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. fZL0V3� Xt`-AbI
XZI]EG>@�Q>�C�` Xj�nI[AOEGS]C(>�h�AQ`�m]>b`GVYCeX . >bm . >TfZL�����r�sK>�EG>��kE��KfZ>,Xt`�EGsK>@I C(>@?]C�>b`�>JI]EG>bm
.]/ XZE�`�` XZ�QI[AbEeS]C�>6�kfj>'�Ms]XtV(s
VTLnI]E�ADXZI[`lADf�f[XjE�` . fZL0V��R`aXZ�QIBAOEeS0C(>b`lAOI[m Xt`+F S[V(sR`�sKLbC(EG>TClEes[AbI
EesK>�LbCeXZ�OXZI[A@f�EG>��kE��KfZ>_�

� ` Xj�nI[AOEGS]C(>�N�SKI[VTE{XjLnI�hK` XZF X�ftADC8EeL!A#s[AQ`{sHN�SKI[VTE{XZLQI .;5,I0S<qD|
/ h�V@AOI . >-S[`{>bm EeL!VTLQI0^_>TC�E
A1��LbC�m � A
VYsBADC�AnVTEe>�C�`�E�CGXZIK����EeLyAOI
XZI0Ee>@�n>TCb��r�sK> ` XZ�QI[AbEeS]C�>HLbNMA . fZL0V��
Xt`-L . E(ADXZIK>Dm .0/
. XZE&��X�`{> 
!/10�XZIK�HEGsK>!`aXZ�QIBAOEeS0C(>b`-LbNlADf�f���LbC�mK`�XZI�Eesk> . fjL0V��v��UQXZF X�f�A@Cef / h[EesK>�`aXZ�QIBAOEeS0C(>�LbN
A�?Ks]CYAQ`�>RX�`�L . E�ADXZIK>bm .0/'. XZE&��X�`{>�
!/
0�XjIk�4��LOCYmd`aXZ�nI[AOEGS]C(>b`,XZIdEGsK>
?Ks0C�AQ`{>_��r�s]S[`�h .0/
m]>T�[I0XjE{XZLQI�h%X�N�A . fZL0V��dV�LQI0E(ADXZI[`!A
?Ks]C�An`�>���h�EesK>R` Xj�nI[AOEGS]C(>�LONMEGsK> . fZL0V3�'F S[`{E . XZE ��Xt`{>
VTLQI0E(A@XZI'EesK>!`aXZ�nI[AOEGS]C(>!LON:EGsK>�?Ks]C�An`�> ���

�%XZ�nS]C(>goQ�joHXt`
AbI >��BAOFR?]fZ> LON!A . fjL0V�� `aXZ�QIBAOEeS0C(>_���[LOCREGs]Xt`H` XjFR?]fZ>'>��BAOFR?]fZ>_h:EesK>
. fZL0V3� ` XZ�QI[AbEeS]C�>
AbI[m �lLOCYm'`aXZ�QI[AbEeS]C�>b`�A@C(>RA@f�f�|$* . XZE(`-fZLQIK�k� �{I�LnS]C!>��[AbFH?0fj>!EesK>��kC�`�E
��LbC�m
XZI�EGsK> . fZL0V�� s[AQ`#| . XZE(`�`�>@EJh�EGsK> *OI[m�EGLHEGsK> 8bEes5�lLOCYmK`-s[A@^_> q_h 6]h 8]hvAOI[m  . XZE(`
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`�>@E�EeL o#C(>D`�?[>bVTE{Xj^_>�f / �:r�sK> . fZL0V�����XZEes'?Ks0C�AQ`{> �e. L_L$� X�`MC(>bm AOIBm
LOftm�� s[An`-AR`aXZ�QIBAOEeS0C(>
,$, ,$,$,0oQono�oQo+,]o+,]oQono oQo�,0o�,0oQo�, ,]ono�,$, ,]onoQh ��XZEes�o�� . XjE�`-`{>@EMEeL on�

�lLOCYm ` XZ�QI[AbEeS]C�>
�eoJ`�E@xl| . XZE(`�`�>@E � . L_L$� , ,$,$, ,$,0o�, , ,$,]o+,$, ,$, , ,$,]o+,$, ,$, ,$,$, ,$, ,$,$,

� *bI[m<xMq . XjE�`-`{>@E � Xt` , ,$,$, ,$,0o�, , ,$,$, ,$,0oQo ,0o�,$, ,$,0o�, ,$,]o+,$, ,$,]o
� |DCYm<x�6 . XZE(`�`�>JE � C(>bm , ,$,$, ,$, ,]o , ,$,]o+,$, ,]o ,0o�,$, ,$, ,$, ,]oQo+,$, ,$,$,
�� QEGs�x�8 . XZE(`�`�>JE � AOIBm , ,$,$, ,]o+,$, ,0o�,$, ,]o+,$, o+,$,$, ,$, ,$, ,$,$, ,$, ,]o�,
� 8OEGs�x  . XZE(`�`�>JE � Lbf�m , ,$,$, ,$, ,$, o+,$,$, ,$, ,$, ,0o�,$, ,]o+,$, ,]o�, ,$, ,$,$,

. fjL0V���`aXZ�QIBAOEeS0C(> , ,$,$, ,]onoQo ono�,]o+,]onoQo ono�,]o+,]ono�, ,]oQo+,$, ,]oQo

�%XZ�QS]C�>
on�joQx � f�fjSB`�E�CYAOE{XjLnI'LONlA . fZL0V�� `aXZ�QIBAOEeS0C(>

�{I[`{Ee>bAnm LbN�`�>DADC�V(s]XZIK��Ees]C�LQSK�ns�A �MsKLbfZ>
Ee>��kE#�KfZ> N�LbC�A
?Ks]CYAQ`{>_h �l>H�nL�Ees0C(LQSk�Qs�XZE(`
F S[V(sd`{sKLOC�Ee>TC `aXZ�QI[AbEeS]C�>
�KfZ>HEGL'`�>DADC�V(s'N�LOC . fjL0V��k`,EesBAOE V�LQI0E(ADXZI�Eesk>
` Xj�nI[AOEGS]C(> LbN�EesK>
?Ks]CYAQ`�>���UQXZI[VT>
EGsK>TC�>
A@C(>HN A@f�`{>
s]XZE(`�h+EesK>�?Ks]C�An`�>HXt`!VYsK>DV3�_>bm'Ab�_A@XjIB`�ERF
AbE(V(s]XZIK� . fZL0V��K`
EeL�m]>@EG>TC(F XZIK> �Ms0X�V(s . fZL0V��K`#AnVTEeSBADf�f / s[A@^_>�Eesk>�?Ks]CYAQ`{>_��� N:EesK> I0SKF . >TC�LON . fZL0V��K`-EGs[AOE
ADC�> VYsK>DV3�_>bm'X�`RF S[VYs `{F
A@f�fZ>TC�EGs[AOI EesK>'EGLQE(A@f#I0SKF . >TC�LON . fjL0V��k` XZI A'Ee>��kE �KfZ>_hMEesK>
`�>bA@C�V(s�E{XjFR> ��X�f�f . >R`�skLOC(EG>@IK>bm E�C�>@FH>JI[m]LQSB`af / ��r�sK> V�LQI0^_>@I]E{XZLQI[A@f:` Xj�nI[AOEGS]C(>�AO?k?]C(L�AQV(s
Xt`,`{S]XZE(A . fZ>HN�LOC�F S0fjE{XZ?]fZ>1�lLOC�m
�B>TftmK`#AOIBm ?[A@C(E{X�A@flF
AbE(V(s'�_SK>TCeXZ>b`�h �Ms]XtV(s `�?[>bVYX�N / AHN�>��
��LbC�mK`�XZI�>bAnVYs
�[>Tftm<�

� mWXt` "(LbXjI0E�VTL0mWXZIK�RFR>@EesKL0m9�MAQ`M`{EeS[m_Xj>Dm .]/ �vADfZLQSkE(`�L�`%. �vADf ���0/ h�XZI��Ms0X�V(s >bAQV(s . fZL0V3�
s[AQ`:`{>@^_>TC�A@f_�[>TftmK`�hQ>bAQV(s,�B>Tftm�s[AQ`:A��[>Tftm `aXZ�QIBAOEeS0C(>Mf�X)�_>MEGsK>�LnIK>�m]>b`GVYCeX . >bm,XZI �%XZ�QS]C�>�oQ�ZoQh
AOI[m EesK> . fZL0V3� ` XZ�QI[AbEeS]C�>�X�`�EGsK>!VTLQIBV@AOEG>@I[AOE{XZLQI�LbN%�B>Tftm
` XZ�QI[AbEeS]C�>b`T� �{EMs[AQ` . >@>@I�`{sKL��MI
Ees[AbE
SKI[m0>TCRLQ?KE{XZF
A@f!m]>b` Xj�nI�h�s[A@f�N�LbN�Eesk> . XjE�` XZI A��[>Tftm ` XZ�QI[AbEeS]C�>d`{sKLQS]ftm . >'`{>@E EeL
o . �vADf ���0/ �:r�s]Xt`�Xt`MmWX � >TC(>@I0E�N�C�LQF V�LQI0^_>@I]E{XZLQI[A@f<sBAQ`�s0XjIk�Kh
�MsK>TC(>�>bAQV(sH�[>TftmHXt`�C(>b`{E�CGX�V�Ee>bm
EeL LnIK>���LbC�m<hk�WSk>TCeXZ>b` . >bVTLnFH>#>��[AnVTE:F
AbE(V(s
�_SK>TCGXj>D`ThKAbI[m
A#N ADft`�>�s]XZEML0V@VTS0C�`�LnI]f / X�N&E&��L
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`aXZ�QIBAOEeS0C(>b`�ADC�> � � � " �WEGL >bAQV(sRLQEesk>TC�XZI[`{Ee>bAnmyLbN+LnIK> � � �
� " �

�
�

��� EGsK>#LQEGsK>TCD�+c�>#>��[AbF XZIK>
Ees]Xt`�XZI�FHLbC(>�m]>JE(ADX�f�XZI�U_>bV�E�XZLQI |]�! k� *0�

�
���
��� �%&���� ��(�('�	�

� `{S
01�
ADCeCYA / . � �32�U0p$*0h ~'~ pQ|+/<X�`�A�f�Xt`�E#LbN:?[LOXZI0Ee>TCY`�C(>@?0C(>b`{>@I]E{XZIK� fZ>��0XtVTLQ�bC�Ab?Ks]XtV@ADf�f /
`�LbC(Ee>Dm
?Ks]CYAQ`{>b`-`{EeLbC(>bm LQI�`�>bV�LQI[mKA@C / `�EGLOCYAO�Q>��

� `G`�SKFR>#EGs[AOE'��>�s[A@^_>�A Ee>��kE�VTLnI[`aXt`�E{XZIK�
LON�EesK>#N�LOf�fZL���XZIK��`�E�CGXZIK�Kx
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�lAQV(s ?[L_` XjE{XZLQI
XZI�XjE+XZI[mWXtV@AbEe>b`lA �����  lLOC � �21 � 0 �
�43 �

� � �'� � #��
��� � `aXt`{E�CeXZIK� �(h��Ms]XtVYs �nL_>b`

EeLREesK>�>@IBmyLbN:Eesk>,?ks]C�An`�>_�:r�sK>�C(>!ADC�> A . LnSKE�8 ,HV(s[A@C�AQV�Ee>TCY`�XjI�EesK>�>��BAOFR?]fZ>��KEGsK>TC(>�N�LOC(>�h
EesK>�C(>�ADC(>98 ,�`{>@F X�z�XZI]�[I]XZEe>y`�E�CGXZIK�_`��Hc >�fjL_L �dAbE�LQI]f / `�>@F X�z XZI]�[I0XjEG> `�E{CeXZIK��`,EesBAOE!`�E�ADC(E
AOE�EesK> . >@�bXjIkI]XZIK� LON���LOCYmK`T�lr�sK>TC�>!ADC(>Rono�`{S[VYs�`{E�CeXZIK��`Tx
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r�A . fZ>!oQ�Zo�f�X�`{E(`:EesK>�A . Lb^_>�` X�`{E�CGXjIk�_`�XZI fZ>��0XtVTLQ�bC�Ab?Ks]XtV@ADf�LOCYm]>TCb��c�>�`{EeLbC(>�VTLbCeC(>D`�?[LQI[m_z
XZIK��?�LbXZI]EG>TC�`%LbN�`�LOC�Ee>bm ` Xt`�E�CGXZIK�_`%XZIHEGsK>M`{S
09� A@CeCYA / � �%XZ�QS0C(>�oQ� *8X�f�fZS[`�E{C�AbEe>b`:EesK>8`aXZEeS[AbE�XZLQI
`�sKL���XZIK�
EGsK>!A . Lb^_>�EG>��KE8AOI[m
XZE(`�`�S
09��ADCGC�A / �lr�sK>�I]SkF . >�C�`MA . Lb^_>�EesK>�EG>��KE�`{sKL�� ?[Lbz
`aXZE�XZLnI[`
LON!`{E(ADC�E�XZIK�gVYsBADC�AnVTEe>�C�`�LON6EesK>b`{>�`aXt`�E{CeXZIK�_`HXZI EGsK> Ee>��kE@� UnX�`{E�CGXjIk�_` XZI EGsK> Ee>��kE
ADC�> C�>TN�>TC(>JI[VT>bm .0/ ?[LOXZI0Ee>TCY`6XZIdEGsK>
`{S
09� ADCGC�A / h&AOI[m'?[LOXZI]EG>TC�`!ADC�>
`{LOC(EG>bm�XjIgEesK> fZ>��]X�z
VTLQ�bC�Ab?Ks]XtV@ADflLbC�m]>TC�LONlEGsK>RoQo ` X�`{E�CGXjIk�_`T�!r�sK>!I]SKF . >TCY`�SKI[m]>�C#EGsK> `{S
01� A@CeC�A / XZI[mWXtV@AbEe>
C(>TftAbE�XZ^_>�LOC�m0>TC�`:LON&EesK>b`{>�`aXt`{E�CeXZIK��`T���[LbCM>��BAOFR?]fZ>_h]EGsK> �bEes ` X�`{E�CGXjIk� � EesK>!V(s]XtV3�_>@I �,`{E(A@C(E(`
AOE�EesK>  8OEes VYsBADC�AnVTEe>�C�?�L�`aXZE�XZLnI�LbN+EGsK>�Ee>��kE@�

o AOI[m EesK>!V(s]XtV3�_>@I
* V@AOEJhKEesK>�sKLbC�`�>�hKEesK>!m]LnI �_> / AbI[m
EGsK>!VYs]XtV��_>@I
| VYs]XtV��_>@I
 m]LQ�kh�EGsK>!V@AOEJhKEesK>�sKLbC�`�>�hKEesK>!m]LnI �_> / AbI[m
EGsK>!VYs]XtV��_>@I
8 m]LQI �_> / AOI[m EesK>!V(s]XtV3�_>JI
6 sKLOCY`�>_h[EesK>!m]LnI �_> / AOI[m EesK>!V(s]XtV3�_>JI
q EesK>!V@AbE@hKEesk>,skLOC�`{>_hKEesk>�m0LQI �_> / AOI[m EesK>!V(s]XtV3�_>@I
� EesK>!V(s]XtV3�_>@I
p EesK>!m]Ln�Kh[EesK>!V@AbE@hKEesk>,skLOC�`{>_hKEesk>�m0LQI �_> / AOI[m EesK>!V(s]XtV3�_>@I
o�, EesK>!m]LnI �_> / AbI[m
EGsK>!VYs]XtV��_>@I
oQo EesK>�sKLbC�`�>�h�EGsK>!m]LQI �_> / AbI[m
EGsK>!VYs]XtV��_>@I

r%A . fZ>
on�joQxMU_LbC(Ee>Dm
` Xt`�E�CGXZIK�_`-XZI�AOI�>��[AbFH?]fZ>

�{I ftADC��Q>dEG>��KEymKAOE�A . An`�>b`�h,EGsK>'Ee>��kE F S[`�E . >g`�EGLOC�>bm LnI m_X�`&�<� r�sK>g`�S
09� A@CeC�A /
VTLOCGC(>b`{?[LQI[mWXZIK��EeL�`aXt`�E{CeXZIK��`�AOE�>@^_>TC / ��LbC�m�E / ?]XtV@ADf�f / C�>b�WS0X�C�>b`'6$,

�

� ,�-*LbNlEesK>�`aX)(@>�LbN
EesK>REe>��KEJ�,c sK>JI�EGsK>R`�S
09� A@CeCYA / �bC(L���`,EGL_L . XZ��EeL
�[E�XjIgFH>@FRLOC / hKXjE�EGL_L
Xt`��_>@?KE#LnI
mWXt` �v�Rr�sK>
`{S
09� ADCGC�A / Xt`#EesK>@IgmWXZ^_X�m0>bm XZI0EeL . fZL0V��K`!AOI[m AOI'XZI[m]>�� EGL
EGsK> . fZL0V��K`�V@AbI
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1 5 10 14 19 23 30 34 41 45 49

cat, the horse, the donkey and the chickendog,the the

1 2 3 4 5 6 7 8 9 10 11

text:
on disk

on disk

(Pat array)

Suffix array:

��Xj�nS]C(>�oQ� *]x�U_S
09� � CGC�A / ���	��
 � CeCYA / �

. >
S[`�>Dm EGLyC�>bm]S[V�>
mWXt`&� AQV@VT>D`e`�>D`T�
r�sk> . fZL0V���f�X�`{ERVTLQI0E(A@XZI[`�A `�LbC(EG>bm f�Xt`�E�LbN �lLOC�mk`,LOC
?Ks]CYAQ`�>D`-Ees[AbE#m0>Tf�XjF XZE . fjL0V��k`T��w#LbC(F�ADf�f / h[EesK> . fZL0V3�
f�Xt`�E-Xt`�`�F�ADf�f+>JIKLQSK�ns�EGL . > �_>J?KE�XZI
FH>JFHLbC / � �%XZ�nS]C(>RoQ� |�X�f�fZS[`�E{C�AbEe>b`#Eesk>,s0Xj>�C�ADCYVYs / �

� `G`�SKFR> Ees[AbE���>�`{>bADCYVYs�N�LOC ?Ks0C�AQ`{>b`
`{E(ADC�E�XZIK� ��XZEGs EesK> ��LOCYm � EesK> �0� �KC(LnF EesK>
. fZL0V3�
f�Xt`�EJh ��>!VTLQS0f�mH�[IBmyLnSKE �Ms]XtV(s . fjL0V��
LbN+EGsK>!`�S
09� A@CeCYA / F
A / VTLQI0E(A@XjI�EesK>�E(ADC��Q>@E
?Ks]CYAQ`�>D`T� r�sK>@I �l>HC(>DAQm EGs[AOE . fjL0V���LON�EesK>�`{S
01� ADCeCYA / XZI0EeL'FR>@FRLOC / AOI[md?[>TCeN�LbC(F
A . XZI[ADC / `{>bADCYVYs LnI EGsK> `�S
09� ADCGC�A / . fjL0V��vh�AQV@VT>D`e`aXZIK��EGsK>'Ee>��kEHN�LbC�>DAQV(s ?]C(L . > EeL
m]>@EG>TC(F XZIK> �MsK>@Eesk>TC�EeL�`�>bA@C�V(s EeL Eesk>6CGXZ�Qs0E-LbC#EGsK>#fj>�N�E ��XjEGs]XZI'EesK>!A@CeC�A / �

on disk

1 2 n. . . . .
in memory

block list

text

(Pat array)
Suffix array

�%XZ�nS]C(>�oQ� |0x���Xj>�C�ADCYVYs / LON �{I[mWXtVT>D`

UQXZI[V�> `�>bA@C�V(s E{XjFR>�Xt`�m]LnF XZI[AbEe>bm .0/ mWXt` � Ln?[>TC�AbE�XZLQI E�XZFR>_h-EGsK>'I0SKF . >TC LON mWXt` �
AQV@V�>b`e`{>b`�Xt`#VYCGXjE{XtV@ADf � ��LbC�A�`�S
09� ADCeCYA / h�`�>DADC�V(s�E{XZFH>�X�` 	 � fZLn�
� �8mWXt` � AnV@VT>b`G`�>b`�h �Msk>TC(>
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� Xt`MEesK>�I0SKF . >TCMLbN:>@I0E�CGXj>D`�XjI�LQIK> . fZL0V��<�
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c�>!?]C(Ln?[L_`�>RA s[An`�s]z . AQ`{>bm�FR>@EesKL0m EeL C(>bm0S[VT>�EesK>�I0SKF . >TC�LON�mWXt` ��AQV@V�>b`e`{>b`�EGL
A Ee>��KEJ�
r�sK>�Xtm]>bAHXt`-EeL��OXZ^_>RA
`�skLOC(E � `aXZ�nI[AOEGS]C(> � EeL
>DAQV(s'?Ks]C�An`�>�XZI A
`{S
01� ADCGC�A / �-c sk>@I4��>
`�>bA@C�V(sdN�LOC�A'?Ks]C�An`�>_h ��>R�KC�`{ERVTLQFR?KSKEG>yXZE�` `aXZ�QI[AbEeS]C�>_hMAbI[m EGsK>@I `�>@>RX�N�XZE(`R`aXZ�QIBAOEeS0C(>
F
AbE(V(sK>b`MAbI / LnIK>,XZI�EesK>!`aXZ�nI[AOEGS]C(>��KfZ>_�

i�?KE{XjF Xt`�E{X�VJADf�f / h+Ees]C�LQSK�nsdEesk>
A@^nADX�ftA . X�f�X�E / LbN�A SKI]Xt�WSk>
` Xj�nI[AOEGS]C(>�h:Ay?ks]C�An`�> `{>bADCYVYs
IK>@>bmk`yLnIK>gmWXt` � AQV@VT>D`e`Tx�A@N�Ee>TC C�>bAQmWXZIK� AOI AO?K?0C(LQ?0CeXtAOEG> ?0Xj>DVT>�LbN EGsK> `aXZ�QIBAOEeS0C(>d�KfZ>_h
?[>TC(s[Ab?[`-fZL0V@AOEG>bm���XZEes'EGsK> sK>TfZ? LON8A . fZL0V���f�Xt`{E@h�EesK> ?ks]C�An`�>�V@AOI . > F�AOE(V(sK>bm ��XZEesKLnSKE
AQV@V�>b`e`:EeL�EesK>�Ee>��KE+XZE(`{>Tf�NG�:r�s]S[`�hWXtm]>bA@f�f / h
��>'�MAbI]E:>@^_>�C / ?ks]C�An`�>#EGL,sBAD^_>�A�`�sKLbC(ElSKI]Xt�WSk>
`aXZ�QIBAOEeS0C(>_��r�sK> FRL_`{E-E{CeXZ^_X�A@fl`aXZ�nI[AOEGS]C(> Xt`Th<LbNMV�LQS]CY`�>_h[EesK>!?Ks]CYAQ`�>�XZE�`�>Tf�NGh . SkE-EGsK>b`�>�ADC�>
EeL_LHfZLnIK�K�

� N���>l` XjFR?]f / �OXZ^_>�>DAQV(s,?ks]C�An`�>:^_>TC / � `{sKLOC�E �#` XZ�QI[AbEeS]C�>b`Th_Eesk>@I ��>:F XZ�ns]E�s[A@^_>l`�>J^_>TC�A@f
mWX � >TC(>@I0E�?Ks]CYAQ`�>D` ��XZEGs'EesK>R`GAOFR>R`aXZ�QI[AbEeS]C�>_� � N ��>Rm]>D`aXZ�QI EesK>D`�>R`aXZ�nI[AOEGS]C(>b`�V@A@C(>TN�S0f�f / h
EesK> / ��X�f�f��lLOC ��FRL_`�E�LbN�EGsK> E�XZFR>
AbI[m
N ADX�f:XZId`{LQFR>R`�F�ADf�flI]SkF . >�C#LbN�V@An`�>b`�� �{I'Eesk>b`�>
ftAOEeEG>TC6V@AQ`{>b`Th �l>�m0L
A,N�>�� FHLbC(>�mWXt`&��AnV@VT>b`G`�>b`�h . SKEMLnI'A@^_>TC�Ab�Q>_h���>!`�E{X�f�f���XZI��

r�s]Xt`+Eesk>b`aXt`:ADXZF�`�AbElm]>@^_>TfZLQ?0XjIk��A#FR>@EeskL0m�EeL!`�>bA@C�V(s�N�LOClA#?Ks0C�AQ`{> ��XZEGs
AbIH>��k?[>bVTEG>bm
E�XZFR>-LbN�LQIk>#mWXt`&�
AnV@VT>b`G`%EeL�Eesk>�XZI[m]>���AOI[m IKL�FHLbC(>�Ees[AbIHE&�lL�m_X�`&�RAQV@V�>b`e`{>b`+EeL�EesK>�Ee>��KEJh
LOC�E&�lL
mWXt`&�'AQVJVT>b`e`{>b`�EeLRXjIBmWXtVT>b`#AbI[m
IKL�FHLbC(>�EGs[AOI�LQIK>Rm_X�`&��AQV@VT>D`e`MEeL
EGsK>�Ee>��kE@�Mr�sk>
`�?[AnVT> LON�EesK>�?Ks]C�An`�>�`aXZ�nI[AOEGS]C(>b`�Xt` A . LQSkE�* , . XZE(`�?[>TC98@z �lLOCYm ?Ks]CYAQ`{>�A@N�Ee>TC A'`aXZFR?]fZ>
VTLQFR?]C�>b`e` XjLnI��

�{IdEGs]Xt` `�>bVTE{XZLQI�h �l> m]>b`GVYCeX . >
Eesk>
LQSKE{f�XjIk>
LbN#EGsK> `{S
01�0za`aXZ�QI[AbEeS]C�> FH>@EGsKL0m ��>�ADC�>
?]C(Ln?[L_`aXZIK�k�Mc�> . CeXZ>	� / `�sKL�� >bAQV(s
?[A@C(EMLbN+EGsK>#FR>@EesKL0m�AOI[m
sKL�� EesK>#FR>@EGsKL0m1��LbC��k`�XZI
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�Q>@Ik>TC�A@f � �{I EesK>#N�LOf�fZL���XZIK��VYs[Ab?KEe>�C�`Th �l>!`�EeSBm / >bAnVYs ?[A@C(EMXjI�m]>JE(ADX�f �

�
� �%��� � �-$)�%��� & ('� ��(�('�	� �
� � ��� � � ���%��� ('��(���� �

�lAQV(s
?ks]C�An`�>�sBAQ`�AOI
XZI]EG>@�Q>TC�An`8XZE�`M`aXZ�QI[AbEeS]C�>_��� N�>bAnVYs ?Ks]CYAQ`{>,sBAQ`�A�SKI]Xt�WSk> `aXZ�nI[AOEGS]C(>_h
LQI]f / XZI0Ee>TC�I[ADf0XZI]EG>@�Q>TC�VTLQFR?[ADCGXt`�LQIB`�A@C(>lIK>@>bm]>Dm,EeL��[I[m�LQSkE%X�N�A�?Ks]C�An`�>M>��0Xt`�E�`�XZI�A . fZL0V��<�
�MSKE+XZE�Xt`�XZI]N�>bAn`aX . fZ>�EeL�s[A@^_>�SKI]Xt�WSk>@IK>b`G`Th . >bV@AOSB`�>��lLOC�mk`�F SB`�E . > �0IKL��MIHXZI
Anm]^nAOI[V�>-XZI
LOCYm]>TC�EeL �[I[m
?[>TCGN�>bVTE�` Xj�nI[AOEGS]C(>�N�SkI[VTE�XZLnI[`Th�AbI[m�AnmKmWXZIK�
LnIK>�FRLOC�> �lLOC�m ��X�f�f&?]C�L . A . f /
F
A��_>#XjE�IK>bV�>b`e`GADC / EeL��[I[m IK>�� N�SKI[VTE{XZLQI[`��

UQXZ�nI[AOEGS]C(>!FH>@EGsKL0mK`�EGsK>TC(>�N�LOC(>��OXZ^_>#SK? Eesk>6Xtm]>DA�LON&SKI]Xt�WSk>@IK>b`G`ThK?[>TC(F XZEeE{XjIk�
A `{F
A@f�f
I]SkF . >�C#LbNMm_X � >TC�>@I0E���LbC�mK`-EGL
s[A@^_>�EGsK> `GAOFR> ` Xj�nI[AOEGS]C(>�AOIBm�S[`aXZIK��A
`{?�>DVYXtADf:FR>@EeskL0m
EeL
C(>D`�LOfZ^_>RVTLbf�f�Xt` XjLnI[`T��r�s]SB`#`aXZ�QIBAOEeS0C(>
FR>@EeskL0mK`-S[`{> s[AQ`{s]XZIK��EG>bVYskI]Xt�WSK>D`#AQ`�N�SkI[VTE�XZLnI[`
EeLR�Q>@Ik>TC�AbEe>!`aXZ�QIBAOEeS0C(>b`��

�{IREesK>M?]C�LQ?[L_`{>bm
FH>JEesKL0m<h_EGsK>TC(>MXt`�A ��� � �
" � ��#+� "$#�# "$%�XZI AnmKmWXZE�XZLnI�EeL�EGsK> � �  � � �����! 

"$#�# "$%QhkAOI[m �+� � � � � �.� ��h<An`8X�f�fZS[`�E{C�AbEe>bm
XZI5��Xj�nS]C(>�oQ�  K�lr�sK>�Ee>��kE�AOI[m EesK>!`{S
01�
ADCeCYA / ADC�>
EesK>R`GAOFR>RAQ`�XZI4�%XZ�nS]C(>�oQ� *]���+fZ>@FH>JI]E�`8XZI'Eesk>R`aXZ�QI[AbEeS]C�>
A@CeCYA / ADC�>�XjI0Ee>J�Q>TCY`-�Q>@Ik>TC�AbEe>bm
.]/ A s[An`�s N�SKI[VTE{XjLnI�h[AOIBm
Eesk> / A@C(>�`aXZ�QI[AbEeS]C�>b`MLONlVTLbCeC�>b`�?[LQIBmWXZIK� `aXt`{E�CeXZIK��`�XZI�EGsK>!`�S
09�
ADCGC�A / �H\�I]f�X.�_>�A `aXZ�QIBAOEeS0C(>
�KfZ>
An`�m]>D`eVYCGX . >bm'>bA@Cef�XZ>TC-. �<A@ftp$*0/ h�EGsK>R`aXZ�QIBAOEeS0C(>�ADCGC�A / s[AQ`
LQIK>g`aXZ�nI[AOEGS]C(>'N�LOC�>bAnVYs ?Ks]C�An`�>'XZI EGsK> `�S
09� A@CeCYA / � UQXZ�nI[AOEGS]C(>'N�SKI[VTE{XZLQI[` ADC�>'S[`�>Dm
AOE XZI[m]>�� . S]X�f�m_XjIk�dE�XZFR>
EGL'?]C(L0m0S[VT>�AOI�XjI0Ee>J�Q>TC�An` A'`aXZ�QI[AbEeS]C�>�N�LOCR>bAnVYsg?Ks]C�An`�>_� �{I
�%XZ�QS]C�> on�! kh�EGsK>TC�>'ADC�> �dmWX � >TC(>JI]E ` XZ�QI[AbEeS]C�>�^nADfZSK>D`T�3U_LnFH> mWX � >TC�>@I]E�`aXt`{E�CeXZIK��`
s[A@^_>
EesK>�`eAbFH>R` XZ�QI[AbEeS]C�>_�1�[LOC�XZI[`{E(AOIBVT>_h�EesK>RpbEesgAOI[m'Eesk>�onoTEesg`aXt`{E�CeXZIK��`�s[A@^_>����!AQ`#EesK>�X�C
`aXZ�QIBAOEeS0C(>b`�� �{I Ees]Xt`�>��BAOFR?]fZ>_h�EesK>�`�S
09�gADCGC�A / AOI[mdEesk>
` Xj�nI[AOEGS]C(>�A@CeC�A / ADC�> mWXZ^WXtm]>Dm
XZI]EGL E&�lL . fZL0V��K`�� r�sK> �KC�`{E . fZL0V�� s[An`�8d`aXt`{E�CeXZIK��` AOI[m EGsK>'`{>bVTLQIBm s[AQ`�6g`aXt`�E{CeXZIK�_`��
r�sK> . fZL0V3�Rf�Xt`{E�XZI[mWXtV@AbEe>b` �MsK>TC�>�>bAQV(s . fZL0V�� `�E�ADC(E�`8XZI Eesk>�`�S
09��A@CeC�A / AbI[m
EesK>�?[ADCYADf�fZ>Tf
`aXZ�QIBAOEeS0C(>RADCGC�A / �
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S1 S2 S3 S4 S5
1 2 3 4 5

1 5 10 14 19 23 30 34 41 45 49

cat, the horse, the donkey and the chickendog,the the

1

and
65

horse
11

S6 S7 S4 S8S7 S8
6 7 8 9 10 11

on disk

in memory

block list: 

in memory

on disk

signature:

text:

1
2Suffix array:

(Pat array)

�%XZ�QS0C(>RoQ�  KxMU_S
09�]zGUQXZ�QI[AbEeS]C�> ~ >@EGsKL0m

r�sK>�Ee>��kE@h�`�S�01� ADCGC�A / AbI[md` Xj�nI[AOEGS]C(> ADCGC�A / A@C(>
LnI�mWXt` �vh �MsK>TC�>bAQ`�EesK> . fZL0V3�'f�X�`{E
Xt`�XZI FH>JFHLbC / �#c sK>JI4��>R`�>DADC�V(s�N�LOC,Ay?BADC(E{XtVTS]ftADC!?Ks]CYAQ`{>_h���>�C(>DAQm'A `aXZ�QIBAOEeS0C(> . fZL0V3�
XZI]EGL
FH>JFHLbC / AnV@VTLOCYmWXZIK�
EGLHEGsK> `{E(ADC�E-LbN:EesBAOE�E(ADC��Q>@E�?Ks]C�An`�>�AOI[m EesK> . fZL0V3�
f�Xt`�E@��r�sK>JI
��>�`�>DADC�V(s�EesK>�` Xj�nI[AOEGS]C(> . fZL0V3�dN�LbC
EGsK> `eAbFH> `aXZ�QIBAOEeS0C(>b`RAQ` EesK> E�ADC(�n>@ER?Ks]C�An`�>_hlAOIBm
C(>bAnm�VTLbCeC�>b`�?[LQIBmWXZIK�
?Ks]CYAQ`{>b`8N�C�LQF m_X�`&� EeLRm]>@EG>TC(F XZIK> �MsK>@EGsK>TC�Eesk> / F�AOE(V(s
EGsK>�E(ADC��Q>@E
?Ks]CYAQ`�>��

� `G`�SKFR>MEesBAOE��l>�`�>bA@C�V(s N�LbC8A,?Ks]CYAQ`{> � � � EesK>�sKLOCY`�>_h_Eesk>#m]LnI �_> / AbI[m EGsK>�VYs]XtV��_>@I �0h
�Ms]XtVYs���> ��X�f�f:�[I[m'`{E(ADC�E�XZIK� AOE�EesK> oJpOEGsdV(s[ADCYAQVTEG>TC#XZI EesK> EG>��KE�LON �%XZ�QS]C�> oQ�  �%EGs]Xt`-X�`
EesK>RonoTEes�>@I0E�C / XZI�EGsK>!`�S
09� A@CeCYA / AOI[m
XjI . fZL0V3� * �]XZE-sBAQ` � �HAn`�XZE(`�`aXZ�QI[AbEeS]C�>_��w#LnE�XtVT>
Ees[AbE�XZI
EGsK>�`GAOFR> . fZL0V3�vh]EGsK>#?Ks0C�AQ`{> � � � � EGsK>�m]Ln�KhKEGsK>#VJAOE@h0EesK>�sKLOCY`�>_hKEGsK>#m0LQI �_> / AOIBm
EesK>yVYs]XtV��_>@I �
s[An` � ��AQ`#XjE�` `aXZ�QIBAOEeS0C(> EeL_Lk� � / fZL_L �WXZIK� SK?dEGsK> . fZL0V�� f�Xt`�EJh/�l>1�0IKL��
Ees[AbEHEGsK> ?Ks]CYAQ`�>�� Xt`�XZI[m]>��k>bm XZI . fZL0V3� *]h+X�N#XZE Xt`�XZI Eesk>
EG>��kERAOE�ADf�f � c�>
C�>bAQm�EesK>
VTLOCGC(>b`{?[LQI[mWXZIK� . fZL0V3�k`�LbN+EGsK>�`{S
01�
ADCeCYA / AOI[m
EGsK>�`aXZ�nI[AOEGS]C(>RA@CeC�A / XZI]EGLHFR>@FRLOC / N�C(LnF
mWXt` �v�Hc >R`�>bA@C�V(s'EesK>�`aXZ�nI[AOEGS]C(> A@CeCYA /�. fZL0V3�'N�C(LnF�EGsK> . >@�OXZIKI]XZIK��N�LbC � �0� c�>��[IBm � �

ADN�EG>TC o�m_X�`&��AQV@VT>D`e`�EeLREesk>,EG>��kE@hKAbI[m
EGsK>@I
�[I[m ��AOE�EesK> *bI[m�mWXt`&��AnV@VT>b`G`�EeL EGsK>�Ee>��kE@�
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c >RVTLQI0E�XZI0SK>REeL
XZI0E�C�L0m]S[VT>REesK>R?Ks]CYAQ`{>
` Xj�nI[AOEGS]C(>�`{E�C(SBVTEeS]C�>�XZI U_>bVTE{XZLQI oQ� *0� *0h+AOIBm
sKL���EeL . LnSKI[m�EGsK>�I0SKF . >TC�LON�mWXt` � AnV@VT>b`G`�>b`�N�LbCl`�>DADC�V(s]XZIK�MN�LOC�A-?Ks]CYAQ`{>�XZI
U_>bVTE{XZLQI[`:oQ� *]� |
AOI[m oQ� *]�! k�

�
� �%��� � �-$)�%��� & ('� " � ( & � �'&)('�

�{I
LnS]C�>��[AbFH?0fj>�hKEesK>!pOEGs'`{>@F X�z�XZI]�[I]XZEe>�`�E{CeXZIK�HXZI�EGsK>!`�S
09��A@CeC�A / h[`{E(A@C(E�XZIK�yAOEMEesk>6�kC�`�E
VYsBADC�AnVTEe>�Cbh%sBAQ`�` XZ�QI[AbEeS]C�> � �0� �{E(`�?]C(>�� �K>D`Th<N�LOC!XjIB`�E(AbI[VT> � EesK>ym]LQ� �]h+XjIg�Q>@IK>�C�ADfls[A@^_>
mWX � >TC(>@I0EM` XZ�QI[AbEeS]C�>b`T� �{IHLbC�m]>TC8EeL�`�>bA@C�V(s N�LbCM?]C�>T� �k>b`%LON&`{>@F X�z�XZI]�[I]XZEG>�`{E�CGXjIk�_`�S[` XjIk� EesK>
`aXZ�QIBAOEeS0C(>RADCGC�A / hK?Ks0C�AQ`{>!`aXZ�QI[AbEeS]C�>b`-IK>J>bm
EesK>�?]C�>T� ��?]C(Ln?�>�C(E / hKEesBAOE�Xt`Thv`aXZ�QIBAOEeS0C(>b`-LbN:A
?]C(>�� � ?Ks]CYAQ`{> ADC�>!VTLQFR?KSKE�A . fZ>,N�C�LQF*EGsK>�?Ks]CYAQ`�>�`aXZ�QIBAOEeS0C(>_�

r�sK> VTLQIBV@AOEG>@I[AOE{XZLQI `eV(sK>@FR>_h �Ms]XtVYs `GAOE{X�` �[>b`HEGsK>�?0C(>T� � ?]C�LQ?[>TC�E / hMVTLQFR?KSKEG>b` EesK>
`aXZ�QIBAOEeS0C(>#N�LOC8>bAQV(s1�lLOCYm XZI A,?Ks0C�AQ`{>�AOIBm
VTLQIBV@AOEG>@I[AOEG>b`�A@f�f�Eesk>���LbC�mR`aXZ�QI[AbEeS]C�>b`MEeL��Q>@E
EesK>�?Ks0C�AQ`{> ` Xj�nI[AOEGS]C(>��

� VTLnFH?0fj>JEe>M?Ks]CYAQ`{>�`aXZ�QIBAOEeS0C(>�A@CeC�A / VTLQI0E(A@XjIB`�	 � � ��� � �lLOCYmH` Xj�nI[AOEGS]C(>D`Th
�Msk>TC(>%�
X�`
EesK>�I]SKF . >TC8LON �lLOC�mk`�XjI�A . fZL0V3� AbI[m � X�`�EGsK>-fZ>@IK�nEes LON&Eesk>-fZLQIK�n>b`�E�C�>@?[>bAOE{XjIk� ?Ks]C�An`�>_�
r L > � >bV�E�XZ^_>Tf / S[`{>R`�?[AnVT>_h �l>�fZ>@E!AH?Ks]CYAQ`�>�`aXZ�nI[AOEGS]C(>�VTLQI0E(A@XZId` Xj�nI[AOEGS]C(>D`6N�LOC!LnI]f / EesK>
�KC�`{E#`{>@^_>TCYADf��lLOCYmK`ThKN�LOCMXZI[`{E(AOIBVT>_h[EesK>#�KCY`�E�N�LQS0C��lLOC�mk`8XZI LQS]C�>��BAOFR?]fZ>�LON �%XZ�nS]C(>RoQ� 8]�

w�A@XZ^_>Tf / h<>bAnVYs4�lLOC�m `aXZ�nI[AOEGS]C(>
F�A /�. >RLONMEGsK>R`eAbFH>�`aX)(@>�h�N�LbC�>��BAOFR?]fZ>_h:o�6 . XZE(`#XZI
�%XZ�QS]C�>
on� 8]�lr�L S[`�>!`�?BAQVT>!FHLbC(>#> � >bV�E�XZ^_>Tf / h
�l>!VTLQS]ftm S[`�>!mWX � >TC(>JI]E�` Xj�nI[AOEGS]C(>R` X)(@>b`�N�LOC
mWX � >TC(>@I0E'��LOCYmK`�XZI'A�?Ks0C�AQ`{>_h[AOIBm�mWX � >TC(>JI]EM?Ks0C�AQ`{>b`MF
A / S[`{>!mWX � >�C(>@I0E ��LbC�m `aXZ�QIBAOEeS0C(>
`aX)(@>b`�m]>@?[>@IBmWXZIK�
LQI �lLOC�m�mWXt`�E{CeX . SKE{XjLnI[`T�
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phrase 
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�%XZ�nS]C(>b`&|]� 6�AOI[m |0� ��XZI[mWXtV@AbEe>MEGs[AOE%N�LbClA�� �k>bm�I]SKF . >TC&LON . XZE�` XZI
A-?ks]C�An`�>�`aXZ�nI[AOEGS]C(>_h
EesK>!mWX � >TC�>@I[VT>-XZI Eesk>,EGLQE�ADf�`{?[AQV�> . >@E&�l>@>@IREesK>�E&��L�ADfZ�QLbCeXZEesKF�`Th . LQEGs . >TN�LOC�>�AOIBm�ADN�EG>TC
VTLQFR?]C�>b`e` XjLnI�hKXjIBVYC(>bAn`�>b`�AQ`MEesk>,I0SKF . >TC8LON �lLOC�mk`8XZI'A�?ks]C�An`�> ` XZ�QI[AbEeS]C�>�XjIBVYC(>bAn`�>b`��

�%XZ�nS]C(>�|]� p ?]fZLQE�`-Eesk> `�>DADC�V(s ?[>TCeN�LbC(F�AOI[VT>�N�LOC�EesK>!V@An`�>b` �MsK>TC�> A ?Ks]CYAQ`�>�`aXZ�QIBAOEeS0C(>
Xt` . AQ`{>bm�LQI 81��LbC�mK`�AOIBm�EesK>!F
A��]XZF SKF*I0SKF . >TC�LbN . XjE�`8XZI A ?Ks]CYAQ`�>R` XZ�QI[AbEeS]C�>�X�`�|$*]h
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�%XZ�QS0C(> |0� �0x:r LnE(ADf . XZE(`M?[>TCMXZI[m]>���?[LOXZI0E#A@N�Ee>TC�V�LQFR?]C(>b`G`aXZLQI

AQ`G`�SKF XZIK��>bAnVYs�mWXt`�E{XjIBVTE 
 z ��LbC�m�?Ks]CYAQ`{>�X�`&`�>bA@C�V(sK>bm,LnI[VT>MS[` XZIK�#Eesk>�ADfZ�QLbCeXZEesKF�m0>b`eVYCGX . >Dm
XZI U_>DVTE�XZLQI�on� *0�#r�sK>��]zaA �0X�`MC(>@?]C�>b`�>JI]E�`�EGsK> I]SkF . >�C#LbN ��LbC�mK`#LON�AH?Ks]CYAQ`�>���r�sK>TC(>�ADC�>
Ees]C�>@>�?[LbXjI0E(`-XZI'>bAnVYs XjI0Ee>�C(^nADf&LQI'EGsK> �]zaA �0X�`�h�VTLbCeC(>D`�?[LQI[m_XjIk��EeLREesk> . fZL0V3��`aX)(@>D`-LON�o��vh
8 �vh�AbI[m o�,���C(>b`{?[>bVTE�XZ^_>Tf / �gr�sK> � z{A��]Xt`�Xt`�EesK> >��k?[>bVTEe>Dm I0SKF . >TC LbN�m_X�`&� AQV@VT>D`e`�>D`,EeL
A
Ee>��kE-SB`aXZIK� . XZI[ADC / `�>bA@C�V(s'AbI[m�`GV@AOIkI]XZIK��AQ`�`�sKL��MI�XZI��%XZ�QS]C�> oQ��q��#c�> L . `�>�C(^_>�EGs[AOE
� % ��"  �AOI[m�� " � "

�
�+�lADC�>,^_>�C / VYfZL_`{>#N�LOCM?ks]C�An`�>b`�fZLQIk�Q>TC�Ees[AbI * ��LbC�mK`��/�[LbCMLQIk>,LbC�E&��L

��LbC�m
?Ks]CYAQ`�>D`Th � % ��"  �Xt`�N An`�Ee>�CMEesBAOI �'" � "
�
�+�(�/�[LbC�ADf�f�V@An`�>b`�hKEesK>�>��K?[>bV�Ee>bm I]SkF . >�C�LbN

mWXt` ��AQVJVT>b`e`{>b`�EeL�A Ee>��kE�EGL
`{>bADCYVYs
N�LOC�A ?Ks]CYAQ`{>�LON&SK?�EeL98 ��LOCYmK`�X�`�fZ>b`e`MEesBAOIdo � on�
��>@IK>�C�ADf�f / h ��>�VTLnS]ftm An`e` Xj�nI . XZE(` EeL�fZL���>TC fZ>@^_>�f�`�LbN ��LbC�mK` � � � � � ��EesK>R�KC�`{E LOC�EesK>

`�>bV�LQI[m ��LbC�m,XZI
A�?Ks]C�An`�> ��FRLOC�>��Q>JIK>TC(LnS[`af / XZIRLOC�m0>TC:EeL6mWXt`�E�XZIK�nS]Xt`�s ?Ks]CYAQ`{>b`:AQ`+>bADCGf / AQ`
?[L_`e` X . fZ>_��r�s0X�`<XZFH?0C(Lb^_>b`<Eesk>�?[>TCGN�LOC�F
AbI[VT>+LbNv`�sKLbC(E�?Ks0C�AQ`{>b`Th �Ms]XtVYs!ADC�>:FHL�`�E�VTLnFHFRLQI]f /
C(>b�_SK>b`{Ee>bm�XZI ?]C�AnVTE�XtVT>_� �[S]C(EGsK>TC(FRLOC�>_h0A . >@EGEe>TC8?�>�CeN�LOC�F
AbI[VT>�AOE:fjL��l>TC�fZ>@^_>Tft`:F
A��_>b`+EesK>
?[>TCeN�LbC(F�AOI[VT>�AOE#s0Xj�nsK>TC#fZ>@^_>�f�` . >@EeEG>TC6AQ` ��>Tf�f h�`aXZI[V�>�FRLOC(>!?Ks]CYAQ`�>D`-Ees[AbE-sBAD^_>!mWX � >TC�>@I]E
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�%XZ�QS]C�>!|]� p0x�U�>bADCYVYs ?[>TCeN�LbC(F�AOI[V�>6N�LbC�|$* . XZE(`�8@z �lLOCYm�`aXZ�nI[AOEGS]C(>b`

?]C(>�� �K>D` . SKE�EesK>!`eAbFH>#N�Lbf�fZL���XZIK� ��LbC�mK`�ADC�>,FRLOC�>#f�X)�_>Tf / mWXt`�E{XZIK�QS]Xt`{sK>bm ADf�C(>bAnm / .]/ EesK>
`aXZ�QIBAOEeS0C(>b`#LON�EesK>TX�C�?]C�>T� �k>b`T�lr�s0S[`ThKN AQVTEGLOCY`�LnEesK>TC�EesBAOI�F XZI]XZF X)(TXZIK��EesK>�EeLnE(A@f+I0SKF . >TC
LON8AQm�"�AQVT>@I0E�VTLbf�f�Xt`aXZLnI[`,F XZ�Qs0E�XZI �[Sk>@I[VT>!sKL�� . >b`�E�EeL�ADf�fZL0V@AOEG> . XjE�`�N�LOC�XZI[mWXZ^_X�m0S[ADf �lLOCYm
`aXZ�QIBAOEeS0C(>b`��

�{I `�SkFHF�ADC / h�LQS]C�>��K?[>TCGXZFH>@I0E(`�`�sKL�� EesBAOE�EesK>�`�>DADC�V(s'?[>TCeN�LbC(F�AOI[V�>HLbN �'" � "
�
�+�#X�`

�QL_L0m�>@IKLQSk�Qs�� � fZEGsKLQSK�ns�h �'" � "
�
�+��S[`�>b`!A�` XjF X�ftADC�AOFRLQSkI]E!LON�`�?BAQVT>�AQ` � %�� "  RADN�EG>TC

VTLQFR?]C�>b`e` XjLnI
N�LbC�A,C(>DAQ`�LnI[A . fj>!VTLnF . XZI[AOE{XZLQI�LbN�EesK>�I]SKF . >TC8LON . XZE�`MAOI[m
Eesk>#I]SkF . >�C�LbN
��LbC�mK`-XZIdA
?Ks0C�AQ`{>R`aXZ�QIBAOEeS0C(>_h�XjE�S[`�>b`-fZ>b`G`,`{?[AQV�> Ees[AbI � %���"  ��XZEGsKLQSKE�EGsK>R`aXZ�QIBAOEeS0C(>
ADCGC�A / VTLnFH?0C(>b`G`aXZLQI�h0An`%?]C(>DmWXtVTEe>bm .]/ EGsK>�EGsK>@LOC / �%c >M`{SK�Q�n>b`�E&S[`aXZIK� �'" � "

�
�+�%EGL�ADf�fZL0V@AbEe>

. XZE(`#AbFHLnIK�9��LOCYmK`�XjI�A ?Ks]CYAQ`�>��
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�{I �Q>JIK>TC�A@f h�EesK>�FHLbC(> ��LbC�mK`�A ?Ks0C�AQ`{>'` Xj�nI[AOEGS]C(> V�LQI0E(ADXZI[`�hMEesK>�FHLbC(> . XZE(`
A'?Ks]CYAQ`{>
`aXZ�QIBAOEeS0C(> IK>@>DmK`�EeLRF
A@XZI]E�ADXZI'A�C(>bAn`�LnI[A . fZ>�fZL_AnmyN AnVTEeLbC�AbE->bAnVYsRfj>J^_>Tf �

r�sK>�E&��L I0SKF . >TCY`MA � >bVTEM>bAnVYs LnEesK>TCD��U_LQFR>�LQEGsK>TC�N AQVTEGLOC�`�h]N�LOC�>��BAOFR?]fZ>_hKEGsK> . fZL0V3�
`aX)(@> AbI[m�EGsK> I]SkF . >�C�LbN�Anm#"�AQVT>JI]E!VTLbf�f�Xt`aXZLnI[`1��>�V@AbIdAnV@VT>@?KEJh�F
A / A � >bVTE�EGsK>RE �lL ?[ADz
C�AbFH>@EG>TC�`MAn` �l>Tf�f �

r�sK>�>��K?[>TCGXZFH>@I0E(`!m]>b`GVYCeX . >bm�XZI EGsK>
?]C�>@^_XjLnS[`R`�>bVTE{XZLQI�S[`�>ymWX � >�C(>@I0ERVTLQF . XjIBAOE�XZLnI[`
LON�EesK>�F
A��]XZF SKF I0SKF . >TC LbN . XZE(`�h�EGsK>
I0SKF . >TC!LON ��LOCYmK`Th+EGsK> . fZL0V���`aX)(@>�h:AOI[mdA . XjE
ADf�fZL0V@AOE{XZL_IdA@fj�nLOCGXjEGsKF�� �<>@E�S[`�fZL_L$�'AbEMEesK>#C�>b`�S]fZE�`8N�C�LQF A mWX � >TC(>@I0E�?�>�C�`�?[>bV�E�XZ^_>_�

� `:`{sKL��MIHXZI��%XZ�QS]C�>�|]� 8]h0EesK>�AOFRLQSKI0E�LbN&`�?[AnVT>�S[`�>bm N�LOC�`{EeLbCeXZIK�RAQm�"�AQVT>@I0ElVTLOf�f�Xt`aXZLQIB`
XZI[VYC(>DAQ`�>D`,An`#EesK> I0SKF . >TC�LON �lLOCYmK`�XZI[VYfZS[m]>Dm XZIgAy?ks]C�An`�>R`aXZ�nI[AOEGS]C(>HXZI[V(C(>bAn`�>b`���c sK>@I
EesK>�I0SKF . >TC:LON ��LbC�mK`%XZI A#?Ks]CYAQ`�>�`aXZ�nI[AOEGS]C(>-Xt`:IKL�FHLbC(>MEesBAOI |0h
80h0AOI[m96���LOCYmK`�N�LbClEesK>
F
A��]XZF SKF ADf�fZL0V@AOE{XZLQI LbN�o�6 . XZE(`�h */ . XZE(`Th�LbC | * . XZE(`-C(>b`{?[>bVTE�XZ^_>Tf / h[Eesk>R`�?[AnVT>HEGL `�EGLOC�>
AQm#"�AnVT>@I0E#V�LOf�f�X�` XZLQI[`-Xt`8fZ>b`G`�EGs[AOI 8 . XjE�`�?[>TCMXZI[m0>�� ?[LOXZI0E@�

�%XZ�nS]C(> |0� 6'`{sKL���`�Ees[AbE �MsK>@IdEGsK>
I0SKF . >TC!LON ��LOCYmK`6XZI A�?Ks]CYAQ`{> `aXZ�QIBAOEeS0C(>
Xt`�IKL
FHLbC(>!Ees[AbI |]h 8]hvAOI[m46 ��LbC�mK`�N�LbC#EGsK>�F�A �0XZF SKF ADf�fZL0V@AOE{XZLQIdLbN�o�6 . XjE�`Th�*/ . XZE(`�h�LbC!|$*
. XZE(`-C(>D`�?[>bVTE{Xj^_>�f / h�EGsK> EeLnE(ADf�`�?[AnVT>�Xt`#ADC�LQSKI[m'LOC�fj>D`e`#Ees[AbI�o�6 . XjE�`Th *  . XZE(`Th�LbC!|$* . XZE(`
N�LOC6`�E{C�AOEG>@� / � " � "

�
�+�(�

�%XZ�nS]C(>l|]� ��XZI[mWXtV@AOEG>b`%EGs[AOE<X�N0C(SKI]z�fZ>@IK�nEes V�LQFR?]C(>b`G`aXZLQI � An`%m]>D`eVYCGX . >bm-XZIHU�>bVTE�XZLnI�|0� |0�! ��
Xt`HS[`�>Dm LQI EesK> `aXZ�QIBAOEeS0C(> ADCGC�A / hMA�fZLQIK�n>TC ?Ks0C�AQ`{>'` Xj�nI[AOEGS]C(>'SB`�>b`�fZ>b`e`
`{?[AQV�>�EesBAOI A
`�sKLbC(EG>TC ?Ks0C�AQ`{>�`aXZ�QI[AbEeS]C�>�AQ`,EGsK>
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?ks]C�An`�> ` Xj�nI[AOEGS]C(>
XZI[VYC�>bAQ`{>b`T�
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EeL
XZI[VYC(>DAQ`�>�EGsK>#I0SKF . >TClLON . XZE(`�XZI�A�?Ks]CYAQ`{>�`aXZ�QIBAOEeS0C(>�LbC�C�>bm]S[VT>�EesK>�I]SkF . >�CMLON �lLOCYmK`�XZI
A ?ks]C�An`�> ` XZ�QI[AbEeS]C�>_�

i�I EesK>!LQEGsK>TC�s[AOI[mvhBX�N:EGsK>�I0SKF . >TC�LON�AQm#"�AnVT>@I0E�VTLOf�f�Xt`aXZLQI[`#Xt`-^_>TC / `�F�ADf�f h �l> VTLnS]ftm
XZI[VYfZS[m]>#FRLOC�> �lLOCYmK`�XZI�A,?Ks]CYAQ`{>#` Xj�nI[AOEGS]C(>�hKLOC:C(>bm0S[VT>MEesk>-EGLQE(A@f�`�?[AnVT> .0/ C(>Dm]S[VYXZIK�!EesK>
EeLnE(ADf�I]SKF . >TC�LbN . XZE(`�XZI A ?ks]C�An`�> ` XZ�QI[AbEeS]C�> ��XjEGs A EGLOfZ>TCYA . fZ>�XZI[VYC�>bAQ`{>,XZI'EesK>�I0SKF . >TC
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� `�A��[IBADf[>��k?[>TCeXZFR>@I0E@hbEeLQE�ADfv`{?[AQV�> �MAQ`�>��[AbF XZIK>Dm6N�LOC�EesK>�`{S
01�0za`aXZ�QI[AbEeS]C�>-FR>@EGsKL0m<h
E(A��WXZIK��XZI0EeL AQVJVTLQSKI0E!`�S . mWXZ^_Xt`aXZLQI LbN�EesK>REe>��kE!AOI[mdLbN�EesK>�`�S
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