Õ�Î�O�N1Ê Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É � Ï Ê Ô Ä�� Ó ÍeÅ1Ê Ó Ä@ÙwÊ1Ö
TcX�|<HYT�^e[%Xwv(HGbVvR\mH_¤�X(��^e§m§©^svw^e\m§m^(xE§mH
^(|(HG[<TCkEbcX(k�H_bVTV\mHGSG«


<* , � ( � � %'�Q+���%'�
TypeJmx

���$� +Q%'�

À¥T�TVB1H dU^svw^6SUX<ZEbcW_H8§mH_v(HG§RH_v(HGbVQ TcBE\¨[1|�B1^(S�x�H_HG[Jh?X<[EH-TcX¦|<HYT�TVHGSUT8WYX?h?H�\¨[1hEH_k�H_[1h?HG[ T���bcX(F TcBEHC�<L��
\mF£kE§mH_F£H_[ Tc^eTV\mX([�ZE[1h?HGb+TVH�SfT�«�¾1X(b�TcBEHjL¸¥HG^([1S�ZE[1h?HGb+TVH�SfT+TcBEH
\m[1h?H_k�H_[yh?H_[1W_H
\mS-SfTcbV\]W¯T�TVB1H_bcH
\mS�[EX
W_X([1hE\�Tc\¨X<[2^(S K   � ��� ���%� �E�_������� L�\¨[2W_X?h?H(«+À¥T¥^(|(HG[<T8§mH_v<H_§1TVBEH¦X([E§mQJk�X(\m[ T-TcX�B1^e[yh?§¨Hj\mS-TVBEHj� \m[1h�X(�
W_X([E[1HGW¯TcX(b�Z1SUH�h�x�HYTf¤¥H_H_[$F£^([1^e|<H_b¥^e[1h2^(|(HG[<T�«�Àj§¨§@k�HGW_ZE§¨\]^eb¥WYX?h?H¦bVHG§m^eTVHGh�TVXJW_X([E[1HGW¯TcX(b¥WYbcHG^wTc\¨X<[
FJZ1SUT©xyH8�<H_HGk6\m[�^
WY§]^(ScS"\mF�k1§¨HGF�HG[ TV\m[E|CTVBEH¥Í ÓRÏ�É ÍN1ÕRÊ1ÌsÄ È ÊN É Õ�Î�O�N1Ê Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É C?Í Ô Ô Ê1ÌwÄEÍ Ó >EØ
	EÊ Ó
\m[ TVHGbU�¢^<WYH(«+ACBEH�[y^eF£HªXe��SVZ1W`B�^£WY§]^(ScS¥\mS
ky^(ScSUH�h2TcXJTcBEH�^e|<H_[ T
\¨[ TcXJTcBEH�^e|<H_[ T
ÕsÎ�O�N1Ê Ô ÌsÃy× Ø Ï Ê Ô Ä1×RÌ(Í Ô<Ô ÊEÌwÄRÍ Ó ÎyØ
	?Ê Ó Ì<Ë Ø?ÖRÖ Ô Ø�Î�Ê�kEbcX(k�H_bVTfQ(«�A�¤¥X�W_X([1W_bVH_TVH£WY§]^(ScSUH�S¦^(bVH�kEbcXwvR\mh?H�h
¤
\¨TVB1\¨[%TVB1HCdfF -�TVH�SfTjSVZE\¨TVH(±
Í ÓRÏ�É ÍN1ÕRÊEÌwÄ È ÊN É ÕsÎ�O�N1Ê Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É Ì(Í ÔRÔ Ê1ÌwÄ?Í Ó Ö É ÕEÖ Ó ��� � Ó Î�Ù=EÖ Ó ��� ��EwÎ ÙIC Í Ô Ô ÊEÌsÄEÍ Ó >EØ	?Ê Ó ��X(b
W_X([E[1HGW¯TcX(bC\m[E\�Tc\m^(§¨\65G^eTV\mX([�WYX<[?��X(bcF�^e[ TCTVX�� OEi�qG{<oJ^([1h
Í ÓRÏ�É ÍN1ÕRÊEÌwÄ È ÊN É ÕsÎ�O�N1Ê Ô ÌsÃ É ÕsÎ�O�N1Ê Ô Ì�Ã É Ø Ï Ê Ô Ä�Ö É Ì(Í ÔRÔ Ê1ÌwÄEÍ Ó Ö É Î�O��EÕ É >�O��EÕ�C?Í ÔRÔ Ê1ÌwÄ?Í Ó >EØ
	?Ê Ó ��X(b
W_X([E[1HGW¯TcX(bC\m[E\�Tc\m^(§¨\65G^eTV\mX([%Xe��kEbcH�dUSVb�qG{(oJv(HGbcSV\mX([$X(��L -QB_dY«

K¦xRvR\¨X<Z1SV§¨Q�TVB1H�^(|(HG[<T�ZE[1h?HGb�TVHGSUT£F�Z1SUT�§¨X ^(h´TcBEH%W_§m^<SVSVHGS%� dU^(bU·y§¨H�Sc��Xe��TcBEH�\¨F£kE§mH_F£HG[<T`^wTc\¨X<[
Z1[1h?H_b6TcHGSUTª^([1hg^(§¨§�XeTcBEH_b�SVZEkEk�X(bVTV\m[E|$§m\¨x1bc^(bV\mHGSG«�A X%^(W`BE\mH_v<H�TVB1\mS6\m[�^([gSU\mF£kE§mHJxEZETªx1ZE§¨§mHYTckEbcX X(�
¤C^sQ@± ¤¥HjSV\¨F£kE§mQ�W_X(kRQJ^(§¨§�[EH�WYHGScSc^ebcQ
dU^ebV·1§mHGS8\m[2^�ZE[1\ml ZEH¦bVZE[£Tc\¨F£H6h?\¨bcHGWYTVX<bVQ%�9Ë1Ù N�^wT-TVBEH6WYZEbcbVHG[ T
hE\¨bcHGWYTVX(bcQ�¤
BEH_bcHJ^(|(HG[<T6\mS�SUTc^(bUTcHGh1�j^e[1hgxEZE\m§mh�^�dU^svs^�WY§]^(ScSUky^wTVBg��bVX<F \�T�«JORX�TVBEH�¸�I 0  4X(k?Tc\¨X<[
X(��TcBEH

mx4j # jsr160 # bcel
�¢^(W¯TcX(b
\]S
^(W`BE\mH_v<HGh�xRQ�WYX<kRQ \m[E|�X(b
[EX(TjWYX<k QR\m[E|�TVBEH�¸�I 0  %dU^(bU·y§¨H�\m[

TcBE\]S
bVZ1[<Tc\¨F£H�Ë1Ù N�h?\mbVH�W¯TVX<bVQ<«
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NbAttr
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:³[ySfT`^e[ TV\]^wTc\¨X<[½^e[1h´bcH_|<\mSUTVb`^wTc\¨X<[�X(�
X([EH$Lg¸�H�^e[¶\m[¶TVB1H�^e|<H_[ T�ZE[yh?H_b�TVHGSUTJ\]S�F�^<h?H�^(x1SfTcbc^<W¯T�xRQ
hEHY·1[E\m[E|CTcBEH¥Í ÓRÏ8É ÍN1Õ Ê1ÌwÄ È Ê�N É ÕsÎ�O�NEÊ Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É Î N1ÊRØ Ô ÖeÊ Ó ÑEÊ Ó Ö É >�@EÊRØ Ô ÖI>?Ø
	EÊ Ó dU^svs^C\m[ TVHGbU�¢^<WYH(«
ACB1H¿WYX<[1WYbcHYTcH�¢^<W¯TVX<bVQ WY§]^(ScSVHGS$^(bVH¿Z1SV\¨[E|ÁTVBEH´ÕsÎ�O�N1Ê Ô Ì�Ãy× Ø Ï Ê Ô Ä1× Ô ÐwÎ�NEÊ Ó Í Ò ØeÄRÄ Ó Ù NRÐ?ÄRÊ1Ö�^e|(HG[ T
k1bVX<kyHGbUTfQ�¤
BE\]W`B�\mSC\m[1h?HGHGh�TVB1H

NbAttr
�¢^(W¯TcX(b�^eTCbcZE[ TV\mF£H(«
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std

��1�à
dyn

�(�E� Û �
:³[ySfT`^e[1W_\m^(xE§¨HCSUTc^e[yhE^eb`h >�@1ÊRØ Ô Ö�WYX<F£HGS���bcX(F¬W_X([1W_bVH_TVH�dU^svs^6WY§]^(ScSVHGS�¤
BE\]W`BJ\mF£kE§¨HGF£H_[ T-^ªh?HGh?\]W_^eTVH�h
\m[ TVHGbU�¢^<WYH(«�À*[1^eF£H�W_X([Rv(HG[<Tc\¨X<[$§m\¨[1�RS
TVBEH >�@1ÊRØ Ô WY§]^(ScS�^e[1h%\]S
\m[<TcH_bV�¢^(W_H£�0SUHGH�1 O�@jtjo z43 1 ky^e|(H�S
p({ �
p�AH3��¯« :³[1SUTc^([1WY\]^exE§mHªh?QR[1^eF£\]W6Lg¸�H�^e[�WYX<F�H�S���bVX<F ^£WYX([yWYbcHYTVH�dU^svw^JW_§m^<SVS¥¤
BE\]W`B%F�Z1SUT
\¨F£kE§mH_F£H_[ T
TcBEH£WYX([Rv<H_[ TV\mX([1^(§�� L�� +0- Ô ØsÎ�Ù<ÌI>�@1ÊRØ Ô \m[ TVHGbU�¢^<WYH��0SUHGH�1 OQ@¦tjo<zM3i1 k1^(|(HGS�B<o � Byq`3��¯«<:��CSUZyW`Bg^�W_§m^<SVS
\]S
^svw^e\m§m^(xE§mHjTcBEHª�¢^(WYTVX(bcQ
Í ÓRÏ�É ÍN1ÕRÊEÌwÄ È ÊN É ÕsÎ�O�N1Ê Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É Î�NEÊRØ Ô Ö(Ê Ó ÑEÊ Ó Ö É H Ô ÙT/(Ð1Ê�>�@1Ê Ø Ô >EØ
	?Ê Ó��<Ó Í�Î�C?Ë<Ø1Ö<Ö�\¨F£kE§mH_F£H_[ TV²
\m[E|�TVB1H >�@1ÊRØ Ô Ö >EØ
	EÊ Ó \m[<TcH_bV�¢^(W_H6\m[1SUTc^([1WY\]^wTcHGSCX([1HªLg¸�H�^e[���bVX<F ^£WY§]^(ScSC[1^eF£Hª|(\mv(HG[�\m[%TVBEH
ÕsÎ�O�N1Ê Ô ÌsÃy× Ø Ï Ê Ô Ä1×_Î�N1Ê<Ø Ô Ö(Ê Ó ÑEÊ Ó Ö(×IH Ô ÙT/eÐ1Ê>�@EÊ Ø Ô >EØ	EÊ Ó��RÓ ÍsÎ�CEË<ØEÖRÖe×�Î N1Ê Ø Ô ÌeË ØEÖRÖ Ô ØsÎyÊ8^e|(HG[ T©kEbVX<k?²
HGbUTfQ<«
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ORZ1kEkyX<bUT£Xe�
NbAttr

\]SJ^g§¨\¨TUTc§¨H%kyH�WYZE§m\]^eb���X<b�TcBEHGSVH2Tf¤¥X¿WG^(SVHGSG«8:³[1hEH_HGhÁSUZ1W`B >�@1ÊRØ Ô W_§m^<SVSVHGS
^(bVH£SVZEkEk�X<SVHGhgTVX�xyH2W_X?h?HGh´^wT�SVX(ZEb`WYH�§mH_v(HG§+xRQg^%kEbVX<|(b`^eF£F£H_b�®�TVBEHG[´W_X(F£kE\m§¨H�h"® ^([1hg§mX<^<h?HGh�^wT
bcZE[ TV\mF£H(«�¸¥Z?T8\¨[�X(Z1b8W_^(SVHC¤�HC¤C^e[ T+xyH
^(xE§¨HCTcXªbVZE[£SVH_bc\¨H�S�Xe�1TcHGSUTcS+xRQ�vw^(bVQR\m[E|jTcBEH

NbAttr
�¢^(WYTVX<bG«

A�X�bVHGF£kE§m^<WYHJTVBEH KUBRZEF�^e[�kEbVX<|(b`^eF£F£H_b L�¤�H�^ebcH�Z1SU\m[E|%TVB1H KU� ^svw^w²�x1^(SVHGh%TcH_F£kE§]^wTVH�HG[E|(\m[EH LGF+HY²
§mX?WY\¨TfQ��e«�ACBEHJTVH_F£kE§]^wTcHGSªSVZEkEk�X(bVTV\m[E|2TcBE\mS6|<H_[EHGbc^eTV\mX([^ebcH�§mX?W_^eTVHGhg\¨[#;1=�>1?�@�A1B1C�D1E�F1F�G1Ç Ø Ï Ê Ô Ä�ÖeÇ
Î�N1ÊRØ Ô Ö(Ê Ó ÑEÊ Ó Ö<Ç Í Ô ÊsÎ�N?ÊRØ Ô ÇRÖwÄ �g^([1h ;1=�>1?�@�A1B1C�D1E�F1F�G1Ç Ø Ï Ê Ô ÄyÖ(ÇGÎ�N1Ê<Ø Ô ÖeÊ Ó ÑEÊ Ó Ö(Ç<Í Ô ÊsÎ�N1Ê Ø Ô Ç �0- Ô
hE\¨bcHGWYTVX(bc\mHGSG«ACBEH_Q´^e§m§¨Xw¤ TcX|(HG[EH_b`^wTcH$^ >�N1Ê Ø Ô ¤
\�TcBÁ^W`BEX SUHG[¶[ Z1F�x�H_b�X(� J<Ä Ó Ù Ô?Ï ^wTVTVbc\¨x1Z?TVH�S_«
0�^(W`B4� L�� ^wTVTVbc\¨xEZETVH%\mS£SVZEkEk�X(bVTVHGhÁxRQ½^¿SV\¨F£kE§mH�\¨[ySfT`^e[1W_H$vw^ebc\m^(xE§mH�xEZET�\]S�[EXeT�§m\¨[E�´TcX�^¿bcHG^e§
KUF�^e[1^(|(H�h¿bcHGSVX(Z1bcW_H L¯«�ACB1H ;1=>�?�@�A1B�C�D1E�F1FGEÇ ÕRØ(Ñ?Ø?ÇINRÐ�Ù(Ë � É OwÎ"Ë���X(b�TVBEH 8;:HG`1 ¾1X(Z1o r 3¥Z?Tc\¨§m\¨TfQ¿��H�^w²
TcZEbcHGSCTf¤¥X�Tc^(bV|<HYT`S_±�� �_���_¼V�w�³�`¡w��� � �c�`�e�E»¯� ��^e[1h� �Y�@�Y¼c�w�³�c¡e��� � �`�`�w���I�w�$TVX2|<H_[EHGbc^eTVH�^e[1h�W_X(F£kE\m§¨H
dU^svw^J·1§mHGSC��X<b
TVB1H�WYX<bVbcHGSVkyX<[1h?\m[E|£W_^(SVHGSG«8ACBEH�¤C^e[ TcHGh�[ Z1F�x�H_b�X(��^eTUTVbc\mxEZ?TVH�S�� �¢^<W¯TcX(b¯�¥\mS
|<\¨v<H_[�^(S
^([�8;:HG�k1bVX<kyHGbUTfQg� ���ÁX(k?Tc\¨X<[©®EX<b¥\m[�^e[ 8;: GCkEbcX(k�H_bVTV\mHGS�·1§mH��C^eT�|(H_[1H_b`^wTV\mX([%^e[1h%WYX<F£kE\¨§mHªTV\mF£H(«
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model

�<�E� Û
ACB1\mS+WG^(SVH¥\]S+SV\¨F£kE§mH_b�«�ACB1H_bcH�[EX�W_§m^<SVS�X<b�\m[ TVHGbU�¢^<WYH¥TVXªkEbcX?h?Z1WYH<«�À F£X?h?H_§�>�@1ÊRØ Ô \mS�\m[1SUTc^e[yWY\]^wTVHCxRQ
·y§¨§m\¨[1|�^�h?H�SVW_bV\mk?TVX<b-^e[yh£TVBEHG[�|(\mvR\¨[E|�TVBE\]S�hEHGScWYbc\¨k?TcX(b+TcX�TVB1HjF�^e[1h1^wTVX<bVQ��<L�;SUZ1kEkyX<bUT�TVX�|<HYT-\m[?²
SUTc^([1WY\]^wTc\¨X<[ �¢SVH_H 1 OQ@jt¦o<zH3 1 k1^e|<HGS ARq���AezM39« ACBEH
Í ÓRÏ�É ÍN1ÕRÊEÌwÄ È ÊN É ÕsÎ�O�N1Ê Ô ÌsÃ É Ø Ï Ê Ô Ä�Ö É Î�NEÊRØ Ô Ö(Ê Ó ÑEÊ Ó Ö É H Ô ÙT/(Ð1Ê�>EÍ�RÊ?Ë>�@1Ê Ø Ô >RØ
	?Ê Ó �¢^(WYTVX(bcQ�\m[E\¨TV\]^e§¨²
\65_H�S�SUZ1W`BJ^¦h?H�SVW_bV\mk?TcX(b�®s^<W_W_X(b`h?\¨[1|(§mQjTcXjTcBEH�vw^(§¨ZEH¥Xe�

NbAttr
�¢^<W¯TcX(b�^e[1hJWYbcHG^wTcH-X<[EH�F£X?h?HG§�>�@1ÊRØ Ô «

:³[ TcBE\]S TcBE\mS �¢^(WYTVX<b \]S \mF�k1§¨HGF�HG[ TVHGh ^wT bcZE[?²9TV\mF£H xRQ
ÕsÎ�O�N1Ê Ô ÌsÃy× Ø Ï Ê Ô Ä1× Ô Ð(Î�N1Ê Ó Í Ò Ø<Ä<Ä Ó Ù N<Ð?ÄEÊ?Öj^(|(HG[<T�Â SCk1bVX<kyHGbUTfQ<«
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NbMbean

A�X�|(HYT�TVBEH6T`^ebc|(HYT¥[RZEF�x�H_bCXe��L¸¥HG^e[yS¥^([2ZE[E\¨Tc^(bVQ£�¢^<W¯TcX(bcQ�\]SCSU\mF£kE§mQ2W_^e§m§mHGh$SVH_v<H_b`^e§1TV\mF�H�S_«8ACB1\mS
�¢^<W¯TcX(b�\]S�|<\¨v<H_[´TcX�TVBEH%^e|<H_[ T�vR\m^�TVBEH�Õ�Î�O�N1Ê Ô ÌsÃy× Ø Ï Ê Ô Ä1× Ô Ð(Î NEÊ Ó Í Ò Î�NEÊ Ø Ô ÖJkEbcX(k�H_bVTfQ(« @j[E\¨Tc^ebcQ
�¢^<W¯TcX(bc\¨H�S
^(S
h?H�SVW_bV\mxyH�h%\¨[�k1^(bc^(|(b`^ekEByS¥rE« zE«¨q�^e[yh�rE« zE« zJB1^sv<H�^£kEbVX<kyHGbC�¢^(WYTVX(bcQ2\m[1SUTc^e[yWYH�vw^ebc\m^(xE§mH
TcX£|(H_[1H_b`^wTVHªh?\"!�HGbVHG[ T�[1^eF£HGS¥��X<b�^e§m§@TVBEH�SUH >�@1ÊRØ Ô «

� � ��	 � �'&Y��� � ������ ����������Y	 � ��	�	 �)(2�
� � ���#��	

ACB1H�TcHGSUT2WYX([ySUX<§¨H��¢SVH_H%·1|(Z1bVH�z(��\mS�^�SV\¨F£kE§mH�x1^(SVB4ScWYbc\¨kET�� ;�=>1?�@�A�B�C�D1E�F�FG1ÇEÖRÌ Ó ÙGÅ?Ä1Ö<ÇeÄ?Ê1ÖsÄ�ÖeÇ
Ï Ê<Ä@Ù Ô ÕRÊ1ÌwÄEÍ Ó ÇEÖwÄEØ Ó Ä �EÌ(Í Ô Ö(ÍRË Ê É Ö�ÃE�Y«;À�§m§¦TVHGSUT$�¢^<W¯TcX(b`S�vw^e§mZEHGS%^e[1h TcHGSUT�\m[?��X(bcF�^wTc\¨X<[1S$^<S�TVH�SfT
hEZEbc^eTV\mX([©®¥b`^eF£k?²�ZEk�h?ZEb`^wTV\mX([ ®�[EX?h?H�S�[1^(F�H�S£��X(b$\¨[wdfH�W¯TcX(b`S2^e[1h ^(|(H_[ T2^ebcH�|(bcX(Z1kyH�hÁ\m[ ^�TVH(- T
·y§¨H<«4ORZ1W`B ^TcHGSUT£W_X([?·1|<ZEb`^wTV\mX([½·1§¨H%\]S£|(\mv(H_[4^(S£^k1^(bc^(F£HYTVHGb�TcXgTcBEH�WYX<[1SUX<§¨H<«½À�§m§CkEbVX?W_HGScSUZ1S
�9O?ÀjiNF�X<[E\¨TVX(bc\m[E|Áh?H�^eF£X([1SG®�^e|<H_[ T2ZE[1hEH_b�TVHGSUTG®j\¨[wdfH�W¯TcX(b`Sc��^(bVH¿SfT`^ebVTVHGh ZySU\m[E| KUbVHGF£XeTVHSVBEHG§¨§ L
�R? 7��w��TVX<|(H_TVBEHGb�¤
\¨TVBÁSVX(F£H$B1H_§mkyHGb�ScWYbc\¨kETcSG«¿À�§m§�TVHGSUT�hE^wT`^�·1§mHGS%�0O?À¦i §mX(|<SG®�\¨[edfHGW¯TcX(b`S�§mX(| Sc��^ebcH
W_X(§m§¨H�W¯TcHGh�TcX%^�ZE[E\]l ZEH£h?\¨bcHGWYTVX<bVQ¶� KUbcH_k�X(bVT6h?\mbVH�W¯TcX(bcQLU�
ZySU\m[E| KfbcH_F£XeTcHJW_X(kRQ�L��Z?fX �e�¯«JACB1\mS6bcH_k�X(bVT
hE\¨bcHGWYTVX(bcQ�\]S
SUk�HGW_\�·1H�h%\¨[%TVB1HªTVHGSUTjWYX<[?·1|<ZEbc^eTV\mX([$·1§¨H<«
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ACBE\]S£W`BEX(\]WYH2��X(b�SU\mF£kE§mH�ScWYbc\¨k?T`S�By^(SJxyHGH_[ÁF�^(\¨[E§mQ�Tc^(�(H_[½��X(b�kyX<bUT`^exE\m§¨\¨TfQ´\mScSVZEHGSG±��M847 �R® ? 7�� ®
?fX �$^(bVH�¤
\]h?H_§mQ¿^svw^e§]^e\mxE§mH�X<[¿F£X<SUT�ZE[E\ -�SVQ?SfTcH_F�S_«�:�T�\mS�l<Z1\�TcH�k1bVX<x1^exE§mHJTVB1^eT�bcSVB©®"b`WYk�F�Z1SUT�xyH
bcH_k1§m^<WYHGh$xRQ2TVB1H_\mb�SUH�WYZEbcHGh��¢ScSU§ �¥HGl ZE\mvw^e§mH_[ TcSG«
��Û �½�?�%$ J � ORX(F£Hg�¢kyHGbV§ �JSVW_bV\mk?TcS�B1^(SJx�H_H_[Á¤
bV\¨TVHG[¶TVXB1H_§mkÁZ1SVH_bJ|(H_[1H_b`^wTVH
SVH_bc\mHGS¥Xe�+WYX<[?·1|(Z1bc^eTV\mX([2·y§¨H�S¥TVX�bcH
	1H�W¯TCTVBEH�vw^(bV\]^wTc\¨X<[$Xe��X([1H¦�¢^<W¯TcX(b�«

� �����	��
���������� ��	%�'&�� � �(�
a�X SfT�kEbcX?WYHGScSV\¨[E|¿Xe�6ZE[E\¨Tc^ebcQ½F£HG^<SUZ1bVH�S%�¢bVZ1[1Sc��^�F�^(h?H�Z1SV\m[E|¿k�H_bc§9« ACB1\mS�W`BEX<\mW_H�\]S�SUTV\m§¨§jl ZE\¨TVH
k�X(bVTc^(xE§mHJ^e[yhg^e[RQR¤C^sQ%X<[E§mQ%X<[EH�[EX?h?H£B1^(SjTVX%xyH�SVHYTV²9ZEkgTVX�SUZ1kEkyX<bUT6TVB1\mS�SUTVHGk©« :³[1h?HGHGh"® bVH�SUZE§¨TcS
|<H_[EHGbc^eTVH�h$h?ZEbc\m[E|�TVBEH�kEbcH_vR\mX(Z1S
SUTVHGk%WG^e[%xyH�F£Xwv<HGh$TVX�TVBE\]S
[EX?h?H<«

ACBE\]S�^([1^e§mQ?SU\]S�WG^e[¶B1^sv<H2^�§m^(bV|<H�bc^([E|(H�X(�¥T`^ebc|(H_TcS�^<W_WYX<bchE\¨[E|%TcX�TVBEH�¤¥^([ TVHGh�vR\]SUZ1^(§¨\65G^eTV\mX([©«
¾1X(b2[1Xw¤ ¤¥H£dfZ1SUT�kEbcXwvR\mhEH�F�HGbV|<H�Xe��\m[1h?\mv \]h?Z1^(§jbcZE[1S£TcX½|(H_T$X([1HbVH�SUZ1§�T2k�H_b�F�H_TVbc\mWg^e[1h k�H_b
�¢^<W¯TcX(b
SUH_T�^e[1h$TVBEHG[�v \]SVZ1^e§m\ 5�^wTc\¨X<[2��X(b�SVH_bc\mHGS¥Z1SV\¨[E|�^�vw^ebcQR\¨[E|

InjectionRate
�¢^(WYTVX(b�«-I�ZEbcbVHG[<Tc§¨Q

TcBE\]S
vR\mSVZ1^e§m\65G^wTc\¨X<[�\]S
|<H_[EHGbc^eTV\m[E| �¦A
L  ¶k1^(|(H�S�¤
\¨TVB�|<bc^(kEBE\]W_SG«"56bc^(kEBE\]W_S
^(bVH�WYbcHG^eTVH�h$Z1SV\m[E|£TVBEH
|<[RZEkE§mXeTC��bVHGH�SUX(� Tf¤¥^(bVH 1 R E�o rH3�«
��Û �½�?�%$ U �
À h?\]SVW_Z?TV\mX([$W_X(ZE§]h2SUTc^([1h2^wT�TVBE\]S¥kyX<\¨[ T�±�BEXw¤�bcZE[1S-��X(b¥^�Sc^eF£H
�¢^<W¯TVX<bcS�SUH_TC^(bVH
F£HGbV|<H�X(bCSUZ1F£^(bV\65_H�h T 56ZE\]h?H_§m\m[EHjTcXJW`BEXRX SUH
TcBEH6bV\m|(B T�F£H_TVBEX?h2WG^e[2x�Hj��X<ZE[1h
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