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VhPOK�EkPH[dCMGMK�PO�kYxSUCuI�PH�kPOJ0GhNXt2YLJZ[�CFNXcXYxI�PHNkKMChNHJ8JLP2VFPkPHEXCFI

-GFJxCuGF[�KMCFK��HCFI7[DPOQ}GuVhPXK�KM^XNHYLJLe5���T|HYZ[�YLtXCWGM~bPO^XSLt2GiSUSUPH~
GFN�CFGi[ne�K�POtk^HSZGFI)YZ�FGiJZYUPHN�PHQ�V5POK�EXSxC5��[9e5[.JUCFKM[�JU|HGFJfYxNXJxC

-�OI)GFJZC�I)PH�HPXJL[DGFNOt�tHYZ[.JZI7YU�X^HJZCht�[.CFNH[.PXI7[d`8JZG5�5YLNH��GhN�CFQ)Q7CFVFJZYUcOC
GFtXcHGFNHJUGF�XC�POQ;JU|HC�NXCF~DCF[dJ4tOGhJUG�EHI�POVFCh[d[dYZNk��GFNXt�VhPOK�K�^kNXY

-VFGiJZYLPHN>JxCFVF|XNkP5SLPX�HYZCF[d���T|OC�GhcHGFYUSZGF�HYZSZYxJ�e�PXQuKMGhN{ezVhPHK�Ek^OJ
-

ing-
VFGFEXGh�HSZC_[dC5NO[dYLNk��GiNkt�GFVFJZ^XGFJUYZNX��tXCFcXYZViCh[�GWNkt2POQ��XI)PHGht

-�HGFNkt�VFPXK�K�^kNHYZVFGiJZYLPHN�VF|HGhNkNHCFSZ[zGFSxSLPH~_[�^O[�JUP�Q)YZNkt�NHCF~
~DGOe5[�P5QzYLK�EOSUChKMCFNOJLYxNk��EX|keO[.YUViGFSUSUe�tXYZ[.JZI7YU�X^HJZCFt�[9e5[.JUCFK�[
Jx|XGFJ�VFGhN��XC�^X[dCht�YUN�JZ|HC�VhPONXJUI)PHS�POQuGF^XJUPHNkPHK�PX^H['I)PX�XPXJZ[d�
� ^XI�I�CW[dCFGFI)Vi|�YZ[uGFYLKMCht�GFJ"VFI7CFGFJxYZNX��GFN�CFQ�Q7YxVFYZC5NOJ}G5NOt�I7CFSZY

-GF�HSZC�SxGOe5CFI�CWt KMYLtXtHSZCF~_GiI)C�YUN¡JU|XC¢|OGFI�tO~_GFI)C
-
[.POQ�JZ~_GiI)C

[dJxI�^OVFJL^HI)Ci`TYUN£PHI7tXCFI�JUP£GWSUSUPH~�CFGFVF|�tHChcHYZVFC'JZP£YUNHJZCFI7GFVFJ�YLN�G
JxI�GFNO[nEHGiI�CWNXJ_~bGhe�~DYZJU|�GWSUSDJL|HC>POJU|HCiI�[d`�PHN�JL|OC>[dGhKMC�KMG

-VF|HYZNHCDPHI8CFSZ[dCF~_|HCFI)Ci�
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1. Introduction�4|OCFI)C�Yx[�G��OChNHCFI7GFSuJZI)ChNOt�YZN�JZ|HC�~bPXI7SZt�P5Q�YUNOQ�POI�KMGFJUYUPHN
EHI�POVFCh[d[dYZNk��JUPH~_GFI7tk[¤tXYx[9JxI7YZ�k^HJLYxNk��VFPXK�Ek^OJUGiJZYLPONkGiS�JZGh[.�H[
GFK�PHNk��[dC5cOCFI7GFS\^kNHYZJU[d�4�4|HC'Ek|keH[dYxVFGFS\SUPHViGFJUYZPXN£~b|XCWI�C2CiGFVh|
EHGFI7J�POQpJZ|HC�V5PHK�EH^XJxG5JZYZPXN�GFVWJL^kGiSZSLe�JxGh�XCi[�EHSZGFVFC�tOC5EHCFNXtX[
NXPX~DGFtXGhe5[bK�^XVh|�K�P5I)C�PXN�Jx|XC�VFGFEHGF�OYLSZYZJZYZCF[bP5Q�JZ|HC�EXI)PHVFCF[

-[.POI_GFNXt9¥�PXI_PXNzPXJx|XCFI_PXEXEHPHI)JU^XNHYLJLe�VFPXNX[.YxtXCFI7GFJxYLPONk[MJL|HGFN�PXN
Jx|XC�cHYZViYLNHYZJLe�PHQ�JZ|XCzEHI�POVFCF[d[dYLNX��^HNXYxJbJZP�JZ|XCzEXSZGiVFC�~_|XCiI)C
tHGFJZG'GiI)C'NOCFCFtHChtX`TGi[uYxJ}PXViVF^XI7I7Cht£YxN�JL|OC'EXGh[dJx�4�T|XYU[bGFSUSZPX~D[
GFN�CFNkPOI)K�PH^k[dSUe��XI7CFGiJUCFI;Q�SxCF�XYx�kYZSUYZJLe'YUN�JU|XC2tOCF[.YU�XN�P5Q�EHI�POV

-CF[d[dYUNk�b[9e5[.JxChKM[\G5NOtuPXQ8JZ|HCFYZI0GWI�Vh|HYZJxCFVFJU^HI)CF[d�
¦DCFJU~_PHI)�HYZNX��|OGF[�GFSZ[nP��HCFVhPHKMC�§H^HYLJxCzGFN>YLNOtXCFEXChNHtHCFNXJ�YL[

-[d^HC*¨kK�PX[dJTPOQ\JZ|HCMVFPXK�K�^kNHYZVFGiJZYUPXN2JL|OGFJ0JZGF�HCh[�EHSZGFVFCfG5K�PON*�
VhPOK�Ek^HJZGFJxYLPONkGFS�^HNXYUJZ[}^X[dCF[}JL|OC_VFPHK�K�^XNHYUViGFJZYZPXNM[9e5[.JxC5K�YZNMG
VhPOK�EXSxCFJZCFS�epJxI�GFNX[.EXGWI�CiNHJ"~DG5eh`\GFNXt�EXI)PHJZPXVFPXSZ[uSxYL�HC'�4�"vO¥�jlv

KMGh�HC>JZ|HC>^X[dCFI'JZPXJZGiSZSLe�^XNXGW~bGhI7C�PHQ'JU|HC�Ek|ke5[nYZViGhSfK�CiGhNk[
JZ|HGFJ{GFI7C��HCFYUNX�u^O[dC5tbJLPbJUI7GFNX[dEkPOI�J{YUNOQ�POI�KMGFJZYZPXNH�
��^XVh|�VFPXNX[dYUtHCFI)GiJZYLPONX[d`MJUPH�HCFJL|OChI�~DYZJU|�JU|HC�GhcHGFYZSZGh�OYUSUYZJLe�POQ
EkPO~_CFI)Q7^HS�GhNHt©CiQ)Q)YZViYZChNHJ�~DYUI7ChSxCF[d[ªtXGFJxG�VhPHK�K�^kNHYZVFGiJUYUPXN
KMCFGFNX[d`�KMGF�XC_YUJ�GFEXEXCFGFSxYUNH��JUPMJUI)GFNH[dQ)CiI�JZ|HCbVhPHNXViChEXJx[�P5Q�^kE

-
to-
tXGFJxC�VhPOK�EH^XJZYZNk�O`b[.^OV5|�GF[�ViSUYZCFNHJ

-
[dCFI�cHCiI'GFI)Vi|XYxJZCFVFJU^XI7CF[d`

GFEOEXSUCFJZ[d`�[.CiI�cOSZChJx[d`�EHCFCFI
-to-
EHCFCFI�GFI7VF|HYZJZCiVFJU^OI�CF[d`�CFJUVi��JZP�Jx|kC

~_PHI7SZtuPXQ8I�PH�XPHJZYZVF[d�
� �kcHYUPX^H[.S�eh`{[dYZNXVFC�JU|HCDKMCFJU|kPOtX[}JU|HGiJ�~DCFI7CD[.PfQ7GFI8tXCFcXCFSZPXEHCht
GFI7C�K�P5[.JUSUe�I)CiSZGFJZCFt�JUP�PXJZ|XCFI�EOI�PX�OSUChKM[£JU|XGFN�I)PH�kPXJxYZVF[.`bG
NXCW~qtXCFtXYxVFGFJZCFt�SZGOehChI"~_YZSZS4|XGFcOC�JUP��HC�tXCFQ7YZNXCht�GFNXt�YZKMEkSUC

-KMCFNXJZCFt�JUP�GFSxSLPO~«JxI)GFNX[.EHGFI)CiNXJ_VhPHK�K�^XNXYxVFGFJUYZPXN�P5Q2¬WI�PH�kPHJ
I7CFSZGFJZCFtO­2YxNXQ)PHI)KMGFJxYLPHN�~bYxJL|HPX^HJTSLPH[.YZNk��CiQ)Q7YUViYZChNHV5eO�8®�C2EXI)P

-EkPO[dC
DCDT

� ¯�°F±W²U³F°2´;µX¶D¶b·H¸k²x¹ º�¯2°F±F°F»Uµn¼8¶b°W¸X¹\½�µHµk»Z¾i²
t
�7`

G�JZPXPHSU�HYZJ{JLPuYZK�EHSZChKMC5NOJ�[d^HV5|bVhPXK�KM^kNHYZVFGFJZYUPHNMSxG5eOCFI8GhK�PXNX�
tXYxQ)Q7CFI)CFNOJwtXChcHYZVFCi[�KMGh�OYLNX��JL|HCf^HNktOCFI�SUeOYZNk��VhPHK�K�^kNHYZVFGiJUYUPHN
KMCFtXYZG�JxI�GWNX[.EHGFI)CFNXJ{JLP_JL|OC_tOChcOCFSUPHEXCFI7�
�T|XC�NXCF�HJ_[dCFViJUYZPXN�YZ[�tXChcXPHJZCFt�JLP�G��XI7YxCFQMG5NHGiS�e5[nYx[pPHQMJZ|XC
VF|OGFNk�HCF[MPHVWV5^HI7I)YZNX�£YUN�JU|HC�j7NHQ�POI�KMGWJUYUPHN�GFNHt��"PXK�K�^HNXYUVFG

-
ti
PHN��0CFV5|HNkPOSUPX�ke�Q7YZCiSLtO`\GFNkt�[dChVFJxYLPONz¿zYx[�EXGFI7JUYxVF^kSxGFI7S�e£Q)P

-VF^O[dC5t�PXN�JZ|HCzYUK�EHSZYZViGhJUYZPXNX[�YUN�I)PH�XPHJUYxVh[�GhNHt>Gh^XJUPHK�GFJxYUPHNX�
®�C�~_YUSxS�JU|HChN�C5�OEkPH[dC�JZ|XC�K�GFYZN�JU|XCFPOI7C5JZYxVFGFS�G5[dEOCFVhJZ[�POQ
VhP5Nk[dYUtXCFI7YZNX��G'[dCFJ}P5Q�CiSUCFVFJxI�PHNXYZV'tXCFcOYUVWC5[bGF[fG2V5PHKMK�^HNXYUJLe
YZNf[dCFVFJxYLPONMÀH�
�T|XCDPHcHCFI)cXYxCF~�PHQ0JU|XC�JUPHPXSZ�XYZJxÁ)[}[dJZI7^XVFJU^HI)GFS*GF[dEHCFVhJZ[\YU[}[.|XPX~_N
YZN�[dCiVhJUYZPXNO[fÂ�GFNktpÃH`8I7CF[.EXCFViJZYLcXCFSUe�tXCFGiSZYLNH��~_YZJZ|�G2�XCFNOCFI7GFS
GFNOtuG�tXCiJZGFYxSUChtbtXCF[dVFI7YUEXJZYLPONMPOQ8JU|HC�JZPXPHSU�XYxJUÁ7[\VhPHI)Ci�
]�tHCi[dVFI7YLEXJxYLPON'POQ\Jx|XCfPXNH�kPHYLNH�2GFNXt�Q7^HJU^XI7Cb~bPOI)�2YZ[�GFSx[.P�YLN

-
cluded.

2. Ä�Å5Æ�ÇÉÈ�ÊlË�ÌHÍTÎ�Ï�Ð4ÌOÅOÑwÌ5Å�Î�Æ�Ò;ÌOÌHÅ�Î�Æ�Ò;ÌXÌOÅ�Ó'Î�ÌXÔOÕ -
Í4Æ�ÊlÆ�Ö�×�ÎdÅ5ÌHÍ4ØTÙ�Ú�ÍTØªÎ�Õ4Ì5ËlÅzÅXÌ5ÊlÌOÑ�Ú�Í4ÔOÌ�Î�Æ�ÅHÆ�Û4Æ�Î -
ics]DSZJU|XPH^X�X|��HC5YxNk��G�VhPXK�K�PHNkEOSUGhViCF`�YZJ\YZ[uI�GWJU|XCWI_YZNXJZCiI)Ci[dJUYUNk�

Q7PHI}PO^XI\tHYU[dVF^X[d[dYLPON2JUP2|OGhcXCfGbSUPOPk�2GFJwJZ|HCbVF|XGFNk�HCF[�Jx|XGFJwGFI7C
PXVWVF^XI7I)YUNX��JU|HI)PX^X�H|XPX^XJ"JL|OC�~b|XPHSZC�j7NXQ)PHI)KMGFJZYUPXN�GFNXtz��POK

-KM^kNOYUVFGiJUYLPON��TCFVh|ONkPHSLPH�ke�GFI7CFG���[dCFC�CF�x�5�'Ü�g"Ý �ßÞ8à9á �7`DGFNHt
JZ|HCFN�tOCFGFS"~_YxJZ|z[.PHK�CpPHQDJU|OCpKMCFGFNXYUNH�X[�PHQDJL|OCF[dC�VF|HGhNX�XCF[
Q7I)PHKªG�K�PH�kYxSZC�I�PO�kPHJZYUVW["EkPOYUNHJ�PHQ8cOYZCh~D�
�T|XC�CF�XEXSZPX[dYUPHN�PXQ'VFPXK�EX^OJUGFJZYLPONXGFSfVFGWEXGh�HYZSZYUJUYxCF[��7~_CFSZSfCh�

-EXSxGFYUNHCFt��ke�y�PHPHI)CFÁ7[>SUGF~âÜxy �b� ÃXÂ á �)`�JZ|HC�VFPXNHJZYLNO^kPH^k[
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Sensor

2436587�943658:); <�=?>
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Hardware
�7v��>Y

-x86)

@_GiI)tH~_GiI)C��BAw�}�

CED :&5B3�F > G�H I&JLK F :&M

CED :B5B36F > G�H I&JLK F :&M CED :&5B3�F > G.H%I&JLK F :BM
N!O,O*P Q R6S�T Q U+V�N

-1

N�OWO*P Q R6S�T Q U,V�X
-1N!O+O+P Q R�S6T Q U*V�N

-2

Application

A-3

YED.D�Z > [�38F >*\+G�=

Ethernet

Serial

link

tHI�PHE�P5Qu[dYZSUYxVhPXN>tHChcXYxVFCF[2[dYU�iC�GFNHt>VFPX[dJ�GiNkt�JL|OCz�HI)PO~bYxNk�
pervasiveness

PXQ_JU|XCp¬Fj)NHJZCFI7NXCFJ�v�GFI7GFtXYZ�XKM­pGiI)Cp^kNXtkPH^k�OJ
-CFtHS�e2VF|XGFNX�XYZNk��PO^XI;ChcXCWI�ehtkG5e'|kGi�XYZJZ[d`8SZCFGhtHYLNH��JLP�~_|HGFJ4|XGi[

�HCFCFN�VFGWSUSZCit�·^]O²,_O·k²U¹xµk·�`�³iµk¶�¼0·O¹U²U¸ba�Ü�®�R4jdck¿ á �f®�C�GiI)C
I7GFEHYZtXSLe�Q7GhtHYUNX��Q7I)PXK G£cXCFI7JUYxVFGhS�GFNkt�[.JUI7YZViJZS�e�|kYxCFI)GFI7VF|XYxVFGFS
YxNXJUCWI�GiVFJZYZPXN�GhK�PHNX��V5POK�Ek^HJZCFI�[d`�JUP�G@|kPHI7YZ�FPXNXJZGFSZ`�SLPHPX[dC
peer-to-peer

K�POtkCFSx`"YZNz~b|HYZVF|>CFGFVW|�EHI�POVFCF[d[.YUNX��^HNXYxJ��HC
-VhPOKMCh[\G�NkPOtkC�PHQ8G�[.^X�

-
EHGFI7J�POQ0JU|OC�¦DCFJ�Ü�e � y ÞkÞOá �

��YZKMYUSZGFI}JxI)CFNXtH[�GFI7CuVF|HGFI)GiVFJZCiI)YU[dYUNX�'JZ|XCuGh^HJUPHKMGhJZYUPXN2GhNHt�YZN
-tH^k[dJZI7YZGFS"I)PX�XPXJxYZVF[�EHI�PO�XI7CF[.[5¨8JZ|XCpNHCF~�~_GFcHCpPHQ

smart-sen-
sors

GFNXt
smart-actuators

Ü�]gf_R ÞXÞOá ^XNXtHCFI)SxYLNOCF[�|kPH~_`
ChcOCFNpYxNpJU|OC2K�PXI7C�[dJUGFJxYZV�YLNXtX^H[dJLI7YUGFS0CFNkcHYZI)PXNXKMCFNXJx`0JU|OC'PX^XJ

-VhPOKMC£YUN�|XGFcHYUNk��K�PXI7C�V5POK�Ek^XJUGFJxYUPHNXGFS�EkPO~bCFIbtHYU[dJUI7YZ�X^XJxCht
PHNuJZ|XC�Q)YxCFSLtbYx[\I�CiGFSZSLe_I7ChKMGFI��5Gh�kSZCF�
@DGFI)tH~_YZI7CFtªCFSxCFVFJxI�PHNkYxV�[.PXSZ^XJUYZPXNO[�GhNHt�|OGFNktHVFI7GFQ7JUCFtªVFPXK

-KM^XNXYZViGFJLYZPXN�EOI�POJLPOV5POSU[D[.SZPH~@[dCFI�YxGFSTSZYxNXCF[.`wGiI)CMSUCiGhcOYUNk��Jx|XCFYxI
EHSZGFVFC�JZP�Q7SUCF�OYL�OSUC�y�jlv��

-
ViGFEXGF�XSZC�EHI�POVFCF[.[dYUNk��^HNkYxJZ[�NXCWJ

-~bPOI��OCFt�JL|XI)PH^k�O|��HI�PXGFtH�XGFNXt�y£Ch�XG
-
g"vw��YZNXQ7I7GF[dJUI7^XViJU^HI)CF[d`

VhPOK�K�^kNHYZVFGFJxYLNX�fcXYUG�~DChSZS
-
�HNkPO~bNM[dJxGhNktHGFI7tMEXI)PHJZPXVhPHSZ[d`{�kPOJU|

GFJ{EH|{eO[.YZVFGFS{GFNXtuGiJ*SZPX�HYZVFGFS{SUCFcXCFSZ[d�
e}CFVFCFNHJLSUezEXI)PHEkPO[.CFt>VFPHK�K�^kNOYUVhGiJZYUPHN>[dJxGFNXtHGFI�tX[2PHcXCWIu[dEHC

-VFYxQ�YxV�Q7YZCFSZtk�O^k[u[neH[.JxChKM[uJUCh[dJxYZQ�e�[d^HVF|�G�JxI)CFNkt8¨�BbCFcHYUViCF¦_R4�
[W-

Þ c á `��}]b¦ � EXCFN�Üx®
-
Þ^hOá `;jlNkJxCFI��X^H[�Üx®

-
Þ Â á `�vwI7POQ)Yx�k^X[

[W-
Þ Ã á GFNXt �?i R�Q)P5I�v�I�P5VFCF[n[���PXNOJUI)PXS�� � vw�}��Ü�®

-
Þ�jHá

I7CFEHI)CF[dCiNXJ0KMGhNke2PXQ}Jx|XCuCFQ7Q)PHI7JL[�JZ|HCMYxNktX^H[dJZI)YxGFST~bPOI7SUt'YZ[�^XN
-tHCFI7JZG5�5YLNH��YUNpPOI�tXCFI"JLP'G5EOEXI)PXEHI7YLGFJxCFS�e'^H[dC�JL|OC�NHC5~@JZCFVF|XNkP
-

log
YZVFGFS*EHPXJUCFNHJxYUGFSZ[.�

�4|OC�NkPHJZYZVFCFGi�XSUC�Q7GFVFJ}|XCFI7C�Yx[�JZ|HGiJ;JZ|HC�K�POI)C�~DC�tXYZ[.JxI)YU�X^HJUC
VhPOK�Ek^HJZYZNk�fEkPO~bCiI)`XJU|HCD|HYU�H|XCFI0�HCFVhPHKMCh[\JU|HC�SxChcHCFS*GiJ�~D|kYxVh|
CFGiVF|�tXChcOYUVFC�VFGhN�YZNXJZCiI)GiVFJf~DYZJU|�JZ|XC�I7Ch[dJfPOQ2JU|HC>tHChcHYxVFCh[d�
R4GFVi|�[dYUNX�XSxC�tXChcHYZVFC��7[dChNH[.PXI7`'VhPONHJZI�PXSxSZChtªGFVFJU^XGFJZPHI7`�VhPXN

-JxI�P5SUSZCiI)`k�;v�aD`{BD��vw`kCFJxVF���7`kJx|XGFJ*^X[dCFtuJLPf�XC�GDQ)^HNHVFJZYLPXNOGFS�EXGWI�J
POQ}Gb~f|XPOSZCF`�NkPH~ª[.JZGFI)JZ[��XCFYZNk��GFN2GFVFJZYZcXCfGhNHt2YUN2[.PHK�Cu~DGHe
YxNXtHChEXCFNXtHCFNXJ�KMChKM�XCFI7��jlN�JL|OCzQ7YUCFSxt�P5QMI)PH�kPHJZYZVi[.`;JU|HYL[2GFE
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[dYxK2EOSUC�GhNXtf|X^XK��HSZC�tXChcHYZVFCi[.�
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-
I)PX�XPHJ

[neO[.JxChKM[�~DCFI�C�YZ[.[d^XCFtX`�JUPHEXYZVi[�[d^XVh|�Gh['~_PXI)�>[.|XGFI7YZNX�X`"I�C
-[.PX^OI)VFC>GiSZSLPOVFGFJxYLPHNH`_ChJZVF�D�HCFVFGhK�C>EHGFI)JfPHQ�Jx|XC>I�PH�XPXJZYZVFYZ[dJxÁ�[

�XSZPX[d[dGFI�e�Ü��;]_�qpXÃ á ���T|XYx[£�XCWV5GFKMC�CFcXCFN�K�POI�C�VhPHK�K�PXN
~D|XChN�KM^kSxJUY
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[dChNH[.PXI�[9eh[.JLCFK�[pGFEXEOCFGFI)ChtO`_GhNOt�~f|HCFN�I�PH�kPOJ

[d~_GiI)K�[�~bCiI)CuEOI�POEkPH[dCFt'GF[�GM[nPOSU^HJUYUPHN'JUP2VFPHK�EHSZCh�2I�PX�HPXJxYUV
EXI)PH�HSUCFKM[_Ü����r@ ÞXÞ `XBD] i�ÞXÞXá

.@_PH~DChcXCiI)`�K�PX[dJ�I7CF[dCFGiI)Vi|XCFI7[ªGFI7C�[dJxYUSZS�VhPONk[dYZtHCFI7YUNX�©JZ|XC
[dCFNX[dYZNk�'[.e5[.JUChK�POQ\GfI)PX�XPXJwGF[�GuVhPHNHVFChNOJUI7GFJZYUPXN'POQ}tHChcXYxVFCF[d`
GFSxS\Ek|ke5[nYxVFGFSUSLepSZPXVFGFJxCFt�YZN£JZ|XC�[.GFKMC�EOSUGFVFCi`4YU��Ci�4PXN£JZ|XC�I)P

-�kP5JUÁ)[��XPHtkeO��B_YU[dJxI�YZ�X^HJZCht©[dChNX[dYZNk�¤[9e5[.JZChKM[�GFI7C YUNX[dJZCiGht
KM^XVF|>K�PHI7C�YUNHJZCFI7CF[dJZYLNX��YZN�GiSZS�JZ|kPO[dC£VFGF[dCW[2~b|HCFI7C£I)PH�kPOJL[
GFI7C�JZP��HC�CiK�EXSUPkeOCFt�YxN�GFN�CFNkcOYUI)PXNXKMCFNkJDJU|HGFJZ`�Q�POI'POJU|XCWI
I7CFGF[.PHNX[d`�YU[�GFSZI7CFGFtke�CF§X^XYLEOEXCFt�~_YxJU|2GuVhPHK�K�^XNXYxVFGFJUYUPHN2NXCFJ

-~_PHI)��GhNXt�~_YZJU|�[dCFNX[.PXI7[D��Q)P5I�Ch�HGFK�EXSxCF`0��s VFGFK�CWI�Gi[d�)`8GFNXt
~D|XChN�K�^XSZJxYLEOSUC�I)PX�XPHJU[MCF�XYZ[dJ"G5NOtzVhP

-
PXEHCFI)GiJZC�YUN�JL|HC�[dGhKMC

environment.�T|XC£SZGFJxJUCFIf[dVF|HChKMC�Yx[2EXGFI7JUYxVh^XSZGFI)SLe�YLK�EXPOI7JUGhNHJ�YZN>GFEXEXSxYUVFG
-JZYUPHNH[d`�[.^OV5|�GF["|k^XK�GFNXYxJZGFI)YZGFN�tHC

-
KMYUNXYZNk�H`*~_|HCFI7CfYxJwYZ[�cOYZI7JL^

-GFSxS�e£YZK�EkPO[n[dYU�XSxCpJLP£Q)YZJ�GFSxS;NHCFVhCF[d[dGFI�e�[dChNX[.PHI)[2PON�G�[dYxNk�OSUC
cXCW|XYUVFSZCF`w~DYUJx|kPO^kJTKMGh�OYLNX�2YUJ0Ch�XVFCF[d[dYUcHCFSLe�SUGFI)�HC�GiNkt�|OCFGhcXeO`
�X^OJ�~_|XCiI)C�tXGFJxGpQ�I)PHKßK2^OSUJxYUEHSZC£[dCFNX[.POI�[�GFI7CpNXCiVFCh[d[dGFI�ezYZN
POI�tOCFIuJLP�tXCFJxCFI7K�YUNHC£~b|HCFJZ|HCFIuGzKMYZNHC�|HGF['�HCiChN�Q)PH^XNHt�P5I
NkP5J�Üx�"]D� ÞXÞHá � � JU|XCWI�YUNXJZCiI)CF[dJxYUNX�@GhEXEXSxYZVFGFJZYUPHNk[�VFG5N��kC
tkPONXC�~b|HCFI)C�Jx|XC�I)PX�kPOJbQ)YxNktX[pGFN�PXEHCFI7GFJZYUNk��C5NHcXYxI�PHNkKMCFNHJ
JZ|HGFJ�YL[}GFSUI7CFGFtkefCF§k^HYLEHEXCFtH`{Q�P5I�PkJx|XCFITI)CFGW[nPHNX[.`*~DYZJU|�[dCFNX[.POI�[d`
VhP5K�K�^XNXYxVFGFJxYLPON'GWNkt�VhPOK�Ek^OJUYZNk��tHChcHYxVFCh[d`�GF[�YZJw|HG5EOEXCFNX[�YZN
POQ)Q7YZVFCF[d`k|XPX[.EXYxJZGFSU[d`kCWJUVF�
jlNzPOI�tOCFI�JUP£KMGh�OC'JU|XC2[9e5[.JUCFK GF�OSUC2JUP�CFQ7Q7CFVFJUYZcXCiS�ep^X[dC2YLN

-Q7PHI)KMGFJZYUPXN�Q7I)PXK G�tXYZ[.JxI)YZ�k^HJZCFt@[dCFNX[dYUNk��[neh[nJZChKM`2[dChc5CFI7GFS
[dJZI7YUNX�HCiNkJ�I)CF§X^XYxI)CFKMCFNXJU['K�^H[dJ��XCzKMCiJZ`�[.^HVh|�GF['G�EHI)CiVFYU[.C
�XNHPX~DSUCFtk�OCMPOQ\JZ|HCbJUYUKMCfGFNXt2PHQ}Jx|XCfEkPO[dYLJxYLPON'POQ\CFGiVF|2I�PH�kPOJ
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EH|{eh[.YLVFGFS��kPOt{ezGFSZSUPX~_[�KMG5Nke�YZNXJZCiI)Ci[.JZYUNX��Q7^kNHVFJxYLPXNH[2JUP��XC
YxK2EOSUCFK�CiNXJxChtX���4|HYZ[�GiQ)Q7CFVFJZ[�[dCFNH[nPOI7[���Q)PHI4C5�HGFK�EOSUCF`�GuI)PX�XPXJ
VFGiN�JUGh�OCfGitkcOGhNXJxG5�OCfPOQ�[.^XI�cOChYZSZSZGFNXViCfVFGWKMCFI�GF[;JU|XGFJwPO�X[dCFI)cXC
Jx|XC�CFNkcHYZI�PHNXKMChNXJ*~b|XCWI�C�YZJ�YZ[}~bPOI��OYLNX�fGF["GDKMCFGFNk[\Q�POI0[dCFSUQ

-SUPOVFGFSxYL[dGFJxYLPONX�7`;�H^XJ�VFGhN�GFSZ[nP�GFQ7Q)CFViJ�EOI�P5VFC5[d[dYUNX��EXPX~DCFI7`;GFS
-SUPO~DYLNX�2EXI�PHViCF[.[dYUNH��^kNHYZJU[�¬hPO^XJU[.YxtXCi­MJZ|XCuI)PX�XPHJT�XPHtke2JUP'VhP
-PHEXCFI7GFJxCF`fPHQ)Q)CiI)YxNk��JL|HCFYxI�[dCFI)cXYZVFCF[zPHNHSLe�~b|OChN�GFNkt�~_|XCiI)C

required.� YLc5C5NpJx|XC2|XCiJZCFI�PH�HChNHChPX^X[_NXGFJZ^kI7C2POQ�JL|OC2I�PH�kPOJUYZV2[neh[.JLCFK�[d`
K�PH[.J\PHQ�JZ|HC'tXYU[.JxI)YZ�k^OJUChtpQ)I)GFKMCh~_POI��H[uJx|XGFJ\~_CiI)C'EOI�PHEkPO[dCht
Q7PHI�PHJZ|HCFI;GFEkEOSUYxVFGFJUYUPXNO[d`8GFSUJZ|kPH^k�O|�cHCiI�e'YZNXJxCFI7CF[dJUYZNk��GhNHt�I7C

-SxYUGF�OSUCF`�Ch�X|HYU�HYZJ�[.PHKMC SxYLKMYxJUGFJZYLPONX[��HCFVFGF^X[dC JZ|HC5e ~_CiI)C
KMGFYUNHSLe�V5PONXVFCiYUcXCit£Q�PXI�|kPOK�Pk�XCFNXCFPX^O[�NOCFJU~_PHI��H[MPOQ_[dYUNk�HSZC
CPUs.
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Jx|XC�GFNXGFSZPX�ke��HCFJU~_CiCFN�I�PH�kPHJb[.CiJU[�GhNOt�SUYUcHC��HCFYUNX�X[d`�Q7I�PHK
[dYxK2EOSUC2VFCiSUSZ[uJZPp[d~bGWI�KM[uPOQ�YLNO[nCFVFJx[.`4POI�VFPHSZPXNHYZCh[d�4]DVFVhPOI�t
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Gh�OChNXJ\[neO[
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te
KM[\G5[\[dCFJZ[}P5QT[.PHK�C�[.P5I�Jx�
®�C�EXI)PHEkPX[dC�G'K�POI�C�Jx|kPHI�PO^k�H|�GFEHEXI)PHGFVF|0¨{~b|OGFJ\YUQ;JU|OC2I�P

-�XPHJ4YUJZ[dCFSxQ�~DCFI7C'[dCiCFNpGF[_G2VhPHK�K�^XNXYxJ�epP5Q�tHChcHYxVFCh[d`0tHCFChEHSle
VhPONkNOCFVFJZCht£~DYUJZ|�JZ|HC�POJU|XCWI_VhPOK�KM^kNOYUJZYxCh[u��I)P5�kPHJL[d�DGiNHt�JZ|XC
CFNXcHYxI�PHNkKMCFNXJ2YUN�~f|HYZVh|�JZ|XChe�GFI7C�CWK2�OCFtXtXCht�
�]_SZJZ|XPX^H�X|
Jx|XYU[;VhPHNXVFCFEXJ�YL["GFSLK�PH[dJ8Gi[�PHSLt�Gh["I�PH�kPOJUYZVi[�YxJZ[dCFSUQ7`*YLJ�VFGFN��XCFJ
G2NOCF~�[dYZ�XNXYxQ7YUVFGhNOVFC2YZQ�[dCFCFNpYZN£JZ|HC�SUYZ�X|OJ\PXQ�JZ|HC2NXCF~qJZCFVF|

-NXPHSZPk�HYZCF[M~DC�GFI7C�JUGFSZ�HYZNk��GF�kPO^kJx�\��^XVF|£G5EHEHI)PXGFVF|HCh[M~_PX^HSUt
SxCFGFt�JLP�Jx|XC>[dJL^ktke�PHQ'³FµX¶D¶f·X¸X²x¹Z²U°�`£µ���³FµH¶_¶b·X¸X²x¹Z²U°�`d`bPOI)`
�HCFJZJxCFI)`ktOCFSLPOVFGFSUYx�FChtfVhPOK�K�^XNOYLJZYUCF[d�
®�C�EXI7CFQ7CFI7I7CFtzJZ|XC�JxCFI�K

community
�OCFVFGF^X[dCpYUJ}I)CiQ�CWI�[MtOY

-I7CFVFJZSLebJUPMJZ|HC�`nµH³F²��X»�GF[.EHCFVFJZ[;POQ�Jx|XCD[dCFJU�{�4|HYU["GF[d[.^HK�EXJxYLPXNMYZ[
CF�HJZI7CFKMC5SUe�YLK�EXPOI7JUGFNXJZ��jlQ�GFK�PXNk��SZYUcXYxNk���XCFYxNk�H[.`0C5cHCFI�ep[.P

-VFYxGFS��HCh|XGFcXYZPX^HI�YL[_YLNOJUI7YUNH[dYZVFGiSUSLe�tXChEHCFNXtXChNOJ�Q7I�PHK©JU|HC2VFPXK
-KM^XNXYZViGFJLYZPXNO`{~_YZJZ|kPH^XJ*~f|OYUVF|MJx|XChI7C�VFPX^HSUtu�HC_NXPM[.P5V5YZCiJ�ebNkPHI

VhPOK�K�^kNHYZJLe5`8GhNHtp[dYUNOVFC�CFGFV5|'K2PO�XYUSZC�I�PO�XPXJTYZ[_G�[dCFJ�P5Q�tHC
-cHYZVFCF[�JL|OGFJbYZNXVFSZ^XtOC5[�[dChcOCFI)GFSDEkI7PHVFCF[d[dYUNX��^XNHYZJU[d`�Jx|XCzQ�POVF^X[

|HGF[_JUPp�OC2[.|OYUQ7JZCFt�JLP�VFPXK�K�^kNHYUViGFJUYZPXNO����I�PXK¤JZ|HYL[DGF[.[.^HK�E
-JxYLPXNO`�YUJ0YZK2KMCWtXYUGWJUChSLe�Q�P5SZSUPX~_[�JZ|XGFJ8VFPXNX[dYLtHCiI�YxNk��GM�5I�PO^kE�PHQ
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]DK�PHNX� CFSxCFVFJZI)PHNXYZV�tHChcOYUVFCF[d`�|HPX~DC5c5CFI7`'~_C�KMG5eªQ�YxNkt@G
�OI)CiGhJ"cHGiI)YxC5JUe�PXQ

languages
`TYUQD~_C�VhPHNX[.YxtXCFI�JL|OC�~DGOe�tHC

-cHYZVFCF['YZNXJxCFI7GFVFJ�~bYxJU|>CFGFVh|
-
POJL|HChI9¨4[dCFI7YxGFS�GFNXt�EHGFI)GFSxSZCFS�VhPXN

-NHCFVFJZYUPHNX[d`}NHCFJZ~bPHI��OYUNk�zEk|ke5[.YxVFGFS�KMCitXYZGi`}~bYxI7CFSZCF[n[�GFNXt�[dGWJ
-CFSxSUYxJZC�SZYxNk�H[d`0cXYZ[.^HGFS4GFNHt�GFV5PO^X[dJxYLV�[dYL�ONXGiSZSUYZNk�5`0CFJZVF�8jlJ4~_PX^XSUt

�HCªI)CiGFSZSLeqYUNHCFQ7Q7YZVFYZChNXJpJUP�Q�PHI)VhC�GFSZS�JU|XC�VFPXK�K�^XNOYUViGFJUYUPHN
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-
~DYLtXC2G5VFVFCFEOJUCWtz[dJUGFNHtXGiI)t£Q�POIDVFPXK

-KM^XNXYZViGFJLYZPXN�G5K�PONk��CFSUCWVFJUI)PXNHYZV�tXCFcHYZViCh[p~DYUSUSbK�PH[nJ_SZYU�XCiSle
NHChcHCWI_Ch�OYL[dJx`\PX^OIb~_PHI)��GiYUK�[uGFJ;Jx|XC�I7CFGFSxYZ[dGFJZYUPHN�POQ_G�KMYUt

-tHSZCF~DGFI)C�JZ|HI�PH^X�X|�~_|HYZVF|�EOI�POVFC5[d[dCF[2I�^HNkNHYLNH��PHN�tHYZQ)Q7CFI7CFNXJ
tHChcHYxVFCh[DVhPH^XSUt�YLNOJUCFI7GFVFJT~_YZJZ|�CFG5VW|�POJU|HCFI;I)CF�HGFI)tXSxCF[.[bPOQ�JZ|XC
VhPOK�K�^kNHYZVFGFJxYLPON'Vh|HGFNkNOCFS0JU|HC5e2GFI7Cu^H[dYZNk�O`wEHI)PXcXYZtXYZNk�2GFJ8JZ|XC
[dGFKMC'JZYUKMC2G��kPOPXt�tXCF�OI7CFC�PXQ�CFQ7Q�YxVFYZCiNXV5e�YLN�[.^HVh|�YUNXJxCFI)GiV

-JxYLPXNO[d�

� NXC�EHPX[d[dYL�OSUC2GFNXt�CFGF[9e�GhNHGFSUPX�kepPXQ�JU|XC'GFEXEOI�POGFVF|�~_C'GFI7C
EXI)PHEkPO[dYLNk�zYZ[�Ch�HGFVFJxS�e£JL|HCp~_Ghe�|X^XKMGhN��XCFYZNk�H[�VhPXK�K�^HNXY

-VFGFJxC�~_YZJZ|�CFGFVi|>PHJZ|XCiIuGiJ�EXI7CF[dCFNXJ�tHG5eh[O¨TJL|OCFI)C�GFI7C£[dChc5CFI7GFS
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-YZ[d|H`�GhNXt>��|HYUNHCi[.Ci��`��X^HJ_YxJ_~_Pk^HSZt��HCzcXCiI�e�YZNHCFQ7Q)CiVFJUYZcXCzJZP
YZK�EXPX[dC�G�^ONkYUcOCFI7[dG5SbSUGFNk�O^XGh�OCF�_�wPHKMCFJZYZKMC5[�JZ|XC�EXI�PH�XSUChK
VFGFN��OC�[.P5SLcXCit�^X[dYLNX��G�~_YUtHCFSUe

-
GiVFVFChEHJZCht�SUGFNk�O^XGh�HC��7CF���H�

RTNX�HSUYZ[.|�PONzJU|OCpj7NXJxCFI�NOCFJZ�)`\�X^XJ"JZ|HCFI)C�GFI7C�VFGF[dCF[M~_|HCFI)C�JZ|XC
SZGiNk�H^HG5�OC�JLPp�HC�^X[dCht�GFJ\PXNOC2PHI�GFJ4�kPOJL|�ChNXtH[fPHQ;JU|HC�VhPOK

-KM^kNOYUVFGiJUYLPON'Vh|HGhNXNOCFSTYx[DQ7YU�OChtX`w�HCFVFGF^X[dCfV5|HGFNX�XYZNk�'YxJT~bPH^XSZt
�XC�JZPkP�CF�XEHChNX[.YZcHC2POI�JUYZKMC

-
V5PHNX[d^kKMYUNk�O�Tj7NpJx|kYx[bVFGF[dCF`8YZQ;GhN

GFEOEXI�PHEHI)YZGFJZC�YLNOJZCFI)EHI)CFJxCFI_YU[MNkPOJ�Ghc5GFYUSxGh�XSxCF`\VhPHK�K�^XNXYZVFGiJUYUPXN
YZ[�YZK�EkPO[.[dYU�XSZCF�
g"GF[dYUNk�MPO^XI4GFI7VF|HYUJxCFVFJZ^HI7GFS�cXYZCi~�PXNM~_|XGFJ�tHChcXYxVFCh[;Ci�HV5|OGFNX�XC
~DYZJU|�CFGFVF|�POJU|HCFI;GFNXtpJU|HC�GFYZK�P5Q�VhPHEHYUNk��~DYZJU|p|HYU�X|XS�e2CFJL|

-CFI7PX�OC5NOChPX^X[¤[dJxI�^HVFJU^HI7CF[¤GiI�CßEHI�PH�XGF�HS�e Jx|XCßJUPXEHYUVF[�JL|OGhJ
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� EXCFNoe;PX�XPXJ�� � NHJZI�POSw�weO[.JxChK�[�� � e � � � ��ÜZ®

-
Þ p á �7`*�kPOJU|

GF[�G�~bG5ezPXQbtHYU[dJUI7YZ�X^XJxYLNX��GhNOt�tOC5c5CFSLPOEkYUNk��[nPHQ)JZ~DGFI7CF�"]DV
-VhPOI7tXYUNX�pJUPpJU|HYZ[fGFEXEXI)PHGFVF|�JZ|HC'I)CiQ)CiI)CFNHVFC�V5POK�EkPHNXChNHJ\KMYUt
-tHSZCF~DGFI)C�VF|XPH[dC5N�Q)PHIbBf�}Bf��YU[2GFN�CFQ)Q)YxVFYUCFNOJ�YZK�EHSUCFKMCFNXJxG
-JxYLPXN P5Q � � e;g;] Üx®

-01,
g"a?e cHÃX`	v�] � c jHá

[dEHCFVFYZQ7YUViGFJZYZPXNX["GFSxSLPH~_YZNk�MtkYZQ)Q7CFI7CFNHJ�SZGhNX�X^OG5�HC_�HYUNktOYLNX�X[d`{Q)I7CFC
SxYUVFCFNOVFCF[d`>GFNHt [d^XEkEXPHI7JUYZNk��YLNHJUCFI

-
GFNOt YLNXJxI)G

-
GWEXEXSZYUViGFJZYZPkN

communication.

6. �2È � �'ÓfÎ�ÌOÔOÕTÍ4Æ�ÊLÆ�Ö�ËlÔOÚ�ÊuËLÙWÙ�nTÌHÙ�Ú�Í4ØqØTËlÙ �TÚ�Î�Ô5Õ4ÌXÅ
services�4|OC�KMGiYLN�[dCFI�cHYZVFCF[�EHI�PXcOYLtOCFt�JLP�tHChcXCiSUPHEXCFI7[��ke�B_�"Bf�

Jx|XI�PH^X�X|�JZ|XC�tHYZ[nEOGFJUVh|OCFI�YxK�EXSxC5KMCFNkJxGFJZYUPHNX[bVWGFN��OC2[.^XK�KMG
-I7YU[dCFtbGF[�Q�POSUSZPX~D[d�

�������������	��
�����
������������������������������������
�4|OC�]_v�j"YUKuEkSZCFKMChNXJxCht��ke�Bb�;B_��GFSxSLPO~f[DJZ|HC�VFI�CWGFJUYZPXN�POQ
EHCFCFI7[_~_YZJZ|�JL|OC�tkPO^k�HSZC�I�PXSxC�PHQ�YxNXQ)PHI)KMGFJxYLPXN�[d^kEHEXSUYxCFI7[_GFNkt
VhPONk[d^XKMCFI7[d�4vwCiCFI7[u[d^X�k[dVFI7YU�OC�JLPpJU|HC'YUNHQ�POI�KMGFJZYUPHN£JL|HC5e�GiI)C
YxNXJUCWI�Ci[.JxCht�YUNO`fGiNkt�tOCFVFSUGiI)C>~b|XYZVi|�YUNHQ�P5I�KMGFJxYLPON�JZ|XChe�GiI)C
GF�HSZC�JLPMEOI�PHtX^HVFC��*JL|HYZ["KMGF�XCF[}YUJ�EkPH[d[dYL�HSZC_JZPuYUNHJZI)PXtX^HVFC_KMCh[

-[dGh�OC�Q7YZSZJZCFI7YLNH�fEkPHSZYZViYUCF[\JZPu�XGFYxNuI)PH^HJUYZNk�uPHEHJZYUKMYL[dGFJxYLPONX�
yzPXI7ChPHcXCFI7`{KMCi[.[.GF�HCh[\|XGhc5CDJZ~bPu[.EHCFVFYZGiS*GFJUJZI7YU�X^HJZCF[O¨FEXI7YLP5I�YxJle
GFNHt£C5�OEXYxI�GWJUYZPXN£JUYZKMCF�\�T|OC�[.^kEXEXSxYZCFI_POQ�GFN�CFcOC5NOJ}JLe5EkYZVFGFSxSle
[dCFJx[�JL|OCF[dC�EHI�PHEXCiI)JxYUCF[d���4|XCFI7CzGiI)C�KMGFN{e�[dVFChNHGFI7YLPO[d`�CF[.EHC

-VFYxGFSUSUe£YZNzI)PH�XPHJUYxVh[d`\~D|XCiI)C�JZ|HC�VFPONX[d^kKMCFI7Á�[�POEXYUNHYUPXN�GF�kPH^XJ
Jx|XC�I�CFSxGFJZYUcOC�YLK�EXPOI7JUGhNHVFCDPOQTJZ|XCDChcHCiNXJ�KMGOebtXYZQ)Q7CFI0Q7I�P5K@JU|HGFJ
POQbJU|HC�[.^OEkEHSZYxCFI��\�T|XCFI7CFQ�POI)CF`\GFSZ[.P�VhPXNO[n^kKMCFI7[�GFI7CpCFNHGF�kSxCht
JUP�GFQ7Q7CFVFJ�JZ|XC�EXI7YLP5I)YUJ�e£GhNkt�CF�XEkYxI�GiJZYLPON�JZYUKMC�P5QMKMCi[n[dGF�HCh[d�
��^kEOEkSZYZCFI7[2GFNHt�VFPXNH[.^kKMCFI7[2|HG5cHC£Jx|XC�Gi�XYZSxYUJUe�JUP�§X^XCFI�ezJZ|XC
tHYZ[.EXGiJZV5|OCFI�JLP�tOCFJUCiI�KMYUNOC'I7Ch[dEXCFVFJZYUcOCFSLepYUQ�JU|OCFI)C2YL[bGF�k[dCiNXVhC

POQ0VFSZYZCiNkJU[4[n^k�O[dVFI)YU�XYZNk�_JLPfJZ|XCFYxI0[dEXCFVFYxQ�YxV�CFcXCFNXJ*YxNXQ)PHI)KMG5JxYUPHNX`
POI�YUQ4JU|OCFI)CbYU[�NXP�[d^kEXEXSxYZCFI�Q�POI4JU|XCbYZNXQ)PHI)KMGFJUYZPXN�JZ|XCOeMGFI7C_YLN

-JZCiI)CF[dJZCFtbYLNO�
� 
���� ����!#"��$������%���
��'& � ")(�*$�����+����
����$��"�����������
��
e;PH�kPHJZYxVF[�GhEXEXSxYZVFGiJUYUPHNk[d`uGFNHt�YLNOtk^H[.JZI)YZGFS�PHNXCF[zYUN��5C5NOCFI�GWSU`
I7CF§X^OYUI7C�§k^HGFSZYxJ�e�POQ;[dCFI)cXYxVFCMGhNXt�I�CWSUYZGi�XYZSUYZJLe2YLN�KMCF[.[dGF�HC�tXC

-SZYUcOCFI�eh�uB_�;B_��CiNXGh�OSUCh[�EHCFCiIptXCFcHCFSZPXEXCFI7[zJUP�[.EHCFVFYxQ�e�JZ|XC
tXCWSUYUcHCFI�e_§X^OG5SZYxJ�e5`k�XYZcXYUNk�_G�VFPXK�EHSZCFJxC�V5PONXJxI�POS�PXNftXYU[dEHGFJZVh|XCWI
I7PX^OJUYUNX�fEkPOSUYZViYZCh[5¨
• , µ+�d¶ �O»�tOCFSUYZcXCiI�e¤[.YZK�EHS�e¤YUNHckPH�XCh[ªJx|XC�^kNXtHCFI)SUeOYUNX�EX|ke5[.YUVFGFS2JxI�GiNH[nEkP5I)J'SZGOehCFI�I7CFSUeHYZNX�ªPXNXSUe�PXNªJZ|HC�tXYx[

-EXGiJZVF|HCFI8I)PX^OJUYUNX�f[dCFI�cHYZViC��
• Reliable

tXCFSxYLcHCFI�e��HCFChEH[2JUI�eOYZNk��JLP�tXCFSxYUcXCiIuJZ|XC�K�CW[
-[dGh�OC�^kNHJZYZS�JU|XC�tHYU[dEHGFJZV5|OCFIzI)CFViCFYLc5CF[�G�EkPH[dYZJLYZcHC�GFV
-�XNXPH~_SZCFtk�OCFKMC5NHJ0Q7I)PXKqJU|HCM[dCFI)cHCFI7`wP5I\^kNHJZYUSwGuJZYZKMC

-
PX^HJ

PHI8CiI)I)PHI8I7CFJxI�eDSUYZKMYLJ{YZ[\I)CFGFVW|XCht��
• - °��	`d²8`.¹x°F¸H¹£tXCiSZYLc5CFI�eq[dJUPOI)CF[�GªKMCF[d[dGh�XCªGiJ�JU|OCªtXYZ[ -EXGiJZVF|HCFIDYZQDJx|XC�VFPXNH[.^kKMCFI�YZ[MNkPXJ}GFcHGFYxSZG5�OSUC'JUP£I)CFVFCFYZcXC

JZ|HC�KMCh[d[dGF�XCF�
]_J�JZ|HCzKMGF�HYUK�^XK«SZChcHCFS�POQ/.fPO��I�CFSxYZGF�XYZSZYUJLe5`;GFN�ChcHChNOJ�YL[
tXCWSUYUcHCFI7CFt�JUP>GFSUS�[.^k�H[dVFI7YU�HCFt�VFPHNX[d^kKMCFI7[�PXN�JZ|HC�KMCF[.[dGF�XC
�X^H[d�\jlQbJZ|XC�VFPXNONXCFVFJZYLPHN��HChJU~DCFChN�JZ|HC�Vh|XGWNkNHCFS"G5NOtzG�VFPXN

-[d^kKMCFIuYx[�SUPH[dJ�Q)PHIfG5Nke�I7CFGF[.PHN�GiNXt>NkP>GFSZJxCFI�NHGFJZYUcHC£I�PX^OJUCh[
VFGFNz�HC�Q�PO^kNHtX`}Jx|XCpVi|XGhNXNHCiS�EXCFI)[dYx[dJUChNOJUSUe�[dJLPOI�CW[2Jx|XC�ChcHChNOJ
YZNHQ)PHI)KMGFJUYZPXN�Q�POIfJU|XGWJ�VhPHNk[d^XK�CFI)�"��JUPOI)Gh�5C£VhPONXJxYLNk^HCF[�^XNXJZYZS
JZ|HC�ChcHCFNkJ}I)CiGFVF|OC5[MYZJL[MJxYUKMC�C5�HEXYxI�GiJZYLPON�SxYLKMYZJZ`}POIb^XNHJUYZS;JZ|XC
con
[d^XK�CiI}�XCiVhPXK�CF[�GhcHGFYZSxGh�XSxCuGh�HGFYxNX��a_EkPHN2I�Ci[dJZGFI7J8Q)I�PHK�G

Q7GFYZSZ^HI)CF`TJL|OC�tXYx[.EXGiJZVh|HCFI�Gi^kJZPXKMGhJUYxVFGFSxS�e�I7C
-
Ch[dJUGi�kSxYZ[.|XCi[MVFPXN

-NXCWVFJUYZPXNX[MJUPzVFPXNO[n^kKMCFI7[MJU|HGFJ"~bCFI7C�VFPXNXNHCiVFJUCht£GFJ;Jx|XCpJxYLKMC
JZ|HC�Q7GFYxSU^HI)C�PHVFVi^XI7I)CitX�
yzPXI7ChPXcHCFI7`fJx|HC�tXYZ[dEXGFJxVh|HCFI�VFGFN��OC�VFPXNXQ7YZ�X^XI7CFt�JUP�PXVFVFG

-[dYUPHNXGFSxS�e�Ch�HCFVi^XJUC£G
Normal

tXCFSZYUcOCFI�e�Gi['G
Reliable

PXNXCF`
JZ|H^k[�VF|HCiVh�XYUNk��YxQ}JU|OCMKMCF[.[dG5�OCMYx[�V5P5I)I)CFVFJxS�e�tHCFSZYZcXCiI)CFtH��j7Q\YZJ
YZ[\NkPOJ�[.^HVFVFCF[.[dQ7^XSxS�e_tkCiSUYUcHCFI7CFtuGhNHtMNHPfCh�XViChEXJxYLPONMYx[\JL|HI)PX~DNX`
JZ|HC�tHYZ[.EHGFJZVh|HCFI�GF[.[d^XKMCF[pJU|OGhJ_JU|HC�[.^X�X[dVFI7YUEHJZYUPXN�|XGh[��XPHNkC

3

1

2

6
4

5
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GF~DGOe�GFNXt�VFGiNHVFCiSL[�YZJU�8jlQ"GhN'Ch�XVFCFEXJxYLPHN�YU[�JU|XI)PH~_N�~b|OCFN�GhN
GFJxJUCFK�EHJ8JUP'tOCFSUYZcXCFI\Q)GFYZSZ[d`�YZJ8Gi[.[n^OKMCh[�JZ|HGiJTJZ|XCu[.^O�k[dVFI)YZ�HCFI}Yx[
�H^k[nepGFNkt£tXYU[dViGFI)tX[uJZ|HC�ChcXCFNHJZ`\�H^HJ"YUJ\tkPOCF[MNkPHJ}VFGFNHVFCFS"Jx|XC
[d^X�X[dVFI7YLEOJUYZPXNO���4|OCzGh^HJLPOK�GiJLYZVzVFGFNHVFCFSxSZGFJxYLPHN�P5Q�tXCFGFt

Nor-
mal

[d^X�X[dVFI7YZEXJZYUPHNX[�EOI�PXcOYLtXCW[�G�VFSxCFGFNX^XE�KMCFVF|XGhNHYZ[.K Q�PHI
[d^X�X[dVFI7YL�OCFI7[\JL|OGFJ*Q�POI)�XPXJ{JZPu^XNk[d^X�H[

cribe.

Real-
� � � �	��������%�����! ��
�������
����S���

e}CFGFS�JZYLKMC�YU[\GhNuYLK�EkP5I)JZGhNHJ�YU[d[.^kC�JLPbJUGWV5�HSZCF�*jlQ0~_C_tHCFVFYZtXC�JUP
tHYZ[dJUI7YU�X^XJxC'VhPOK2EX^HJZGFJZYZPXNHGFS}EXPX~_CFI�PXcOCFI�[dChcHCFI7GFS\EHI�PHVFCF[d[.YxNk�
^HNXYZJZ[d`�~_C�KMGOe�|XGhcOC�tXYZQ7Q)CFI7CFNkJ2I)CFGWS

-
JZYUKMC

granularities
¨

CFNHVhPHtHCFI)[MGhNHtzGFVFJx^XGiJLPHI)[d`\Q)PHIDYUNH[dJZG5NOVFCF`\K�^X[dJ;|OGhcXC�G�cXCFI�e
[dKMGFSUS*JxYLKMCD�5I7G5NH^XSUGFI7YZJLe5`XYLNfPHI)tHChI8JLP_tXCiGFS{~fYxJZ|fI)CiGFS�K�PHJZYZPXNX[
~DYUJx|kPH^kJ;SUPH[dYUNk�£CFQ�Q7CFViJZYLcOChNHCF[d[d`"PHIf~_PHI7[dCF�"j7NX[dJxCFG5tO`}VFCFNXJUI7GFS
EHI�POVFCh[d[dYZNk�£^ONkYxJU[uKMG5ep|HGhcHC2G'SZCF[d[f[dJZI7YUVFJ�JZYLKMC2[9ehNkVh|HI)PXNXY

-[dGFJxYLPHNH`�GFSUSZPX~DYUNX��JZ|XChK�JUP�^X[dC�JLe5EHYZVFGFSbNHPXN
-
tHCFJxCFI�KMYxNkYx[dJUYUV

tkeONHG5KMYZV�KMCFVF|XGhNHYZ[.KM[«[.^XVF|	GF[ßK�^OSUJZYxJUGh[.�HYZNX�X`@K�^HSZJxY
-Jx|XI7CFGFtHYLNH�X`8tkeHNkGiKMYZV�KMC5K�POI�e�GhSxSLP5VFGFJxYLPXN�GFNkt�[.P�PXNO�0¦_Chc
-CFI7JU|OCFSZCF[.[d`bYZJuYU[£VFSUCFGFI7SLe�I7Ch§X^XYxI)CFt�JU|XGFJMJxGF[.�X[£YUNXckPOSLcOCFt�YUN

�XPHJZ|�SUPO~
-
SxChcXCiS;Q7G5[dJ;I7CFGFVFJZYUcHCpSLPOPXEX[�GFNXt�|HYU�X|

-
SZC5cOCFS

man-�baX°h¶D°F¸H¹TKMCFCFJ8JL|OCFYZI"PX~_N�tXCiGhtkSxYZNHCF[D~DYUJZ|kPH^kJ0tHCFSZGheO�8jlN�PHI
-tHCFI�JLP�V5POEXC�~_YxJL|�[d^XVF|�EOI�PO�XSUCFK¢YxJfYx[pI)Ci§k^HYZI7CFt�JL|OGFJfJx|kC

JxI�GFNO[dGFVFJZYUPHNk[��OCFJL~DCFCFN�JZ~_P�tXCFcXYZViCF[�GFI7CzVFPXK�EXGWJUYU�HSZCz~bYxJU|
Jx|XC�JxYLKMCzVhPXNO[.JUI7GFYZNX[pPOQ�JU|HCztXCFcXYZViCF[�JL|OChKM[dCFSUcXCF[d`�G5Nkt�[9P
VhPOK�K�^kNHYZVFGFJxYLPON�K�^X[dJT�OCM[dCiJ0^kE'GFJ8Jx|XCM�XCF�XYZNXNXYZNk�2GFNkt2EHC

-I7YLP5tXYxVFG5SZSLe�I)CFVF|XCFVF�XCFt�YUN�P5I�tOCFI2JUP�ChNH[.^XI7C�GFtXCF§H^XGiJZC>I7CFGiS
-JxYUKMCD�

ehaviour.
� ���K������
����S")���C����������� ��� ��� !��
	�"���������� ������!G�)���+��
:����������� ����!#%����
efficiency]DEkEHSZYZVFGFJZYZPXNX[}I7^kNHNXYZNk�uPXNfG�tXChcXYUVWC_POQTJx|XC�VhPOK2K�^XNXYxJ�ebKMGHe
^H[dC�Bb�"Bb��YUN�P5I�tOCFI_JUP�VFPXK�K�^XNHYZVFGFJZC�JUPzPOJL|XCWIbKMChK��HCFI7[
POQMJZ|XCpVhPXK�K�^XNXYZJLe5`�POIfVh|XPXPO[nC£JLP�tXCFGWS�tHYZI)CFVFJZS�ez~_YZJU|�JZ|XC
VhPONkNOCFVFJZCht�tXCFcXYxVFCF[�JZ|XI)PH^k�X|�[dJxGhNXtHGFI)t'POI�VF^X[dJZPXK�KMCFJU|kPOtk[d�
BD�;B_��EXI�POcXYUtHCF[�G�VhPXK�EXPXNXCFNkJ

-
PHI7YUCFNOJUCht�Gh�H[.JZI)GFVFJxYUPXN�JZ|HGhJ

GFSxSLP5~f[uEOI�PH�HI7G5KMKMCFI)[uJUP£Q7I7CFCFSLe�VF|XPXPO[nC2JU|HC�K�PO[dJ}[n^HYZJZGh�HSZC
EHI�PH�XI7GFK�KMYLNH��SxGhNk�H^XGF�XCF[MGFNHtzJx|XCFN�JUP��XYUNHtzJx|XChYxIDVFPXtHC�J�P
Jx|XCMVhPHK�K2^HNXYxVFGFJxYLPHN�]_v�jl�8y�PHI�CFPXcHCWI�`wB_�;B_��VWG5N��OC2^O[dCht
~DYUJx|�tHYZQ)Q7CFI7CFNXJ�GFI7VF|HYZJUCiVFJU^HI)Ci[5¨OJZ|kYx[;CFNOG5�HSZCF["JZ|XCD^k[dCbPOQ4VFPXK

-EH^XJxCFI�['GF[
bridges

P5I a��k¹x° * �.º�`'�HCFJZ~_CFChN�tXYxQ)Q)CFI7CFNHJDVFPXK -KM^XNXYZViGFJLYZPXN�[neO[.JZCFK�[b�7YU��Ci�4®�GFckCFSxGFN£JZP£RTJU|HCFI)NHCiJU`4[dCFI)YZGFS�JUP
R4Jx|XCFI7NXCiJZ`4ChJxVF���7�4]DSZ[.P£[dVFGiSZGh�HYZSUYZJLepYU[uPX�HJZGFYZNXCFt£JU|HI�PH^k�H|£GF�

-[dJxI�GFViJZYLPON���YUN£Q7GFVFJx`4YZJ\GiSZSLP5~b[bJU|kC2^H[.C'POQ�NHCF~
communica-JxYLPXN�VF|XGFNkNOCFSZ[bGhNXt9¥�PHI�EOI�PHJUPOV5POSL[_GF[b[.PkPON£GF[_JL|OC'PXEOCFI)GFJZYZN*�

[9eh[.JZC5KM[\GFI7C�I�CiGFt{eDJLPf|HGFNktHSZC�JU|XCFKM�

7. 
£Í0Ö�Æ�ËLÍ4Ö�Ú�Í4Ø ��nTÎ�n4ÅOÌ��'Æ�Å�!�4|OC�~_PHI)��tXPXNOCp[nP�Q7GFI_|XGF[��HChCFNzKMGhYUNOS�e�tkCFcHPXJxC5t�JLP�JZ|XC
I7CFGFSZYZ[dGFJxYLPON'PXQ\JZ|XCu[d^kYxJZGF�HSZCuYLNOQ�I7GF[dJxI)^HVFJL^OI7CF[d`��kPHJZ|'|XGWI�tH~_GiI)C
GFNHt@[.PHQ7Jx~bGFI7CF`�NHCFChtHCht�Q)PHIzPX^OIzEX^XI7EkPO[dC5[5¨_[nPHKMC�I)PX�XPXJZ[
YxNkcHPXSUcHCht YLN JZ|XC e�PX�XPH�;^kE Vh|XGiSZSZCFNk�HCi` JU|OC I)PX�XPXJ
y�]?e;y � � ��yzPH�HYLSZC�]_tXcHGhNXVFCFt e�PX�XPHJ Q�POI©yz^XSxJUYUEHSZC
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