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CDE FGH EHIF DJ FGH KLMEFHE N OH O PQQ RDF GMRS DLF HTUQPVPF UEHQMWI MRS QMWI X OH O PQQ EMFGHE YPZH [DL M VPEVL PF FD
WLPQS MRS ID\H ILYYHIFHS IFHUI FD \M]H PF ODE] ^ _DL MEH JEHH FD IP\LQMFH MRS FHIF FGH VPEVLPFI MI [DL UQHMIH N
MRS OH O PQQ DR Q[ \ M]H ILEH [DL GMZH SDRH OGMF `I MWIDQLFHQ[ RHVHIIME[ aP ^H ^ FGMF [DL GMZH M ODE]PRY VPEVLPFb ^
cDOHZHE N W H JDEHOMERHS FGMF [DL IGDLQS IFPQQ W H FGDEDLYG PR [DLE SHIVEPUFPDRI PR [DLE QMW RDFHWDD] ^ dGPI
ODE] N OGPQH ID\ HFP\HI FHSPDLI N O PQQ UEDZH PRZMQLMWQH MI [DL FE[ FD EH\ H\WHE SHFMPQI DJ [DLE ODE] MI [DL
SHWLY DE OEPFH [DLE eRMQ EHUDEF ^
fRH DJ FGH \ Mg DE UEDWQH\ I O PFG [DLE EHVHPZHE PI FGMF FGH IPYRMQ PF EHVHPZHI \LIF LQFP\ MFHQ[ W H IFEDRY HRDLYG
JDE FGH hii FD QD V] DRFD ^ dD YHF FGH EMRYH OH RHHS N OH `EH YDPRY FD RHHS ID\ H M\UQPeVMFPDR PR FGH IPYRMQ
UMFG ^ jH VDLQS SD FGPI MF FGH PRULF N WLF MI [DL VMR IHH JED\ QMW  N SHIPYRPRY MR M\UQPeHE MF klmcn PI RDF
FGH \DIF IFEMPYGFJDEOMES DJ FMI]I ^
oR FGH HMEQ[ SM[I DJ EMSPD N p E\ IFEDRY GMS FGPI IM\ H UEDW QH\ YHFFPRY YMPR MF GPYG JEHKLHRVPHI MRS FGHEHq
JDEH PRZHRFHS FGH rILUHEqGHFHEDS[RHSs EHVHPZHE ^ dGPI EHVHPZHE \ PTHI FGH GPYGqJEHKLHRV[ PRULF IPYRMQ N IM[
kl ^tmcn N SDOR FD M QDOHE uPRFHE\HSPMFH JEHKLHRV[ ` aoC b atvv]cnb MRS FGHR M\UQPeHI FG PI QDOHE JEHKLHRV[
IPYRMQ OGHEH G PYG YMPR VMR WH HMIPQ[ DWFMPRHS ^ cDUHJLQQ[N FGPI I[IFH\ IDLRSI JM\ PQPME N IPRVH [DL GMZH IUHRF
FGH eEIF UMEF DJ FGH KLMEFHE WLPQSPRY PF ^
fLE RHTF FMI] PI FD WLPQS MR oC p\UQPeHE FD ODE] MF tvv]cn O PFG M QMEYH YMPR aMEDLRS w Nvvv DE xlSy b ^
jH O PQQ LIH FGH zMFPDRMQ im x x fU p\U JDE FGPI WLPQSPRY W QD V] ^
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CPYLEH  { cDO FGH oC M\U MRS eQFHE eFI PRFD [DLE VPEVLPF

p I [DL VMR IHH JED\ CPYLEH  N FGH oC p\U O PQQ W H FM]PRY FGH DLFULF DJ [DLE \LQFPUQPHE MRS M\UQPJ[ PRY
PF ID FGMF [DLE hii VMR IFPQQ FEMV] [DLE PRULF IPYRMQ ^
j GPQH OH MEH MF PF N OH `QQ MQID WH ULFFPRY PR M RMEEDO WMRSqUMII e QFHE ^ j G[ MEH OH WDFGHEPRY| o\ MYPRH
PJ [DLE RHPYGWDE OMI FEMRI\ PFFPRY M QMEYH IPYRMQ MF kl ^wmcn OGPQH [DL OHEH ODE]PRY MF kl ^tmcn ^ oJ FGPI
IPYRMQ YDF PRFD [DLE I[IFH\ MRS OMI \ PTHS SDOR FD wvv]cn N PF VDLQS UDFHRFPMQQ[ UEHZHRF [DLE hii JED\
FEMV]PRY FGH VDEEHVF IPYRMQ ^ jH O PQQ FGHEHJDEH WLPQS M WMRSUMII e QFHE FD \ M]H ILEH FGHIH LROMRFHS IPYRMQI
SDR `F PRFHEJHEH O PFG DLE EHVHPZHE ^
zDO [DL \ PYGF W H IM[PRY FD [DLEIHQJ N roJ M YMPR DJ w Nvvv PI YEHMF N FGHR M YMPR DJ  Nvvv Nvvv PI HZHR WHFq
FHE }s pRS [DL ODLQS WH UMEFPMQQ[ VDEEHVF ^ cDOHZHE N PJ [DL MEHR `F VMEHJL Q N mLEUG[ O PQQ I\ PFH [DL O PFG DRH DJ
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FOD UEDW QH\ I ^ dGH eEIF PI FGMF IPYRMQI FGMF MEH MQEHMS[ MUUEDUEPMFHQ[ IPnHS JDE FGH hii VMR WH M\UQPeHS W[
HTVHIIPZH YMPR PRFD SPIFDEFHS IPYRMQI ^ dGH IHVDRS UEDWQH\ PI FGH YMPRqWMRSO PSFG DJ [DLE DUqM\UI � PJ [DL FE[
FD PRVEHMIH FGH YMPR FDD \LVG N [DL O PQQ IHH LRSHIPEHS MRS UEH\MFLEH EDQQD� PR FGH \ MYRPFLSH EHIUDRIH ^ p I PF
PI N OH O PQQ W H ULIG PRY FGHIH DUqM\UI EPYGF LU FD FGHPE YMPRqWMRSO PSFG QP\ PFMFPDRI PR FGPI QMW ^ p QFHERMFPZHQ[N
PJ [DL MSS \DEH M\UQPeHEI PRFD FGH VGMPR N HMVG VD\UDRHRF MSSI M VHEFMPR M\DLRF DJ RDPIH FD [DLE IPYRMQ N
SHYEMSPRY [DLE IPYRMQ FD RDPIH EMFPD LRFPQ PFI LRPRFHQQPYW QH W[ [DLE hii ^
mDSHER EMSPDI LILMQQ[ IDQZH FGH eEIF UEDWQH\ W[ VEHMFPRY OGMF PI VMQQHS MR pLFD\MFPV �MPR �DRFEDQ ap�� b
VPEVLPF ^ dGPI VPEVLPF HIIHRFPMQQ[ IM\UQHI FGH MZHEMYH ZDQFMYH DJ [DLE DLFULF MRS FGHR LIHI FGMF IM\UQH FD
VDRFEDQ M I\ MQQ VPEVLPF FGMF VMR W[UMII FGH M\UQPe VMFPDR ^ p QFGDLYG \ MR[ WDD]I GMZH IM\UQH p�� VPEVLPFI N
OH O PQQ RDF W H EHKLPEPRY FGH\ JDE DLE EMSPDI ^
dGH IHVDRS PI M \DEH VD\UQHT UEDW QH\ FD IDQZH ^ oF FLERI DLF FGMF PJ [DL UHEJDE\ MR MRMQ[IPI DJ FGH EHq
QMFPDRIGPU W HFOHHR RDPIH MRS YMPR N [DL OMRF FD GMZH M \DSHIF YMPR LU JEDRF O PFG M VPEVLPF FGMF MSSI ZHE[
QPFFQH RDPIH FD FGH HRFPEH VPEVLPF ^ dGPI PI OG[ iDO zDPIH p\UQPeHE aizp b SHIPYR PI ILVG M VD\UQHT PIILH ^ jH
O PQQ W H EHZPIPFPRY FGPI PIILH RHTF OHH] N MQDRY O PFG FGH UDOHE M\UQPeHE ^
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CPYLEH k { oC p\UQPeVMFPDR MRS CPQFHEPRY
_DLE FMI] JDE FGH OHH] PI FD SHIPYR MRS WLPQS FGH VPEVLPF IGDOR PR CPYLEH k ^ zDFPVH FGMF FGH PRVD\ PRY IPYRMQ

PI MV VDLUQHS N M\UQPeHS W[ FGH RDRqPRZHEFPRY M\UQPeHE N WMRSqUMII e QFHEHS W[ FGH �� � � � � �� � �� VD\WPRMFPDR N
MRS eRMQQ[ M\UQPeHS MYMPR W[ FGH IHVDRS DUqM\U ^ jH ILYYHIF FGH JDQQDO PRY IFHUO PIH UED VHSLEH JDE EHMQPnPRY
FG PI e QFHE�M\UQPJHE {

 ^ ��������� ��� ����� � ! �"��#

$ %&&'��� �� () * + IH FGH , -./01 2334 5334 FD SHIPYR M lqUDQH yLFFHEODEFG CPQFHE aM ^] ^M ^ \ MTP\ MQQ[
6MFb ^ yHYPR O PFG M QDOqUMII e QFHE UEDFDF[U H N FGHR VDRZHEF PF FD M WMRSUMII e QFHE ac PRF { dGH
QDOqUMII UEDFDF[U H PI zfd YDPRY FD W H z7lb ^ jH ODLQS QP]H M VHRFHE JEHKLHRV[ DJ tvv]cn N M
WMRSO PSFG DJ  vv]cn N MRS M EDQQD� DJ lvSy FD HPFGHE IPSH ^ yH ILEH [DL LRSHEIFMRS GDO FGHIH
VDRIFEMPRFI P\UMVF FGH SHIPYR UMEM\ HFHEI PR FGH 2334 5334 aP ^H ^ 8 b ^

$ 9&)&"&��:�""; <) ��'��� * �D\UMEH FGH FDUDQDY[ OH GMZH YPZHR [DL PR CPYLEH k FD FGH FOD
UDIIPWQPF PHI PR FGH 2334 5334 ^ � PZHR FGH OM[ OH VQMIIPVMQQ[ \DSHQ DUqM\UI N OG[ SPS OH VGDDIH FGH
FDUDQDY[ OH SPS| zDFH FGMF HMVG FDUDQDY[ PI I[\\HFEPV N ID [DL VMR EHZHEIH FGH DESHE DJ FGH i�
VGMPRI PR HPFGHE FDUDQDY[ MRS IFPQQ GMZH M ZMQPS e QFHE aOGPVG PI OGMF OH GMZH SDRHb ^
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$ � ��" �&#"� ��"(�� * oR DESHE FD MVGPHZH M UEMVFPVMQ VPEVLPF aP ^H ^ FD YHF ZMQLHI DJ i MRS � OGPVG
MEH MVFLMQQ[ MZMPQMWQH DR FGPI UQMRHFb N [DL \ M[ RHHS FD EHQMT aP ^H ^ FOHM]b FGH WMRSO PSFG EHKLPEHq
\ HRF ^ dGPI PI MVVHUFMW QH MRS N PR JMVF N HTU HVFHS � WLF [DL GMZH FD W H ILEH [DL FOHM] PF PR FGH
EPYGF SPEHVFPDR ^ j GPVG OM[ SPS [DL FOHM] PF N MRS GDO \LVG|

� QH\ HRF �MQLHI JDE m MTP\ MQQ[ CQMF iDOqhMII CPQFHE hEDFDF[U H
z Y  Yk Yt Yl Yw Y�
 k ^vvvv  ^vvvv
k  ^l  lk  ^l  lk  ^vvvv
t  ^vvvv k ^vvvv  ^vvvv  ^vvvv
l v ^x�wl  ^�lx�  ^�lx� v ^x�wl  ^vvvv
w v ^�  �v  ^�  �v k ^vvvv  ^�  �v v ^�  �v  ^vvvv

dMWQH  { a� 	 7  N 
 � 7  z7  FD wb

$ %��#�:��#����: �
) ����:� * pQFGDLYG PF \ M[ WH FH\UFPRY FD UPV] M VGMEMVFHEPIFPV P\UHSMRVH
DJ wv� N FG PI VMR ULF M IFEMPR DR FGH DUM\UI N OGPVG GMZH FEDLWQH SEPZ PRY QDO P\UHSMRVHI ^ jH
EHVD\\HRS [DL LIH M VGMEMVFHEPIFPV P\UHSMRVH PR FGH EMRYH DJ lvv� FD �vv� FD ]HHU FGH DU M\UI
GMUU[N MRS FD ]HHU FGH VD\UDRHRF ZMQLHI EHMIDRMWQH ^ +RJDEFLRMFHQ[N FG PI MQID \M]HI \ HMILEPRY
FGH VGMEMVFHEPIFPVI DJ FGH oC IFMYH M QPFFQH \ DEH SP� VLQF ^

$ �;)��� %�)� * � PRVH FG PI IFMYH PI \ HMRF FD GMRSQH IPYRMQI MEDLRS tvv]cn N FGH W[UMII VMUI
IGDLQS UEHIHRF M I\MQQ P\UHSMRVH MEDLRS FGMF JEHKLHRV[ OGPQH IFPQQ DUHEMFPRY MI VMUMVPFDEI MF
FGMF JEHKHLRV[^ dGHEHJDEH MQQ FGH W[UMII VMUI IGDLQS WH PR FGH EMRYH DJ ^ LC DE ID ^

$ �% ���� ��� �� ��� * zDFPVH FGMF SLH FD FGH W[UMII VMUI PR FGH JHHSWMV] QDDUI OH `ZH YDFFHR
EPS DJ FGH �� YMPR PR FGHIH M\UQPeHEI ^ dGPI PI FD YHF EPS DJ M\UQPe VMFPDR DJ FGH D� IHF VMLIHS W[
RDRnHED WPMI VLEEHRFI MF FGH PRULFI ^ hMEFPVLQMEQ[ MF FGH PRULF DJ FGH eEIF DUM\U N OH OMRF �WPMI
FD W H QMEYH VD\UMEHS FD FGH DLFULF P\UHSMRVH DJ FGH UEHZPDLI IFMYH a �w�� JED\ FGH \LQFPUQPHEb N
ID FGPI RHHSI FD W H DR FGH DESHE DJ  v�� DE ID ^ yLF FD YHF M YMPR DJ  vv DLF DJ FGH M\UQPeHE N �  
RHHSI FD WH EHQMFPZHQ[ I\ MQQ N DR FGH DESHE DJ  �� DE ID ^ dGPI ULFI M \ PI\ MFVG MF FGH PRULFI DJ FGH
DUM\UI MRS VDLQS VMLIH UEDWQH\ I PJ FGMF \ PI\MFVG PI M\UQPeHS MF FGH DLFULF ^ jH YHF EPS DJ FGPI
UEDWQH\ W[ YHFFPRY EPS DJ FGH �� YMPR O PFG FGH W[UMII VMU FD YEDLRS ^

$ !#��(��:; � ��) &��� * jH EHVD\\HRS FGMF [DL IP\LQMFH FGH JEHKLHRV[ EHIUDRIH DJ [DLE e QFHE
LIPRY HPFGHE mpdipy DE c�ho�� ^ oF \ PYGF WH M YDDS PSHM FD SD FG PI O PFG IFMRSMES VD\UDRHRFI ^
aIHH GFFU {��OOO ^IFMRJDES ^HSL�VQMII�HH  tt�UMEFI ^GF\ Qb JDE IFMRSMES VD\UDRHRF ZMQLHI ^

k ^ �(�"� ��� ��� ����� � ! �"��#

C1 L1
C2 L2

Network Analyzer Input Network Analyzer Output

50 50

(RL-50)(Rs-50)

CPYLEH t { yLPQSPRY [DLE oC CPQFHE

$ <&"��#��� 9 �)� * �DQSHE LU FGH e QFHE [DL SHIPYRHS DR [DLE EHVHPZH WDMES aEHJHE FD FGH EDMS\ MU
PR CPYLEH  JDE FGH UEDU HE QD VMFPDR b ^ p QID N W H ILEH OGHR QM[PRY DLF FGH VPEVLPF FD ]HHU PR \ PRS
FGMF FGH eRMQ PRVMERMFPDR O PQQ VDRIPIF DJ  o� aVDRFMPRPRY FGH FOD DUqM\UIb N IHZHEMQ EHIPIFDEI JDE
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IHFFPRY FGH YMPR N MRS MQQ FGH i `I MRS � `I PR FGH e QFHE ^ p I [DL VMR IHH PR CPYLEH t N [DL O PQQ RHHS
FD MVVDLRF JDE FGH wv� P\ UHSMRVH DJ FGH RHFODE] MRMQ[nHE PRULF MRS DLFULF N OGPVG O PQQ M�HVF
FGH VGMEMVFHEPIFPV P\UHSMRVH DJ [DLE VPEVLPF OGHR [DL \HMILEH [DLE VPEVLPF ^ oJ [DL SHIPYRHS JDE
M w v� VGMEMVFHEPIFPV P\UHSMRVH N JDE PRIFMRVH N [DL [DL O PQQ OMRF FD eEIF IDQSHE lxv� aVQDIHIF
ZMQLH FD w v � wv 7 l�v� b EHIPIFDEI OGHEH FGH w v� EHIPIFDEI O PQQ L QFP\ MFHQ[ YD ^ p QID N RDFPVH FGMF
HZHRFLMQQ[ [DL O PQQ OMRF FD W H LIPRY [DLE l ^w� EMPQ MI `YEDLRS ` JDE FGH e QFHE HQH\ HRFI ^

$ � ���&#' ���";��# * zDO N MI] [DLE dp GDO FD LIH FGH RHFODE] MRMQ[nHE aRDF FGH �x k� b FD
VGMEMVFHEPnH FGH JEHKLHRV[ EHIUDRIH DJ [DLE e QFHE ^ yH ILEH FD EHVDES FG PI U QDF PR [DLE QMW RDFHWDD]
MI OHQQ MI FGH QDII VMLIHS W[ FGH PR IHEFPDR DJ [DLE e QFHE ^

$ �
) ����:� � ��:���� * � PRVH FGH RHFODE] MRMQ[nHE MQEHMS[ GMI MR PRFHERMQ IDLEVH MRS QDMS
P\UHSMRVH DJ wv� N [DL IGDLQS MSS MWDLF l�v� al xv� PI M IFMRSMES ZMQLHb PR IHEPHI O PFG FGH
MRMQ[nHE PRULF MRS DLFULF UDEFI ^ dGPI O PQQ MQQDO [DL FD VGMEMVFHEPnH [DLE e QFHE O PFG aEDLYGQ[ b
FGH VDEEHVF VGMEMVFHEPIFPV P\UHSMRVHI ^

$ �% � ������ * yH ILEH RDF FD GDD] LU MR[ UDOHE FD [DLE VPEVLPF MF FGPI UDPRF N MRS MQID W H ILEH
FGMF FGH yz� VDRRHVFDEI [DL LIH FD PRFHEJMVH O PFG FGH RHFODE] MRMQ[nHE MEH YEDLRSHS FD [DLE
l ^w� EMPQ aIPRVH FGMF `I OGHEH FGH e QFHE HQH\ HRFI IGDLQS W H YEDLRSHSb ^

t ^ ��������� ��� ! �#�� ���� <����

$ 9�� �) ��
 ) * fRVH [DLE UMIIPZH e QFHE PI ODE]PRY UEDUHEQ[N PF `I FP\ H FD MSS FGH eEIF YMPR IFMYH ^
iDD] MF FGH SMFM IGHHF JDE FGH DU M\U [DL GMZH VGDIHR MRS SHIPYR M RDRqPRZHEFPRY IFMYH O PFG M
YMPR DJ RHME  vv ^ cDO VQDIH SDHI FGPI ULF [DL FD FGH YMPRqWMRSO PSFG UEDSLVF DJ FGPI M\UQPeHE|
cDO VQDIH FD FGPI QP\ PF SD OH F[UPVMQQ[ QP]H FD DUHEMFH| zDFH FGMF [DL RDF YHF MI \LVG YMPR MI
[DL `S QP]H DLF DJ FGPI IFMYH N SLH FD FGH DUM\U `I PRMW PQPF[ FD SEPZH FGH QDMS ^ dGH IHVDRS IFMYH
IGDLQS WH MWQH FD UEDZPSH HRDLYG YMPR FD VD\UHRIMFH ^

l ^ �(�"� ��� ��� ! �#�� ���� <����

Network Analyzer Output
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Input

CPYLEH l { pSSPRY [DLE eEIF IFMYH W HGPRS FGH e QFHE

$ <&"��#��� 9 �)� * �DQSHE LU FGH DUqM\U [DL SHIPYRHS PR FGH UDEFPDR DJ FGH WDMES [DL EHIHEZHS
OGHR WLPQSPRY FGH e QFHE ^

$ �
) ����:� � ��:���� * _DL O PQQ RDO RHHS FD MSS FGH eEIF DJ FGH P\UHSMRVHq\ MFVGPRY EHIPIFDEI
a	
 b MF FGPI FP\ H adGMF PI N EH\ DZH FGH lxv� aDE HKLPZMQHRFb EHIPIFDE MF FGH PRULF FD [DLE e QFHE
MRS EHUQMVH PF O PFG w v� aDE HKLPZMQHRFbb N WLF [DL SD RDF RHHS FD VGMRYH FGH EHIPIFDE 	� aFGH
EH\ MPRPRY wv� DJ FGH VGMEMVFHEPIFPV P\UHSMRVH PI UEDZPSHS W[ FGH FHIF HKLPU\ HRF ^b

$ �% � ������ * � PR VH [DL O PQQ W H DUHEMFPRY FGH DUqM\UI O PFG �l �w
 EMPQI N [DL O PQQ LIH [DLE l �w

EHJHEHRVH MI `YEDLRS `^ dGPI \ HMRI MQQ IPYRMQI VD\ PRY PRFD MRS DLF DJ FGH oC M\U O PQQ RHHS FD W H
EHqWPMIHS MF l �w
 ^ CDE FGPI EHMIDR N W H ILEH FD LIH M VDLUQPRY VMU MRS WPMI EHIPIFDE MF FGH PRULF DJ
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FGH DUqM\U a�HH CPYLEH lb MI OHQQ MI M yC� MF FGH DLFULF DJ FGH e QFHE aFD UEDFHVF FHIF HKLPU\HRF
JED\ IHHPRY FGH l �w
 WPMIb ^ dGH WPMI EHIPIFDE IGDL QS WH QMEYH VD\UMEHS FD FGH  �w�� aFGH DLFULF
P\UHSMRVH DJ FGH \LQFPU QPHEb N WLF PF IGDLQSR `F WH ID QMEYH FGMF PF VMLIHI M QMEYH PRULF D� IHF ZDQFMYH
aQDD] MF FGH IUHV DR PRULF W PMI VLEEHRF MRS LIH fG\ `I QMO FD eYLEH DLF GDO \LVG D� IHF O PQQ W H
VMLIHS W[ FGH EHIPIFDE [DL VGDDIH q RDFPVH FGMF OH MEH ULEUDIHJLQQ[ \ PI\ MFVG PRY P\UHSMRVHI GHEH ^
�D [DL IHH OG[|b ^ fRVH [DL GMZH PR IHEFHS FGH VDLUQPRY VMUI FD PID QMFH FGH l �w
 WPMI PR [DLE
VPEVLPF JED\ FGH HTFHERMQ VDRRHVFPDRI N [DL `QQ RHHS FD WH ILEH MQQ FGH yz� VDRRHVFDEI FGMF UEDZPSH
FGDIH VDRRHVFPDRI MEH EHJHEHRVHS FD EHMQ YEDLRS a�3/ l �w
 b ^

$ <����" <��� * zDFH FGMF [DLE oC M\U PI SHIPYRHS FD M\UQPJ[ ZHE[ I\MQQ IPYRMQI ^ oR JMVF N O PFG M
YMPR DJ w Nvvv N FGH DRQ[ OM[ FD UEHZHRF PF JED\ EMPQPRY PI FD LIH IPYRMQI DR FGH DESHE DJ \ PVEDZDQFI ^
oR MSSPFPDR N OH OMRF FD IHH GDO PF O PQQ EHIUDRS FD IPYRMQI JED\ M SHVMSH WHQDO tvv]cn FD M SHVMSH
MWDZH PF ^ �MR [DL IHH GDO FGHIH EHKL PEH\ HRFI M�HVF OGPVG QMW HKLPU\HRF OH VMR LIH|

$ %��#�:��#�����&� * + IPRY FGH ch ��vlp QDO JEHKLHRV[ JLRVFPDR YHRHEMFDE PR VDRg LRVFPDR O PFG
FGH DIVPQQD IVDU H N FHIF FGH JEHKLHRV[ EHIUDRIH aYMPR MRS WMRSO PSFGb DJ [DLE VPEVL PF ^ �DHI PF \ MFVG
[DLE SHIPYR| oJ RDF N SD [DL GMZH MR PSHM MI FD OG[| dGPR] MWDLF FGH QDMS MF FGH DLFULF DJ FGH
DUqM\U ^

w ^ ��������� ��� <�:&�� ���� <����

$ � ���� ��� � �) ��� * fRVH FGH eEIF IFMYH DJ YMPR PI PR U QMVH N MSS FGH IHVDRS W[ SHIPYRPRY FGH
IHVDRS RDRqPRZHEFPRY M\UQPeHE O PFG M YMPR DJ  vv ^ dGPI IHVDRS IFMYH IGDLQS W H MSgLIFMWQH N ID [DL
VMR LIH M UDFHRFPD\ HFHE FD EHMQPnH FGH JHHSWMV] EHIPIFMRVH ^

� ^ �(�"� ��� ��� <�:&�� ���� <����
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Input
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CPYLEH w { pSSPRY [DLE IHVDRS IFMYH DR MJFHE FGH e QFHE

$ <&"��#��� 9 �)� * jGHR IDQSHEPRY FGH IHVDRS DUqM\U DR [DLE DUqM\U VGPU N RDFH FGMF [DL O PQQ
RDO RHHS FD MSS FGH VDEEHVF 	 � FD FGH DLFULF DJ FGH UMIIPZH e QFHE ^ cDOHZHE N [DL VMR EH\DZH FGH
yC� FGMF [DL LIHS PR FGH UEHZPDLI IHVFPDR ^ p QID N [DL IGDLQS P\UQH\ HRF 	 � � OPFG M UDFHRFPD\ HFHE
ID FGMF [DL VMR FLRH FGH YMPR MI RHVHIIME[^ hQHMIH EHJHE FD CPYLEH w JDE JLEFGHE VQMEPeVMFPDR ^

$ %��#�:��#�����&� * + IH FGH ��vlp JLRVFPDR YHRHEMFDE FD HTM\ PRH FGH YMPR PR [DLE UMII WMRS N MI
OHQQ MI FGH QDOHEqIPSH EDQQqD� ^ dD HTM\ PRH FGH LUUHEqIPSH EDQQqD� N LIH FGH ��lxp aGPYGHE JEHKLHRV[b ^
j GMF PI [DLE DZHEMQQ YMPR MRS WMRSO PSFG| ayH ILEH FD \ HMILEH FGH MVFLMQ ZDQFMYH MF FGH PRULF
MRS DLFULF LIPRY FGH MVFPZH UEDW Hb ^
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(
 ����:��� "� <����" & � ;&(# � �:�� �# * jH RDO PRFEDSLVH M LIHJLQ
\ HFEPV JDE IHHPRY GDO [DLE EHVHPZHE IFMV]I LU FD DFGHE EHVHPZHEI ^ dGH m PRP\L\ �HFHVFPWQH � PYRMQ
am��b DJ [DLE EHVHPZHE PI FGH I\MQQHIF PRULF IPYRMQ FGMF [DLE EHVHPZHE VMR SH\DSLQMFH ^ dGPI VMR
WH ID\ HFP\HI M ILWg HVFPZH MEYL\ HRF N WLF FOD ZHEIPDRI MEH LILMQQ[ YPZHR ^ fRH PI FGH m�� JDE M
ZDPVH FMQ]PRY ^ dGH DFGHE PI FGH m�� JDE M IPYRMQ FGMF PI MQFHERMFPRY W HFOHHR M  �cn MRS lvvcn
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IPYRMQ ^ oR WDFG VMIHI N FGH PRULF IPYRMQ PI YHRHEMFHS W[ [DLE �C IPYRMQ YHRHEMFDE ^
cDD] LU FGH HRFPEH EHVHPZHE O PFG FGH oC M\U PR UQMVH N \ HMILEH m�� MRS eRS FGH RHO EMRYH
DJ [DLE FEMRI\ PFFHE�EHVHPZHE UMPE ^ CDE FGH IM]H DJ [DLE RHPYGWDEI N U QHMIH W H ILEH FD FLER D� [DLE
FEMRI\ PFFHE MRS IUHM]HEI OGHR [DL MEH RDF FHIFPRY FGH\ ^


