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CEDFDFGIHIJ�K+LMHIN+O.P�K?QSR�TVUWTXN=YFHIR�ZEK+TXR[K+O.R3YFLMTXR�\]R�GIQ�D*N+DF^FGIKST"\�R�LM_FNa`�bcN+T"K+`d`FHIOFe$OFR�fgZMR�TXhaHIJ�R�Z�LMN$R3Yai

HjZMLXHIOFekOFR�Llf(N+TMm�K+DdDFGIHjJnK+LXHINSOFZ�oWp"_FR�Q]DFTXN?haHI`FR-qFK+J3maf(K+TX`dZ"J�N+\]DFK+LMHjqdHjGIHILlQ?r?J�R�OaLMTXK+GIHIs�R�`tK+`F\]HjOdHjZMLXTMK+LXHINSO�r

K+OF`uLX_FR$JnN+Oah+R�OdHjRnOFJ�R�NBbvLM_FR$DFTMN+e+TMK+\]\�HIOFekR�Oah�HITMN+OF\]R�OaL6NBbvf"_dK+LXRnh+R�T�NSDARnTXK+LMHIOFe�ZXQaZXLMR�\wLX_dR�QxKSTXR

Hj\]DFGIR�\$R�OaLXRn`xNSOyLXN+DyNBbXoxzaHIOFJ�R]DFTXN=YFHIR�ZkK+J�L[K+ZkLXTXKB{�J$J�N+OdJ�R�OaLXTMK+LXNSTXZnrvZMR�TXhaHIOFeu\$^FGILXHIDFGIR�J�GIHIR�OaLXZ[K+L

LX_FR$ZMK+\�R[LXHI\�R?r�`F^dTXHIOFe�DARnK+muGjNSK+`.D*R�TMHjNa`FZ[LX_FR�QuN?bcLXR�OuqARnJ�N+\]R|D*R�TlbcN+TX\]K+OFJnR|q*N+LMLXGIR�OFR�J3maZ�o�}lOuLX_FHIZ

DFK+D*R�T(f~R"DFTMR�ZXRnO�L"KSO$R3YFLXR�OdZXHIN+O]N?b�LX_dR�•(€�•ƒ‚S„A…‡†lˆŠ‰‹LXR�J3_FOdHjŒa^FRk•‡Žn••J�KSGIGjRn`'•(€�•‘•�’3„�LM_FK+L(DFTMN+\�HIZMR�ZWLXN

`FTXKS\�K+LMHIJ�K+GIGIQ|HI\]DFTXN?hSR6LM_FRkDAR�T“b”N+TM\�KSOFJ�R�NBbv•"p"pVU –(KSJ3_FHIOFe�UWTMN=YFHjRnZ�r�—3^dZXLVKSZ-pV–"U zaDFGIHIJ�R�`FNS^FqFGIR�`

LX_FR-LX_dTXN+^de+_FDF^dL"N?b/K|KSDFDFGIHIJ�K+LMHIN+O�GIK?QSR�T/˜*TXR�f(K+GIG�DFTMN=Y™QSo
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pV–"U£rA•
p"pVUƒ–(K+J3_FR�ZnrACVDdDFGIHjJnK+LXHINSO�P�K?QSR�TVUWTMN=Y™HIR�Znr•U£R�T“b”N+TM\�K+OdJ�R



1. Introduction
�

K+OaQk`FR�ZXHIeSOFZ/bcN+T(HjOaLMR�TXOFRnL"ZXR�TMh�HIJ�RnZ"^FZXR�’3„S„A… † ˆ3’��c†����.…j’���‰	��
l„A…‡†���
Šˆ	�����•‰3ˆ	�c†����$„������=† ‰�
3rFHjO$f"_dHjJ3_]DFTXN=YFQ

\�K+J3_FHIOFR"HIZ"HIOaLXR�TMDANSZXR�`tqAR�Llf(R�R�OtLX_FR-ZXRnTXh+RnT6KSOF`�LM_FR�J�GIHIR�OaL(\�K+J3_FHIOFRnZ~HIO�NSTX`FRnTVLXN$\]R�`FHIK+LMR"LX_FR[J�N+\ i

\$^FOFHIJ�K+LMHIN+O$q*R�Llf~RnR�O.LX_dR�\.o~zaDdGjHIL“i J�NSOFOFR�JnLXHIN+O�DFTMN=Y™HIR�Z"_dK?h+R-qARnR�O.^FZMR�`�b”NST"R�h+R�TMQaLX_FHIOFe b”TXNS\ •"p"pVU

J�K+J3_FR�Z LXN-ZXR�Jn^FTXHILlQ[˜ATXR�f(K+GIGIZ�LMN-R�OFJ�TMQ�DdLXHIN+O$ZMR�TXhSR�TXZno •�� ••zaDFGIHILlilJ�N+OdOFR�J�LMHjNSO|DdTXN=YFQ-`FR�ZXHIeSOFZ/K+TMR~KSLXLMTXK+JnLXHIh+R

qAR�JnK+^FZMRVLX_dR�Q�K+TMR"qFK+J3maf(K+TX`dZ/J�N+\]DFK+LMHIqFGIR f"HILM_|R3YFHIZXLMHIOFe-ZXR�TMh+R�TMZ�rFK+GIGIN?fyK+`d\�HIOFHIZXLMTXK+LMHIN+OVNBb•LM_FR"ZXRnTXhaHIJ�R

K+L(K$ZXHIOFe+GIR-D*N+HIOaL��cLX_FR�DdTXN=YFQ��3rFK+Od`�LlQaDFHIJ�K+GIGIQ$K+TMR-R�K+ZMQ�LMN|HIOaLXRne+TXKSLXR�f"HILM_�R3YFHIZXLMHjOde$K+DFDFGIHIJ�KSLXHIN+OFZno

�

_FHIGjR"KSLXLMTXK+JnLXHIh+REHjO$`dR�ZXHIe+O rF\�Na`FR�TMO$K+DFDFGIHIJ�KSLXHIN+OkGIK?Q+R�T/ZMDFGIHILlilJ�N+OFOdR�J�LXHINSO�DFTMN=Y™HIR�Z(LlQaDFHIJ�K+GIGIQ�ZM^��•RnT

b”TXNS\ LM_FTXRnR.TXR�GIKSLXR�`ƒDFTMN+qFGIR�\]Z��$LX_FRnQ'_FK?hSR�D*N�NST$DARnTlb”NSTX\�KSOFJ�R��(LX_FRnQ'K+`d`'KuZXHIe+OFH ˜AJnK+OaL|GIKSLXR�OFJnQyLXN

LX_FR�J�GIHIR�OaLlilZXR�TMh+R�T]J�N+\]\$^FOFHIJ�KSLXHIN?OxDdK+LX_��VK+OF` LX_FRnQ'D*N+LXRnO�LMHIK+GIGIQyh�HINSGjKSLXR$LM_FR�R�OF`ailLXNBi R�Od` ZXR�\]K+OaLXHIJ�Z

N?b"LX_FR$LMTXK+OdZXD*N+TXL[DFTXNSLXNaJ�N+G HjOu^FZMR?o�p"_dR$DAR�T“b”N+TM\�KSOFJ�R$K+Od`xGIK+LMR�OFJ�QuDFTMN+qFGIR�\]ZVq*N+LX_yZMLXR�\ b”TMN+\ LX_FR

K+DFDFGIHIJ�KSLXHIN+O-GIK?Q+R�T£OFK+LM^FTXR"NBbALX_dR"DFTXN=YFHIR�Z�oWp"_FR(ZXR�\]K+OaLXHIJ�ZWDFTMN+qFGIR�\gZMLXR�\]Z£b”TXNS\gLX_FR�HITWZXDdGjHIL“i J�NSOFOFR�JnLXHIN+O

OFK+LM^FTXR?oEpV–"U zaDFGIHIJ�R�HIZ"K�OdR�fgLXR�J3_FOdHjŒa^FR]• Ž • LM_FK+LEZXN+GIhSR�ZVLM_FR�ZXRkLX_dTXR�RkDFTXNSqFGIR�\�Z(bcN+T"ZXNS\�R-J�GIK+ZMZXR�Z-NBb

ZXDFGIHILlilJ�N+OdOFR�J�LMHjNSOyDFTXN=YFHIR�Znr ZM^FJ3_'K+ZE˜ATMR�f(K+GIG~DdTXN=YFHIR�Z�rWf"_FN.ZMDAR�Od`'\�NSZXLEN?b"LX_FR]DFTXNaJ�R�ZMZXHIOFeuTXR�ZMN+^FTMJ�R�Z

\�N?haHIOFe"`FK+LMK-qAR�Llf(R�R�O]LX_FR"Llf(N-J�N+OdOFR�J�LMHjNSOFZ�o/p"_dR"LXR�J3_FOFHIŒa^FR"HIOah+NSGjhSR�ZWDF^FZM_FHIOFe-`FK+LMK6\]N?h+R�\]R�OaL*b”TXNS\

LX_FR-K+DdDFGIHjJnK+LXHINSO$LXN$LX_dR6LMTXKSOFZXD*N+TMLVGIK?Q+R�TnrFLX_a^FZ"ZMK?h�HIOFekZXHIeSOFH ˜AJ�K+OaL(J�N+DaQaHIOFekK+OF`�DFTMN�JnR�ZXZMHjOde$N?h+R�TM_FR�K+` r

K+OF`$D*R�TlbcN+TX\]HIOFeVZM^FHILXK+qdGjR"KS`F`FTMR�ZXZ(K+OF`$ZMR�Œa^FR�OFJnR�Oa^F\$qARnT \]K+DFDdHjOdeVN+O$pV–"UuKSOF`$}XUuDFKSJŠmSR�L/_FRnK+`FR�TMZ�r

J�K+^FZMHIOFe�LX_dRVLlf(N�ZXDFGIHILlilJ�NSOFOFR�J�LMHIN+OFZ(LXNk_FK?h+R"LM_FRVR Y™KSJ�L(ZXR�\]K+OaLXHIJ�Z(N?b�K|ZMHIOFe+GIR"R�OF`™i LMN?ilR�OF`�JnN+OFOFRnJ�LXHIN+O o

�

_FR�Oy^FZMHIOFexpV–"Ugz™DFGIHjJnR?r/LX_FR]DFTXN=YFQyKSDFDFGIHIJ�K+LMHjNSOxHIZ�NSOFGIQx^dZXR�` b”N+T�ZMR�LXLMHIOFex^dD'J�NSOFOFR�J�LMHIN+OFZ �v`dK+LXK

\�N?h+Rn\�R�OaLWNaJ�J�^FTMZVK+L"LM_FR�pV–"U GIK?Q+R�T(K+Od`�HIZ(J�N+\]DFGIR�LXRnGjQ$_dHj`d`FR�O]b”TXNS\�LX_dR�DFTXN=YFQ$KSDFDFGIHIJ�K+LMHjNSO�o

p"_dHjZWDFKSDARnT R Y™DdGjKSHIOFZ�K-OFR�f LXR�J3_FOdHjŒa^FRBr�J�KSGIGjRn`x•(€�•g•�’3„FrBb”N+T£J�N+GIGIR�J�LMHjOdeVK-J�N+DaQ�NBbA`FKSLXK"bcN+TXf(K+TM`FR�`

N?h+R�TWpV–"UuzaDFGIHIJ�R~KSOF`�\]K+maHIOFe"HIL�K?h?K+HIGIK+qdGjRWLMN6LM_FR(DFTXN=YFQ�KSDFDFGIHIJ�K+LMHjNSO�o�pV–"UtpWK+D�R3YFLMR�OF`FZ/pV–"UuzaDFGIHIJ�R

LXNkZX^FDFD*N+TMLVLM_FR�J�GIK+ZMZ"N?b/DFTMN=Y™HIR�Z"f"_dHjJ3_�OFR�Rn`.LXN$mSR�R�D�K$J�N+DaQ]N?b LM_FR�`FKSLXK$LM_FK+L"!AN?f"Z"LM_FTXNS^Fe+_�LM_FR�\.r

ZX^FJ3_.KSZ6•"p"pVU5K+Od` U‹}X–"z.DFTMN=YFHjRnZ|•�#n•loVpV–"UƒpWK+D�J�KSO.qARk^FZMR�`xLMN�D*N+DF^dGjKSLXR�f(R�q.JnK+J3_FR�Z-K+L-•"p"pVU

DFTXN=YFHIR�ZVKSZ6•
p"pVU TMR�DFGIHIR�Z�!AN?f b”TXNS\ f(R�quZXR�TMh+R�TMZ�LXN]J�GIHIR�OaLXZ�o%$
ZXHIOFe]K�J�NS\$qFHIOFK+LMHjNSO�NBb~pV–"U zaDFGIHIJ�R

K+OF`�pV–"UƒpWK+D rAf(R|`FRnZXJ�TMHjq*Rk_FN?fgHIL"HjZEDANSZXZMHjqdGjR[LXN�qd^FHIGj`.•
p"pVUƒJ�K+J3_FHIOFe]DFTXN=YFHIR�ZELX_FKSLVJ�KSO.DFTXN?haHI`FR

qAR�LMLXR�TELX_FTMN+^FeS_FDF^FL"HIO�K+`d`FHILXHIN+O]LXNkTXR�`F^dJ�HIOFe�KSJ�J�R�ZMZVGIK+LMR�OFJ�Q]b”NST~KSGjG�f(R�q�J�GIHIR�OaLXZno

&

R3b”NSTXR(R3YFDFGIK+HIOFHIOFeELX_FR(OFR�f pV–"U.pWK+D[LXR�J3_FOFHIŒa^FR?rSf~R(qARne+HIO|qaQ-qFTMHjR�!AQ�`FR�ZMJ�TXHIqFHIOFe-LM_FR~pV–"UuzaDFGIHIJ�R

LXR�J3_FOFHIŒa^FR$HILVHIZ-qFKSZXR�`yNSOxKSOF`xLM_FR$D*R�Tlb”NSTX\]K+OFJ�RkHI\�DFTMN?h+R�\]R�OaLXZ"pV–"U zaDFGIHIJ�Rk_FK+Z-qFTMN+^FeS_�L-LMN�ZMN+\]R

K+DFDFGIHIJ�KSLXHIN+O$GIK?Q+RnT"DFTXN=YFHIR�Z�o

2. TCP Splice

stack

Client Proxy Server

TCP/IP

kernel sockets

TCP splice

App
Proxy Server

network
interface

redirector
unspliced
data path

Figure 1 ')(�*�+,*�-/. 01'32�2�45. 0�687�. 9:+<;�6�=�*�-?>@-�98A�=CBD=8B	7E*�FGB�H,9�IJ.5+,(K7 H,*L2M9�B�. 7�. 9�+N9�O�6QP3R�>TSU2�4V. 0�*
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pV–"U z™DFGIHjJnR6HIZ"K$LMR�J3_FOFHIŒa^FR|f"HILM_�LX_dR�^FOFHIŒa^FR�KSqFHIGjHILlQkLXN$ZMDFGIHjJnR�LXNSe+R�LM_FR�TVLlf(N$J�NSOFOFR�J�LMHIN+OFZELX_FKSL"f~R�TMR

HjOd`FR�D*R�OF`FR�OaLMGjQkZXRnL~^FD$f"HILM_|K�DdTXN=YFQ�K+Od`$f"_FHIJŠ_k\�K?Q-_FK?hSR"K+GITXRnK+`FQ�JnK+TXTMHIR�`$K+TMqFHILXTXKSTXQkLXTMK?{�J"q*R�Llf~RnR�O

LX_FR$R�Od`ai ZMQaZXLXRn\�Z�KSOF`yLX_FR$DdTXN=YFQxKSDFDFGIHIJ�K+LMHIN+O�o

�

_FHIGIRkLX_FR]Llf~N�pV–"U J�NSOFOFR�J�LMHIN+OFZkJ�K+Oyq*R$^FZMR�`'HIOai

`FR�D*R�OF`FR�OaLMGjQuq*R3b”N+TMR$LX_FR$ZMDFGIHIJ�R$HIZ6ZMR�L�^FD r�K?b”LMR�T�LM_FR$ZXDFGIHIJ�RkHIZ6JnTXR�KSLXR�` HjL-KSDFDARnK+TXZ[LXN�LX_FR$RnOF`FD*N+HIOaLXZ

N?b LM_FR�Llf(N$J�N+OdOFR�J�LMHjNSOFZ1�”J�GIHIR�OaLlilLXNBi DdTXN=YFQ$K+OF`�DFTMN=YFQ+ilLXNBi ZMR�TXhSR�TD�ELM_FK+L"LM_FN+ZMR�Llf~N$JnN+OFOFRnJ�LXHIN+OdZVK+TMR?r�HIO

b”K+J�Lnr/N+OFRBo'p"_FHIZ$DFTXNSDARnTXLlQ'\]K+mSR�Z�pV–"U‘z™DFGIHjJnR�HI`FR�KSGjGIQuZX^FHILMR�` b”N+T�^dZXR�HIO'K+DdDFGIHjJnK+LXHINSOyGjK?QSR�TkDFTXN=YFQ

ZXQaZXLMR�\�ZnrFZXHIOFJ�R-HIL/`FN?hSR�LXKSHjGIZ/f(R�GIG�f"HILX_]R3YFHjZMLXHIOFe�DdTXN+LMNaJ�N+GIZ�o

�

HjLM_FR�T"R�Od`ai ZMQaZXLXRn\ J�KSO�R3YFJŠ_dK+OFeSR6JnN+OaLXTMN+G

f"HjLM_�LM_FR�DFTMN=Y™Q]K+DFDdGjHIJ�KSLXHIN+O]N?h+R�T"HILMZ"pV–"U'JnN+OFOFRnJ�LXHIN+O rAK+Od`�LM_FR�DFTMN=YFQ�K+DdDFGIHjJnK+LXHINSO�J�KSO�ZMLXR�DtN+^FL"NBb

LX_FR-J�NS\�\$^FOFHIJ�KSLXHIN+OkDFKSLX_�f"_dR�O.HILXZ"ZMR�TXhaHIJ�R�ZEK+TXR[OFN|GINSOFe+R�T"OdR�R�`FR�` o

p"_dR�HIOaLX^FHILXHINSOxq*R�_FHIOF`ƒK.pV–"U zaDFGIHIJ�R�HI\�DdGjRn\�R�OaLXKSLXH N+O.HIZkLX_FKSL�f~R]J�K+O J3_FK+OFeSR�LM_FR�_FR�K+`dR�TXZ$NBb

HjOdJ�N+\]HjOde�DFKSJŠmSR�LXZ$KSZ|LM_FR�Q K+TXR]TXR�JnR�HIh+R�` KSL|LM_FR�DFTXN=YFQuK+OF` HI\�\�Rn`FHIK+LXRnGjQ]b”NSTXf(K+TM`yLX_FR�\toy}lO'J�NSOai

h+R�OaLXHINSOFK+G�ZMQ�ZMLXR�\]Z�r�DFKSJŠmSR�LXZEK+TMR|DFKSZXZMR�`.^FD.LM_FTXNS^Fe+_tLX_FR�DdTXN+LMNaJ�N+GWZXLMK+J3m�LXN]^FZXR�TEZXDFKSJ�R?r�f"_dR�TXRkLX_FRnQ

K+TXR$HI\]\�R�`FHIK?LMR�GIQ�DFKSZXZXRn`'qFKSJŠmu`FN?f"OyKSe+K+HIO�o]C�pV–"UgzaDFGIHIJ�R$R	��R�J�LMHjhSR�GIQyLX^FTMOFZ�LM_FR�DFTMN=YFQx\]K+J3_FHIOFR

HjOaLMN�K�GIK?QSR�T��]TXN+^dLXR�TC�cZXR�R��£HIe+^dTXR�� �3o�CE^FLX_dR�OaLXHIJ�K+LMHIN+O�r�GINSe+e+HIOFedrFK+OF`uN+LM_FR�T-LXKSZXmaZ-K+TMR|`FNSOFRkq�QtLX_FR

DFTXN=YFQ�HIOk^FZXR�T(ZXDdK+J�REK+Z/OFNSTX\]K+Gcr?qF^FL/LM_FR"`FK+LMK�J�NSD�QaHIOFe-DFKSTXL/NBb•LM_FR"DFTXN=YFQ�� f"_FR�TMRVLM_FR"DARnTlb”NSTX\�KSOFJ�R

HjZ-OFNSTX\]K+GIGIQ�GIN+ZML�� HjZ[TXR�DFGIKSJ�R�`yqaQxZMHIOFe+GIR
	���
��������kJ�KSGIG/LXN�ZXRnL|^FDuLX_dR�ZXDdGjHIJ�RBo�C"b”LMR�T�LM_FR�ZMDFGIHjJnR|HIZ

HjOdHjLMHIK+LXRn`�r�LM_FR�^FZMR�TVGIR�hSR�G�DFTMN=Y™Q]J�K+O�eSN|NSO�LMN$N+LM_FR�T"LXKSZXmaZ�o

2.1. TCP Splice Implementation
Cg`FR�LXKSHIGjRn`.`FR�ZMJ�TXHIDFLMHjNSO.N?b/_FN?f LXN]HI\�DFGIR�\$R�OaL(pV–"UƒzaDFGIHIJ�R�HIZ"DFTXRnZXR�OaLXRn`yHjO�•‡Žn•lo"p"_FHIZ"ZXR�J�LMHIN+O.eSHjhSR�Z

K�h+RnTXQ�_FHIe+_.GIR�hSR�GWN?h+R�TMhaHjRnfgHjO�NSTX`FR�T-LMN�R3YFDFGIK+HIO.LM_FRkDAR�T“b”N+TM\�KSOFJ�R�KSOF`.ZXRn\�K+OaLMHjJnZVq*R�OFR3˜ALMZ�N?b/pV–"U

zaDFGIHIJ�R?o

pV–"U ZXDFGIHIJ�REHjZ(K+JnJ�N+\]DFGIHjZM_FR�`$qaQ$K+GILMR�TXHIOFe�KSGIGALM_FRVDFKSJ3m+R�LMZ"ZXR�OaL"N+O$NSOFRVJnN+OFOFRnJ�LXHIN+O rAHIOFJ�GI^F`FHIOFe[LX_FR

K+J3maOFN?f"GIR�`Fe+\]R�OaLXZnrFZXN$LX_dR�DFK+J3mSR�LXZEK+DFD*R�K+TELXN$q*R�GIN+OFe$LMN�LM_FR�ZXRnJ�N+OF`tJ�N+OFOdR�J�LXHINSO�r�K+OF`�LX_dR�O.ZXRnOF`FHIOFe

LX_FR"DFKSJ3m+R�LMZ~NS^FL/N?h+RnT/LX_FR"ZMR�J�NSOF`�J�N+OFOdR�J�LXHINSO�o~zaHIOFJ�R"LM_FRVKSGjLMR�TXKSLXHIN+OdZ KSTXREK6ZMHI\�DFGIR(\�K+DdDFHIOFe"b”^dOFJ�LXHINSO

K+OF`$TMR�Œa^FHITXRVOdN|ZMLXN+TMK+eSR?rFLX_FRnQ$J�K+O]qARE`FN+OFREŒa^FHIJŠmaGIQ�HIO$LX_dR6mSR�TXOdR�Gco~zaHIOFJ�RVLM_FRVpV–"U zaDFGIHIJ�R"J�Na`FR-HILXZMR�G b

`FNaR�Z�OFNSL�e+R�OdR�TXKSLXR�`dK+LXK�KSJŠmaOFN?f"GIR�`de+\�RnO�LMZ�r�pV–"U RnOF`ailLXN?ilR�OF` TXR�GIHIK+qdHjGIHILlQ�ZXR�\]K+OaLXHIJ�Z-KSTXR$DFTMR�ZXR�TMh+R�`

qAR�Llf(R�R�OuLX_dR�Llf~N$RnOF`FD*N+HIOaLXZ�o-–(N+Oah+R�OaLMHjNSOFK+G�DdTXN=YFQ�ZXQaZXLMR�\�ZEJ�K+O�haHIN+GIK+LMR6pV–"U TXR�GIHIK+qFHIGIHILlQ$ZXR�\]K+OaLXHIJ�Z

qAR�JnK+^FZMR�`FKSLXK.ZMR�OaL|qaQuN+OFR$R�Od`ai ZMQaZXLXRn\wHIZ�K+J3maOFN?f"GIR�`FeSR�`yqaQxLM_FR�DFTMN=YFQ.K+ZkZXNaN+OyKSZ�HIL�HIZ-TXR�J�RnHjhSR�`�o

}cb‹LM_FR�`FKSLXK$J�KSO.OFNSLVq*R�`FR�GIHIh+R�TMR�`.LMN�N+LM_FR�TER�OF`ailZXQaZXLMR�\�bcN+T"ZXNS\�R-TXRnK+ZXNSO�r�LX_FKSLV`FKSLXK$HIZVZMHIGjRnO�LMGIQ$K+OF`

HjTMTXR�JnN?h+R�TMK+qFGIQ�GINSZXL�o

�

_FR�OyLlf(N�JnN+OFOFRnJ�LXHIN+OdZ�K+TMR$ZXDFGIHIJ�R�`yLMN+e+RnLX_FR�Tnr/LX_FR$`dK+LXK�ZMR�OaL�LXN�LX_dR�DFTMN=Y™QtN+OuN+OFR$J�NSOFOFR�JnLXHIN+O

\$^FZXLEqARkTXR�GIK?QSR�`xLMN�LX_FR$NSLX_FR�T-J�NSOFOFR�JnLXHIN+OyZMN�LM_FK+L-HIL-K+DFD*R�KSTXZ�LMN�ZMR�K+\]GIR�ZXZMGjQ]b”NSGIGjN?f LX_dR$`FK+LMK�LX_dK+L

J�K+\]R|q*R3b”NSTXR$HIL�o�p"_dR$ZXR�KS\�GIR�ZXZ[OFK+LM^FTXR$NBbvLM_FR�`FKSLXK�\$^FZML6q*R$DFTMR�ZXR�TMh+R�`ƒR�hSR�OyH bvLM_FR�TMR�K+TMR$`FK+LMK�N+T

CV–�� DFKSJ3m+R�LMZ"HjO1!*HjeS_aL/K+L/LM_FRVLMHI\�R(LX_FREZXDFGIHIJ�RVHIZ(\�KS`FR?r+NST/H b�`FK+LMK�\$^FZXL qARETXR�LMTXK+OdZX\�HILMLXR�`�o~z™HjOdJ�RVKSGjG

`FK+LMK�qaQaLXR�Z-HIO.pV–"UƒKSTXRkK+ZXZMHIe+OFR�`uK�ZMR�Œa^FR�OFJnR�Oa^F\$q*R�T"HIO.LX_FRkZXRnŒ�^dR�OFJ�R]ZXDFKSJ�R|NBb~LX_dR�HIT6JnN+OFOFRnJ�LXHIN+O r

f~REK+J3_FHIR�h+R-KkZXR�KS\�GIR�ZMZ"ZXDFGIHIJ�R-qaQ$\�K+DdDFHIOFe-LX_FR�ZMR�Œa^FR�OFJnR�Oa^F\$qARnTXZ b”TXNS\�N+OFR-J�NSOFOFR�JnLXHIN+O��‡Z"ZMR�Œa^FR�OFJ�R

ZXDFKSJ�R�LXNkLX_dR�N+LM_FR�T"J�NSOFOFR�J�LMHIN+O��‡ZVZMR�Œa^FR�OFJnR|ZMDFK+J�RBo

2.2. TCP Splice Performance
}lO�N+^dT"GjKSq�R3YFD*R�TXHI\]R�OaLXZ�rFf(R-_FK?h+REb”NS^FOF`]LX_FKSL"K|pV–"UƒzaDFGIHIJ�REDFTXN=YFQ�JnK+O�N+^FLMDARnTlb”NSTX\�KSO�KSDFDFGIHIJ�K+LMHIN+O

GjK?QSR�T�DFTMN=YFQxqaQu\�N+TMR$LX_FKSO'K�bcK+J�LMN+T�NBbVLlf~N.HIO LX_FTMN+^FeS_FDF^FLkLXR�ZMLXZno��dN+T[R3YFK+\�DdGjRBr��£HIe+^FTMR���ZM_FN?f"Z

LX_FR$TMR�ZX^FGILMZ|NBbVK�D*R�T“b”N+TM\�K+OdJ�R$LXR�ZML|JnN+OF`F^dJ�LXR�`ƒN?hSR�T�K�LXR�ZMLlilqARn` JnN+OFZMHjZMLXHIOFe.NBbvKtJ�GIHjRnO�Lnr DdTXN=YFQ+r£K+OF`

ZXR�TMh+R�T1�”KSGIG�LX_FTMR�R|TM^FOFOFHIOFe

&

z��E}� ao"!8�(J�N+OFOdR�J�LXRn`x^FZMHIOFe�Llf(N$ZXR�DdK+TXKSLXR��#!$!

�

qdDFZ

�

LM_FR�TMOFR�LXZno�}lO�LX_FHIZ

R3YFDAR�TMHI\�R�OaL�r(LX_FR�J�GIHIR�OaLkN+D*R�OFZ�\$^dGjLMHIDFGIR�Z-J�N+OFOdR�J�LXHINSOFZ�LM_FTXNS^Fe+_ƒLX_dR�DdTXN=YFQyK+OF`ƒLM_FR�OƒDF^FZM_FR�Z�`dK+LXK

LX_FTMN+^FeS_xLM_FR�\wKSZ6TMK+DFHI`FGIQ.KSZ�D*N+ZXZMHIqFGIR?o�p"_dR$ZXR�TMh+R�T$KSJ�J�R�DFLMZ|JnN+OFOFRnJ�LXHIN+OdZ�b”TMN+\ LX_FR$J�GIHIR�OaL�LM_FTXNS^Fe+_

LX_FR]DFTXN=YFQSr KSOF`yLX_FRnO'TXRnK+`FZk`FK+LMK�b”TMN+\ LX_FR]J�N+OdOFR�J�LMHjNSOFZ�oyp"_FR$Oa^F\$q*R�T�NBbVqaQ�LMR�ZkDAR�TkZXRnJ�N+OF`ƒTMR�K+`

q�QuLX_dR�ZMR�TXhSR�T�r"ZM^F\�\]R�`.N?h+RnT|KSGjG(LX_dR�J�NSOFOFR�J�LMHIN+OFZnrvHIZ�f"_dK+Lkf~R]TXR�D*N+TML$K+ZkLX_FR]LX_FTMN+^FeS_FDF^FLkN?b-LX_FR

DFTXN=YFQSr•ZMHIOFJ�R$K+GIGWLX_dN+ZXR$qaQaLXRnZ6NBbv`dK+LXK�_FKS`xLMNC!AN?f LX_FTMN+^FeS_xLM_FR$DFTMN=Y™QSo|}lOuK�ZXR�DdK+TXKSLXR$R3YFD*R�TXHI\]R�OaL�r

f~R]J�N+Oa˜*e+^FTMR�`ƒLX_FR�DFTMN=Y™QyKSZ|KSO'}XU TXNS^FLXRnTQ�”D*R�Tlb”NSTX\]HjOde.OFNuDFTXN=YFQub”^FOdJ�LXHIN+OdZD�[K+OF` \�R�KSZX^FTMR�`ƒLX_FR

LX_FTMN+^FeS_FDF^FL(K+J3_FHIR�hSR�`�q�Q$HILMZ~}XU%�FNSTXf(K+TX`dHjOde�GIN�NSD�o&�£HIe+^FTMR'�[ZX_FN?f"Z(LX_FKSL"LX_FR-pV–"U zaDFGIHIJ�RVDFTMN=YFQ$J�K+O

ZX^FDFD*N+TML|ZM^FqFZMLXK+OaLMHjKSGIGjQt_FHIe+_FR�T[LX_FTMN+^FeS_FDF^FL�LM_FK+OyKSOyCVDFDdGjHIJ�KSLXHIN+OyP�K?QSR�T|UWTMN=YFQ+o(�F^dTXLX_dR�TX\]N+TXRBr/LX_FR

)



DFTXN=YFQ�^dZXHIOFe$pV–"UƒzaDFGIHIJ�R�J�KSO.ZX^dZXLXKSHIO�LM_FTXNS^Fe+_dDF^FLVJnN+\�DdK+TXKSqFGIRVLMN$LX_FR�RnŒ�^dHjh?KSGIR�OaL"_FK+TM`Ff~KSTXR�KSJ�LXHIOFe

K+Z"KkTXN+^dLXR�Tno

�£HIe+^dTXR  kJ�NS\�DFKSTXR�ZELX_FRk–"U $g^FLMHIGjHIs�KSLXHIN+O�TMR�Œa^FHITXR�`uLXN$ZM^FDFD*N+TXL-K$LM_FTXNS^Fe+_FDd^FL-N?b/K+DFDdTXN=YFHI\�K+LMR�GIQ

  

�

qFDFZ�r�f"_FHIJ3_�HIZVLX_dR|GIK+TMe+R�ZMLVLM_FTXNS^Fe+_FDd^FL-LX_FR�KSDFDFGIHIJ�K+LMHIN+O�DFTXN=YFQ�J�NS^FGI`�ZM^FDFD*N+TML�r�J�GIR�KSTXGIQ�ZX_FN?f"HIOFe

LX_FKSL6LM_FR$pV–"U zaDFGIHIJ�R|DdTXN=YFQ.^FZMR�Z-b”R�f(R�T�DdTXN=YFQ.\�KSJ3_FHIOFR-TXR�ZMN+^FTMJ�R�Z$LXN�`FN�LMN�LM_FRkZXK+\]R|f(N+TMm�K+Z�KSO

CVDFDFGIHIJ�KSLXHIN+O�P K?Q+R�TVUWTMN=YFQ+o

p"_dR�LXTMK?{�J-GIN+K+`]b”NST"ZXNS\�RVDdTXN=YFHIR�ZJ�cGjHImSRV\�KSOaQ�•"p"pVU J�K+J3_FHIOFe]DFTXN=YFHIR�Z	�(J�N+OFZMHIZXLXZ-NBb \�KSOaQ$ZX_FNSTXL

J�N+OFOdR�J�LXHINSOFZ�r+ZMNVLM_FR/DFTMN=Y™HIR�Z � KSqFHIGjHILlQ"LMNV_FKSOF`FGIRW\�K+OaQ"J�NSOFOFR�JnLXHIN+OFZWD*R�T�ZMR�J�NSOF`|HIZ£J�TX^FJnHjKSGco UWTXRnGjHI\]HjOdK+TXQ

TXR�ZM^FGILXZkZX_FN?f�pV–"UgzaDFGIHIJ�R$DFTMN=YFHjRnZ�J�K+OyZM^FDFD*N+TML|\]N+TXRkJ�NSOFOFR�J�LMHIN+OFZkDARnT|ZMR�J�N+Od`'LX_dK+OyJ�NSO�hSR�OaLXHIN+OdK+G
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DFTXN=YFHIR�Z�r£`F^FR$LXN�LM_FR|hSR�TXQuGIN?fgGIK+LXRnOFJ�Q.NBbvpV–"U zaDFGIHIJ�RkZXR�L“i ^FDyKSOF`uLX_FR$f(K?Q�pV–"U zaDdGjHIJ�RkTXRn`F^FJ�R�Z$K

DFTXN=YFQ �‡Z~`FRn\�K+Od`$b”NST~ZMN�J3mSR�LVKSOF`�qF^���R�TVTMR�ZXNS^FTXJ�RnZ�o

3. TCP Tap Applications
�-HIh+R�O.LM_FR$`FTMK+\�KSLXHIJ�HI\�DdTXN?h+Rn\�R�OaL"pV–"UgzaDFGIHIJ�Rke+K?hSR|LMN.N+OFRkLlQaDAR$NBbvKSDFDFGIHIJ�K+LMHIN+O.GIK?Q+RnT6DdTXN=YFQ+r£f~R

f~NS^FGI`�GIHjmSR~LMN-R3YFLXR�OF`]LX_FR"LMR�J3_FOFHIŒa^FRVLMN-N+LX_dR�T/J�GIK+ZMZXR�Z(N?b�DFTMN=Y™QSo�CEO�•"p"pVUuDFTMN=Y™Q[J�N+^FGI`kqARnOFR3˜AL b”TXNS\

LX_FRkLXR�J3_FOdHjŒa^FRkH b~DFTMN?h�HI`FRn`.f"HILX_.K]\�R�LM_FNa`�b”N+TEN+qFLMK+HIOFHIOFe$K]J�N+DaQ.NBb~LX_FR[b”R�LMJ3_FR�`u`FNaJ�^F\�RnO�LELXN]K+`F`

LXNkHjLMZ~JnK+J3_FR?o/pWNkN+qFLMK+HIO$K|JnN+DaQ$N?b�LM_FREb”R�LXJ3_FRn`�`dN�Jn^F\�R�OaLnr�LM_FR-DFTXN=YFQkJ�K+O�HIOFZXRnTXL"K�LMR�R/—3^FOFJ�LMHIN+O�HIOaLXN

LX_FREZXDFGIHIJ�R��/KSZ"DFK+J3m+RnLXZ !AN?f LX_dTXN+^de+_�LM_FR-DFTXN=YFQSr�LM_FR�Q]K+TXREqANSLX_�TXRnGjK?QSR�`�KSZ~HIO]K�OFN+TM\�KSGFpV–"UƒzaDFGIHIJ�R?r

qF^FL"K$J�NSD�Q]N?bWLX_FR�`dK+LXKkHIZ"K+GIZXN$mSR�DFL"HIO�K|GINaJ�KSG�ZXNaJ3m+RnLVqF^���R�TETXR�KSZXZXRn\$qFGIQ$Œ�^dR�^FR?r�J�KSGjGIR�`]LX_FR[ZXDFGIHIJ�R��‡Z

�“’ „������V‰���r*f"_FHIJŠ_]LX_FR[DFTXN=YFQ$K+DdDFGIHjJnK+LXHINSO�J�KSO�TMR�K+`L�cZXR�R[˜Ae+^dTXR �M� o

p"_dR�pV–"UgpWKSDyJ�K+Oyq*R�R�K+ZMHjGIQuHIO�LMR�e+TMK+LMR�`'HIOaLXN.KSOyK+DFDdGjHIJ�KSLXHIN+OuGIK?Q+R�T$•"p"pVU JnK+J3_FHIOFeuDFTXN=YFQuK+Z

b”N+GIGIN?f"Z��

�

R�q|qdTXN?f"ZXRnTXZ/^FZMHIOFeVKEJ�K+J3_FHIOFe-DFTMN=Y™QE˜ATMZXLWJ�NSOFOFR�J�L LXN-LX_FR(DFTMN=Y™Q-KSOF`|LMTXKSOFZX\]HjL�LM_FR�HIT/•"p"pVU

�

�

pgTXRnŒ�^dR�ZXLno }cb"LX_dR|J�KSJ3_FR$K+GITXRnK+`FQ�_FNSGj`dZVLX_dR$TXR�Œa^FR�ZMLXR�` `FNaJ�^F\]R�OaL�r�LX_FRkK+DdDFGIHjJnK+LXHINSO�GIK?QSR�T-DFTXN=YFQ

DFTXN?haHI`FR�Z$LM_FR�`FNaJ�^F\�RnO�Lno }cb�LX_FR�J�KSJŠ_dR.`FNaR�Z�OdN+L$J�NSO�LMK+HIOƒLX_FR�`FNaJ�^d\�R�OaL�r(LX_FRtDFTXN=YFQ'KSDFDFGIHIJ�K+LMHIN+O

J�N+OFOdR�J�LXZ]LXNuLX_FR�ZMR�TXhSR�T�rVZMR�OF`FZ]LX_FR�J�GIHIR�OaL �‡Z��

�

p1TXR�Œa^FRnZXL�N?hSR�TkLX_FR�ZXRnTXh+RnT�J�NSOFOFR�J�LMHIN+O�r"K+Od` LM_FR�O

ZXDFGIHIJ�R�Z]LX_FR�J�GIHIR�OaLlilDFTXN=YFQ K+OF`ƒDFTMN=Y™QSilZXR�TMh+R�T]J�N+OdOFR�J�LMHjNSOFZ�LXNSe+R�LM_FR�T�ogCEZ$LX_FR.TMR�Œa^FR�ZMLXR�` `FK+LMKL!AN?f"Z

LX_FTMN+^FeS_�LM_FR-ZXDFGIHIJ�REb”TMN+\1ZXR�TMh+R�TELXN$J�GIHIR�OaL�rFLM_FR�DFTMN=Y™Q$KSDFDFGIHIJ�K+LMHIN+O�TMR�K+`dZVLX_dR6`dK+LXKkbcTXN+\�LX_FR�LMK+D]K+OF`

ZXD*N�NSGIZ"HjL(HIOaLXNkLX_FR�DdTXN=YFQ � Z(J�KSJŠ_dR?o

�

RtZX^FDFD*N+TML.•"p"pVU �?o ��J�K+J3_FHIOFeƒDFTMN=YFHjRnZ�^FZMHjOde K J�N+\$qdHjOdK+LXHINSO'N?b�pV–"U�pWK+D KSOF` LX_dRxpV–"U

�

R�ZMDFGIHjJnR|NSDAR�TMK+LMHjNSO •	�n•lr�f"_FHIJ3_xKSGjGIN?f"ZEZXR�LMZ�N?b~KSTXqFHILMTXK+TMQ.pV–"U5J�N+OFOdR�J�LXHINSOFZ�LXN�q*R|ZMDFGIHIJ�R�`yLXNSe+R�LM_FR�Tnr

^FOFZXDdGjHIJ�Rn`�r�K+Od`xZMDFGIHjJnR�`xqdK+J3m.LXNSe+R�LM_FR�T�KSe+KSHjO o6}lOy•"p"pVU �?o �?r�LM_FR|JnGjHIR�OaL-\�KSm+R�ZEN+OFRkJ�NSOFOFR�J�LMHIN+OuLXN

LX_FRkDFTXN=YFQSr�K+Od`.LX_FRnOyZXR�OF`dZ�LX_FR$DdTXN=YFQ.\$^FGILXHIDFGIR�•"p"pVU
�

�

p TXR�Œa^FRnZXLXZkN?h+RnT6LM_FK+L-NSOFR|JnN+OFOFRnJ�LXHIN+O o

zaHIOFJ�RVZMN+\]R"N?b LM_FR-TXR�Œa^FRnZXLXRn`.`FNaJ�^F\]R�OaLXZ(\�K?Q�GIK?QkHjO]LX_FREDFTXN=YFQ$J�KSJ3_FR-f"_FHIGjREN+LM_FR�T(\$^FZXL(qAR
b”R�LMJŠ_dR�`

b”TXNS\�LX_FR-ZMR�TXhSR�T�r�LX_dR�DFTXN=YFQ$^FZMR�ZVK$ZMDARnJ�HIK+G�pV–"U pWK+D]LXN$LMR�TX\]HjOdK+LXRELX_FR[J�N+OFOdR�J�LXHINSO.N?bW`FK+LMKJ!AN?f"HIOFe

b”TXNS\‘J�GIHIR�OaL~LMN�DFTMN=Y™QkK+Od`$GjHIZMLXR�O]LXN�LM_FR6•
p"pVU��

�

pƒTMR�Œa^FR�ZXLMZ�o"}cb�LX_dRVTXRnŒ�^dR�ZXLMR�`�`FNaJ�^F\�RnO�L HjZ OFN+L(HIO

LX_FREJ�K+J3_FR?rFLM_FRVDdTXN=YFQ$ZXR�Od`FZ"LX_FR��

�

pƒTXRnŒ�^dR�ZXLEN?h+R�T/LM_FRVJnN+OFOFRnJ�LXHIN+O�LMN�LX_FREZXR�TMh+R�TnrFb”RnLXJ3_FHIOFekLX_FRE`FNaJ3i

^F\�R�OaLWK+Od`�^FZMHjOde�K�LXKSD$LXNkJ�K+J3_FREHILXZ(J�N+OaLXRnO�LMZ~KSZ~`dR�ZXJ�TMHIqAR�`�KSqAN?hSR?o/}cb�LX_FRETXR�Œa^FRnZXLXRn`�`dN�Jn^F\�R�OaL/HIZ(HIO

LX_FR"J�KSJ3_FR?raLX_FREDFTXN=YFQ�^FOdZXDFGIHIJ�R�Z/LM_FRVZMR�TXhSR�TlilLXNBi DdTXN=YFQ|`dK+LXK-J�NSOFOFR�JnLXHIN+O b”TXNS\‘LX_dR"DFTXN=YFQSi LMN?ilJ�GIHIR�OaL `dK+LXK

J�N+OFOdR�J�LXHINSO'K+Od`yZXDFGIHIJ�R�ZkHIO�LMN�LX_FR]DFTXN=YFQSi LMN?ilJ�GIHIR�OaL6JnN+OFOFRnJ�LXHIN+O LX_FR]J�K+J3_FRn`'`FKSLXKFo�
EOFJnR�LX_dR�J�KSJŠ_dR�`

`FK+LMK|HIZ"LXTMK+OFZM\�HILXLMR�`�rFLM_FR-DFTXN=YFQ�TMR�ZXDdGjHIJ�RnZVLX_dR�ZXR�TMh+R�T“i DdTXN=YFQ�J�N+OFOdR�J�LXHINSO�qdK+J3m�HIOaLXNkDFGIK+J�RBo
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4. TCP Tap Implementation
C pV–"U pWKSDxLMK+DFZ-LX_dR$`FK+LMKQ!AN?f"HIOFe�HIOuN+OFGIQ.NSOFR$`FHITXRnJ�LXHIN+OuN+OuK.ZMDFGIHjJnR�`yJ�N+OdOFR�J�LMHjNSO�rWH b"LX_dR$DFTXN=YFQ

K+DFDFGIHIJ�KSLXHIN+O]f"HjZM_FR�ZEJ�N+DFHIR�ZEN?b/LX_dR�`FK+LMK1!AN?f"HIOFekHjO�q*N+LM_.`FHITXR�JnLXHIN+OFZnrAHIL"\$^FZML"J�TXR�KSLXRkLlf~N$pV–"U pWK+DdZ��

N+OFREb”NST~R�KSJ3_.`FHITXR�JnLXHIN+O�o

�

_FR�O'KupV–"UgpWKSD'HIZ|JnTXR�KSLXR�` NSO'K.ZMDFGIHIJ�R�`ƒJ�N+OdOFR�J�LMHjNSO�r~KupV–"U TXR�KSZXZMR�\$qFGIQxŒa^FRn^FR�HjZkZXRnLlil^FD

K+OF`uK+LMLXK+J3_FRn`yLXN�LX_FR]ZXDFGIHIJ�R�`uJ�NSOFOFR�J�LMHIN+OybcN+T-`FK+LMK !AN?f"HIOFe�HIOuLX_FR]ZXD*R�J�H ˜AR�` `FHITXR�J�LMHIN+O�o�p"_dR$DFTXN=YFQ

K+DFDFGIHIJ�KSLXHIN+O-TXRnK+`FZ/`dK+LXKEN+^FLWNBbALX_FR"pV–"UtpWK+D�haHIKVK-TMR�K+`ailN+OdGjQ-ZMN�J3mSR�L�o/p"_FR(ZXNaJ3m+RnL/HIZ \]N+ZMLXGIQVKEOFN+TM\�K+G

pV–"U'ZMNaJŠmSR�L�r*LX_FNS^Fe+_�J�RnTXLXKSHIO�ZMNaJŠmSR�LVNSDFLXHINSOFZ��cZX^FJ3_.KSZ"ZXR�Od`FHIOFe$m+R�RnDFK+GIHIh+R�Z	�(_FK?h+R-OFN$R��•R�JnL�o

p"_dR|qFKSZXHIJ�NSDAR�TMK+LMHjNSO.N?b(K�pWK+D.HIZEHj`dR�OaLXHIJ�K+GWLMN�LX_dK+LVNBb~LX_dR|OFNSTX\]K+G�pV–"U5TXR�KSZXZXRn\$qFGIQ�qd^��•RnT •

�

•lo

CVZ�`FKSLXK !AN?f"Z�LM_FTXNS^Fe+_yLM_FR$ZXDdGjHIJ�RBr `FKSLXK�OFNSL�J�^FTMTXR�OaLXGIQyHIOuLX_FR$TMR�K+ZMZXR�\$qFGIQ.Œa^FRn^FR�HIZ-K+`F`dR�`yHIOyLX_FR

K+DFDFTMN+DFTMHIK+LXR[DFGIK+J�R?oE}cb~N+OFR[R�OF`ailZXQaZXLMR�\ TMR�LXTMK+OFZM\�HILXZE`FK+LMK�LM_FR�LXKSD.Œa^FR�^FRkK+GITMR�K+`FQ�J�NSOaLXK+HIOFZnrANSTVLX_dK+L

_FK+Z-K+GITMR�K+`FQ�q*R�R�OyTMR�K+`ub”TMN+\�LM_FR|LMK+DuqaQ.LX_FRkDFTMN=Y™QtK+DFDFGIHIJ�KSLXHIN+O�r*LX_FR$`dK+LXK]HIZ6TMR�GIK?Q+R�`uLX_dTXN+^de+_uLX_FR

ZXDFGIHIJ�R-LXN$LM_FR-N+LX_dR�TVR�Od`ai ZMQaZXLXRn\.rFqF^FL"HIZ"HIe+OdN+TXRn`�qaQ$LM_FR�LXKSD�o

p"_dR|NSOFGIQ�`FH5��R�TXR�OdJ�R$qARnLlf~R�RnOxK]LXK+DtŒ�^dR�^FRkK+OF`.K]pV–"U TMR�K+ZMZXR�\$qdGjQ]Œa^FR�^FRkHIZVLX_dR�HIT6_dK+OF`FGIHIOFe$NBb

qF^���R�T/N?h+RnT !AN?f-oWpV–"UuTXR�KSZXZMR�\$qFGIQ|Œa^FRn^FR�Z(J�K+O$OFNSL/N?h+RnT !AN?f-r+ZMHIOFJ�RVLM_FR�QkK+TMR"`FHITXR�J�LMGIQJ!AN?fƒJ�NSOaLXTXNSGIGjRn`

K+OF`�LX_dR|NSLX_FR�T-R�Od`ai ZMQaZXLXRn\ ZX_dN+^FGI`.OFNSLVZMR�OF`u`FK+LMK$LX_FKSLVf"HIGIG�OFNSL"˜ALEHjOtLX_FR�TMR�K+ZMZXR�\$qdGjQ�Œa^FR�^dR?o6pWKSD

qF^���R�TXZ]K+TXR�DFKSZXZMHjhSR�GIQyGIHjZMLXR�OdHjOdexLMNypV–"U‘LMTXKB{�J�LM_FK+L !AN?f"Z$qaQyLX_dR�\.oƒp"_FR�Q K+TXR�OFNSL$DFK+TML$N?b-LX_FR

R�OF`ailLXNBi R�Od`Q!AN?fgJ�NSO�LMTXNSG”r*ZXN]LX_FR�Q�\]K?Q$TXR�J�RnHjhSR|\]N+TMR6`dK+LXK$KSLVNSOFJ�RkLX_FKSO�LM_FR�Q.JnK+O._FKSOF`FGIR?r*OFN+TEJ�K+O

LX_FR�QyTMR�Œa^FR�ZML�TXRnLXTXKSOFZX\]HIZXZXHINSOyN?b6`dK+LXKuLX_dK+LkN?h+R�T !AN?f~Rn`�r~ZMHjOdJ�R�LM_FK+L$f(N+^FGI`yhaHIN+GIK+LMR$LX_FR�R�Od`ai LMN?ilR�OF`

ZXR�\]K+OaLXHIJ�Z(N?bWLX_FR�ZMDFGIHIJ�R�`�J�N+OdOFR�J�LMHjNSO�o

}cb(K�pV–"UƒpWK+D�qF^ �•R�T[TXR�J�RnHjhSR�Z-`FK+LMK�LM_FK+LEb”KSGjGIZ"q*R�Q+NSOF`.LM_FR|RnOF`.N?b(LX_FRkqF^���R�T�r£LX_FRkqF^���R�T-`FTXNSDFZ

`FK+LMKkb”TXNS\ LM_FR-b”TMN+OaL"N?b/LX_dR�Œa^FR�^FR�HIO.NSTX`FRnTVLXN$\]K+mSRVTXNaNS\ LMN�_FNSGj`]LX_FRkOFR�f(R�ZMLV`FKSLXKFo"p"_FR[O�^d\$qAR�T

N?b/qaQ�LMR�Z-`FTXNSDFD*R�`.bcTXN+\1LX_dR�b”TMN+OaL"N?b(LX_FRkŒa^FR�^FRkK+TMR�K+`F`dR�`.LXN]LX_FRkLXKSD.qF^���R�T � Z��a’3„'ˆ	� �����X‰	�nr•f"_dHjJ3_

TXR�J�NSTX`FZ _FN?fy\�KSO�QE`FTXNSDFD*R�`|qaQaLXRnZ GIK?Q-q*R�Llf~RnR�O$LX_FR(GIK+ZML�qaQaLXR(N?bA`FKSLXKETXR�KS`|qaQ�LM_FR~DdTXN=YFQ-K+DFDFGIHIJ�KSLXHIN+O�r

K+OF`$LM_FR-q�QaLMRVN?b�`dK+LXK[J�^FTXTMR�OaLXGIQ�KSL~LM_FRV_dR�K+`]N?b�LX_dR6Œa^FRn^FR?o

�

_FRnOFR�h+RnT"LX_FR-e+KSD$J�N+^dO�LMR�T"HIZ/OFNSOai snR�TXNdr

LX_FR�DdTXN=YFQ�K+DFDFGIHIJ�KSLXHIN+O�J�KSO.LXR�GIG£LX_FKSLVLX_dR|LMK+D.qF^ �•R�T-N?hSR�T !AN?f(R�`.KSOF`.`FKSLXK$_FKSZ-qAR�RnOx`FTMN+DFD*R�`�o-p"_FR

LXK+D$ZMNaJŠmSR�L(ZX^FDFD*N+TMLXZ"NSOFRVKS`F`FHILXHIN+OdK+GFZMN�J3mSR�L~NSDARnTXK+LMHIN+O�r������ �	��� 
��
�����*r?f"_FHIJŠ_]K+GIGIN?f"ZWLX_FREDFTXN=YFQkLXN

TXR�KS`�LM_FR-J�^FTMTXR�OaL-h?K+GI^FREN?b LM_FR�eSK+D�JnN+^FOaLXRnT�o

�

K+HIOaLXK+HIOFHIOFe$LM_FR$pV–"U pWK+D.qd^��•RnT|HIZ-K�TXR�GIK+LMHIh+R�GIQ.HIOFR3YFD*R�OFZMHjhSR$N+D*R�TXKSLXHIN+O r�ZXHIOFJ�R$OdN�LMHI\�R�TMZ6KSTXR

TXR�Œa^FHITXRn`$K+OF`�LM_FR"qF^���R�T/HIZW\�KSOFK+eSR�`-K+Z/KEJ�HITXJ�^dGjKST/Œa^FR�^FRBo

�

hSR�O$HIO|LM_FR(DFTXR�ZMR�OFJ�R-NBbA`FTXNSDFD*R�`$DFK+J3mSR�LXZnr

LX_FR.LMK+DƒqF^���R�T]HjZ]e+^FKSTXKSO�LMR�R�`ƒLXN R�h+RnO�LM^FK+GIGIQ'ZMR�R.KyJ�NS\�DFGIR�LMR�J�N+DaQ'NBb�LX_FR.LMTXKSOFZX\]HjLMLXR�`ƒ`FKSLXKdo C

`FTXNSDFDARn`'DFKSJŠmSR�L�ZMHj\]DFGIQ�GjRnK?h+R�ZkK�_FN+GIR$HIOyLX_FR]LXKSDyqF^���R�T|LM_FK+L[f"HjGIG/Rnh+R�OaLX^dK+GIGIQxq*Rk˜AGIGIR�`yf"_FR�O LX_FR

R�OF`ailZXQaZXLMR�\�TXRnŒ�^dR�ZXLMZ6KkTXRnLXTXKSOFZX\]HIZXZXHINSO�o

z™NVGIN+OFe(K+Z£LX_FR(K+DdDFGIHjJnK+LXHINSOVGIK?Q+R�T£DFTXN=YFQEDFTXNaJ�R�ZMZ/J�KSO�TXR�KS`�`FKSLXK"bcTXN+\ LX_dR~LMK+D-qF^���R�TWK+L£LX_FR/K?hSR�TXKSe+R

TXK+LMR-HjL"KSTXTMHjhSR�Z�rabcN+T"h+RnTXQ�GIHILXLMGIRVN?h+RnTX_FR�KS`.LX_dR6DdTXN=YFQ�J�KSO�N+qFLMK+HIO�KkJ�N+DaQ]N?b/LX_FREb”RnLXJ3_FR�`.`dN�Jn^F\�R�OaLno/}cb

LX_FR-ZXDdGjHIJ�R-pWK+D]qF^���R�TVN?hSR�T !*N?f"Z�rF_FN?f(R�h+RnT�rALM_FR-DFTXN=YFQ$\$^FZML~`dR�J�HI`FR�f"_FRnLX_FR�TELXNkJ�GIN+ZMR6LM_FR�LMK+D�qd^��•RnT

K+OF`.KSqFK+Od`FN+OuHILXZ-K+LMLXR�\]DFLVLMN�mSR�R�DuK�J�N+DaQ.NBb~LX_FRkbcR�LXJ3_FR�`y`dN�Jn^F\�R�OaLEN+T-LXN�ZXNS\�R�_dN?fg\�K+mSR-^FZXR$NBb

LX_FRkDFK+TMLXHIK+GW`FNaJ�^d\�R�OaL�o�p"_dR�TXRkK+TMR$ZXR�hSR�TXKSG/DANSGIHjJnHjRnZVK�DFTXN=YFQ�J�NS^FGI`x^FZMR|LMN�J�N+OaLXTMN+GW_FN?fgHIL-\�KSOFK+eSR�Z

LXK+DdDAR�`�J�NSOFOFR�JnLXHIN+OFZno

�

p"_FR|DdTXN=YFQ�J�K+O.TMR�K+`uLX_dR�•"p"pVUƒ`FKSLXK]GjRnOFe+LM_x_FRnK+`FR�T-TMR�LX^FTMOFR�` q�Q�LM_FR|ZMR�TXhSR�T�KSOF`.J�KSJŠ_dR$LX_FR

`FK+LMK|NST"OFN+L"KSZ"HjL(ZXRnR�ZE˜AL�o

�

p"_FR-DFTXN=YFQ�JnK+O�h?K+TMQ$LX_FR-ZXHIs�R[N?b LM_FR�LMK+D�qF^���R�TXZEHIL~J�TMR�K+LMR�Z-K+Z"ZMQ�ZMLXR�\�TMR�ZXNS^FTXJnR�Z�!A^FJ�LM^FK+LMR?o

�

p"_FR-DFTXN=YFQ�JnK+O.^FZMR�K$`FQaOFKS\�HIJVKSGjeSN+TMHjLM_F\�HIO�f"_dHjJ3_�H b/`FK+LMK$K+TXTMHIh+R�Z"LMN�NkbcK+ZXL
b”N+T"LM_FR-DFTXN=YFQ]LXN

ZXD*N�NSG/HILVLMN�`dHjZMm�b”TMN+\ LM_FRkqF^���R�TXZnr/LX_FR$DFTMN=YFQ — ^FZXL�KSqANSTXLMZ6LM_FR$J�KSJŠ_dHjOde�NSDARnTXK+LMHIN+O�o$p"_FHIZ-f"HIGjG

LXR�OF`]LXN-bcK?h+N+TWZMLXN+TMHIOFe�`FKSLXK-b”TMN+\ b”KST/K?f~K?Q[N+T/ZMGjN?fƒZMR�TXhSR�TXZ"HIO$LX_dRVJ�KSJŠ_dR?rFf"_FHIGIR"`FK+LMK-b”TXNS\ b”K+ZML�r

OFR�K+TMqaQ�ZXRnTXh+RnTXZ-HIZ/b”RnLXJ3_FR�`.NSO�R�K+J3_�TXR�Œa^FRnZXL�o��

�

RE_FK?h+REOFN+L ˜AOFHIZM_FR�`�HI\]DFGIR�\�R�OaLMHjOdeVpV–"UypWKSD�Q+RnL�rFqF^FL(HIOFZXHIeS_�LMZ~`dR�TXHIh+Rn`�bcTXN+\�LM_FR-pV–"U'zaDFGIHIJ�R

DAR�T“b”N+TM\�KSOFJ�Rk\�R�KSZX^FTMR�\�R�OaLMZVHIOF`FHIJ�KSLXRkLX_FKSL�LX_FRkDFTMN+qFKSqFHIGjHILlQ�N?b(K�LMK+DuqF^���R�TkN?h+R�T !AN?fgHIZ6Œa^FHILMR$GjN?f-o
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��HIeS^FTXR  -ZX_FN?f"Z(LX_dK+L(HjO$HI`FRnO�LMHIJ�K+G�LMR�ZXLMZ"LX_FREZXDFGIHIJ�RVDdTXN=YFQ$HIZ~NSOFGIQ � �

�

^dLXHIGIHjsnR�`�f"_FRnO�LX_dR6KSDFDFGIHIJ�K+LMHIN+O

GjK?QSR�T"DFTMN=Y™Q]HIZ6–"U $ J�N+OFZMLXTMK+HIOFR�`�oECgpV–"UƒpWK+D�DFTXN=YFQ]J�K+TMTXQaHIOFe�LM_FR�ZXKS\�R-GIN+KS`�K+ZEK$J�^FTMTXR�OaL�KSDFDFGIH i

J�K+LMHjNSO$GIK?Q+R�TWDFTMN=Y™QkZX_dN+^FGI`�KSGIf~K?QaZW_FK?h+R(bcTXR�R-–"U $ JnQ�JnGjRnZ~LMN�`FTXKSHIO$LX_FRELXK+D$qd^��•RnT�ov–(_dN�NSZXHIOFe�K[GjKSTXeSR

LXK+DtqF^���R�T�r"�”R?o‡edojr ���?ZXNaJ3m+RnL6qd^��•RnT�ZXHIs�R � r�f"HIGIG�b”^FTMLX_FRnT�\�HIOFHI\$HIs�RVLM_FRkJŠ_dK+OFJ�RnZ�N?b"qF^���R�T-N?h+R�T !AN?f-o�}lL

f"HjGIGFKSGIf~K?QaZ/q*RVD*N+ZMZXHIqFGIRVLMN|K?hSN+HI`|N?hSR�T !*N?f"Z~qaQ$LX_dTXN+LMLXGIHIOFe�ZMQ�ZMLXR�\�LX_FTMN+^FeS_FDF^FLnrFqF^FL(f~REZX^FZMDAR�JnLVLX_dK+L

LX^FTMOFHIOFe|N �xJ�KSJŠ_dHjOde$HjOdZXLXRnK+`�f"HIGjG�q*R-K+O�N?h+RnTXK+GIG*qARnLXLXRnT6D*N+GIHIJ�QSo

5. Discussion
–(N+\$qFHIOFHIOFe/pV–"UtzaDFGIHIJ�R/K+Od`6pV–"U p KSD�N+D*R�OFZ£LX_FR(D*N+ZXZMHIqFHIGjHILlQEN?bFqF^FHIGI`FHIOFe(KV_FHIe+_-D*R�TlbcN+TX\]K+OFJnR~•"p"pVU

J�K+J3_FHIOFe]DFTXN=YFQSo6p"_FNS^Fe+_uf(R|_FK?hSR�O��‡L"˜*OFHIZX_FR�`uN+^dTVJ�^FTMTXR�OaLkHI\�DFGIR�\$R�OaLMK+LXHINSO�Q+RnL�r�f~RkK+TMR|NSDFLXHI\]HjZMLXHIJ

LX_FKSL/K+O�•
p"pVUuDFTXN=YFQkqF^FHIGIL/^FZXHIOFe[LX_FR�ZMRVLMR�J3_FOFHIŒa^FR�Z"f"HIGIGFN+^FLMDARnTlb”NSTX\�DFTXN=YFHIR�Z/qd^FHIGjL h�HIK-J�NSO�hSR�OaLXHIN+OdK+G

K+DFDFGIHIJ�KSLXHIN+O]GjK?QSR�TVLMR�J3_FOFHIŒa^FR�Zno 
V^dT6TMR�ZX^dGjLMZEb”TXNS\�LX_FRkK+DFDdGjHIJ�KSLXHIN+O]GIK?Q+R�T
˜ATXR�f(K+GIGWD*R�Tlb”NSTX\]K+OFJ�R[\�R�KBi

ZX^FTMR�\�R�OaLMZ/K+GITXRnK+`FQkZX_FN?fƒK�D*N+LMR�OaLXHIK+G™b”N+T/HI\]DFTXN?hSR�\$R�OaL��?pV–"UyzaDFGIHIJ�R"ZMK?h+R�Z(DFTXNaJ�RnZXZXHIOFekJ�QaJ�GIR�Z(K+Z/f(R�GIG

K+Z"qF^���R�TMHjOde�K+Od`�JnGjRnK+TXGIQ�`FR�\]N+OFZMLXTMK+LXRnZVLX_dR�N+DFD*N+TMLX^FOdHjLlQ]LXN$ZM^FDFD*N+TXL-_FHIeS_FR�T"LX_dTXN+^de+_FDF^dLVK+Od`�\]N+TMR

J�N+OFOdR�J�LXHINSOFZ�o

p"_dR6KSJ�LX^dK+G�D*R�T“b”N+TM\�K+OdJ�R-N?b Kk`FR�DdGjN?QSR�`.•"p"pVU DFTMN=Y™Q]`FR�D*R�OF`FZEN+O�Llf(Nkb”K+J�LMN+TMZ��

machine con®guration:
–"U $ ZMDARnR�`�rAJnK+J3_FR-ZXHIs�R?rFqd^FZ~ZMDARnR�`�rF\�Rn\�N+TMQ-ZXHIs�R?r*K+OF`$`FHIZMm|KSJ�J�R�ZMZVLXHI\]R

workload:
ZX\�KSGIGAOa^F\$q*R�T(N?b GIKSTXe+R-TMR�Œa^FR�ZXLMZ-h+R�TMZX^FZEGjKSTXeSR6Oa^F\$q*R�T(N?bWZX\�KSGIGATMR�Œa^FR�ZXLMZ�o

�FNST$KyZXD*R�J�H ˜AJuJ�N+\$qFHIOFKSLXHIN+OyNBb�J�N+Oa˜*e+^FTMK+LXHINSO KSOF`ƒf~NSTXmaGIN+KS`�r~LM_FR.DFTMN=Y™Q J�K+O5R3YF_FHIqFHIL$N+OFR.NBb�LX_FR

b”N+GIGIN?f"HIOFe-DAR�T“b”N+TM\�KSOFJ�R-qANSLXLMGjRnOFR�J3maZ�o~}lO�R�KSJ3_�JnK+ZXRBr•f(R-N+^FLMGIHjOdRV_FN?f pV–"U ZXDFGIHIJ�R-K+OF`�pV–"U pWK+D]J�K+O

TXR�\]N?h+RVLM_FR-qANSLXLMGjRnOFR�J3m*o

�
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LXGIR�OFR�J3m*r/K.pV–"UgzaDdGjHIJ�R i qFKSZXR�` DFTXN=YFQuf"HIGjG K+GIf~K?QaZ-N+^dLXD*R�Tlb”NSTX\wKSOaQ.LlQaDFHIJ�K+G(K+DFDdGjHIJ�KSLXHIN+OuGIK?Q+R�T

DFTXN=YFQSo6}lOuLlQaDFHIJ�K+G
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ZXDFGIHIJ�R"GIK+TMe+R�T(J�N+OdOFR�J�LMHjNSOFZ�o/p"_dRVZXLMTXR�Ode+LX_�NBb•pV–"U zaDFGIHIJ�R"K+OF`]pV–"UupWK+D$HIZ/LX_dRV\�KSOFN+TWHIO$f"_FHIJ3_$LX_FRnQ
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