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F GHIJKLMNI O PQRSTUV W XRTYZ[\]TZS[S[Q^^V_ V^S W Q]S[_ [`TS[Q^

abHcdHbGe fc Icg MH hV ]ZQi VS jklmno p W YqrVsQ]] q TR sTt QZTSQ[ZV hpuv VS `QRSV^R ]TZ
wlhh VS sT `Qx[qSq kphynz{ T ] QRZ tRS YV YqrVsQ]] VZ R^ V^r[ZQ^^V_ V^S [^SqUZq YV `|^\
S}~`V�]sTxV_ V^S�ZQRSTUV ] QRZ YV` x[ZxR[S` [^SqUZq` ^R_ qZ[XRV` YV ]sR`[VRZ` Y[�T[^V` YV _ [ss[Q^`
YV SZT^`[`SQZ` �

l^V YV` ]TZS[xRsTZ[Sq` YV xV ]ZQi VS V`S YV ]sTxVZ VS ZQRSVZ `[_RsST^q_ V^S sV` xVssR sV` � ]TZS[Z
Y �R^V ]ZQ xqYRZV YV XRTYZ[\]TZS[S[Q^^V_ V^S � � x}TXRV qST] V W R^V xT`V V`S Y[r[`qV V^ XRTSZV W VS
[s �TRS TsQZ` ZT�^VZ sV ]sTxV_ V^S VS sV ZQRSTUV Yq�^[ � s �qST] V ]ZqxqYV^SV �

l^V xVssR sV V`S R^ xQ_]Q`T^S qsVxSZQ^[XRV xQ^SV^T^S W V^SZV TRSZV W R^ V^`V_tsV YV xQ^^VxSVRZ` �
l^ `[U^Ts V`S R^ V^`V_tsV YV xQ^^VxSVRZ` ZVs[q` V^SZV VR� � l^ x[ZxR[S qsVxSZQ^[XRV ] VRS �SZV
xQ^`[YqZq xQ__V R^V }|] VZUZT]}V

G = (T,H1 ∪ H2)
Q�

T
V`S s �V^`V_tsV YV` xQ^^VxSVRZ` W

H1R^V ]TZS[S[Q^ YV
T
V^ xVssR sV` VS

H2

s �V^`V_tsV YV` `[U^TR� YV xV x[ZxR[S �
n R^V qST] V YQ^^qV YR ]ZQ xV``R` YV ZT�^V_ V^S W sV `R]] QZS YR x[ZxR[S V`S Y[r [`q V^ xT`V` XR[

xQ^`S[SRV^S R^V UZ[ssV � jQR` sV` xVssR sV` Q^S qSq ]sTxqV` YT^` R^V xT`V W VS Q^ `R]] Q`V XR �VssV` `Q^S
]}|`[XRV_ V^S SQRSV` V^ `Q^ xV^SZV �

{^ T TsQZ` xTsxRsq W ] QRZ x}TXRV `[U^Ts W R^ TZtZV YV kSV[^VZ �-</< R^ TZtZV XR[ ZVs[V SQR` sV`
xQ^^VxSVRZ` Y �R^ _ �_ V `[U^Ts VS ] QRZ sVXRVs Q^ T ]R Yq�^[Z YV` ] Q[^S` [^SVZ_ qY[T[ZV`� � {^ RS[s[`V
] QRZ _ V`RZVZ sT ST[ssV Y �R^ `[U^Ts sT Y[`ST^xV YV o T^}TSST^ � `[

u1 = (x1, y1)
VS

u2 = (x2, y2)
`Q^S

YVR� `Q__VS` YR ]sT^ W
d(u1, u2) = |x1 − x2| + |y1 − y2|

� n [^`[ W sT ST[ssV Y �R^ TZtZV V`S sT `Q__ V
YV` Y[`ST^xV` YV o T^}TSST^ V^SZV sV` xQ^^VxSVRZ` VS sV` ] Q[^S` [^SVZ_ qY[T[ZV` � � �TRSZV ]TZS W Q^
S[V^S xQ_]SV YV` xQ^SV^S[Q^` � sV ^Q_tZV YV � s` XR[ ]T``V^S Y �R^V xT`V � R^V xT`V TYi TxV^SV YQ[S
�SZV s[_ [Sq ] QRZ SV^[Z xQ_]SV YV xQ^SZT[^SV` ]}|`[XRV YV ]sTxV �
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��� � � � nZtZV YV kSV[^VZ � sV` `Q__ VS`
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`Q^S YV` xQ^^VxSVRZ` ZVs[q` ]TZ R^ `[U^Ts �
{5, 6}

`Q^S YV` `Q__ VS` [^SVZ_ qY[T[ZV` � jT[ssV YV s �TZtZV �
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� s �qST] V `R[rT^S W s �TsUQZ[S}_ V YV ]TZS[S[Q^^V_ V^S Y[r[`V x}TXRV xT`V
c
V^

4
VS ZV]TZS[S sV`

xVssR sV` �VS YQ^x sVRZ` xQ^^VxSVRZ`� W [^ [S[TsV_ V^S ]sTxqV` TR xV^SZV W YT^` xV`
4
^QRrVssV` `QR`\

xT`V` � hV ]ZQts~_ V xQ^`[`SV TsQZ` � ZVxTsxRsVZ W ] QRZ x}TXRV `[U^Ts W R^ TZtZV YV kSV[^VZ `T^` V^
_ QY[�VZ sT `SZRxSRZV UsQtTsV W VS V^ rV[ssT^S � ^V ]T` xZqVZ sQ xTsV_ V^S YV xQ^SV^S[Q^ �
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��d�dbL � ��dLbIM� hV `STU[T[ZV YVrZT W YT^` R^ ]ZV_ [VZ SV_]` W qSRY[VZ sV ]ZQts~_ V `T^` xQ^SV^\
S[Q^ W VS `[ xVsT V`S ] Q``[t sV W ]ZQ] Q`VZ R^ TsUQZ[S}_ V ] Qs|^Q_ [Ts ] QRZ sV Zq`QRYZV � uR[` W [s YVrZT
qSRY[VZ sV ]ZQts~_ V TrVx xQ^SV^S[Q^ Y �R^ ] Q[^S YV rRV S}qQZ[XRV �qSRYV YV sT xQ_]sV�[Sq YV xV
]ZQts~_ V� VS ]ZTS[XRV V^ ]ZQ] Q`T^S R^ QR ]sR`[VRZ` `QsRS[Q^` [_]sq_ V^STtsV` �

�GefbHbGeI fc IHd�M hV `STUV V`S � ZqTs[`VZ TR Yq]TZSV_ V^S nkpo �nZx}[SVxSRZV YV` `|`S~_ V`
[^SqUZq` VS _ [xZQ\qsVxSZQ^[XRV� W sTt QZTSQ[ZV hpuv W �� ZRV zRr[VZ W ����� uTZ[` VS YQ[S Yq_ TZZVZ
xQRZZT^S
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� ps YQ[S �SZV V^xTYZq ]TZ  RUQ zsq_ V^S VS n s[� oR^[VZ ¡QZYQ^ �

¢�G£ L fc IHd�bdb�M hV `STU[T[ZV YQ[S TrQ[Z YV t Q^^V` xQ^^T[``T^xV` V^ Q]S[_ [`TS[Q^ xQ_t[^T\
SQ[ZV VS�QR V^ TsUQZ[S}_ [XRV � � V t Q^^V` tT`V` V^ ]ZQUZT__ TS[Q^ `Q^S qUTsV_ V^S [^Y[`] V^`TtsV` �
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