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Final Catalog
 Object Identifier 1
 Object Identifier 2
 Position, right accession 
 Position, declination 
 Error of position, right accession 
 Error of position, declination 
 Proper motion in right accession
 Proper motion in declination 
 Error of proper motion in right accession 
 Error of proper motion in declination 
 Parallax
 Error of parallax
 Photometry in band 1
 Error of photometry in band 1
 log g 
 Metallicity 
 External catalog name 
 External catalog number 

Raw Data
 Window Identifier 1
 Window Identifier 2
 Time Count 1
 Time Count 2
 CCD chip X coordinate
 CCD chip Y coordinate
 CCD chip Number
 Window 
 Time Count  1 for the  Parent Window
 Time Count 2 for the Parent Window 
 CCD chip X coordinate for the Parent Window 
 CCD chip Y coordinate for the Parent Window
 CCD chip number for the Parent Window 

House Keeping Data
 Time Count 1
 Time Count 2
 Onboard Time 1
 Onboard Time 2
 Attitud angle 1
 Attitude angle 1 error

Processed Data
 Window Identifier 1
 Window Identifier 2
 Image Identifier 1
 Image Identifier 2
 Object Identifier 1
 Object Identifier 2
 Amplitude of the image 
 Error of the amplitude of the image 
 Background of the image 
 Error of the background of the image 
 Shape parameter 1 of the image 
 Error of the shape parameter of the image 
 FOV identification
 Preliminary position, right accession
 Preliminary position, declination 
 Position along the Great Circle 
 Error of the position along the Great Circle 
 Reference Great Circle Number 
 Sphere Reconstruction position, right accession
 Sphere Reconstruction position, declination 
 Error of the Sphere Reconstruction position, right accession 
 Error of the Sphere Reconstruction position, declination 
 Sphere Reconstruction Reference Great Circle 
 Pipeline or program number

Window Identifier
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RDSW
 NW1: INTEGER
 NW2: INTEGER
 T1: INTEGER
 T2: INTEGER
 CX: SMALLINT
 CY: SMALLINT
 WT: SMALLINT
 W: VARCHAR(4368)

RDFW
 F1: INTEGER
 T1: INTEGER
 T2: INTEGER
 CX: SMALLINT
 CY: SMALLINT
 W: BLOB

RDCP
 PNW1: INTEGER
 PNW2: INTEGER
 CNW1: INTEGER
 CNW2: INTEGER

PNW1,PNW2
 0..1  NW1,NW2

 n

RDHK
 T1: INTEGER
 T2: INTEGER
 PT1: INTEGER
 PT2: INTEGER
 AA1: DOUBLE
 EA1: DOUBLE

PDPRG
 PRG: SMALLINT
 DSC: VARCHAR(1000)
 VRS: SMALLINT
 RDA: DATE

PDIPS
 PRG: SMALLINT
 NI1: INTEGER
 NI2: INTEGER
 T1: INTEGER
 T2: INTEGER
 WX: INTEGER
 WY: INTEGER
 XE: INTEGER
 YE: INTEGER
 AMP: INTEGER
 AMPE: INTEGER
 BA: INTEGER
 BAE: INTEGER
 SP1: INTEGER
 SP1E: INTEGER

     PRG

 1

CNW1,CNW2
 0..1

 NW1,NW2
 n

PDWI
 PRG: SMALLINT
 NI1: INTEGER
 NI2: INTEGER
 NW1: INTEGER
 NW2: INTEGER

     PRG

 1..n

 1

 NW1,NW2

 1

 0..n

 NI1,NI2

 1

PDIO
 PRG: SMALLINT
 NI1: INTEGER
 NI2: INTEGER
 NB1: INTEGER
 NB2: INTEGER

     PRG

 1

 NI1,NI2

 1
 1..n

PDPRC
 PRG: SMALLINT
 NI1: INTEGER
 NI2: INTEGER
 FOV: SMALLINT
 PALF: DOUBLE
 PDEL: DOUBLE

 NI1,NI2

 

 1..n

     PRG

 1..n

 1

PDGCR
 PRG: SMALLINT
 NI1: INTEGER
 NI2: INTEGER
 GCC: DOUBLE
 GCCE: DOUBLE
 RGC: SMALLINT

 NI1,NI2
 1..n

     PRG

 1..n

 1

PDOR
 PRG: SMALLINT
 NB1: INTEGER
 NB2: INTEGER
 PNB1: INTEGER
 PNB2: INTEGER
 BBF: SMALLINT

     PRG

 1

 NB1,NB2

 1

 1

FDASP
 PRG: SMALLINT
 NB1: INTEGER
 NB2: INTEGER
 ALF: DOUBLE
 DEL: DOUBLE
 EAL: DOUBLE
 EDE: DOUBLE
 MUA: INTEGER
 MUD: INTEGER
 EMA: INTEGER
 EMD: INTEGER
 PAR: INTEGER
 EPA: INTEGER

     PRG

 1

 NB1,NB2
 

 1

FDAPP
 PRG: SMALLINT
 NB1: INTEGER
 NB2: INTEGER
 FB1: SMALLINT
 EFB1: SMALLINT
 FB2: SMALLINT
 EFB2: SMALLINT
 LGG: DOUBLE

 NB1,NB2

 

 1

     PRG

 1..n

 1

RAW DATA

PROCESSED DATA FINAL CATALOG

1..n

1..n

1

1

1..n1 1

1..n

1..n
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@A,�.1032�,�F3ORD�2HCf;=<kC:F3,3,G@A,3t�LGC:;MtMC:6=Op8HsT.:032�F38J2�;=<e����B[6=,3>�Op2HOp;MCJ�=m5}�6=8:2a>�;M,'.1032lC:2H8JF3NE.:8
;=<u.10G2V.12H8B.K.1032�>G@A8J.:C:@ED3FG.1@E;M,�;=<u.:032�C:2a8:L�;M,38:2�.:@AOp2c<q;MC�.:032�816=Op2VCJ2�R�F32H8B.\476=,/D�2�>32H8J4HC:@EDT2a>	6=8
6�8:F3O ;9<��56=F38J8i<qFG,34a.:@A;M,� 

N(t) =

n∑

i=1

e−(t−t0)2/(2 σ2),

gi032aC:2
N(t)

@A8Z6�>3@E8J.1CJ@AD3Fw.1@A;=,�<qFG,34a.:@A;M,�<q;MCQ.:032jCJ2H8JLT;M,G8:2j.:@AOp2=s
t
@A85.1032pC:2a8:L�;M,38J2j.1@EOU2p6=,3>
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σ
@A8V.10G2p>G@A8:L�2HCJ8:@E;M,�;=<e.:032^C:2a8:L�;M,38:2^.1@EOU2^69C:;MF3,G>�8J;MOp2 R�FI698:@�r�8J.16=D3NA2�CJ2H8JLT;M,G8:2^.1@AOp2

t0
� 8J2H2

�o@Et3m £ m £ 6=,3>��cL3L�2H,3>3@ y�|S<q;=C56=,�2zyG6=OULGNA2^;=<k.1032pF38:2p;=<k.1032p>3@E8J.1CJ@AD3Fw.1@A;=,'<qF3,34a.:@A;M,�<q;MCV.:032
>32Y.12HCJOU@E,I69.:@A;M,W;=<P.10G2QLGC:;MDI69D3@ANE@E.-�p;=<P.1032*R�FI6=8J@�r-8B.]6=DGNA2�8:;=NAFG.:@A;M, �zm
+-,��fLGLT2a,3>3@�y'I ge2�>32a8:4HCJ@AD�2H>�.10G2R.12H8B.Vgi03@E4]0�gb6=8�OU6=>32Q.1;WOp276=8JF3C:2l.:032�C:2a8:L�;M,38J2R.1@AOp2Z<q;=C
.10G2VC:2$RdFG2H8J.:8Kgi@E.10�.:032V@E,34HCJ276=8J2�;=<�.1032�,�F3OlDT2aC�;=<uC:;`gi8KCJ2a.1CJ@A2Y_M2H>xmh¢�2V@E,34HCJ276=8J2H>W.1032f,dFGORDT2aC
;=<\C:2Y.1CJ@A2a_=2H>!CJ;�gi8R<qCJ;MO 3A����CJ;�gi8�@E,�.10G2�.1C169,3816=4Y.1@E;M,�F3L�.:; £�£ ? O £ ����C:;`gi8Hm�nK032WCJ2H8:FGNE.�@E8
8:0G;�gi,�@E, �o@AtGm £ mC8Gm��c8Vgb2�4H6=,�8:2a2=s�.10G2�NA@A,G276=C\>32HL�2H,G>32H,34a2^@A8V4a;M,G�ICJOU2a>�@A,�.:032R2YywL�2HCJ@AOp2H,�.
D3FG.V8:03;`gi8�6=8cgb2aNAN?6U_M2aCJ�'DG@Atj>G@A8:L�2HCJ8:@E;M,';=<�.:032l.1@EOU25CJ2�R�F3@ACJ2H>'.:;�C:2Y.1C:@E2a_=2l.1032l>I69.]6j6=C:;MFG,3>
8:;=OU2Q67_M2aC16=tM2QNA@E,32769CK>32HL�2H,3>G2H,34a2=mK+-,	L3C16=4Y.1@E4H25gb2Q476=,	,3;=.cC:2aNE�W;=,	.:0325n\����;M,34a2ZOp27698:F3CJ2H>
69.c8:;MOp2Q,3;w>G2l;=<v.:032Q4HNAFG8J.12aCfD3Fw.fge2l0I67_M2Z.1;U.:C16=4a2Z.:032ZL�2HCB<q;MC:OU6=,34a2Z;9<v.1032Z4HNEF38J.:2HCV69,3>�.:032
4]0I6=,GtM2j;=<K.:032jn\���em?+-,3>G2H2H>xsv.1032U>3@ @T2HCJ2H,34a2jD�2a.-ge2H2H,�.-ge;�NA@E,32769CQ>G2HL�2H,3>32a,34H2a8�4H;M,G8J.1CJF34a.:2H>
;M,�.:032l8:6=Op2Z,3;d>32Qgi@E.10�.1032Z816=Op2ZCJ2�R�F32a8J.5D3FG.c<q;MC\>3@ @T2HCJ2H,�.f.:@AOp2Q@E,�.12HCB_96=NA8 � gi03@E4]0'Op276=,38f6
>3@A@x2aC:2H,�.c,3;d>32Z;`_=2HC:NE;�6=> �KC:2H6=4]032a> ¤ �����Wmi�cL3LT2a,3>3@ y I 8J03;`gi8c.:0I69.c>32H8JL3@E.:2Z.10G2Z>32aLT2a,3>32a,34H2
;=<�.:032RC:2a8:L�;M,38J2R.1@AOp2Q;M,'.1032l,dFGORDT2aCV;=<hCJ;�gi8fC:2a.:C:@E2a_M2a>�@A8ft=2H,32aC16=NENE�	NA@E,3276=CasI.1032R4a;w2��p4H@A2a,�.18
;=<k.1032^NE@A,32H6=CVC:2aN{69.:@A;M,�69C:2^F3,38B.]6=D3NE2^@A,�.1032^4H6=8:2p;=<b6/CJ276=N�4aNAF38B.12aCQNE;�6=>32a>�gi@E.10�6/,�F3ORD�2HC5;=<
6=L3LGNA@A4H69.1@E;M,38am?nK032a;MC:2Y.1@E476=NENE��.10G2fC:2aOU;9.12\,3;w>G2f8:0G;MF3NA>j6=NEgb67�d8b8:0G;�g .:032fNE;M,3tM2aCeCJ2H8:L�;M,38J2f.1@EOU2
4H;=OULI69C:2H>�gi@E.:0�.1032pC:2a8:L�;M,38:2^.1@EOU2R<q;=CV.1032p816=Op2^,�F3ORD�2HC5;=<�CJ;`gi8QCJ2a.:C:@A2Y_M2a>�.1036=,�.:032pNA;d476=N
,3;d>32=mo+-,�L3C16=4Y.1@E4H2b.:032KC:2aOU;=.:2�,3;=.:2�4769,pD�2�ORFG4]0^<X698J.12aCo.1036=,R.1032KNE;w4H6=Nd,3;w>G2�>3F32�.:;56V,dFGORDT2aC
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;=<�<X6=4Y.1;MCJ8 � .1032VOU6=@E,p<X6=4Y.1;MCe@A,p.1032f.:2H8B.�g�698b.1032f;�_=2HCJNA;�6=>j;=<�.10G2VNA;d476=N ,3;d>32\gi@E.10�6=,�2Yyd.:2HC:,36=N
.1;W.:032p|V}K~'�'gb;=C:�w�Ym��c85ge2^476=,�8:2a2�<qC:;MO .1032^2YywL�2HCJ@AOp2H,�.Q6=8Vge2HNAN�s�.1032^,�F3NEN�r-L�;M@E,�.\<q;MCV.:032
NA@E,32769C�C:2aN{69.:@A;M,W4H6=,/DT2Q6=8J8:@At=,32H>/.1;^�H2aC:;3m
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���� % &". %'�#` . a ��/	� b )$ "7������! �� ��&$. b ��� ` �!8��2�� $.0����� ���N�(���
� ^�)$�������� 

¢�2QOU6=>32V.:032�<q;MNANE;`gi@A,3t�698:8:FGOULG.:@A;M,G8H 

• .:032HCJ2�@E8�,3; MJ;M@A,wr�8J.169.12aOU2a,�.^@E,!.1032 R�F32HCB�Mm +-,G>32H2a>�sbge2'6=CJ2	@E,�.12HCJ2H8B.12H>�OU;=8J.1N���@E,#.:0328J2HNA2a4a.Br-8J.169.12aOU2a,�.7s�gi03@E4]0�C:2�R�F3@EC:2a8V.1;W8:2aNA2a4a.5C:;`gi8V<qCJ;MO�2H6=4]0�,3;d>32^6=,3>'.:C16=,38B<q2HCJ8V.1032a8:2
CJ;�gi8K.:;^.:03254H;M,�.:C:;MN�,3;d>329mk�c8iC:2H8JF3NE.Hs

f join ≡ 0 	

• .:032^<q;MC:O�;=<�8:2HNE2H4Y.l<qF3,34Y.1@E;M, f select @A8Z6�8:@EOULGNA2^NA@E,3276=C�>G2HL�2H,3>32a,34H2W;=,�.10G2U,�F3ORD�2HCZ;=<8J2HNA2a4a.:2H>	C:;`gi8
Mi 	
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• .:032^<q;MC:O�;=<b.1032^.1C:6=,38J<q2aCQ<qFG,34a.:@A;M, f transfer @A85NE@A,32H6=C:N��'>32aLT2a,3>32H,�.�;=,�.10G2j,�F3ORD�2HCQ;=<.:C16=,38B<q2HCJ2H>	C:;`gi8f698�gb2aNAN
	

• .:032KC:2a8:L�;M,38J2i.:@AOp2�>3;d2H8�,3;9.�>32HL�2H,G>U>3@EC:2a4a.1N��l;=,^.:032K0I6=CJ>Ggb6=C:2\6=,3>�.:032K4H;MOpORF3,G@A476�.1@A;=,6=CJ4]03@E.:2H4Y.1F3CJ2=mo¢�2�>3;V,G;=.�F38J2K8:;MOp2�6=,36=NE��.1@E476=Nd6=8J8:F3OpLG.:@A;M,38v6=DT;=FG.o.:03@A8?>32HL�2H,3>G2H,34a2\DGFG.
ge250I67_M25.1;p2H8J.:@AOU69.12c.103@E8K>32HL�2H,3>G2H,34a2l>3F3CJ@A,3t�.:2H8J.:8Hm

nK0325NA@E,32769Cb<q;MC:O ;=<?.:03258:2aNA2H4Y.c6=,3>W.1C:6=,38J<q2aCK<qF3,34a.:@A;M,G8\@E8

f select(Mi) = fi Mi

6=,3>
f transfer

j (Mi) = tij Mi.

nP;p�I,G>
Ci

<q;MCK2H6=4]0�,3;d>32
i
gb2Q0I67_M25.1;��INENx.10G2Q<q;MNENA;`gi@A,GtROj6�.1C:@ yW69,3>	.:;�.]6=�92Q.:0325Oj6�yw@EORF3O

_96=NAFG2l<qC:;MO 27694]0�CJ;�g5m5¢�2^6=8:8JF3OU2R.:0I69.�.:032�;ML�2HC16�.1;MC
Ω̂
CJ2a.1FGC:,38�.10G2�Oj6�yw@EORF3O _96=NAF32Z<qC:;MO

27694]0�CJ;�g�;=<P.10325OU69.1CJ@�y�6=,3>	4H;M,�_M2aCJ.:8
[m × n]

Oj6�.1C:@ yj.:;
[m × 1]
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%T<����� �V���7
�� �����S�P /�S2��0�@
%T����0�����C�0�&�
-
��
G4R	Z'O������"%�/�/��
 �B���:"%���C
��K
%T6����� �V���72���L������G"%� T  /��10���C
��,�C	 	���
G4W�,8����/��� L������ST 
�� ����� LC
B1G"%L*��
B-/�
H
TCF (Nrec) = A0

0 + A0
1 Nrec

M �U���/�C1���L������OT 
��R�����S���0��
����S��
B-/�NH
TCF (Nrec) = A1

0 + A1
1 Nrec

M � 	��
�
�*"%2/LC���R'�E('

C =




C1

C2mmm
CN


 = Ω̂




f1 M1 (f2 + t2N ) M2 · · · (fN + t1N) MN

(f1 + t21) M1 f2 M2 · · · (fN + t2N) MNmmm mmm mmm mmm
(fN + tN1) M1 (f2 + tN2) M2 · · · fN MN


 ,

C = Ω̂(F + T)M,

gi032aC:2���OU69.1CJ@�y�@A856/>3@{69tM;M,I6=N?Oj6�.1C:@ y�gi@�.10
fij ≡ fi

su@E<
i = j

su6=,3>
fij ≡ 0

su@�<
i 6= j

m^nK032
OU69.1CJ@�y

F + T
@A8h6V.1;d;MNd.1;5>32H8J4HCJ@AD�2i.:032K8J.169.12i;=<�.10G2K4HNAFG8J.12aCk6=,3>�.1;5L3CJ2H>3@E4a.�.10G2�.1@AOp2�CJ2�R�F3@EC:2H>

.1;^CJ2a.1CJ@A2Y_M2
M
CJ;�gi8i<qC:;=O(6=,��W4a;M,�.1C:;=N�,3;w>G2=m

8>O



M1 M Mi N

f f f1 i N

t 1i

t 1N

NODE 1 NODE i NODE N

�o@AtMFGC:2 £ mC5G R����� �:"%����� �X"%�/�/��
&"�1�����
?�����@-/�
	�10�����/���C
��X
%T �����@10L� �	����0�G'

+-,�.1032^47698:2p;=<b.:032^NA;d476=N?>I69.]6/C:2Y.1CJ@A2a_96=N?gb2p0I67_M2
fi
s?@E,�.:032^476=8J2U;9<e.:032^>I69.]6/L3NA6=4H2a>�;=,�.:032

,3;d>32
j
6=,3>'.:032RC:2$R�F32H8B.Qgb6=8�OU6=>32l69.V.10G2R,3;d>32

j
gb2�036`_=2

tij
m��IC:;=O .:032RL3CJ2a_d@A;=F38Q�w2H4Y.1@E;M,

6=,3>W�cL3L�2H,3>3@ y/|�ge256=8:8JF3Op2H>	6 �56=F38:8J@{6=,�<q;=C:O[<q;MCb.:032V>3@E8:L�2HC:8J@A;M,WNA67g�<q;MC�D�;=.10�4a;w2��p4H@A2a,�.18
fi

6=,3>
tij
m�nK032Z,I69.1FGC16=N�gb6`�/@E8\.:;U2a8J.:@AOU69.125,3;=.\;M,GNE�W.10G2ZOU69.1CJ@�y

F + T
DGFG.c.:032Q>3@A8JLT2aC:8:@E;M,

OU69.1CJ@A4H2a8
δF
69,3>

δT
mW+�<e.1032UOj6�.1C:@ y

F + T
>32H8J4HCJ@AD�2H8Z.:032jD�2H036`_d@E;MC5;=<�.10G2U4aNAF38B.12HCQ<q;MC�.1032

8:2aNA2a4a.12a>p|V}K~'�Ts9.1032�>G@A8:L�2HCJ8:@E;M,ROU69.1CJ@A4H2a8o>32a8:4aC:@AD�2�.10G2�@A,38B.]6=DG@ANA@�.-��;=< .10G2�4HNEF38J.:2HCvL�2HCB<q;MC:OU6=,34a2
>3F32�.:;^.:0325;`_M2HCJNA;�69>�;=<P.10G2Q4aNAF38B.12aC\D��W;9.1032aCi.16=8:��8am

����� �
	�� � !$.�!�� %�� 
�� �����$��� !$. )+	�� � %��"� ��� )+	�� ��� �<)H���
�����0!�.���% �
	���
�%*)H!�� .��

nP;i�3,3>Q6=,5;MLG.1@EORF3O >I69.16K>3@A8B.1C:@ED3FG.:@A;M,��
opt

ge2h0I67_M2�.1;iOp@A,3@EOU@E�H2�.1032�� �
C = Ω(F + T)M

�Ym
nK032 E¡Op@A,3@EOU@E�769.:@A;M,���>3;w2a8e,G;=.kOU2H6=,�s�.10I69.e6=NENIOU2aORD�2HC:8h;=<x.1032�� ORF38B.eD�2\OU@E,3@AOU6=N s9D3FG.k.10I6�.
.10G2���ORF38B.c@E,34HNEF3>32

Ci

8:;�.:0I69.i.1032aC:25@A8K,G;
Cj

 
Cj < Ci

m�¢�2Q6=CJ2�NA;d;M��@A,3tR<q;MC�.:0325OU@E,3@AOlF3O
;=<��UsTgi0G2HC:2H6=8�27694]0�Op2HOlDT2aCf;=<�.:032ROU69.1CJ@�y�� @A8V6�OU6�yw@AOlF3O ;=<�.10G2R4H;MCJC:2a8:L�;M,3>3@E,3tWC:;`g ;=<
.10G2lOU69.1CJ@�y�� ����� �!�[ 

Ci =
OU6�y

j(fi + tij) Mi

m\nK0G@A8f@E8\.:032lOp@A,G@AOU6�yWL3CJ;MD3NE2HO @A,	.1032Z476=8J2
;=<P.103258B�w8B.12aO ;9<o2$RdF369.1@E;M,38 � 8J2H2P/ �dF3��0I6=C:2Y_�s+3657875 P �Ym
nugb;�<q276�.1F3CJ2H8K;=<u.10G2�n\����69C:2�6=DGNA2f.:;�C:2H>GF34H2V.:032�4H;MOpL3NE2Yyw@E.-�U;=<u.1032�LGC:;MD3NE2HO	 ?.:032H8J2Z69C:2f.:032
4H;=,38J.16=,�.c,�F3OlDT2aC\;9<oCJ;�gi8ige2Q036`_=2Q.:;^>3@A8B.1C:@ED3FG.:256=,3>/.10325NA@E,32769Cb<q;MC:O ;=<?2�R�FI69.:@A;M,38am
E�2a.�FG8R8:F3LGLT;M8J2=sh.10I6�.lge2W0I67_M2�.1;�>3@A8B.1C:@ED3FG.:2/~ C:;`gi8R;=<\2$RdF36=Nb8J@A�H2�6=OU;=,3t'�#"%$!&('*),+.-*"�/10
,3;d>32H8amj¢�2U8J@AOpL3NA@�<��	.:032pL3C:;MDGNA2HO�.]6=��@A,Gt

(fi + tij) ≡ 1
<q;MCQ6=,��

i
6=,3>

j
mjnK03@E8ZOp2769,�.:0I69.

.10G2HC:25@E8K,3;U>G@ @T2HC:2a,34H25D�2a.-ge2H2a,�.10G2QNE;w4H6=N�6=,G>	CJ2HOp;=.12�>369.]6^C:2Y.1C:@E2a_96=N�m
�324"65879"%: ;.<bnK0G2\>G@A8J.:C:@ED3FG.1@E;M,R;=<�~ C:;`gi8k6=OU;=,3tJ��2�R�F3@�_=69NA2H,�.h,3;d>32a8hgi@�.103;=FG.h8:L�2H4a@E�I4H69.1@E;M,
;=<h.10G2�4H;M,�.1CJ;MNv,3;d>32 �>=*?.@ ACBEDGFHAIFHJ1KML�@ONPB9=Q@�KRFH=SFML�@O=TLVUS@OW9FHAX?,FHWH@Y=*?.@[Z\FHNP@�L�@]ZQ^.B9J,ZE@�=_U`NP@ �c@E8
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tM@�_M2H,�D���.10G2�8:;MNEFG.1@E;M,�;=<K.1032jOU@E,3@AOU6�y�LGC:;MD3NE2HO
Mmin =

Op@A,
i

OU6�y
jMj

@E,�.1032U476=8J2�;=<K.:032
F3,3@�<q;MC:O >3@A8B.1CJ@AD3FG.:@A;M,

Mj = M/N
m

� 795 5��G<-E�2a.\F38i8:F3LGLT;M8J2Q.:0I69.K.:0325nK032H;MCJ2HO 35@A8KgiCJ;M,3t3s3@�m 29mEs ∃Mi : Mi < M/N
mk}bFG.7s36=8K.1032

,�F3ORD�2HC�;=<kCJ;�gi8�.:;W>3@A8B.1C:@ED3FG.:2R@A8f�wyG2a>� 
Mi +

∑N
j=1,i6=j Mj = M

s ∃Mk : Mk > M/N
s�.:0I69.

4H;=,�.:C16=>G@A4a.:8Kgi@E.10W.:0325OU@E,3@AOU6�ypC:2$R�F3@ACJ2HOp2H,�.
Mi =

OU6�y
jMj

m
2

�I;MC�6b.:C16=,38J@E.:@A;M,V.:;�.1032�4H6=8:2h;=<d,3;M,dr-03;MOp;MtM2a,32H;=F38�,3;d>32H8�ge2hF38:2k6�8:@EOULGNA2ot=2H;MOp2a.:C:@A4H6=NM69,I6=NA;=t=�MmE�2a.bF38�8:FGL3LT;=8:2f.:0I69.bge2V0I67_=2f.1;R8J2a.i6QLT;=@A,�.�@E, �ir�>3@AOp2H,G8:@A;=,I6=NI8:L36=4H2V8J;3sw.:0I69.k.1032fOj6�yw@EORF3O
4H;=OUL�;M,32a,�.o;=<I@�.18P4H;d;MC:>3@E,I69.:2k;9<3.1032eLT;=@A,�.?gi@ENAN�CJ276=4]0^6\OU@E,3@AORFGO�s�6=NEN�4H;d;MC:>3@E,I69.:2H8?6=C:2kLT;=8:@E.:@E_=2
6=,3>�.1032R8JF3O ;=<k6=NANu4a;w;MCJ>3@A,369.12a8fORF38B.VD�2R2�R�FI69N?.1;W~�mT+�.V@A8fLGC:;`_M2a>�@A,'nK032a;MC:2aO�3=sT.10369.f.:032
L3CJ;MD3NA2aO @E8�8:;MN�_M2a>�@�<?2H6=4]0	4H;d;MC:>3@E,I69.:2V@A8

M/N
mhnK03254H6=8:25;=<u.10G2Q,G;M,wr-0G;MOU;=tM2H,32a;MF38K,3;d>32a8K@A,

;MF3C?6=L3LGC:;�6=4]0l;=< NA@E,3276=Cu>32aLT2a,3>32a,34H2K;=<G.1032eC:2H8JLT;=,38:2b.:@AOp2h;M,l.10G2b,�F3ORD�2HC?;=<IC:;`gi8?4H;MCJC:2H8JLT;=,3>38
.1;Z.1032cNA@A,G276=C�.1C:6=,38B<q;MC:OU69.1@E;M,p;=<u;M,32c4H;d;MC:>3@E,I69.:2c8B�w8B.12aO .1;l6=,3;=.:032HCe;M,329m�nK032V4H;d;MCJ>3@A,I6�.12

Migi@ANENxD�2�.1C169,38J<q2aC:2H>/.1;^.10G2Q4a;w;=C:>3@E,I69.12
M̃i = (fi + tij) Mi

�
j
@A8��Gyw2H>I�Ym

�324"65879"%: � <	nK032p>3@A8B.1CJ@AD3FG.:@A;M,�;9<i~ CJ;`gi8l6=Op;M,3t �[,3;d>32H85gi@E.:0�.:032U4a;M,�.1CJ;MNh,3;w>G2
j
6=,3>

OU69.1CJ@�y
F + T

8169.:@A8J�32H8K.10325Op@A,3@EOj6�yj8J;MNAFw.1@A;=,W@A,W.103254H6=8:2
Mi = 1

PN
k=1(fij+ti)/(fkj+tk)

M
m

� 795 5��G<V+-,�.10G2Z4H6=8:2Z;=<�8J�d8B.12HO ;=<�NE@A,32H6=CK2�R�FI6�.1@A;=,38cge2l0I67_=2l.10325.1C:6=,38B<q;MC:OU69.1@E;M,W.1;p.1032Z,32ag
4H;d;MCJ>3@A,I6�.12f8B�d8J.12aO gi@�.10W4H;d2 �p4a@A2H,�.:8K;=<�.1032

F + T
OU69.1CJ@�yj6=8�4a;w2��U4a@A2a,�.:8�;=<u.1C:6=,38B<q;MC:OU69.1@E;M,�m

+-,3>32a2H>�sT.1032R,G2ag _96=NAF32a8f;=<�.:032
M̃i

<q;MCf2H6=4]0�,3;d>32R69C:2
(fij + ti) Mi

gi032aC:2 Mc@E8V6jLGC:2H8J2HNE2H4a.:2H>
4H;=,�.:C:;MN�,3;d>329monK032e8:F3O ;=<3.:032k,dFGORDT2aC?;9<IC:;`gi8o@E,Z,G2ag#4H;d;MCJ>3@A,I6�.12h8J�d8J.:2HO gi@ANEN�DT2 ∑N

i=1((fij+

ti) Mi)
6=,3>�.10G2k,G2ag�;=LG.1@EORF3O >I69.]6KL3NA6=4H2aOU2a,�.u@A,�47698:2h;=<d.1032hOp@A,3@EOj6�y\8J;MNAFw.1@A;=,�@A8 ∑N

i=1((fij+
ti) Mi)/N

<q;=Cp2H6=4]0 ,G;w>329m nK032�F3,3@�<q;MC:O >3@A8B.1C:@ED3FG.:@A;M,#;=<c.1032/C:;`gi8U@A,!.1032	,32Yg 4H;d;MC:>3@E,I69.:2
8J�d8B.12HO OU2H6=,38

(fkj + tk) Mk = (flj + tl) Ml)
<q;MCl6=,��

k, l
m��b;=ORD3@A,G2H>�gi@E.:0�.1032jOU@E,3@AOU6�y

8:;=NAFG.:@A;M,/6=,G>�nK032a;MC:2aO 3Ms3.:03@A8�gi@ENANxNE276=>/F38K.:;
Mk = 1

P

i(fkj+tk)/(fij+ti)
M
m
2

����� 	 �<)H!�� % )H!�� . ��� )+	���� %*!�.

�K4H4a2HLG.:@A,3t^.10G2�OU2Y.103;d>/;=<o>369.]6�L3NA6=4H2aOU2a,�.iLGC:;ML�;M8:2a>	6=DT;`_=25ge2Q476=,/27698:@AN���2a8J.1@EOj6�.12f.:032�.1032zr
;MCJ2a.1@E476=N t�69@A,j;9<�.1032V,G2ag OU2Y.103;d>�mv+-,j476=8J2V;=<P6lF3,G@E<q;MCJO[>I69.]6ZL3N{6=4a2HOp2H,�.�;9<?~�C:;`gi8b.:032f.1@EOU2
C:2$R�F3@ACJ2H>/.1;^C:2Y.1C:@E2a_=25.:0325>I69.16^@E8itM;`_M2HCJ,32H>�D���.103258JNA;`gb2a8J.c,3;d>32=m

t �
	 	 �
��� � =
M

N
max

i
(fij + tj),

gi032aC:2�MK@E8b.10G2�L3C:2a8:2HNE2H4Y.12H>�4H;M,�.:C:;MN�,G;w>329m�+-,W.1032547698:2�;=<P.1032�;=LG.1@EORF3OS>I69.]6R>G@A8J.:C:@ED3FG.1@E;M,j.:032
C:2Y.1CJ@A2a_96=NT.1@AOp2f<q;MC�.:03254H;M,�.:C:;MN�,3;d>325@A8

topt = Mj tj =
M

tj
∑

i 1/(fij + ti)
tj =

M∑
i 1/(fij + ti)

,

6=,3>/.10G2QtM6=@A,W@E8

∆t = M (
maxi(fij + tj)

N
− 1∑

i 1/(fij + ti)
)
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nK032aC:2�69C:2U6�,�F3ORD�2HCQ;=<b.16=8:��8Qgi03@A4]0�4H6=,�D�2p8:;MN�_M2H>�gi@E.:0�.10G2UF38J2j;=<bn\��� 6=,3>�.1032pOU69.1CJ@�y
F + T

sw.1032Y�Wgi@ANANTDT25CJ2a_d@A2Ygb2a>�@E,/.:032�<q;MNANE;`gi@A,3t3m


�� � ��
 � 6"���#` )�` *O)�` 3�. � ��8 *O�-,$.0/
nP;��I,3>#6=,�;MLG.1@EORF3O�,�F3ORD�2HCZ;=<i,3;d>32H8Q.1;'D�2jFG8:2H>!@E,�.10G2j4HNEF38J.:2HClge2�4H6=,�F38J2�8:@EOUL3NE2p6=,3>
C:2H6=8:;=,I6=D3NE2QCJ2�R�F3@EC:2HOp2H,�.:8H ege2Q@A,38B.]6=NEN�6p,G2ag ,3;d>325@E<P.10G@A8i@AOpL3C:;`_=2H8K.1032QC:2a8:L�;M,38J2Z.1@EOU2f;=<o.:032
C:2$R�F32H8B.7m Eu2Y.KF38�8JF3L3L�;M8:2V.:0I69.�ge2�F38J256=,�F3,3@�<q;MC:OS>I69.16l>3@E8J.1CJ@AD3Fw.1@A;=,U.10GC:;MF3t=0�.1032V4aNAF38B.12aCHm�+-,
.10G2V476=8J2V;=<�� ,3;w>G2H8�69,3> � C:;`gi8bgi03@E4]0�gi@ANAN D�2VC:2Y.1CJ@A2a_=2H>WD��p.1032VCJ2�R�F32a8J.�.:032f.1@EOU2\C:2$R�F3@ACJ2H>
.1;QC:2Y.1CJ@A2a_=2fCJ;�gi8k8J.:;MC:2a>�69.h.:032fNE;w4H6=N3,3;d>32\@A8

f � ����� � (M, N) = f(M/N)
sw69,3>U.:032\.:@AOp2KC:2$RdFG@AC:2a>

.1;!CJ2a.:C:@A2Y_M2'CJ;`gi8W8J.1;=C:2H> 69.U.1032�CJ2HOp;=.12�,3;d>32�@A8
f ��� � � 
�� (M, N) = f(M, N) + t(M, N) =

f(M/N)+ t(M/N)
sdgi032aC:2

t(M, N)
@A8k6�.1@AOp2KC:2$R�F3@ACJ2H>U.:;Q.:C16=,G8J<q2HCb~ CJ;`gi8e<qC:;=O$.1032\C:2aOU;9.12

,3;d>32i@A,�.10G2c4H6=8:2\;=<1� ,G;w>32a8Hmv¢�2Kgi@ANANG8:F3L3L�;M8J2\.:0I69.h.1032i4aNAF38B.12HCh@E8k4a;MOpL3NA2Y.12HN��l0G;MOU;=tM2H,32a;MF38am
8 £



nK032Z,dFGORDT2aCf;=<vC:;`gi8c.:;�>3@A8B.1CJ@AD3FG.:25@A8i�Gyw2H> � � �zm�+�<�.:032l,G2ag ,3;d>32l@E8f69>3>32H>xs�.:032l,�F3ORD�2HCc;=<
C:;`gi8\8J.:;MC:2a>'69.i2H6=4]0�,3;d>32Q>32H4aC:2H6=8:2a8V6=,3>/.10G2Q.:@AOp2VC:2$RdFG@AC:2a>�.:;UCJ2a.1CJ@A2Y_M25C:;`gi8i<qC:;MO .:032QNA;d476=N
,3;d>32Z6=,3>�<qCJ;MO .:032ZCJ2HOp;=.125,3;d>32Q>32H4aC:2H6=8:2a8�6=8igb2aNAN me+�<oge2lCJ2a.1CJ@A2Y_M2Z6=NAN�CJ;�gi8�� � >G@A8J.:C:@ED3FG.12a>
;`_M2aCi.:03254HNEF38J.:2HC]�b.:032�C:2a8:L�;M,38:25.1@EOU2f@A8K>32Y�I,32H>�D���.103258JNA;`gb2a8J.\;ML�2HC:69.1@E;M, LU.10325C:2aOU;9.12�>I69.16
C:2Y.1CJ@A2a_96=N�sd6=,3>U.:032VCJ2H8:L�;M,38J2f.1@EOU2i@E8

f(M/N)+ t(M/N)
m�nK032cC:2�R�F3@EC:2aOU2a,�.e<q;MCh.1032V;=LG.1@EORF3O

,�F3ORD�2HC5;=<b,3;w>G2H8Q@A8V.10369.5.1032^>I69.16	CJ2a.:C:@A2Y_96=N�69<�.:2HC�.1032U6=>3>�;=<k.1032p,32Yg[,3;d>32^@A8V<X6=8B.12HC�.:0I6=,
.10G2R>I69.16jC:2Y.1C:@E2a_96=Nu<qC:;MO .:032lNE;w4H6=Nu,3;w>G2RDT2Y<q;MC:2Q.1032R6=>3>�;=<v.:032R,32Yg$,G;w>329mVnK03@E8fOp276=,�s�.10I6�.
.10G2Q,G2ag ,G;w>325ORFG8J.\DT2Q6=>G>32H>	@E<

f(M/N) + t(M/N) < f(M/(N − 1)),

.10G@A8K@A8�.:0325C:2$RdFG@AC:2aOU2a,�.c;9<?.:0325;MLG.1@EORF3O ,dFGORDT2aCK;=<v,G;w>32a8Hm
f(M, N)

6=,3>
t(M, N)

69C:2W.1032/4a;w2��U4a@A2a,�.:8j;=<\.10G2�OU69.1CJ@�y ��� �pskDGFG.p@A,!.1032	47698:2/gb2�6=C:2
8J.:F3>G�d@A,Gt�.:032a��6=CJ2/,3;�Op;MCJ2	4a;M,38B.]6=,�.j6=,3>�>32HL�2H,3>�;M,#.1032	,�F3ORD�2HC^;=<VCJ;`gi8UCJ2a.1CJ@A2Y_M2H> � ge2
6=>3;=LG.K.10325CJ2HN{6�.1@A;=,�gi03@A4]0/g�698\>G2H8:4aC:@EDT2a>�@A,	�d2H4a.:@A;M, £ mA3Mm ¤ �Ym
nK0325C:2$R�F3@ACJ2HOp2H,�.\;=<?.:0325;MLG.:@AORF3O ,�F3ORD�2HCi;=<?,3;w>G2H8iDT2a4H;MOp2H8

f(M/N) + t(M/N) < f(M/(N − 1)),

6=,3>/ge2Q,G2HtMNE2H4a.
f(M/N)

�
f(M/N) � t(M/N)

sI8:2H2l�w2a4a.1@E;M, £ mA3Mm ¤ �YmRdi2agiC:@�.1@E,3t�.10325C:2$R�F3@ACJ2Yr
Op2H,�.v;=<G.1032e;MLG.1@EORF3O ,�F3ORD�2HC?;=< ,3;d>32H8Pgi@E.:0Z.10G2�F38:2e;=<I.10G2bL3CJ;MLT;=8:2H>Z<q;MC:O ;=<3.:032b4a;w2��p4H@A2a,�.18
6=,3>	,32Yg�_96=C:@A6=D3NE2H8

y = N
6=,3>

x = M/N
ge25gi@ENAN�036`_=2�.103@E8\CJ2�R�F3@EC:2HOp2H,�.i@E,	6^,G2ag <q;MCJO� 

y−Bf
2 >

Bt
0 − Bf

0

Bf
1

xBf
2 +

Bt
1

Bf
1

xBf
2 −Bt

2 ,

gi032aC:2
Bf

k = Af
k/ ln 10

s
Bt

k = At
k/ ln 10

m�nK032WC:2a8:F3N�.R<q;MCQ.1032j.:2H8B.^4HNAFG8J.12aClgi@E.:0�.1032jF38:2W;=<
_96=NAFG2H8c<q;=C

f(M/N)
69,3>

t(M/N)
<qC:;MO �d2H4a.:@A;M, £ m 3=m ¤ @E8c8J03;`gi,�@A,B�?@At3m £ mA3A�GmcnK032R;MLw.1@AOlF3O

,�F3ORD�2HCi;=<?,3;d>32H8\@A8�.:0325NA@A,G2�@A, �o@At=F3C:29s3@E<uge2Qgi@ENAN�F38J25OU;MCJ2�,3;d>32H8 � .:03258:LI6=4a2Z;`_=2HCi.10325NA@E,32`�
.10G2\CJ2H8JLT;M,G8:2i.1@AOp2�gi@ANENG@E,34HCJ276=8J2=sw6=8�gb2\8:2a2\<qCJ;MO�.:032K.12H8B.e<q;=Cv.1032i>32aLT2a,3>32H,G4H2V;=<�.10G2\CJ2H8JLT;M,G8:2
.1@EOU2f;M,	.:0325,�F3ORD�2HCK;=<o,3;w>G2H8 � 8J2H25�fL3L�2H,G>3@�y��fsIn?6=D3NE2Q�fm 3`�Ym


�� � �\[ � 6"���#` )�` a �� �N� �!4 *O�-,$.
�fOp;M,3ti69NAN=,G;w>32a8�G

Ni H ge2k036`_=2�.1;��I,3>Z6�,3;d>32 N ��� 
 gi03@A4]05.10G2h6=L3L3NE@A476�.1@A;=,cgi@ANEN=F38J2v.1;iC:2Y.1CJ@A2a_=2.10G2�>I6�.]6Gm�nK032�;MLw.1@AOlF3O 4H;=,�.:C:;MNi,3;d>32/@A8^.10G2�,3;d>32Wgi03@E4]0�4H;MCJC:2a8:L�;M,3>38^.1;�.1032	OU@E,3@AOlF3O
C:2a8:L�;M,38J2Q.:@AOp2= 

i
��� 


: Ci ����� =
OU@E,

iCi.


�� � ��� % &".���������)$/ ��8K��&$. a 4�)"/	��. �
+�.Z@A8�@AOpL�;MCJ.16=,�.�<q;MC�.1032p>I69.16	CJ2a.1CJ@A2Y_=69Nv.1;	�=2H2aL!6/8J.]69D3NA2^C:2a8:L�;M,38J2U.1@EOU2�;=,�.:032U4aNAF38B.12aCHmjnP;
6=,I69NE�d8:2j.:032j.:@AOp2jC:2$R�F3@ACJ2H>�.1;�8:2HNE2H4Y.�.1032�>369.]6'69,3>�.1032j>3@A8JLT2aC:8:@E;M,!;=<K.:03@A8Q.1@AOp2Uge2WF38J2/6=,
67_M2aC16=tM2\n\����6�.h8:;MOp2iOU;MOp2H,�.h;=<T.1@EOU2K69,3>U.:032i>3@A8JLT2aC:8:@E;M,p;=<T.:032\n\����<q;MC�.:032K.1@AOp2K@A,�.:2HCJ_96=N
6=CJ;MF3,3>/.103@E8KOU;=OU2a,�.�;=<?.:@AOp2= 

< (F + T ) >{Ri},[t0,t1], δ(F + T ){Ri},[t0,t1].
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nK032K67_=2HC169tM2e_96=NEF32b;=<G.1032en\���'6=,3>l.:032b>G@A8:L�2HCJ8:@E;M,�6=CJ2e4H6=NA4aF3N{69.:2H>Q<q;MCP.:032b.:@AOp2k@E,�.12HCB_96=N
[t0, t1]6=,3> 6�tMCJ;MF3L�;=<�;ML�2HC:69.1@E;M,38 {Ri}

@A,#.1032�6=8:8JF3OULw.1@A;=,�.10369.U.:032	C:2H8JLT;=,38:2�.:@AOp2/>3@A8B.1C:@ED3FG.:2H>
6=CJ;MF3,3>j.:032�67_M2aC16=t=2V_=69NAF32\D��j.10G2J�Q69F38:8�NA67g5mvnK032V>3@E8:L�2HCJ8:@A;=,W6=,3>�.:032V67_M2aC16=t=2V_=69NAF32a8b;=<�.:032
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execute command
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server

insert result to 
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C:2a4H;MCJ>38iC:2Y.1C:@E2a_=2H> F3,3@�<q;MC:O 578 � � 3 � � 3 � 3A��� � � � � ��� �

1 0.220 ± 0.012 0.218 ± 0.008 0.053 ± 0.018
10 0.240 ± 0.006 0.210 ± 0.004 0.049 ± 0.011
102 0.533 ± 0.006 0.217 ± 0.007 0.051 ± 0.012
103 3.738 ± 0.019 0.355 ± 0.104 0.135 ± 0.026
104 34.106 ± 0.122 1.979 ± 0.425 2.396 ± 0.624
105 335.654 ± 0.869 20.612 ± 1.563 22.200 ± 1.101
106 3362.795 ± 8.089 204.174 ± 3.346 216.087± 3.907
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RD
 NW1: INTEGER
 NW2: INTEGER
 T1: INTEGER
 T2: INTEGER
 CX: SMALLINT
 CY: SMALLINT
 WT: SMALLINT
 W: VARCHAR(4368)

PD
 NI1: INTEGER
 NI2: INTEGER
 T1: INTEGER
 T2: INTEGER
 CP1: INTEGER
 CP2: INTEGER
 CO1: INTEGER
 ECO1: INTEGER
 CO2: INTEGER
 ECO2: INTEGER

RDPD
 NI1: INTEGER
 NI2: INTEGER
 NW1: INTEGER
 NW2: INTEGER

 NW1,NW2

 1

 1

 NI1,NI2
 1

 1..n

PDFD
 NI1: INTEGER
 NI2: INTEGER
 NB1: INTEGER
 NB2: INTEGER

 NI1,NI2

 1

 1..n

FD
 NB1: INTEGER
 NB2: INTEGER
 ALF: DOUBLE
 DEL: DOUBLE
 EAL: DOUBLE
 EDE: DOUBLE
 MUA: INTEGER
 MUD: INTEGER
 EMA: INTEGER
 EMD: INTEGER
 PAR: INTEGER
 EPA: INTEGER
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df�43
(1.20 ± 0.32) 10−4 8983 ± 2048�k�43
(2.93 ± 0.65) 10−5 35594 ± 6690�k�(�
(2.54 ± 0.30) 10−5 39850 ± 4270�k� ¤
(1.62 ± 0.26) 10−4 6303 ± 908���43
(4.39 ± 0.60) 10−5 23143 ± 2587���(�
(1.26 ± 0.13) 10−3 804 ± 78��� ¤
(1.85 ± 0.12) 10−3 544 ± 35

n?6=D3NE2�5wm ?w �nK0G2QCJ2H8JLT;M,G8:25.1@AOp2f<q;MC@dc�43Mm

nK0325,�F3ORD�2HCi;=<?C:2a4H;MCJ>38 nK0325C:2a8:L�;M,38J2Q.:@AOp2fgi@E.:0�>3@E8:L�2HCJ8:@A;=,�s38:2a4
1 (8.6 ± 3.0) 10−4

10 (9.95 ± 5.64) 10−4

102 (6.35 ± 10.30) 10−3

103 (5.08 ± 2.71) 10−2

104 1.19 ± 0.33
105 13.10 ± 2.43
106 120.70 ± 10.43
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nK032W>32Y_M2aNA;ML3Op2H,�.�;9<K.1032W|f69.]6���C:;d4H2a8:8J@A,3t��b2a,�.:2HCR<q;MCQ.1032�6=8J.:C:;MOp2a.:C:@A4p8:L36=4H2WOp@A8J8:@A;=,�@A8l6
4HCJ@E.:@A4769Nb.]6=8J� m�nK032	8:F34a4H2H8J8�;MC^<X6=@ANEF3C:2j;=<f.:032	gi0G;MNA2	OU@E8:8J@A;M,!>32aLT2a,3>38U;M,�.:032	ge;MCJ�!;=<f.:032
.1@EOU2zr-4aC:@E.:@A4H6=Nv6=LGL3NA@E4769.:@A;M,38�@E,�.:032U|V�k�fm?�cNA8:;Gs?.10G2j|V�k�$ORFG8J.Z0I6=,3>3NE2j6	0�F3tM2j>369.]6W_M;MNEF3Op2
� FGL	.:; 3Q�h} @A,W.103254H6=8:25;=<��5�c+-���zm
nK032Q|V�k��0I6=8�.1;^CJ2H4H2a@E_=2QC:67g�>I6�.]6l<qC:;=OS.:032Q� ? �fsG.1;^8B.1;MCJ2�C167g 69,3>/L3C:;d4H2a8:8:2a>�>369.]6�6=,G>/.:;
L3CJ;�_d@E>32�6=,�6=4a4H2a8:8V.1;�.:032H8J2�>I69.16U<q;MCfFG8:2HCJ8�;=<h.1032R|V�k� � OU;M8B.V@EOUL�;MCJ.16=,�.c<q;=Cc.10G2RL3@AL�2HNE@A,327�Ym
nK032�NA6=8J.fC:2�R�F3@EC:2aOU2a,�.58JF3L3L�;M8:2a8V.10I6�.Vgb2�036`_=2�.1;�8JF3L3L3N���6j_M2aCJ��<X6=8J.5694H4H2a8:85;=<h.10G2RL3@AL�2HNE@A,32
6=,3>j6=L3L3NE@A4H69.1@E;M,38v.1;Q.1032c>I69.16=DI6=8J2=m�nK032cL3C:2a8:2H,�.:2H>W8J.:F3>G�pg�698b>32a>3@A4H69.12a>U.1;Q.1032c>32a_=2HNE;ML3Op2H,�.
;=<�.:032\4H;M,34a2HLG.b;=<�.:032f|f�e��6=,G>�sd69.e.:032f8:6=Op2\.:@AOp2=sM.1;Q.1032\>32a4HC:2H6=8:2f;=<x.:032fCJ2H8:L�;M,38J2c.:@AOp2i<q;=C
6=L3LGNA@A4H69.1@E;M,38eC:F3,3,G@A,3t^@A,W.:032Q|V�k�fm
�f8i6RCJ2H8JF3NE.HsG.1032V.16=C:t=2a.K;=<�.:032�>32Y_M2HNE;ML3Op2H,�.i;=<u.10G25|V�k� gb6=8�.1032�4]0G;M@A4a2�;=<P4H;MOpLT;=,32H,�.18�6=,3>
8:;=NAFG.:@A;M,38egi03@A4]0�6=C:2Q6=DGNA2V.1;^CJ2H>3F34a2Q.:0325C:2a8:L�;M,38:25.1@EOU29m

� � �$� � 
�� � %*�+� ��� & ���4
���)+� %�.�� � ��.�)"��!$�M
 )H!�� .��

nK032Q4H;M,G4H2HLw.1FI6=NP>32a8:@At=,�;=<?.1032Q|V�k��8J2a.18c6^OU;d>32HN�<q;=Ci.:032�gb;=C:��gi@E.:0	.:032Q>I69.]6p6=,3>�6^OU;d>32HN
<q;MC5.1032U>32a_=2HNE;ML3Op2H,�.�;=<i69L3L3NA@E4769.:@A;M,G8HmWnP;'C:2a>3F34H2U.1032UC:2H8JLT;=,38:2�.:@AOp2^ge2�8J2HNA2a4a.:2H>#6�8J@AOpL3NA2
4HNE@A2a,�. �98:2aCJ_=2HCc6=C:4]03@�.12a4a.1FGC:2 � gi@�.10/.10325>3@EC:2H4Y.\4H;M,3,G2H4a.:@A;M,	;=<P.1032Z6=L3LGNA@A4H69.1@E;M,j.:;p.:0325>I69.]69DI6=8:27�
6=,3>�6�ORF3N�.1@�r�C:;`g >I69.16�C:2a.:C:@E2a_96=N m
nK032WNE;MtM@A4H6=Nh>32H8J@AtM,!;9<\.:032W|V�k�[@A,34aNAF3>G2H8ROU6=@A,GNE��.10G2WNA;MtM@E476=Nh>32a8:@EtM,!;=<K.10G2W>I69.]69DI6=8:29m��f,
@AOpL3CJ;�_=2HOp2H,�.h;=<T.1032iNA;=tM@A4H6=NG>32a8:@EtM,p6=,3>U6QOp@AtMC:69.1@E;M,Z<qCJ;MO$.:032iNA;MtM@E476=Nw8:4]032aOU2i.1;�.:032cLG0��d8J@A4769N
8:4]0G2HOp2l;=<v.:032Q>I69.]69DI6=8:2Z@A8iOU6=>32Q;M,�.:032ZD36=8:@E8c;=<o.1032Q2H8B.1@AOU69.:@A;M,/;=<?.1032Q.1@AOp2�4H;=8J.f<qFG,34a.:@A;M,�m
nK032cL30��w8J@A4H6=N >32H8J@AtM,U;=<�.10G2f|V�k� CJ2a_d@A2Ygi8bL�;M8:8J@AD3@ENA@E.:@A2a8?<q;MCh.1032\>I69.16Q8B.1;MC:6=tM29sw>I6�.]65L3C:;d4H2a8:8:@E,3t
6=,3>�>I6�.]6�Op@A,3@E,3tj@E,�.1032^|f�e�fm�nK0G2�8:;MNEFG.1@E;M,'@A8fDI6=8:2a>�;M,�.1032�8J0I6=C:2a>wr-,G;=.103@E,3tWNA@E,�Fwy�4HNAFG8J.12aC
gi@E.:0W.10325C:2aN{69.:@A;M,36=N d\|V}K~'��m
nK032Q2H8B.1@AOU69.:@A;M,�;9<?.:0325n\����6=,G>	.:0325F38:25;=<?.10325n\����6=NANE;�g .:;p8J;MNE_=2Q6^,�F3OlDT2aC\;9<oL3CJ;MD3NE2HOp8
NA@E�=2V<q;MNENA;`gi@A,Gt3 

• 6�4]03;=@A4H25;=<P.10G2Q;=LG.1@EORF3O ,�F3OlDT2aCK;=<v,3;d>32a8Hs

• 69,	@E,3@E.:@{6=N�>I69.16�>3@A8B.1C:@ED3FG.:@A;M,�<q;MC�.:0325>I69.16Gs
3 � ¤



• 6�CJ2H>3@E8J.1CJ@AD3Fw.1@A;=,W;=<?.:0325>I69.16�<q;=C�.10325;MLG.:@AOp@A�H69.1@E;M,j;=<P.10G2QCJ2H8JLT;M,G8:25.1@AOp2=m
nK032RLGC:;MD3NE2HO ;=<v.:032lOp@A,G@AOp@A�76�.1@A;=,�;=<�.10G2lC:2a8:L�;M,38J2l.1@EOU2Q@A,	.1032Z476=8J2R;=<�.10G2l8:036=C:2a>wr-,3;9.103@E,3t
4HNEF38J.:2HCe@A8e6lL3C:;=D3NA2aO[;=<�.1032c>I69.16ZL3NA6=4H2aOU2a,�.Hmv¢�2c>32a_=2HNE;MLT2a>/6ZL3C:6=4a.:@A4H6=N 8:4]032aOU2f<q;=Ce.10G2f>I69.16
>3@E8J.1CJ@AD3Fw.1@A;=,�mfnK03@E8V8:4]0G2HOp2Rg�6=8fC:2769NA@A�a2H>'@E,�.10G2�|V69.16=DI6=8J2p�d.]69.:@A8B.1@A4l�d�d8J.:2HO � |V}K�G�3�Ysxgi0G@A4]0
Op;M,3@E.:;MC:8h.10G2V8J.169.12V;9<�.1032c4HNAFG8J.12aCK6=,3>WLGC:;ML�;M8:2a8K6=,�;=LG.1@EORF3O >I69.16l>3@A8B.1CJ@AD3FG.:@A;M,xm?nK032V.:2H8B.K;=<
.10G2V|V}K�G�pg�698�Oj69>32c@E,j�c8J.1CJ;M,3;MOp@A8J4]032H8 d\2a4]032H,dr-+-,38B.1@E.:FG.bgi@�.10p.1032cF38:2V;9<�.1032�3A��r�,3;w>G2\NE@A,�Fwy
4HNEF38J.:2HCamVnK032l.:2H8J.V8:03;`gi8f.:0I69.V2Y_M2a,�@E,�.:032R47698:2R;=<�.:032l0G;MOU;=tM2H,32a;MF38V4aNAF38B.12aCc.10G2R>I69.16UORF38B.
D�2QLGC:;ML�2HCJNE��>G@A8J.:C:@ED3FG.12a>/;�_=2HCK.10G2Q,G;w>32a8c;9<?.:03254HNAFG8J.12aCHm
�o@E,I6=NAN��V.10G2bD�2H,34]03OU6=CJ�Q<q;MCP.1032�6=8J.:C:;M,3;=OU@E476=N�>I6�.]6=DI698:2H8?g�6=8oL3C:;ML�;M8J2H>�mvnK0G2�DT2a,34]03OU6=C:�QF38J2H8
.10G2�OU;M8B.�tM2a,32HC:6=NvL3CJ;w4a2H8:8J@A,3tW4]036=@A,�<q;MCf.:032^6=8B.1C:;=,3;MOp@A4769NP>369.]6/6=,3>�2a8J.:@AOU69.12a8f.1032�CJ2H8JLT;M,G8:2
.1@EOU2c<qC:;MOS.1032�.-�dL3@A4H6=N�C:2$R�F32H8B.18f@E,�.103254H6=8:2Q;=<P.1032Q6=8B.1C:;=,3;MOp@A4769Nx>I69.16�L3C:;d4H2a8:8:@E,3t3m
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nK032�<qFG.:F3C:2�ge;MC:�W4H6=,	.16=C:t=2a.K<q;MNENA;`gi@A,3tG 

• 6cL3C16=4Y.1@E476=NdC:2H6=NA@E�769.:@A;M,Q;=<I.10G2K|V�k��<q;MCo;M,G2�;=<I.10G2K6=8J.:C:;M,G;MOU@E476=N �=6=8B.1C:;=OU2Y.1C:@E476=N9OU@E8:8J@A;M,�s

• 69,�69>I6=LG.169.1@E;M,�;=<k.1032^8:;=NAFG.:@A;M,�DI698:2H>�;M,�.1032^NE@A,32H6=Cc<q;MCJO�;=<k.1032�n\��� ;M,�.1032^4H6=8:2^;=<,3;=,wr-NE@A,32H6=Cbn\��� � 6^,�F3ORD�2HCi;=<?C:2a.:C:@E2a_M2a>�CJ;`gi8
Nrows < 103 �Ym

+-,3>32a2H>�s @E,/.:03@A8�ge;MCJ�jgb2QF38J2H>'69,	2zywLT;M,G2H,�.1@A6=N�<q;MC:OS<q;MC�.10G2Q>G2H8:4aC:@ELG.1@E;M,/;=<?.:0325n\���b 

log t(M) = (A0 + A1 exp(−A2 log M)) + log M,

gi032aC:2
t(N)

@A8Z6�C:2a8:L�;M,38:2U.1@AOp2=s
M
@E8R6	,dFGORDT2aCl;=<�C:2a.:C:@E2a_M2a>!C:;`gi8Hm	¢�2U8:F3LGLT;M8J2H>!@E,�.10G@A8

8J.:F3>G��.10I69.
A0 � A1 exp(−A2 log M)

m�+-,�.:03@A8Z476=8J2
t(M) = eA0 M

svgi0G2HC:2
A0 ≡ 4a;M,38J.Hm�c2Y_M2aCJ.10G2HNA2a8:8k@E.o@A8vL�;M8:8J@AD3NE2e.:;�8:;MN�_M2�.10G2KOj69.:C:@ yl2$R�FI69.1@E;M,�s=gi0G@A4]0�g�698�F38:2a>^<q;=Co.1032K>G2H8:4aC:@ELG.1@E;M,

;=<�.:032V4HNEF38J.:2HCasG2a_=2H,/@A,p.1032f476=8J2V;=<u,3;M,dr-NA@E,32769Cen\���bmwnK032V8J;MNAFG.:@A;M,pgi@ANEN�D�2H4a;MOp2f@E.:2HC:69.1@�_M2c6=,3>
ge2Qgi@ENANxCJ2�R�F3@EC:2Q6�476=CJ2a<qF3Nu6=,36=NE�d8:@E8K;=<P.1032��3.J.1@A,Gt�;=<?.:0325L3C:;=D3NA2aO�m
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nK032W4a;M,34H2aLG.p;=<i.1032�|V�k�S>32Y_M2HNE;ML�2H>#@A,�.:032�L3CJ2H8:2a,�.12H>�8J.:F3>G�!4H6=,!DT2/69L3L3NA@E2H>�,G;=.�;M,3N���.:;
.10G2R6=8B.1C:;=OU2Y.1C:@E4Z8JLI6=4a2ROU@E8:8J@A;M,�m\nK032R>369.]6pL3C:;d4H2a8:8:@E,3tW>32a8:4HCJ@AD�2H>'@E,�.10G2l8J.:F3>G��8:F3LGLT;M8J2H8V.:032
.10GC:2H2QNA2Y_M2aNA8i;=<v>369.]6 � .:0325C167g >I69.16�L�.:032ZLGC:;d4H2H8J8:2a>'>I69.16 Lj.10G2Q�I,36=N�4769.16=NA;=t��YmhnK03@E8\8J4]032HOp2
8:FG@E.18�<q;MCp6=,��#8J476=,3,G@A,3t�OU@E8:8J@A;M,!gi03@E4]0�F38J2H8p.1032��K��|�>32Y.12a4a.1;=Cj69.^.:032	<q;d4769NKL3N{6=,G2W;=<f.:032
.12aNA2a8:4H;=LT29mb�d;MOU2c;=<P8:F34]0	Op@A8:8J@A;M,G8�6=CJ256=NACJ276=>G�UNAFG,34]032H> � �G|��3�Tsw<q;MC�2YyG6=OpL3NE2`�b6=,G>/6R,dFGORDT2aC
;=<e.1032aO�gi@ANANo8J.]69CJ.Z@A,�.1032p,32769C:2H8B.Z<qFw.1F3CJ2 � �5�c+-�ls�.10G2 Eu6=CJtM2U�d�d,3;MLG.:@A4j�wF3CJ_=2a��nP2HNA2a8:4a;MLT2 L
/$��� ' - � � ?$?�? � �$�$�=� � <5( B 6=,3>�;9.1032aC:8]�zm�nK032�>I69.16�L3C:;d4H2a8:8J@A,3tW@E,�.1032R6=8J.:C:;M,3;=Ol��D�2H4a;MOp2H8f.:032_M2aCJ�/@EOUL�;MCJ.16=,�.�.]698:� m
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/ �fC:CJ2HtM;d4H2a8Hs �P;MCJ.:;MN{6=,G@ s � ��� ¤ P �cC:C:2atM;d4H2H8�~�m�sj�P;MCJ.:;MN{6=,G@p~�mEsU|V69.16 �b2a,�.:2HC � FG,3>I6=Op2H,�.]69NA8Hs
�b@A8J4H;U��C:2H8J8Hs ����� ¤

/ �fC:8J2H,32Y_ J �e6=�9;�_dNE2a_�s������ 3 P �fC:8J2H, � 2a_W}fm �PmEs �e6=�=;`_dNA2Y_/�Tm �lm�s3+-,�.12atMC169.:@A;M,j;=<�.10325|c@A8J.:C:@ED3FG.12a>
|V69.16=DI6=8J2H8as Eu6=, �Es��Tm r¡�P2a.:2HC:8JD3F3CJt3s ����� 3 � @A,/C:F38J8:@A6=, �

/ }�6=C:,G>3;MC @ r��\@A2aNA8:2a,�J[�b;7yTs"3=575 £ P }b6=C:,3>G;MC @ r��\@A2HNE8:2a, ? m�IKmEsp�b;7y�|lm dQm�s��f8B�dOULG.:;=.1@E4#n?2a4]0wr
,3@ RdFG2H8i<q;MC�.1032 B\8:25@A,��d.169.1@E8J.1@E4H8as �b0I6=L3OU6=,3,	6=,G> Dc6=NAN�s E�;M,3>G;M,�s"3=578>5

/ ni|5� �>8>O�r�� 3Ms ����� � P }b6=8J.:@{6=,<BQmEsc}b@A2aC:OU6=,3,<DQmEs"Dc@ECJ.12��TmEsc+¡|K�V�K K+-,�.12HCB<X6=4H2�|f;d4HFGOU2a,�.W<q;=C
|f+��?���c8J.:C:;MOp2a.:CJ�/6=,G>���@ELT2aNA@A,G2=s �h2aC:8J@A;M,03Mm��Gs3ni|5� � 8>O9r�� 3

/ ni|5� ��� 3Yr�� ?ws ����� � P }b6=8J.:@{6=, BZm�s Dc@ECJ.12��Tm�s�|f+��?�l ��b;=,�_=2HCJ8169.:@A;M,38h69,3> �c;9.]69.:@A;M,38u<q;MCP.1032K}b6=8:@E4
~�;d>32HNG;=< .1032K+-,38B.1CJF3OU2a,�.b69,3>�;=< .1032 I�NE2HOp2H,�.]6=CB�^~�2H6=8:FGC:2HOp2H,�.:8Hs �h2HCJ8:@A;=, 3=m 3Ms=ni|5� ��� 3Yr� ?ws�� ��� �ws

/ ni|5� ��? 3Yr�� ¤ s ����� 3 P }b6=8J.:@{6=,�BZm�s��w4]03@ENADI694]02IKmEs=}b@A2aC:OU6=,3, DZm�s=� ~�;w>G2HN ? DG8:2HCB_969.1@E;M,��d.:C169.:2Ht=�
<q;MCi|f+��?�ls �h2aC:8:@E;M, 3Mm �wsIni|5� ��? 3ar�� ¤

/ nK032l}e2H,34]03OU6=CJ� Df6=,G>3DT;d;M� s<3=5>5 ¤ P nK032l}b2H,34]0GOj6=CJ��Df6=,G>3DT;d;M�j<q;=Cc|f69.]6=D36=8:2a8V6=,3>	nPC16=,38¡r
6=4Y.1@A;=,���CJ;w4a2H8:8J@A,3t'�d�d8J.:2HOp8Hso�w2H4a;M,3> I�>3@�.1@E;M,�s�2H>xm+L=@AO ��C167�=sv~�;=C:t�6=,0:56=FG<qOU6=,3,xsP�G6=,
�IC16=,G4H@A8J4H;3sN3=575 ¤

/ >32Q}b;w2aCK2a.c6=N�mEs � ����� P >32e}b;d2HC�:�m �Tm�s��5@ENAOp;MC:2���m�s�D��Mt5IKm�s�Eu69.:.16=,3�a@d~�m ��m�s�E�@A,3>G2HtMCJ2H,2E�s E�F3CJ@

Rm�sk~�@EtM,I6=CJ> �bm�s�>32�1x2H2aF�g(�Pm n�m�sk�?2HCJCJ�dOU6=,�~�m �lm �fmEsk�o694H2 ? m�s!�5�c+-�l ��b;=OUL�;M8:@�.1@E;M,�s
�I;MC:OU69.:@A;M, 6=,3><Iv_M;MNEFG.1@E;M,�;=<5.:032 �Q69N{6�yd�Mm di2HL�;MCJ.W;=,�.1032��b;=,34H2aLG.�6=,3>�nP2H4]03,3;=NA;Mt=�
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�� � ��� � � t ± σt � ��� � �� �� � �� �

� �� �� � �  ! " # $ % & ' (

1 (3.3 ± 1.7) 10−2 (8.9 ± 26.6) 10−2 (8.1 ± 25.1) 10−2 (8.7 ± 22.8) 10−2 (7.2 ± 20.7) 10−2 (8.5 ± 16.5) 10−2 (7.8 ± 15.7) 10−2 (10.2 ± 14.4) 10−2 (10.4 ± 13.0) 10−2

10 (10.1 ± 0.8) 10−2 (7.8 ± 3.7) 10−2 (8.2 ± 4.1) 10−2 (5.8 ± 3.5) 10−2 (5.4 ± 4.1) 10−2 (8.0 ± 5.4) 10−2 (16.8 ± 6.2) 10−2 (9.7 ± 6.5) 10−2 (11.3 ± 5.6) 10−2

102 (56.3 ± 0.8) 10−2 (34.9 ± 6.0) 10−2 (31.6 ± 3.8) 10−2 (25.1 ± 3.6) 10−2 (17.7 ± 4.0) 10−2 (23.1 ± 7.6) 10−2 (26.3 ± 8.5) 10−2 (31.3 ± 8.0) 10−2 (23.0 ± 5.8) 10−2

103 3.2 ± 1.2 2.1 ± 0.6 2.0 ± 0.4 2.0 ± 0.3 1.9 ± 0.3 1.6 ± 0.2 1.6 ± 0.2 1.5 ± 0.2 1.4 ± 0.1
104 41.0 ± 9.7 31.7 ± 6.1 27.5 ± 4.3 24.3 ± 4.4 21.3 ± 3.9 20.3 ± 3.6 21.2 ± 3.7 21.8 ± 3.5 27.5 ± 3.4
105 330.4 ± 18.6 233.6 ± 18.3 183.3 ± 12.3 158.7 ± 10.6 137.0 ± 13.4 128.2 ± 15.8 125.3 ± 13.4 126.1 ± 12.7 135.4 ± 8.8
106 3093.0 ± 1409.0 1843.0 ± 617.0 1457.0 ± 406.3 1162.0 ± 161.5 1030.0 ± 131.2 962.6 ± 121.5 957.3 ± 117.6 1023.0 ± 101.2 1214.0 ± 92.6
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����������� �"!#�%$&!'�)(*$+(-,/. 0"120��"34$5��,768� $9683:�%� $;!<�%=/> �"0����@?A,4B��%� $;C�$&!<DE,/F !�$G���"H�$IBJ,/C*�%�K$+C�$9LM. $&!'�I,NF
�%�K$OFK,P1 $Q(I� ��68��(I��0"0E>E$R0",N=/12(I������,4�%� $9C5FK,NFPS@1 =4�8=/> =/!�$G(*,NC�3UT

V W � XZYI[]\_^a`

bc� $O�%$&!'�+(-=/!+DKC�,d1 . 6&$91e,NF��%� $f,NF $OF ,d1 $f,4Bg�%� $O0"��FM.Ph�6&0�. !<��$&C5�"F !'�8=/0�0"$&1i��F
j;!<�%C<,NF ,NH��"!<68� $&!kS
lI$&68� $9Fnm@F !<�����%.P�oTpbc� $;1 $&!<6&C���DK�%��,NF2,/Bq�%� $;F ,P1K$+6&,/FKr�sN. C�=4�%��,NF�(-=/!)1K,NF $+��F���� $GD C<$9td�",N.K!*�%$9!<�&T
bc� $
6&0".K!<�%$9C�(-=/!:!<��=/C<$&1�(I������=uFd.KHv>E$9C�,4BR=/D D 0��"6&=4�%��,NF !w. !���F sZ��� $e690". !'�%$9C�BJ,NC�FM. H�$&C���6o=/0
6o=40"6&.K0x=4���",NF !7y{z)|~}5!R=/F 1��%� $A��?dC��"FK$9�QF $��@(-,/C�3e(-=/!Q. !<$&1�>�?�$�hd��$&C�F =/0p=/D DK0"�"6&=4�%��,NF !5> .K�RF ,4�
��=/C<1
1K�"!�3M!5=/F 1iF ,4�5��� $O�g�%� $9C�F $��;FK$9�@(*,NC�3P��T

V W�� XZYI[]\_�i�R\��R���f[�Y

bc� $v��$&!<�R�%=/> 0"$f()=/!Q69C�$&=4�%$91Z=��O=2!��"FKsN0"$fF ,P1K$/�]�%�K$v�8=/> 0�$v!���Hv. 0"=4�%$9!;�%�K$AC%=o(�1 =4�8=2�8=4> 0"$7=/F 1
D 0"=/6&$91���Fi=A!�$&D =/C%=4��$R�Q���2�8=/>K0"$&!<D�=/69$R(I���%�n��F 1 $�hP$9!5��Fi=A!�$&D =/C%=4��$O�Q���2�8=/> 0�$&!<D�=/6&$R=4!)(-$90"0{T

���P�d�/�K���U�4�P���M� ���M���d�P ¡���¢�U�4�K�¤£<¥�¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M  U­ ®��4� ���P�N�¯©P°¢�P�/�K�4©��K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© ºK«��]­]·»­�¼d¼M¼M¼M¼ ¦4§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´4 MºM  M ®��4���N�P�N�¯©P°¢�P�/�K�/© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±�«��q­]·½­�¼M¼M¼M¼d¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M ¶   M ºM  M K�¾
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
¦¢´�� M  dº/¾MÁM¾a´���Ád¶dÂÃ´���´4 dº/¾MÁM¾
§

ÄoÅ�Æ



bc� $IFM. Hv>	$&C~,/B	C�$96&,NC<1 !#�"Fv�%�K$I�%=/> 0�$)�"!
107 !<�"Hv.K0x=4��$&1A!�.K68���%� =4�p�%� $)t4=/0�. $c,/B��5���GC�.KF !pBJC�,NH

� �%,
107 − 1

T

V W�� � Y	��
nYI[�\

bc� $f�
��� !'�8=4��$&H�$&F��
 /¶dµM¶�� M�� ³�L
��� M ¶K  M ºd  M K�¾���¹ ���P� ´P­����d¼¢�4�P��±P­���­�¼M¼d¼M¼M¼M¼
(-=/!7. !<$&1u�%,e!<$&0�$&69�f1�=4�%=���F��%,i�%� $�6&. C<!�,NCf=/F 1uBJ$9��68�Z�%�K$&H �"F��%,
=/D DK0"�"6&=4�%��,NF�� !+t4=/C��"=/> 0�$&!�y �~��!
�%�K$OFM. H7>E$9C5,4B¤C<$&6&,/C�1 !%��T

V W! � YI["
$#�\�[

lI$&!�.K0��%!~BJ,NCp�%�K$5��$&!<�#(*$&C�$;6&,N0�0"$969�%$91�1K. C���F s Ä&% 1�=o?d!*(I���%��=OFM. H7>E$9C*,/Bq. F 3MF ,¬(IFi=/D DK0"�"6&=4�%��,NF !
C�.KF F �"FKs ,NF½�%� $�F ,d1 $4T�bc� $�C<$&!�.K0��%��F s C�$9!�D	,NF !<$����"H�$
BJ,NC��%� $�!<$&0"$969���",NF�,/B

107 C<$&69,NC�1 !i��!
133.3 ± 36.4

!�$96&,NF 1K!&T j;!AF ,NFPS 1�=4�%=/>�=/!<$n=/D D 0��"6&=4�%��,NF !OC�. F BJ,NCf1�=o?P!
y (I� �"68� ��!7�%� $nFK,NC�H�=/0
!����%.�=��%�",/F:BJ,NC-��� $R�+m!' j�(4jG�e�*) ��Fn6o=/!<$Q,/B�!���=4C�$&1�6&0�. !<��$&C%�#(-$R��=ot/$f=��c0"$&=/!<� Ä+� Ld. =/!�� S@!<�%=/> 0�$
!�,/0".K���",NF !*BJ,NC)�%� $RC<$&!�D	,NF !<$O���"H�$&!9T
bc� $R1 ��!<�%C<�"> .P�%�",/F2BJ. F 69���",NFi,/B��%�K$OC<$&!<DE,NFK!�$R�%�"H�$G6&=/F
>	$R6o=/0�6&. 0"=4�%$91i=/!

f(τ) =
N∑

i=1

A0 e−(τ−A1)2/A2 + A3,

(I� $9C�$
τ
��!*=RC�$9!�D	,NF !<$;�%��H�$cD	$&C#C�$96&,NC<1]Tgbc� $5D C<,N>�=/> ��0"���@?7�%,f=/C<C���t/$5=4�#,NF $5,/BE��� $5Ld. =/!�� S@!<�%=/> 0�$

!�,/0".K���",NFn��!
P (i) =

∫ τ0
i +3 σi

τ0
i −3 σi

f(τ)dτ/

∫ ∞

0

f(τ)dτ

lI$&!�.K0��%!5=/C<$Q!�� ,¬(IF
�"Fib¤=4> 0"$9!;�fT Ä =/F 1
�7T,��=4F 1.- �"sN. C<$&!	/dT,0�=/F 11/PT,/PT
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b =/> 0"$R�fT Ä�� bc� $OLM.�=/!<��S@!'�8=/>K0"$G!<,N0".K���",NFK!)BJ,NC)�%� $RC<$&!�D	,NF !<$O���"H�$/T

�5. Hv>	$&CI,/B | $9C��",d1]� C<$&LM. $9!<�+���"H�$+(I�����i1 �"!<DE$9C�!���,NF]�
!<,N0".P�%�",/F ��F�C<$&LM. $9!<�;69?d6&0�$&! !<$&6

Ä ��� ��0 % �
95.6 ± 0.6� � / % ��� ����� %
112.7 ± 3.0Æ Æ�% � ���nÆ�% � �
154.2 ± 2.4Å Æ 0 Æ�%��nÆ � % �
178.2 ± 1.9% Å ÄNÄ&���2Å � Å��
192.6 ± 2.30 Å 0 Æ ���2Å 0�� %
110.5 ± 2.5/ % � � ��� 0 � � �
181.3 ± 11.7� 0�� � ��� 0�� % �
117.5 ± 9.5

� / � � ��� /�� � �
152.5 ± 6.4Ä+� /�� % ��� /�� 0 �
109.0 ± 1.1Ä/Ä � ��% ��� � Æ�% �
152.9 ± 2.8Ä � � 0 Ä&��� ��/ � �
190.5 ± 2.3ÄoÆ ��� � ��� � Å�� �
109.5 ± 4.0

b =/> 0�$O�7T � � bc� $f1K�"!<��C���> .K�%��,NF:BJ. FK69�%��,NFi,/B��%� $RC�$9!�D	,NF !<$O���"H�$/T

�;. Hv>	$&Cc,4B
A0 A1 A2 A3

|pC<,N>�=/> ��0"���@?:,/B
!�,N0�.K�%��,NF �%� $R!<,N0".K���",NF

Ä
1979.6 0.96 10−5 0.59 10−7 2.43

� T ÆKÄ
�

239.5 1.11 10−5 4.04 10−7 −0.14
� T,� Å

Æ
135.0 1.50 10−5 4.40 10−7 4.52

� T Ä 0
Å

118.2 1.78 10−5 1.88 10−7 35.60
� T � �

%
89.5 1.88 10−5 0.87 10−7 64.38

� T ��%
0

299.5 1.92 10−5 3.79 10−7 −138.68
� T Ä�%

ÄoÅ %
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b�,�68� $&683u�%� $:BJ,/C�H ,/Bc�%� $:b5z -¢�@(-,��%=/> 0"$�()=4!v6&C<$o=4��$&1 =4�7�@(*,�F ,d1 $2,/Bc��� $2690". !'�%$&C9T�b�(*,
=/D DK0"�"6&=4�%��,NF !~C�$��%C<�"$9t/$&121 =4�8=fBJC<,NHÃ�%�K$+�8=/>K0"$ � ,NF $;0",d6o=/0�0�?N�M=��*��� $+!�=/H�$;F ,d1 $;(I� $9C�$+��� $;�%=/> 0�$
(-=/!ID 0x=/69$&1
=/F 1�,NF $QC<$&H�,/�%$90�?N�PBJC�,NH�=/F
,4�%� $9CcF ,P1K$O,4B ��� $R6&0".K!<�%$9C&T

�ÃW�� XZYI[�\_^a`

bc� $:��$&!'�v()=4!vD C�,d1 . 69$&1 ,NFZ�@(-,�F ,d1 $9!v,/Bc�%�K$26&0�. !<��$&C7,4BIj+!<��C�,NFK,NH���!�68� $9!'S@l5$968� $&F m@F !'�%����.K�oT
�P$9$Ob�$&!'�Qz½BJ,NC)�%�K$O1K$&!�69C���DK�%��,NF]T

�ÃW%� XZYI[�\_�i�Q\��O���O[ Y

���P�d�/�K���U�4�P���M� ���M���d�P¼¡���¢�U�4�K�¤£�¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M ¼ ´��¢���/Ád¶P��L �������d�d¼
®��4���N�P�N�¯©P°¢�P�/�K�/© �K«/� �	«P±o�P�²£'³U´�µM¶²·%¸����4����¸/�P�/�K�U­/¸�©P�N© ¼��{�q­]·��U­��M¼d¼M¼g¿
³U´�µM¶²·%¸����4����¸/�P�/�K�U­/¸�©P�N© ¼��{���g·��U­��M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´4¼ ´��¢���/Ád¶P��L �������d�d¼
®��4���N�P�N�¯©P°¢�P�/�K�/© �K«/� �	«P±o�P�²£'³U´�µM¶²·%¸����4����¸/�P�/�K�U­/¸�©P�N© ¼��%±P­]·��U­��M¼d¼M¼g¿
³U´�µM¶²·%¸����4����¸/�P�/�K�U­/¸�©P�N© ¼��%±��g·��U­��M¼d¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M ¼dº���KU´��
£

���]­ ´�� M ¶P�N¶�L �U���¯�M�UªMª ¿
��� � ´�� M ¶P�N¶�L �U���¯�M�UªMª ¿
M ­ ´�� M ¶P�N¶�L ¿
M � ´�� M ¶P�N¶�L ¿
��Â  ���KdµMµU´�� M ¿
��!  ���KdµMµU´�� M ¿

ÄoÅ /



fi
NODE i NODE j NODE NNODE 1

t ij
C =f M C  =(f  + t  )M 

Mi

 i      i     ij     i  i    i   i 

-¤�"sN.KC�$Q�cT Ä�� bc� $R!�68� $9H�$O,/B��%� $Q�%$9!<�5,/B��%� $RC<$&H�,/�%$R=/FK1
0�,P6&=/0q1�=��8=AC�$��%C���$9t4=/0 T
T

� M  ���KdµMµU´�� M ¿
� �$K�L ���$K�L~£ �M¼M¼M¼ ¦

¦¢´�� M ¼�´���Ád¶dÂÃ´���´4¼M§

bc� $
Fd.KHv>E$9Cw,/BQC�$96&,NC<1 !��"F �%� $i�8=/>K0"$i�"!
108 !���Hv. 0x=��%$&1 !<,Z�%� =4��m Ä C<. F !�t4=/0�. $&!ABJC<,NH � ��,

108 − 1
T

�ÃW � � Y	� 
nYI[]\

bc� $f�
��� !'�8=4��$&H�$&F��

 /¶dµM¶�� M�� ³�L
��� M ¼Mº���K	´�� ��¹ �N�P��´P­�� �d¼¡�4�P��´P­���´4º���KMÂ

(-=/!c. !�$91n�%,A!�$90"$969�c1�=��8=v�"F���,7�%� $+6&. C<!�,NCI=/FK12BJ$9�%68�n��� $&H �"F��%,v=/D D 0��"6o=��%�",/F�� !~t4=/C��"=/> 0�$&!&�M(I� $9C�$
m
�
�
j )»t/=4C��"$9!¤BJC�,/H Ä+� � C�$96&,NC<1 !¤�%, / / %4Å / � � C�$96&,NC<1 !g(I����� Ä&� � C�$&69,NC�1K!p!<�%$9D]T~�P��Hv. 0��8=/F $9,N. !<0�?

�%�K$O!�=/H�$Q!<�8=��%$&H�$&F��I(-=/!;$ hP$&6&.P�%$&1
,NFi�%� $RF ,d1 $ Ä ,/B ��� $R6&0�. !<��$&C&T
ÄoÅ �



�ÃW  � YI[ 
$# \�[

lI$&!�.K0��%!Q(*$&C<$�69,N0"0�$&69��$&1�BJ,NC Å 0n1�=o?d!f,4B*��� $A�%$&!'�+� !f1K. C%=4���",NFqT�bc�K$�!'�8=/>K0"$wD�=/C'�f,4B*��� $wC�$&!<. 0���!
(*$&C�$�!�$90"$969�%$91½y �%� $w1 ���q$9C�$&FK6&$w>E$��@(-$9$&F �@(*,eFK$&�"s/�d>	,NC<!QDE,N��F��%!RHv. !'�f>	$w!�H�=/0"0�$&C5�%��=/F � ��� �
=/F 1i�%�K$Ob5z - (-=/!cr ����$&1��"Fn�%� $QBJ,NC<H

TCF (Nrec) = Ai
0 + Ai

1 Nrec,

(I� $9C�$Q�	1 . $G�%,f�%� $G0�,P6&=/0 (�C�$&H�,/��$51 =4�8=7C<$9��C��"$�t4=/0gy � BJ,NC#�%� $G0�,P6&=/0{� Ä BJ,/C*�%�K$GC�$9H�,/��$¬�#=/F 1
Nrec�"!I=AFM. Hv>	$&CI,/B C�$96&,NC<1 !&T

ÄoÅ �



b =/> 0�$R�cT Ä�� bc� $O0"��F $o=4C*BJ,NC<H ,/B��%� $Rb5z --T

��� ����� ���	� ��� � ��

� A1
0 ± σA1

0

A1
1 ± σA1

1

A2
0 ± σA2

0

A2
1 ± σA2

1

A2
1/A1

1
�����

�� �����

�� 10−5 10−5

1518800 1533400 −429.92 ± 46.75 30.00 ± 3.06 −251.02 ± 44.74 18.14 ± 2.93 0.60
1533500 1573800 12.02 ± 4.81 1.16 ± 0.31 −39.94 ± 7.47 4.32 ± 0.48 3.71
1580000 1777900 19.47 ± 0.91 0.78 ± 0.05 −32.50 ± 1.19 3.90 ± 0.07 5.01
1902500 1914200 −9.08 ± 26.57 1.47 ± 1.39 −96.97 ± 65.90 5.87 ± 3.45 3.98
1962700 2006100 −7.84 ± 5.50 1.40 ± 0.28 −22.92 ± 8.80 2.44 ± 0.44 1.75
2006200 2398900 −0.02 ± 0.21 1.00 ± 0.01 0.74 ± 0.38 1.26 ± 0.02 1.26
2399000 2463300 −2.79 ± 3.59 1.11 ± 0.15 −15.97 ± 6.78 1.95 ± 0.28 1.75
2470700 2498300 −7.98 ± 13.78 1.32 ± 0.55 −7.82 ± 29.85 1.10 ± 1.20 0.83
2524400 2539000 −24.89 ± 22.93 1.96 ± 0.91 −38.77 ± 80.97 2.32 ± 3.20 1.18
2617700 2627900 −9.71 ± 43.08 1.35 ± 1.64 −40.86 ± 160.84 2.35 ± 6.13 1.75
2628000 2814400 −5.12 ± 0.61 1.16 ± 0.02 1.47 ± 2.00 0.73 ± 0.07 0.62
2860900 3491600 −0.16 ± 0.19 1.01 ± 0.01 −0.04 ± 0.36 1.30 ± 0.01 1.29
3491700 3827400 16.16 ± 0.52 0.55 ± 0.01 −2.45 ± 1.51 0.84 ± 0.04 1.54
3848200 3907000 −194.33 ± 8.43 6.02 ± 0.22 2.61 ± 26.75 1.22 ± 0.69 0.20
3907100 3922200 2.39 ± 181.26 1.71 ± 4.63 −1026.47 ± 146.90 27.53 ± 3.75 16.12
3925800 3940000 −3859.58 ± 277.39 99.77 ± 7.05 −1465.58 ± 359.61 38.93 ± 9.14 0.39
3979800 3993200 −181.83 ± 220.03 6.34 ± 5.52 −187.16 ± 201.11 5.48 ± 5.04 0.87
4050400 4062500 −1118.76 ± 120.50 28.58 ± 2.97 −224.41 ± 228.69 6.33 ± 5.64 0.22
4536400 4555300 5.11 ± 32.64 0.86 ± 0.72 −102.01 ± 176.44 3.06 ± 3.88 3.54
4555400 4583000 −46.80 ± 61.78 2.03 ± 1.35 −95.75 ± 93.89 2.88 ± 2.05 1.42
4656700 4691000 −428.84 ± 110.20 10.93 ± 2.36 22.52 ± 68.92 0.29 ± 1.47 0.03
4693800 4705600 −5076.67 ± 425.27 109.76 ± 9.05 −57.22 ± 355.61 1.99 ± 7.57 0.02
4706400 4717100 −5122.60 ± 522.08 110.45 ± 11.08 −305.69 ± 418.27 7.27 ± 8.88 0.07
4815600 4831700 −78.93 ± 42.88 2.65 ± 0.89 −380.79 ± 223.06 8.69 ± 4.62 3.28
4831900 4846300 −65.09 ± 54.79 2.36 ± 1.13 −5121.38 ± 625.26 106.70 ± 12.92 45.23
4877800 4890100 −504.28 ± 93.73 11.30 ± 1.92 −4595.28 ± 747.47 94.94 ± 15.30 8.40
4977300 4990700 −13.11 ± 56.91 1.24 ± 1.14 −1031.53 ± 291.89 21.89 ± 5.86 17.71
5008600 5078500 −2.20 ± 5.15 1.02 ± 0.10 −248.26 ± 24.01 6.18 ± 0.48 6.08
5082300 5116900 −16.15 ± 15.07 1.29 ± 0.30 −3.41 ± 83.59 0.84 ± 1.64 0.65
5122000 5171600 −18.69 ± 9.04 1.34 ± 0.18 0.62 ± 48.31 0.77 ± 0.94 0.58
5171700 5567100 −13.87 ± 0.75 1.24 ± 0.01 −4.43 ± 2.35 0.86 ± 0.04 0.70
5567200 5603300 −1590.28 ± 90.10 29.93 ± 1.61 −131.40 ± 93.38 3.13 ± 1.67 0.10
5685100 5714800 −435.22 ± 139.13 9.30 ± 2.44 24.89 ± 123.42 0.35 ± 2.17 0.04
5822800 5846200 −183.58 ± 63.95 4.17 ± 1.10 −39.27 ± 190.66 1.46 ± 3.27 0.35
5880400 5896800 50.62 ± 318.62 0.65 ± 5.41 −2897.68 ± 558.36 50.76 ± 9.48 78.38
5896900 5943700 21.94 ± 38.54 1.13 ± 0.65 −914.07 ± 99.10 17.27 ± 1.67 15.32
5951200 5964500 −9.42 ± 209.79 1.66 ± 3.52 −542.07 ± 303.76 10.60 ± 5.10 6.40
5986500 6002700 −595.22 ± 229.05 11.55 ± 3.82 −56.93 ± 230.10 2.88 ± 3.84 0.25
6005000 6015400 51.67 ± 748.34 0.76 ± 12.45 −20.88 ± 676.02 2.27 ± 11.25 2.97
6126700 6155500 −14.98 ± 121.29 1.30 ± 1.98 −264.98 ± 189.38 6.18 ± 3.08 4.75
6185400 6214400 −133.48 ± 124.24 3.39 ± 2.00 −1364.96 ± 146.83 23.89 ± 2.37 7.06
6240700 6264600 −226.06 ± 93.06 4.86 ± 1.49 19.73 ± 216.30 1.61 ± 3.46 0.33
6264700 6278200 −1433.58 ± 323.27 24.11 ± 5.15 −747.60 ± 489.28 13.87 ± 7.80 0.58
6278300 6294400 −285.68 ± 233.31 5.81 ± 3.71 −712.74 ± 311.17 13.29 ± 4.95 2.29
6311000 6341600 −258.31 ± 70.55 5.34 ± 1.12 82.30 ± 148.18 0.02 ± 2.34 0.00
6381600 6399000 −447.24 ± 164.28 8.41 ± 2.57 −152.63 ± 212.77 3.95 ± 3.33 0.47
6399100 6435100 17.84 ± 25.89 0.74 ± 0.40 −276.90 ± 68.88 5.88 ± 1.07 7.99
6493400 6508700 −7032.55 ± 615.06 109.70 ± 9.46 −320.82 ± 282.82 6.54 ± 4.35 0.06
6540300 6558400 −285.45 ± 246.24 6.02 ± 3.76 26.74 ± 259.31 0.87 ± 3.96 0.14
6652400 6674100 −723.64 ± 205.37 11.89 ± 3.08 −653.19 ± 171.06 11.75 ± 2.57 0.99
6753100 6770900 −1111.43 ± 151.52 17.45 ± 2.24 −876.27 ± 394.44 14.24 ± 5.83 0.82
6779800 6798300 44.75 ± 122.55 0.37 ± 1.81 −306.73 ± 316.82 5.81 ± 4.67 15.54
6820600 6840200 −89.07 ± 55.96 2.28 ± 0.82 −108.21 ± 245.28 2.85 ± 3.59 1.25
6849300 6866000 −321.99 ± 172.64 5.73 ± 2.52 −64.23 ± 428.10 1.74 ± 6.24 0.30
6936600 6949500 −3099.84 ± 553.72 45.66 ± 7.98 −1378.68 ± 653.91 20.64 ± 9.42 0.45
7197800 7212900 −219.73 ± 144.66 4.09 ± 2.01 −600.89 ± 555.33 9.14 ± 7.71 2.23
7442900 7457200 −3254.86 ± 743.41 45.11 ± 9.98 −430.03 ± 588.04 6.79 ± 7.89 0.15
7668100 7738000 −23.55 ± 15.03 1.35 ± 0.20 −506.64 ± 61.24 7.60 ± 0.79 5.64
7746300 7762900 11.72 ± 108.02 0.89 ± 1.39 −2239.45 ± 611.22 29.94 ± 7.88 33.68
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b�,�b�,n68� $9683��%� $vBJ,NC<H ,4B#��� $Ab5z -½,NF $v�%=/> 0"$f()=/!R69C�$o=��%$&1u=4�+�%� $A!<�"F sN0�$vF ,d1 $/TOb (-,
=/D D 0���S
6o=��%�",/F !)C�$��%C<�"$9t/$&1i1�=4�%=vBJC�,NH �%� $G�%=/> 0�$ � ,NF $Q0�,P6&=/0"0�?N�d=4�)��� $Q!%=/H�$GF ,d1 $G(I� $9C�$Q�%�K$G�8=/> 0�$+(-=/!
D 0"=/6&$91
=4F 1
,/F $RC�$&H�,/��$&0�?/�PBJC<,NH��%�K$O,4�%� $9CcF ,P1K$O,4B ��� $R6&0".K!<�%$9C&T

�¡W�� XZYI[�\�^a`

bc� $Q�%$9!<�5()=4!5H�=/1 $Q,/F���� $R!%=/H�$R|#z¯=/F 1i(I�����n�%� $R!%=4H�$Q69,NFKr�sN.KC%=4���",NF�=/!I�"Fnb�$&!'� Ä T

�¡W%� XZYI[�\��i�R\��R���f[�Y

bc� $v��$&!<�+�8=/> 0�$&!+(*$&C<$A6&C<$o=4��$&1u=4�G��� $v!���F sN0�$7F ,d1 $7(I���%��1�=��8=n=/F 1���F 1 $ hK$9!Q�"F�!<$&D�=4C%=4��$A�Q���
�8=4> 0"$9!�D�=/69$&!9T

���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M ­�º/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º/�q­�· �M¼M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´P­�º/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±¬�]­]· �M¼d¼M¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M ­
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
�P�U±o®��N�M° �K�N° £�´P­�¦

¦¢´�� M ­�º/¾MÁM¾a´���Ád¶dÂÃ´���´P­�º/¾MÁM¾
§

Ä�%PÄ



���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M �Mº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º/�q­�· �M¼M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´��Mº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±¬�]­]· �M¼d¼M¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M �
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
´�� ´�� M ¶K�N¶�L ¿
�P�U±o®��N�M° �K�N° £�´P­�¦

¦¢´�� M �dº/¾MÁM¾a´���Ád¶dÂÃ´���´��dº/¾MÁM¾
§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M ¥dº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º/�q­�· �M¼M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´�¥dº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±¬�]­]· �M¼d¼M¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M ¥
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
 U­  ���KMµdµU´�� M ¿
Áq­ Á ���P¾Pµ�¶ ¿
�P�U±o®��N�M° �K�N° £�´P­�¦

¦¢´�� M ¥Pº/¾MÁM¾a´���Ád¶dÂÃ´���´�¥Pº/¾MÁM¾
§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M�� º/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º/�q­�· �M¼M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´ � º/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±¬�]­]· �M¼d¼M¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M��
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
Áq­ Á ���P¾Pµ�¶ ¿
� ���$K�L#£���¦ ¿
�P�U±o®��N�M° �K�N° £�´P­�¦

¦¢´�� M�� º/¾MÁM¾a´���Ád¶dÂÃ´���´ � º/¾MÁM¾

Ä�% �



§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M �Mº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º/�q­�· �M¼M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´��Mº/¾MÁd¾�®��/� �N�P�N�¯©P°¢�P�/� �4© �K«/�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N© º ±¬�]­]· �M¼d¼M¼M¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M �
£

´P­ ´�� M ¶K�N¶�L �U�4�¨�M�	ªMªÀ¿
Áq­ Á ���P¾Pµ�¶ ¿
� �$K�L�� �$K�L~£��U¦ ¿
�P�U±o®��N�M° �K�N° £�´P­�¦

¦¢´�� M �dº/¾MÁM¾a´���Ád¶dÂÃ´���´��dº/¾MÁM¾
§

bc� $
Fd.KHv>E$9Cw,/BQC�$96&,NC<1 !��"F �%� $i�8=/>K0"$i�"!
105 !���Hv. 0x=��%$&1 !<,Z�%� =4��m Ä C<. F !�t4=/0�. $&!ABJC<,NH � ��,

105 − 1
T

�¡W � � Y	� 
nYI[]\

bc� $f�
��� !'�8=4��$&H�$&F��
 /¶dµM¶�� M�� ³�L
��� M ¶K  M ºd  M K�¾���¹ ���P� ´P­����d¼¢�4�P��´P­���´4º�� KMÂ
(-=/!c. !�$91n�%,A!�$90"$969�c1�=��8=v�"F���,7�%� $+6&. C<!�,NCI=/FK12BJ$9�%68�n��� $&H �"F��%,v=/D D 0��"6o=��%�",/F�� !~t4=/C��"=/> 0�$&!&�M(I� $9C�$
I � MAX ∈ [1, 10, 102, 103, 104, 105]

T

�¡W  � YI[ 
$# \�[

bc� $Rb5z - ()=/!Ir �<�%$&1��"Fn��� $QBJ,NC�H

TCF (Nrec, size(Table)) = A0 + A1 size(Table),

(I� $9C�$
Nrec

�"!I=AFM. Hv>	$&Cc,/B�C�$96&,NC<1 !5=/F 1
size(Table)

��!c=A!����9$Q,/B��%� $G�%=/> 0"$+�"F���BJ,NC�� b Ä � b �P�
b Æ ��b Å�� ,/C�� b Ä ��b �d� b Æ ��b %�� T

Ä�%/Æ



b =/> 0�$ --T Ä�� bc� $R1 $&D	$&F 1K$&F 69$7,/B��%� $RC<$&!�D	,NF !<$O���"H�$G,NFi�%� $R!<���&$Q,4B ��� $Q�8=/> 0�$/T

���������
	�

����������� ��� ��� ��� ��� ���
����� �!�#"�$ �!% &�% ���'% ��(!% ��(�%�)+*�,.-�/10.,2-23

1 (9.2 ± 7.8) 10−2 (7.5 ± 0.2) 10−2 (7.9 ± 0.5) 10−2 (8.0 ± 0.7) 10−2 (7.9 ± 0.6) 10−2

10 (7.4 ± 0.2) 10−2 (7.5 ± 0.2) 10−2 (7.9 ± 0.2) 10−2 (8.0 ± 0.2) 10−2 (7.9 ± 0.2) 10−2

102 (7.7 ± 0.2) 10−2 (7.8 ± 0.2) 10−2 (8.1 ± 0.2) 10−2 (8.2 ± 0.2) 10−2 (8.1 ± 0.2) 10−2

103 (10.2± 0.2) 10−2 (10.5 ± 0.2) 10−2 (11.0± 0.2) 10−2 (11.3± 0.2) 10−2 (11.0± 0.2) 10−2

104 (36.1± 0.4) 10−2 (37.2 ± 0.2) 10−2 (39.6± 0.3) 10−2 (41.2± 0.3) 10−2 (40.0± 0.1) 10−2

105 2.95± 0.01 3.04± 0.03 3.16± 0.05 3.37± 0.01 3.45± 0.09

b =/> 0"$ -*T � � bc�K$f1 $9DE$9F 1 $9F 6&$O,/B��%� $Rb5z - ,NF���� $Q�8=/>K0"$&! � !�� �&$4T

46587:9<;>=�?'@ ACBEDGFIH�J ACBEDGFIHLK
= ;NMN?O= P8Q

A0 ± σA0 A1 ± σA1 A0 ± σA0 A1 ± σA1

1 (8.67 ± 0.09) 10−2 (−0.05 ± 0.07) 10−2 (8.72 ± 0.82) 10−2 (−0.05 ± 0.06) 10−2

10 (7.24 ± 0.09) 10−2 (0.04 ± 0.01) 10−2 (7.28 ± 0.12) 10−2 (0.03 ± 0.01) 10−2

102 (7.48 ± 0.07) 10−2 (0.04 ± 0.01) 10−2 (7.53 ± 0.12) 10−2 (0.03 ± 0.01) 10−2

103 (9.99 ± 0.10) 10−2 (0.07 ± 0.01) 10−2 (10.11 ± 0.21) 10−2 (0.05 ± 0.02) 10−2

104 (34.78 ± 0.22) 10−2 (0.33 ± 0.02) 10−2 (35.29 ± 0.65) 10−2 (0.26 ± 0.05) 10−2

105 2.83 ± 0.03 (2.57 ± 0.25) 10−2 2.80 ± 0.06 (3.06 ± 0.50) 10−2

Ä�%4Å
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b�,�68� $96832�%� $QBJ,NC<H ,/B��%� $Rb5z - ,NF $G�%=/> 0"$G(-=/!56&C<$o=4��$&1
=4�c�%� $R!<�"F sN0�$QF ,d1 $/T

� W�� XZYI[�\�^a`

bc� $O�%$&!'�+(-=/!+DKC�,d1 . 6&$91e,NF��%� $f,NF $OF ,d1 $f,4Bg�%� $O0"��FM.Ph�6&0�. !<��$&C5�"F !'�8=/0�0"$&1i��F
j;!<�%C<,NF ,NH��"!<68� $&!kS
lI$&68� $9Fem@F !'�%����.K�oTpbc�K$f1 $9!�69C��"DP�%�",/F�,4B ��� $RF ,P1K$O69,NFKr�s/. C%=4���",NF2(-=/!51 ,NF $R��F2�%� $Rb�$&!<�Gz+T

� W%� XZYI[�\��i�R\��R���f[�Y

bc� $v��$&!<�+�8=/> 0�$&!+(*$&C<$A6&C<$o=4��$&1u=4�G��� $v!���F sN0�$7F ,d1 $7(I���%��1�=��8=n=/F 1���F 1 $ hK$9!Q�"F�!<$&D�=4C%=4��$A�Q���
�8=4> 0"$9!�D�=/69$&!9T

���P�d�/�K���U�4�P���M� ���M���d�P¼������¨�U�/�P�K« £�� ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M ¼��Mº/¾dÁM¾a´��¨���NÁM¶P��L ��� ���d�d¼��
®��4���N�P�N�¯©P°¢�P�/�K�/© �K«/���	«d±¬�P�²£'³U´�µ�¶�·%¸ �U�4����¸4�K�/�K� �P¸4�K¼��	�{�]­]· �U­��M¼M¼M¼g¿
³U´�µM¶²·%¸����4����¸/�P�/�K� �K¸��K¼��	� ���g·��U­��M¼M¼d¼g¿k³U´�µM¶ ·%¸ ���4� ��¸4�P�/� � �P¸��K¼��	�{�P¥p· �U­��M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´4¼��Mº/¾dÁM¾a´��¨���NÁM¶P��L ��� ���d�d¼��
®��4���N�P�N�¯©P°¢�P�/�K�/© �K«/���	«d±¬�P�²£'³U´�µ�¶�·%¸ �U�4����¸4�K�/�K� �P¸4�K¼��	�%±K­]· �U­��M¼M¼M¼g¿
³U´�µM¶²·%¸����4����¸/�P�/�K� �K¸��K¼��	�8±��g·��U­��M¼M¼d¼g¿k³U´�µM¶ ·%¸ ���4� ��¸4�P�/� � �P¸��K¼��	�%±�¥p· �U­��M¼d¼M¼ ¦�§
���P�d�/�K�¨�K�4©Uª�� M ­
£

´P­ ´�� M ¶K�N¶�L
¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
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§
���P�d�/�K� ±o�P�P��� ´��Kº M ­���� M ­Ã£�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M �
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M ����� M � £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M ¥
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M ¥���� M ¥ £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M��
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶#¿
Á�� Á ���P¾Pµ�¶#¿
ÁP¥ Á ���P¾Pµ�¶#¿
Á � Á ���P¾Pµ�¶

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M�� ��� M�� £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M �
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶#¿
Á�� Á ���P¾Pµ�¶#¿
ÁP¥ Á ���P¾Pµ�¶#¿
Á � Á ���P¾Pµ�¶#¿
�	­ ���$K�L#£&­�¼M¼ ¦

Ä�% 0



¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M ����� M � £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M��
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶#¿
Á�� Á ���P¾Pµ�¶#¿
ÁP¥ Á ���P¾Pµ�¶#¿
Á � Á ���P¾Pµ�¶#¿
�	­ �$K�L�� �$K�L~£&­�¼M¼ ¦

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M�� ��� M�� £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M��
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶#¿
Á�� Á ���P¾Pµ�¶#¿
ÁP¥ Á ���P¾Pµ�¶#¿
Á � Á ���P¾Pµ�¶#¿
�	­ �$K�L�� �$K�L~£ �d¼M¼ ¦

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M�� ��� M�� £�´K­ KP  ��¦�§
���P�d�/�K�¨�K�4©Uª�� M �
£

´P­ ´�� M ¶K�N¶�L#¿
´�� ´�� M ¶K�N¶�L#¿
Áq­ Á ���P¾Pµ�¶#¿
Á�� Á ���P¾Pµ�¶#¿
ÁP¥ Á ���P¾Pµ�¶#¿
Á � Á ���P¾Pµ�¶#¿
�	­ �$K�L�� �$K�L~£&­�¼M¼M¼ ¦

¦¢´�� M ¼��Mº/¾MÁM¾a´��MÁM¶dÂÃ´���´4¼��Mº/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��Kº M ����� M � £�´K­ KP  ��¦�§

Ä�% /



b =/> 0�$��wT Ä�� bc� $R1 $9DE$9F 1 $&FK6&$7,4B ��� $Rb5z - ,NFn��� $Q�8=/> 0�$&! ��!����9$/T

4�587 9�;>=�?'@ MN? ;�� M>B ;�� D Q�?'@�DGF ; H��	�
= ;NMN?O= P8Q

A0 ± σA0 A1 ± σA1

1 (2.80 ± 0.35) 10−2 (0.2 ± 0.8) 10−5

10 (8.70 ± 1.73) 10−2 (−6.2 ± 3.9) 10−5

102 (51.32 ± 11.22) 10−2 (−25.7 ± 25.1) 10−5

103 2.94 ± 0.12 (13.4 ± 25.8) 10−5

104 26.09 ± 0.23 (52.5 ± 50.6) 10−5

105 254.14 ± 1.26 (1.03 ± 0.28) 10−2

106 2546.17 ± 19.48 (43.40 ± 4.37) 10−2

bc� $
Fd.KHv>E$9Cw,/BQC�$96&,NC<1 !��"F �%� $i�8=/>K0"$i�"!
105 !���Hv. 0x=��%$&1 !<,Z�%� =4��m Ä C<. F !�t4=/0�. $&!ABJC<,NH � ��,

106 − 1
T

� W � � Y	� 
nYI[]\

bc� $f�
��� !'�8=4��$&H�$&F��
 /¶dµM¶�� M�� ³�L
��� M ¶K  M ºd  M K�¾���¹ ���P� ´P­����d¼¢�4�P��´P­���´4º�� KMÂ
(-=/!c. !�$91n�%,A!�$90"$969�c1�=��8=v�"F���,7�%� $+6&. C<!�,NCI=/FK12BJ$9�%68�n��� $&H �"F��%,v=/D D 0��"6o=��%�",/F�� !~t4=/C��"=/> 0�$&!&�M(I� $9C�$
I � MAX ∈ [1, 10, 102, 103, 104, 105, 106]

T

� W  � YI[ 
$# \�[

bc� $Rb5z - ()=/!Ir �<�%$&1��"Fn��� $QBJ,NC�H

TCF (Nrec, size(Table)) = A0 + A1 size(Table),

(I� $9C�$
Nrec

�"!I=AFM. Hv>	$&Cc,/B�C�$96&,NC<1 !5=/F 1
size(Table)

��!c=A!����9$Q,/B��%� $G�%=/> 0"$+�"F���BJ,NC�� b Ä � b �P�
b Æ ��b Å ��b % � b /P��b � � T

Ä�% �



��� ���� �	� 
�� � �� 
� �� �� �� � ��� � � � 
 � � �� � � � ��� � 
 � �� � � ��� � ��

�� ���� ! ��" # $ �% �& �' �( �) �* �+ �," �- #" ./ (0 ,0 % *0 (1 0 % (1 0 % (1 0 ) (1 0 %1 (1 023 45 67 45 8 23 45 67 45 8 23 45 67 45 8

1 (3.66 ± 0.02) 10−2 (3.23 ± 0.40) 10−2 (2.83 ± 1.11) 10−2 (1.98 ± 1.00) 10−2 (2.77 ± 0.98) 10−2 (0.79 ± 0.31) 10−2 (1.91 ± 1.24) 10−2 (3.54 ± 1.10) 10−2

10 (12.66 ± 0.01) 10−2 (11.87 ± 0.61) 10−2 (9.83 ± 3.11) 10−2 (5.31 ± 3.54) 10−2 (2.85 ± 1.38) 10−2 (2.36 ± 1.07) 10−2 (3.14 ± 1.73) 10−2 (4.07 ± 2.00) 10−2

102 (90.30 ± 14.20) 10−2 (60.10 ± 29.08) 10−2 (32.82 ± 15.83) 10−2 (49.86 ± 43.27) 10−2 (22.05 ± 90.21) 10−2 (29.05 ± 12.80) 10−2 (21.99 ± 0.94) 10−2 (36.10 ± 0.88) 10−2

103 3.38 ± 1.09 2.82 ± 0.87 2.94 ± 0.57 2.62 ± 0.55 2.95 ± 0.58 2.69 ± 0.52 3.05 ± 0.46 3.07 ± 0.52

104 26.01 ± 3.14 26.54 ± 4.18 26.17 ± 3.66 25.32 ± 3.93 26.26 ± 2.59 25.30 ± 3.36 26.91 ± 4.36 26.37 ± 5.65

105 253.10 ± 9.31 253.10 ± 5.00 256.90 ± 6.31 255.00 ± 6.46 257.30 ± 4.17 255.30 ± 5.73 255.20 ± 6.67 267.00 ± 6.18

106 2568.00 ± 27.75 2552.00 ± 46.74 2567.00 ± 25.01 2564.00 ± 23.45 2611.00 ± 94.08 2564.00 ± 33.68 2699.00 ± 244.9 3039.00 ± 81.12

Ä�% �



Ä 0 �



� ��� ��������� �

� ��� ������� ��� �	��� ��
 �
��� 
 � � 
 � �i� ���

bc� $����	� H�=4��C���hAHv. !<�*>	$+6o=40"6&.K0x=4��$&1�BJ,/C#��� $+FM. Hv>	$&C*,/B�C<$&6&,/C�1 !-(I�K�"68�:(I��0"0�>	$+C�$��%C<�"$9t/$&12��F
�%�K$vC�$&=/0g=/DKD 0"��6o=4���",NFi(I� �"68��(I��0"0 . !<$A1�=4�8=�D�=/C<�������",NF ��F s T5m@F��%� ��!;��$&!<�Q��� $v1 $9DE$9F 1 $9F 6&$w,/Bp��� $
���	� ,/Fi��� $RFM. Hv>	$&CI,/B C�$&69,NC�1K!;. !<$&1
�"F2�%�K$R��$&!'�;LM. $9C<?n(I��0"0]>	$Q!<��. 1 �"$91]T


 W�� XZYI[]\ ^a`

bc� $:��$&!'�v()=4!vD C�,d1 . 69$&1 ,NFZ�@(-,�F ,d1 $9!v,/Bc�%�K$26&0�. !<��$&C7,4BIj+!<��C�,NFK,NH���!�68� $9!'S@l5$968� $&F m@F !'�%����.K�oT
�P$9$Ob�$&!'�Qz½BJ,NC)�%�K$O1K$&!�69C���DK�%��,NF]T��GF 0�? Æ F ,P1K$&!I,/B��%� $R6&0�. !<��$&Cc(*$&C�$O. !<$&1]T


 W%� XZYI[]\ �i�Q\��O���O[ Y

bc� $R>	$&F 68� H�=/C<3n1�=4�8=4>�=/!�$R1 $9!�69C��">	$&1��"Fn��� $fz-��=/DK��$&C 0v()=/!5. !<$&1iBJ,NC)�%� $Q��$&!<�&T


 W � � Y	� 
nYI[]\

b (-,:�
��� !<�%=4�%$9H�$9F��%!c(-$9C�$O$�hP$&69.K�%$91�6&,/F !�$9Ld.K$&F��%0�? �
 /¶dµM¶�� M�� ³�L
��� M ¶K  M º ��KU´�� ��¹ ���P� ´P­����d¼¢�4�P��´P­���´4º�� KMÂ
 /¶dµM¶�� M�� ³�L
��� M ¶K  M ºN¾$K�Á���¹ �N�K��´P­ ���d¼¡�4�P��´P­���´4º���KdÂ
(I� $9C�$

I � MAX ∈ [1, 10, 102, 103, 104, 105]
T��
$&=/!�.KC�$&H�$&F���!vBJ,NCf$&=/68� D	,N�"F��O(-$9C�$nH�=/1 $ � �

�%��H�$9!&T


 W  � YI["
 # \�[

lI$&!�.K0��%!R��F�b¤=/>K0"$�
fT Ä =/F 1��"F -¤��s T /PT Æ !�� ,¬(I!R�%� $w!'�8=/> ��0"���@?e,/B#�%�K$����	� H:=��%C�� h�BJC�,NH�!<,NH�$
FM. Hv>	$&CI,/B C�$96&,NC<1 !IC�$9��C���$9tN$91]T

Ä 0 Ä



b =/> 0"$ 
OT Ä�� bc�K$ ���	� H:=4��C�� h�(I���%��1 �"!<DE$9C�!<�",NF]T

	�

����������� � � ������� � �	�#��

����$ �����O� �!��������� �����
(f + t)i

j����� �!�#"�$ (�( (
� ('�

1 (1.302± 2.284) 10−3 (8.523± 10.390) 10−2 (1.402± 4.201)
10 (1.201± 0.624) 10−4 (1.736± 0.994) 10−4 (1.911± 1.311) 10−2

102 (5.228± 0.721) 10−5 (1.077± 0.110) 10−2 (1.088± 0.124) 10−2

103 (4.409± 0.095) 10−5 (1.010± 0.012) 10−2 (1.011± 0.001) 10−2

104 (4.278± 0.200) 10−5 (1.040± 0.083) 10−2 (1.027± 0.005) 10−2

105 (4.113± 0.006) 10−5 (1.017± 0.009) 10−2 (1.015± 0.005) 10−2

106 (4.088± 0.016) 10−5 (1.018± 0.001) 10−2 (1.018± 0.001) 10−2

� ( �!� �>�

1 (6.791± 5.906) 10−2 (2.445± 5.030) 10−2 (9.693± 13.600) 10−2

10 (1.589± 0.586) 10−2 (2.476± 5.021) 10−3 (1.939± 1.336) 10−2

102 (1.061± 0.055) 10−2 (1.784± 3.622) 10−4 (1.087± 0.139) 10−2

103 (1.006± 0.005) 10−2 (5.661± 3.678) 10−5 (1.151± 0.321) 10−2

104 (1.002± 0.001) 10−2 (4.047± 0.283) 10−5 (1.019± 0.039) 10−2

105 (1.019± 0.009) 10−2 (4.057± 0.036) 10−5 (1.019± 0.004) 10−2

106 (1.047± 0.018) 10−2 (3.832± 0.017) 10−5 (1.059± 0.001) 10−2

��( ��� �!�

1 (6.795± 6.260) 10−2 (6.794± 6.263) 10−2 (5.702± 0.560) 10−4

10 (1.579± 0.627) 10−2 (1.578± 0.627) 10−2 (2.476± 5.323) 10−3

102 (1.058± 0.060) 10−2 (1.066± 0.081) 10−2 (2.809± 5.139) 10−4

103 (1.008± 0.011) 10−2 (1.008± 0.008) 10−2 (6.652± 5.227) 10−5

104 (1.003± 0.002) 10−2 (1.019± 0.037) 10−2 (4.174± 0.593) 10−5

105 (1.019± 0.007) 10−2 (1.018± 0.004) 10−2 (4.234± 0.048) 10−5

106 (1.014± 0.002) 10−2 (1.017± 0.004) 10−2 (5.486± 0.003) 10−5

Ä 0��



� ��� ��������� �

� ��� ��� � � � � � 
 �
��� ��� �	� � � � � � � ������� ����� ���
� ��� ���]��� �Z� � ���2�»�2� � ��� ����� ���2� ��
 � � 	
� ����� �	� �

bc� $5D C�$9!�$9FM��$&12��$&!<�*!��K,�(I!#�%� $51 ���q$9C�$&FK6&$5>E$��@(-$9$&F2�%�K$;. !<$;,4Bq�%�K$;m �+�K�~l¤b�!<�%=4�%$9H�$9F��*BJ,NCp��� $
1�=4�%=f0�,�=/12=4F 1���� $+. !<$G,/B]��� $G� � �f.K���"0"���@?A1 > ��!�D 0����*=/F 1 µ���K�Á¡³�L ����³U´�µ�¶ !<�%=4�%$9H�$9F��oTpm@F:��� $
0x=4!<�O6o=/!<$�(*$:. !<$2=iD C�$�BJ,NC�H�=4�<�%$&1»y >�?u1 > ��!�D 0���� �G1�=��8=/>�=4!�$�D�=/sN$w�%,��"F !<$&C'�7���f1K�"C�$969��0�?���Fu��� $
1�=4�%=/>�=/!<$ � !c�8=/> 0�$&!<D�=/6&$4T


gW�� XZYI[�\�^a`

�
���������������I|�$&F��%��. H Å �P� Å � 
 �R|#z�(I���%� %PÄ �A� �¨lIjQ� =/F 1 Å�� � �½mk�G�»1K�"!�3UT
������� � �!�"��� �R� � �e=/F 1KC%=/34$f0��"FM.Ph �KT Ä (I���%�1�PT Å T,� Ä S � T ÄoÆ H�1K3�69,NC�$4T)� �c�e� � � � ��}+� �¨�~�~�
t /PT,�w��F�,/F $�S F ,P1K$OH�,d1 $/T*z (Nz$#%# 69,NH�DK�"0"$9C � sN6&6QtN$9C�!<�",NF Æ T,�PT ��y{�
=/F 1 C�=/3/$ ���"FM.Ph �KT ÄfÆ T �dT ��S
Æ H�1 3P��T'&N=ot4=�69,NH�D �"0�$&C � s/�)( Æ T �dT �PT


gW%� XZYI[�\��i�R\��R���f[�Y

bc� $A�%$9!<�O1�=4�%=/>�=/!<$w!��"H7. 0x=4��$&!+��� $wC%=o( 1�=4�8=2�%=/> 0"$w=4F 1�6&,NF��8=4�"F !G��� $w,NF 0�?
�8=/>K0"$vD 0"=/6&$91��"Fu=
!�$9D�=/C�=4�%$f� ���2�8=4> 0"$9!�D�=/69$Q(I���%���"FK1 $�hP$&!I��F
=A!<$&D�=/C�=4�%$f� �e�i�8=4> 0"$9!�D�=/69$O=/!)(-$90"0 T
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N� M   ´4º/¾dÁM¾¯®��4� �N�K�N�¯©P°¨�P�N�K�4© �K«N�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N©E±4ºK«��*· �M¼d¼M¼M¼M¼ ¦4§
���P�d�/�K�¨�K�4©Uª��K«¬� �K�N��´4  ´4º/¾dÁM¾¯®��4� �N�K�N�¯©P°¨�P�N�K�4© �K«N�
�	«d±¬�P�²£'³U´�µ�¶�·%¸�¹	�¬®��P¸4�K�/�K�P¸�©K�N©E±4º ±M«¬�*·��M¼M¼M¼M¼d¼ ¦�§

���P�d�/�K�¨�K�4©Uª�� M ¶   M
£

Ä 0 Æ



´P­ ´�� M ¶K�N¶�L
¦¢´�� M  �´4º/¾MÁM¾a´��MÁM¶dÂÃ´���´4  ´4º/¾dÁM¾
§
���P�d�/�K� ±o�P�P��� ´��MÁq­���� M ¶   M £�´P­@KP ���¦�§

bc� $QFM. Hv>	$&C-,/B C�$96&,NC<1 !)�"F��%� $+�%=/> 0�$+�"!
106 !<�"Hv. 0"=4�%$91:!<. 68������=4�*�%� $+t4=/0�. $+,4B m Ä C�. F !*BJC�,NH �

�%,
106 − 1

T


gW � � Y	� 
nYI[]\

bc� $f�
��� !'�8=4��$&H�$&F��IBJ,NC)�%� $R1 ��C�$969�I�"FK!�$&C'�5�"!
´��P N¶�L M ´�� M � M ¶K  M �$Kdµ �P¶K  £��<ªd�N�N�Pº�� �PªP¦ �
bc� $A�#�
��� (Nz¡D C<,NsNC%=4H C<$o=/1K!G�%� $ ��ªM�N�N�Pº��K�Pª BJC<,NH �%� $7r 0"$f(I���%��1 =4�8=KT+m@F��%� $v!<$&69,NF 1�6o=/!<$
�%�K$O69!<tnr�0�$�y �G� �ZBJ,/C�H�=4�c�"Fn��$&C�H�!I,/B¤� � �N�)�"!cDKC�,d6&$&!<!�$91e>�?i1 > �4!<D 0"���c.K���"0"���@?2=4F 1
0�,�=/1 $91i>M?
�%�K$ µ���K�Á¡³�L ��� ���U±�ªN�4� ��®U� � �N³¯ÁM¶dµ�´��P /¶�L M ´�� M � M ¶K  M 6&,NH�H�=/F 1]T


gW  � YI[ 
$# \�[

b =/> 0�$Qm8T Ä�� m �+�K�~l¤b¡=4F 1.� �IjG�7T

�;.KHv>E$9CI,/B
tINSERT ± σINSERT

t

�
tLOAD ± σLOAD

t

�
C�$96&,NC<1 ! !<$&6 !�$96

1 (5.78 ± 0.20) 10−4 (4.27 ± 2.91) 10−1

10 (1.87 ± 2.98) 10−3 (4.14 ± 2.35) 10−1

102 (6.74 ± 0.50) 10−3 (4.16 ± 2.29) 10−1

103 (9.81 ± 1.32) 10−2 (5.53 ± 2.55) 10−1

104 1.07 ± 0.02 (7.96 ± 3.00) 10−1

105 10.84 ± 0.10 2.72 ± 0.24
106 107.80 ± 0.53 14.52 ± 7.46

lI$&!�.K0��%!I=4C�$G!<. H�H�=/C<���&$912�"F2��� $Gb =/> 0�$Gm8T Ä =/FK1 -¤�"s T�0KT Å Tpbc� $Q. !<$Q,/B �%� $Q1K> �4!�DK0"���-.K�%��0"���@?�=/F 1
µ���KMÁ !'�8=4��$&H�$&F��#1 $&69C�$&=/!�$9!-�%� $c���"H�$cC�$&LM. ��C�$91���,f. DK0",�=/1A��� $I1�=4�8=P�d>K.K�#�"Fw6o=/!<$;,4Bq�%�K$5H�=/!<!���t/$
1�=4�%=A0",�=/1n,/F 0�?�y H�,NC�$G����=/F

104 C�$96&,NC<1 !8� T

Ä 0 Å


