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YZ[\] _̂̀aabac]de_bfbgh]̀ai]igfbhbeah]hjek_i]fealmbnklg]le]̀ai]gaj̀afg]ljg]àlkm̀_]̀ai]_ef̀_]

gaobmeapgal]nqr]stu]

gv]dmgogalbac]agw]̀ai]gxbhlbac]igog_edpgal]ymep]fealmbnklbac]lez]ngbac]dkl]̀l]kàffgdl̀n_g]

mbh{]ymepz]em]ngbac]̀iogmhg_q]̀yygflgi]nqz]kàffgdl̀n_g]_gog_h]ey]heb_z]̀bmz]ẁ lgm]em]aebhg]de__klbea]

em]_̀ai]bahl̀nb_blq\]|gog_edpgal]hjek_iz]wjgmgogm]dehhbn_gz]jg_d]le]bpdmeog]_ef̀_]gaobmeapgal̀_]

feaiblbeah]hkfj]̀h]̀bm]̀ai]ẁ lgm]}k̀_blqz]l̀{bac]bale]̀ffekal]mg_gòal]bayemp̀ lbea]hkfj]̀h]mbogm]

ǹhba]p̀ àcgpgal]d_̀ah]

Y~Y\] _̂̀aabac]de_bfbgh]̀ai]igfbhbeah]hjek_i]̀_he]gahkmg]lj̀l]agw]igog_edpgal]bh]̀ddmedmb̀lg]yem]blh]

_ef̀lbea]l̀{bac]bale]̀ffekal]ljg]_b{g_q]gyygflh]�baf_kibac]fkpk_̀lbog]gyygflhv]ey]de__klbea]ea]jg̀_ljz]

_bobac]feaiblbeah]̀ai]ljg]àlkm̀_]gaobmeapgalz]̀h]wg__]̀h]ljg]delgalb̀_]hgahblboblq]ey]ljg]hblg]em]

ljg]wbigm]̀mg̀]le]bpd̀flh]lj̀l]fek_i]̀mbhg]ymep]ljg]igog_edpgal\]�a]iebac]he]ljgq]hjek_i�]

v̀]�blbc̀lg]̀ai]mgikfg]le]̀]pbabpkp]delgalb̀_]̀iogmhg]bpd̀flh]mghk_lbac]ymep]aebhg]ymep]agw]

igog_edpgal]�]̀ai]̀oebi]aebhg]cbobac]mbhg]le]hbcabybf̀al]̀iogmhg]bpd̀flh]ea]jg̀_lj]̀ai]ljg]

}k̀_blq]ey]_bygr]

nv]�igalbyq]̀ai]dmelgfl]lm̀a}kb_]̀mg̀h]wjbfj]j̀og]mgp̀ bagi]mg_̀lbog_q]kaibhlkmngi]nq]aebhg]̀ai]

m̀g]dmb�gi]yem]ljgbm]mgfmg̀lbeà_]̀ai]̀pgablq]ò_kg]yem]ljbh]mg̀hear]stu]

Y~�\]] _̂̀aabac]de_bfbgh]̀ai]igfbhbeah]hjek_i]gahkmg]lj̀l]agw]igog_edpgal]f̀a]ng]balgcm̀lgi]

gyygflbog_q]wblj]gxbhlbac]nkhbaghhgh]̀ai]feppkablq]ỳfb_blbgh]�hkfj]̀h]d_̀fgh]ey]wemhjbdz]dknhz]

pkhbf]ogakgh]̀ ai]hdemlh]f_knhv\]�xbhlbac]nkhbaghhgh]̀ ai]ỳfb_blbgh]hjek_i]ael]j̀og]

kamg̀heàn_g]mghlmbflbeah]d_̀fgi]ea]ljgp]̀h]̀]mghk_l]ey]igog_edpgal]dgmpbllgi]̀ylgm]ljgq]wgmg]

ghl̀n_bhjgi\]�jgmg]ljg]edgm̀lbea]ey]̀a]gxbhlbac]nkhbaghh]em]feppkablq]ỳfb_blq]fek_i]j̀og]̀]

hbcabybf̀al]̀iogmhg]gyygfl]ea]agw]igog_edpgal]�baf_kibac]fj̀acgh]ey]khgv]ba]blh]obfbablqz]ljg]

d̀d_bf̀al]�em]�̀cgal]ey]fj̀acg�v]hjek_i]ng]mg}kbmgi]le]dmeobig]hkbl̀n_g]pblbc̀lbea]ngyemg]ljg]

igog_edpgal]j̀h]ngga]fepd_glgi\]



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

���	�����
�������� ��
���
	���
�!��"!����		�	#�

$���
	���
"%��&'��(��� )��*(&��
��

+,-,./0123456172895:;<;4=4>;5?1@5A>B7<>C5D06:AE5

*�
����
�����������
�
	��"!��	#��	��F����G�H����
I
��
��J��$��� ��	����J����
���	�K�!����&L&(�

*�
��	#)�
!��I���	�"���
��I
!	�
	��	��
������������MNOPQPRSTUPPVTWSXYRWTXZVTUPPVT[\XY]R̂TP_TY]_ST

RWOP\UWTRWSTS__S̀R]aSTQXZXUSQSZRTP_TZP]bSTc]RW]ZTRWST̀PZRSdRTP_TePaSOZQSZRTfPY]̀̂TPZTb\bRX]ZXgYST
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iWOP\UWTRWSTS__S̀R]aSTQXZXUSQSZRTXZVT̀PZROPYTP_TSZa]OPZQSZRXYjTZS]UWgP\OTXZVTZS]UWgP\OWPPVTZP]bST

c]RW]ZTRWST̀PZRSdRTP_TePaSOZQSZRTfPY]̀̂TPZTb\bRX]ZXgYSTVSaSYPfQSZRkT

lm naP]VTb]UZ]_]̀XZRTXVaSObST]QfX̀RbTPZTWSXYRWTXZVT[\XY]R̂TP_TY]_SoT

lm p]R]UXRSTXZVTQ]Z]Q]bSTXVaSObST]QfX̀RbTPZTWSXYRWTXZVT[\XY]R̂TP_TY]_SoTXZVT

lm qWSOSTfPbb]gYSjT̀PZRO]g\RSTRPTRWST]QfOPaSQSZRTP_TWSXYRWTXZVT[\XY]R̂TP_TY]_ST
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lm rPTPgbSOaSVTS__S̀RTYSaSYTsrtuvwxTRW]bT]bTRWSTYSaSYTP_TZP]bSTSdfPb\OSTgSYPcTcW]̀WTZPTS__S̀RTXRTXYYT

PZTWSXYRWTPOT[\XY]R̂TP_TY]_ST̀XZTgSTVSRS̀RSVoT

lm vPcSbRTPgbSOaSVTXVaSObSTS__S̀RTYSaSYTsvtnuvwxTRW]bT]bTRWSTYSaSYTP_TZP]bSTSdfPb\OSTXgPaSTcW]̀WT

XVaSObSTS__S̀RbTPZTWSXYRWTXZVT[\XY]R̂TP_TY]_ST̀XZTgSTVSRS̀RSVoTT

lm y]UZ]_]̀XZRTPgbSOaSVTXVaSObSTS__S̀RTYSaSYTsytnuvwxTiW]bT]bTRWSTYSaSYTP_TZP]bSTSdfPb\OSTXgPaST

cW]̀WTb]UZ]_]̀XZRTXVaSObSTS__S̀RbTPZTWSXYRWTXZVT[\XY]R̂TP_TY]_STP̀ \̀OoTT
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RPT]Z̀OSXbSTP\OT\ZVSObRXZV]ZUTP_TcWXRTQX̂T̀PZbR]R\RSTXTb]UZ]_]̀XZRTXVaSObST]QfX̀RTPZTWSXYRWTXZVT[\XY]R̂T

P_TY]_ST_OPQTZP]bSkT�PcSaSOjTZPRTWXa]ZUTbfS̀]_]̀TytnuvTaXY\SbT]ZTRWSTrNyuTfOPa]VSbTRWSTZS̀SbbXÔTfPY]̀̂T

_YSd]g]Y]R̂T\ZR]YT_\ORWSOTSa]VSZ̀STXZVTb\]RXgYSTU\]VXZ̀ST]bTXaX]YXgYSk�T
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bcdcefghcijkglfgfmnemkmofpeqkmccrkjfkhninsckiftmckuvwkk

xy zdftqtiskmtsit{t|nijknqdclmckiftmckthgn|jmkfikocnejokniqk}pnetjvkf{ket{cknmknklcmpejkf{kic~k

qcdcefghcij�kk

xy �tjtsnjtiskniqkhtithtmtiskjockc�tmjtiskniqkgfjcijtneknqdclmckthgn|jmkf{kiftmckfi�k{lfh�k~tjotiknmk

nklcmpejkf{kflktikjockdt|titjvkf{kic~kqcdcefghcijk~tjofpjkgen|tiskpilcnmfinuecklcmjlt|jtfimkfik

qcdcefghcijkflknqqtiskpiqpevkjfkjock|fmjmkniqknqhtitmjlnjtdckuplqcimkfikc�tmjtiskupmticmmcm�kk

xy �hglfdtiskniqkcioni|tiskjockn|fpmjt|kcidtlfihcijkniqkglfhfjtiskngglfgltnjckmfpiqm|ngcmk

�ti|epqtisk�ptcjkzlcnmkniqkmgn|cmkf{klcenjtdckjlni}pteetjv��kk

xy �cgnlnjtiskic~kiftmckmcimtjtdckqcdcefghcijk{lfhkhn�flkiftmckmfpl|cm�kmp|oknmklfnq�klnte�kntlk

jlnimgfljkniqkmfhckjvgcmkf{ktiqpmjltnekqcdcefghcij�kjolfpsokjockpmckf{kqtmjni|c�km|lccitiskflk

tijclinekenvfpjk�ktikglc{clci|ckjfkmfecklcetni|ckfikmfpiqktimpenjtfi�kk

xy �oclcktjktmkifjkgfmmtueckjfkn|otcdckmcgnlnjtfikf{kiftmckmcimtjtdckqcdcefghcijkniqkiftmckmfpl|cm�k

~tjofpjkpiqpckthgn|jkfikfjoclkmpmjntinueckqcdcefghcijkfu�c|jtdcm�kjociknivkgfjcijtneknqdclmck
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,-./01231415635./74/3710./18965:/;6<1.0/=.9.3=.3:/73/:-./=144.<.3:/3710./07><5.0?/<.5.9:7<0/63=/:18.0/74/

79.<6:173/9<.0.3:.=/47</57301=.<6:173/@1:-13/6/9A633132/699A156:173B/,-.<.47<.?/C68=.3D0/:-<.0-7A=0/47</

3710./63=/;1E<6:173/.;6A>6:./3710./18965:/13/:.<80/74/;6<17>0/F.44.5:/A.;.A0D/=.05<1E.=/13/:-./G6:1736A/

HA633132/H7A15I/J<68.@7<K/63=/HA633132/H<65:15./L>1=635.M//

NO GPQR/S/G7/PE0.<;.=/Q44.5:/R.;.A/

NO RPTQR/S/R7@.0:/PE0.<;.=/T=;.<0./Q44.5:/R.;.A/

NO UPTQR/S/U123141563:/PE0.<;.=/T=;.<0./Q44.5:/R.;.A//

,-<../E6015/=.0123/5<1:.<16/-6;./E..3/0.:/47</9<7970.=/=.;.A798.3:0?/:-.0./E.132/618.=/6:/2>1=132/

699A1563:0/60/:7/:-./=.2<../74/=.:61A.=/57301=.<6:173/3..=.=/:7/E./21;.3/:7/3710./13/63I/9A633132/

699A156:173B/,-./=.0123/5<1:.<16/7>:A13.=/E.A7@/6<./=.413.=/13/:-./57<<.0973=132/3710./:6EA.0B/,-./;6A>.0/

@1AA/;6<I/=.9.3=132/73/:-./573:.V:?/:I9./74/3710./63=/0.301:1;1:I/74/:-./<.5.9:7<M//

NO L<..3/S/@-.<./3710./10/57301=.<.=/:7/E./6:/63/655.9:6EA./A.;.AB/

NO T8E.</S/@-.<./3710./10/7E0.<;.=/:7/-6;./63/6=;.<0./.44.5:/A.;.A?/E>:/@-15-/86I/E./57301=.<.=/

655.9:6EA./@-.3/600.00.=/13/:-./573:.V:/74/7:-.</8.<1:0/74/:-./=.;.A798.3:B/

NO W.=/S/@-.<./3710./10/7E0.<;.=/:7/-6;./6/0123141563:/6=;.<0./.44.5:B/
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,-./012134506711
89:;<16=4>/;1.01?@AB0-60;15419C;<1?D15=01@4?601A4@5-?@61->;?./0154@-/10/0E0@56F1G;-H1-@;1@?I=5JF1K4L0M0BN1?D1?51A-@1.01
;0E4@65B-50;15=-515=0B01?61@416?I@?D?A-@51;?DD0B0@A01?@15=01A=-B-A50B14D15=01B06?;>-/1.-AOIB4>@;1@4?601-@;15=016P0A?D?A1
@4?601DB4E15=01PB4P460;1;0M0/4PE0@515=0@15=?61B0;>A5?4@1E-H1@451.01B0Q>?B0;F1R@1-;;?5?4@N1-1DB0Q>0@AH1-@-/H6?61G541
?@A/>;0N15=01>6014D134?601S-5?@I1G3SJ1A>BM0614B145=0B1AB?50B?-1A>BM06J1D4B15=01-66066E0@514D154@-/14B1/4L1DB0Q>0@AH1@4?601
E-H1.01B0Q>?B0;F1
88/0M0/61I?M0@1-B01D4B1;L0//?@I6N1=4L0M0BN1/0M0/61-B01>6016P0A?D?A1-@;1;?DD0B0@51/0M0/61L?//1-PP/H1;0P0@;0@514@15=01>6014D1
5=01PB0E?606F1

TUVWXVYZ[\]WẐWT_̀aVWbWc[YYV]X[̂\Wd[WefeeWU[gY]Wd[WhieeWU[gY]Wj[YWdUVW\_kW_̂\WhieeWU[gY]Wd[WefeeWU[gY]W

j[YWdUVŴZlUdmWTUVWb[ĝcZaWnZaaWd_oVWẐd[W_cc[ĝdWdUVWaZoVakWdZpV]W[jW[ccgX_dZ[̂Wj[YWdkXV]W[jW\VqVa[XpV̂dW

_̂\WnZaaẀVW_pV̂\V\W_cc[Y\ẐlWd[WdUVWdZpV]W[jW[XVY_dZ[̂W[jWdUVWV]d_̀aZ]UpV̂dWĝ\VYWc[̂]Z\VY_dZ[̂mW

TUVYVW_YVWcVYd_ẐW]p_aaVYWXZVcV]W[jWVrgZXpV̂dW[̂Wc[ppVYcZ_aWXYVpZ]V]sW]gcUW_]WVtdY_cdWqV̂dZa_dZ[̂sW_ZYW

c[̂\ZdZ[̂ẐlWĝZd]W_̂\Wc[̂\V̂]VY]sWnUVYVW_cUZVqVpV̂dW[jWdUVWY_dẐlWaVqVa]Wu[Y\Ẑ_YZakW\VdVYpẐV\ẀkW_W

vwxyzyhW_]]V]]pV̂d{Wp_kŴ[dW_jj[Y\WdUVŴVcV]]_YkWXY[dVcdZ[̂mW|̂WdUV]VWc_]V]sWdUVWb[ĝcZaWnZaaWlV̂VY_aakW

_a][WYVrgZYVW_W}~WcgYqVW]XVcZjZc_dZ[̂W[jW}~i�W[YẀVa[nsW\VXV̂\_̂dW[̂WdUVWY[[pWù_]V\WgX[̂WpV_]gYV\W

[YWXYV\ZcdV\W�Vrs�pẐ]Ŵ[Z]VWaVqVa]WẐW[cd_qVẀ_̂\]{WzWpVdYVWjY[pWdUVWj_�_\VW[jW_jjVcdV\WXYVpZ]V]sWnUVYVW

dUVŴ[Z]VW]V̂]ZdZqVWXYVpZ]VWZ]Wa[c_dV\WẐW_WrgZVdẀ_colY[ĝ\W_YV_mW
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_{±²W\ZjjVYV̂cVW[jW_Y[ĝ\W³zeW\vW[YWp[YVWZ]WaZoVakWd[ẀVW_̂WẐ\Zc_dZ[̂W[jW_W]Zl̂ZjZc_̂dW_\qVY]VWZpX_cdsW

\VXV̂\ẐlW[̂WdUVWc[̂dVtdW

{̀±²W\ZjjVYV̂cVW[jW_Y[ĝ\W³�W\vWc[ga\ẀVW_̂WẐ\Zc_dZ[̂W[jW_̂W_\qVY]VWZpX_cdsW\VXV̂\ẐlW[̂WdUVW

c[̂dVtdW

c{±TUVWa[nVYWdUVWY_dẐlWaVqVaWZ]WYVa_dZqVWd[WdUVWpV_]gYV\Ẁ_colY[ĝ\W][ĝ\WaVqVasWdUVWaV]]WaZoVakWZdWZ]W

dU_dWdUVYVWnZaaẀVW_̂W_\qVY]VWZpX_cdW[YW]Zl̂ZjZc_̂dW_\qVY]VWZpX_cdmẂ UVYVWdUVWY_dẐlWaVqVaW\[V]W

[̂dWVtcVV\WdUVẀ_colY[ĝ\W][ĝ\WaVqVasWdUZ]WZ]W_̂WẐ\Zc_dZ[̂W[jWdUVW]XVcZjZcW][ĝ\WU_qẐlW_Wa[nW

ZpX_cdsW\VXV̂\ẐlW[̂WdUVWc[̂dVtdW
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,-./01234567891271:1726;2568<=>2?6@232AB:1<2=B;;1@1<C12419D11<29012@39B<A271:1723<=2901243CEA@68<=2

568<=271:17F29012G3A<B98=126;290126:1@3772BGH3C92GBA092412A@1391@2;6@23<23C6859BC21<:B@6<G1<92

D01@129012@15B=8372568<=271:172B520BA02903<2;6@23<23C6859BC21<:B@6<G1<92D01@129012@15B=8372568<=2

71:172B5276D>2222

I01@1243CEA@68<=2568<=271:17523<=2@39B<A271:17523@1276DF234567891271:1752GBA09241235F26@2G6@1F2

@171:3<92903<29012G3@AB<24J2D0BC029012@39B<A271:1721KC11=52901243CEA@68<=>2/0B52B5215H1CB377J29@812

392<BA09>22

I01@12@15B=8372568<=271:17523@12:1@J20BA0F29012@15B=8372568<=2GBA092B9517;2@158792B<23=:1@512

BGH3C9526@25BA<B;BC3<923=:1@512BGH3C95F23<=29012G3@AB<24J2D0BC029012@39B<A271:1721KC11=529012

43CEA@68<=2GBA0925BGH7J24123<2B<=BC39B6<26;290121K91<92962D0BC0290125H1CB;BC2568<=2568@C12B527BE17J2

962G3E12906512BGH3C952D6@51>2

L-./012C03@3C91@23<=271:1726;29012@15B=8372568<=2C6GH3@1=29629012C03@3C91@23<=271:1726;290125H1CB;BC2

568<=>2M6<5B=1@2D01901@2B92D687=241241<1;BCB372962C6GH3@129012;@1N81<CJ25H1C9@8G23<=291GH6@372

:3@B39B6<26;290125H1CB;BC2568<=2DB902903926;290123G4B1<926@2@15B=8372568<=296235515529012=1A@112962

D0BC0290125H1CB;BC2568<=2568@C12B527BE17J2962412=B59B<A8B50347123<=2DB772@1H@151<923<2B<C6<A@86852

568<=24J2C6GH3@B56<296290123C6859BC21<:B@6<G1<9290392D687=26CC8@2B<290123451<C126;290125H1CB;BC2

568<=>2O<J2568<=2H3@3G191@5F253GH7B<A2H1@B6=523<=23:1@3AB<A29BG12H1@B6=52851=29628<=1@93E12

C03@3C91@2C6GH3@B56<5250687=2@1;71C929012D3J2B<2D0BC02568<=26;23<2B<=859@B3723<=P6@2C6GG1@CB372

<398@12B527BE17J2962412H1@C1B:1=23<=206D2H16H712@13C92962B9>2

Q-./01251<5B9B:B9J26;29012@1C1H96@23<=2D01901@2=D177B<A526@26901@2H@1GB5152851=2;6@2@15B=1<9B372

H8@H65152DB77237@13=J2B<C6@H6@3912=15BA<2G1358@1529039251C8@12A66=2B<91@<3723<=P6@2689=66@2

3C6859BC2C6<=B9B6<5F258C0235R2
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YS Z[\]̂_̂]̀abcde2f2568<=2568@C1241B<A23551551=2gh52i2hO1NF2/@-2

YS j\âeckl̀abcde2f2OG4B1<92568<=2@1G3B<B<A23929012355155G1<9276C39B6<2D01<290125H1CB;BC2568<=2

568@C12B5258HH@1551=296258C0232=1A@11290392B92=6152<692C6<9@B4891296290123G4B1<92568<=2gh@2i2

hO1NF2/-2

YS mnô\dp̀abcde2f2969377J21<C6GH355B<A2568<=2B<232AB:1<25B9839B6<239232AB:1<29BG1F2858377J2

C6GH651=26;2568<=2;@6G2G3<J2568@C152<13@23<=2;3@2gh32i2hO1NF2/-2

YS qk]rstbcdèl\u\l2f2568<=2H@1558@1271:17290392B521KC11=1=24J29012@15B=8372568<=23929012

355155G1<9276C39B6<2;6@2vwx26;232AB:1<29BG12B<91@:372ghOvwF2/-2

YS jkp̂ds̀l\u\l2f25H1CB;BC2568<=271:172H78523<J23=y859G1<92;6@29012C03@3C91@B59BC2;1398@1526;29012

568<=2ghO@F/@-2
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2345678495:;<5=>?@9AB64C57B64C5D<E<D5845:;<5F<:;BC5GBA5A>:8495>4C5>77<77849584C67:A8>D5>4C5?BFF<A?8>D5

7B64C58:58758FHBA:>4:5:B5<476A<5:;>:5E>D6<75>A<5A<D8>=D<5>4C5768:>=DI5A<HA<7<4:5=B:;5:;<5H>A:8?6D>A5

?8A?6F7:>4?<75>4C5H<A8BC75BG584:<A<7:J5KBA5:;875H6AHB7<L5:;<5B=M<?:8E<58754B:578FHDI5:B5>7?<A:>845>5DBN<7:5
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UV WB4>D8:I5X5YZ5C[5GBA5>5:B4<5N;8?;5875\M67:5H<A?<H:8=D<]5>:5:;<54B87<5A<?<H:BAL5Ŷ5C[5N;<A<58:5875

\?D<>ADI5H<A?<H:8=D<]L5>4C5Y_5C[5N;<A<58:5875\;89;DI5H<A?<H:8=D<]5

UV 3FH6D78E8:I5X5Ỳ5C[5GBA5>5:B4<5N;8?;5875\M67:5H<A?<H:8=D<]5>:5:;<54B87<5A<?<H:BAL5Y_5C[5N;<A<58:5875

\?D<>ADI5H<A?<H:8=D<]L5>4C5Ya5C[5N;<A<58:5875\;89;DI5H<A?<H:8=D<]5

UV 34:<AF8::<4?I5X5Ỳ5C[58G5:;<584:<AF8::<4?I5875A<>C8DI5C87:84?:8E<5>9>847:5:;<5A<78C6>D5>?B67:8?5

<4E8AB4F<4:5

UV b:;<A57B64C5?;>A>?:<A87:8?75X5N;<A<5:;<57H<?8G8?57B64C5G<>:6A<75?;>A>?:<A87:8?75:;>:5>A<54<8:;<A5

:B4>D54BA58FH6D78E<L54BA584:<AF8::<4:L5:;B69;5B:;<AN87<5>A<5A<>C8DI5C87:84?:8E<5>9>847:5:;<5A<78C6>D5

>?B67:8?5<4E8AB4F<4:L5>5H<4>D:I5BG5Ỳ5C[5?>45=<5>HHD8<CJ5
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�ZUVWXYUg]gXỲ[�]\{U]Ẁ\U]ẁẀ\]XẀ[�]V]{V[g{Uig]V[UZhZU\UY]]
��ZV�̀ZXZ]WaUUg]ZUVWXYUg]hwUY]���Z[̀X\U]aUỲhg]gXỲ[�]\{U]Ẁ\U]ẁẀ\]XẀ[�]V]{V[g{Uig]V[UZhZU\UY]
����[]hf\V]̀W]V]X[̀\]h�]ZUVWXYUZU[\]XWUg]\h]gUW~ỲlU]\{U]VZhX[\]h�]~ihXg]~hwUY]V\]V[x]�̀wU[]ih~V\̀h[Q]jfx]~h[g̀\̀h[W]
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APPENDIX A 

GLOSSARY OF ACOUSTIC TERMINOLOGY 

Acoustic Glossary 

Decibel scale - dB 

The decibel (dB) is a relative unit of measurement used in acoustics. The dB is a logarithmic ratio between a 

measured level and a reference level of 0 dB (i.e the threshold of human hearing). Simply put, the decibel 

compresses the wide range of sounds we hear into more manageable numbers. 

Addition of noise from several sources 

Sound produced by multiple sound sources are added logarithmically e.g. power ratio of 2 = 3dB, power ratio 

of 10 = 10dB. Therefore, two equally intense sound sources operating simultaneously produce a sound level 

which is 3dB higher than a single source e.g. 60dB + 60dB = 63dB. 

Subjective impression of noise 

Human response to sound is highly individualized and often based on psychological factors such as emotion 

and expectation. Sensitivity to sound typically depends on the loudness, pitch, duration of the occurrence, and 

time of occurrence (e.g. a sound source could cause annoyance during the night where it would not during the 

day). The following table is a guide to explain increases or decreases in sound levels for many scenarios. 

Change in sound level Change in perceived loudness 

1 dB Imperceptible 

3 dB Just barely perceptible 

6 dB Clearly noticeable 

10 dB About twice as loud 

‘A’ Weighted Frequency Filter - dB(A) 

The human ear is not equally sensitive in all frequencies. The A-weighting filter was devised to take this into 

account when undertaking noise measurements and allows a sound level meter to replicate the human ears 

response to sound.  

LAeq, T  

Sound can fluctuate widely over a given period. LAeq is the A-weighted equivalent continuous sound level, with 

T denoting the time period over which the fluctuating sound levels were averaged e.g. LAeq,16h is the equivalent 

continuous noise level over an 16 hour period. 

LA90 

A-weighted sound level exceeded for 90% of the measurement period, calculated via statistical analysis. The 

LA90 descriptor is typically used to establish background sound levels for noise impact assessments 

LA10 

A-weighted sound level exceeded for 10% of the measurement period, calculated via statistical analysis. 

LAFmax 

A-weighted sound level maximum sound pressure level that has been measured over a given time period 



APPENDIX A 

GLOSSARY OF ACOUSTIC TERMINOLOGY 

Acoustic Glossary 

Octave Bands 

The audio or frequency spectrum of the human ear is in the range of 20Hz to 20 kHz. The spectrum tells how 

the energy of the sound signal is distributed in frequency. Octave bands divides the audio spectrum into 10 

equal parts. The International Standards Organisation defines the centre frequency of these bands as 31.5Hz, 

63 Hz, 125 Hz, 250 Hz, 500 Hz, 1kHz, 2kHz, 4kHz, 8kHz and 16kHz. 

Noise Rating (NR) Curves  

A method of rating noise using a set of curves relating octave band sound pressure levels. Typically used for 

building services systems within offices 

Airborne sound 

Sound radiated from a source into the surrounding air e.g. musical instruments, tv/radio, machinery/equipment. 

Airborne sound insulation refers to the reduction or attenuation of airborne sound, usually via a solid partition 

between a source and receiver. 

Impact sound 

Sound resulting from the impact between colliding objects, e.g. footfall impact upon a floor. Impact sound 

insulation refers to the resistance of a floor to the transmission of impact sound, typically via the installation of 

a ‘resilient layer’ 

Flanking sound  

The transmission of airborne sound between two adjacent rooms by paths other than via the separating partition 

between the rooms, e.g. the abutment point of a wall and floor. 

Structure-borne noise 

Noise caused by the vibration of elements of a structure. This can result in reradiated noise, whereby the 

vibrating element transmits airborne sound into a space e.g. vibration caused by mechanical plant installed 

within a plant room which is not adequately isolated from the structure, or construction/demolition work in an 

adjacent building. 

Reverberant sound  

Sound in an enclosed space (usually a room), which results from repeated reflections at the boundaries. 

Reverberation time is the time taken for a steady sound level in an enclosed space to decay by 60dB, measured 

from the moment the sound source is switched off. A example of a typically reverberant space would be a classic 

church. Absorptive materials can be used to reduce reflections and reverberation times. 
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APPENDIX C 
ENVIRONMENTAL NOISE TIME HISTORY GRAPH 
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APPENDIX D1
PLANT NOISE EMISSION CALCULATIONS

Source: Proposed library lecture hall units

Receiver: NSR 1, 50 Burrard Road 63 125 250 500 1k 2k 4k 8k

VRV Unit

Daikin RYYQ20U - Sound Power Level 96 87 86 88 81 76 75 70

Correction to sound pressure level at 1m (free field), dB -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections at source (3), dB 9 9 9 9 9 9 9 9

Minimum attenuation provided by distance (22m), dB -27 -27 -27 -27 -27 -27 -27 -27

Screening provided by brick wall enclosure, dB -6 -7 -9 -11 -14 -16 -19 -22

Attenuation provided by reduction of reflections, 3 no. -9 -9 -9 -9 -9 -9 -9 -9

Specific Sound Level at NSR from VRV unit, dB 52 42 39 39 29 22 18 10 38

AHU Units

MODULAR_L_SMART AHU - Noise Emissions from Air Exhaust Outlet

Fan Outlet (Sound Power Level) 72 74 74 73 72 68 64 58

Correction for number of units (2 no.) 3 3 3 3 3 3 3 3

Attenuation due to duct length (1m), dB 0 -1 0 0 0 0 0 0

Correction due to duct end reflection, dB -8 -4 -1 0 0 0 0 0

Conversion to SPL@1m -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections (1), dB 3 3 3 3 3 3 3 3

Directivity correction (60 deg.), dB 4 4 5 5 5 5 5 5

Minimum attenuation provided by distance (44m), dB -33 -33 -33 -33 -33 -33 -33 -33

Attenuation provided by Daikin silencer, dB -5 -9 -16 -30 -39 -39 -31 -26

Total Noise Emissions from AHU Air Exhaust Outlet, dB 24 26 23 9 0 -5 -1 -2 17

MODULAR_L_SMART AHU - Noise Emissions from Air Supply Inlet

Fan Inlet (Sound Power Level) 67 69 69 68 67 64 59 53

Correction for number of units (2 no.) 3 3 3 3 3 3 3 3

Attenuation due to duct length (1m), dB 0 -1 0 0 0 0 0 0

Correction due to duct end reflection, dB -8 -4 -1 0 0 0 0 0

Conversion to SPL@1m -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections (1), dB 3 3 3 3 3 3 3 3

Directivity correction (60 deg.), dB 4 4 5 5 5 5 5 5

Minimum attenuation provided by distance (44m), dB -33 -33 -33 -33 -33 -33 -33 -33

Attenuation provided by Daikin silencer, dB -5 -9 -16 -30 -39 -39 -31 -26

Total Noise Emissions from AHU Air Supply Inlet, dB 19 21 18 4 -5 -9 -6 -7 12

Specific Sound Level at NSR from AHU, dB 25 28 24 11 1 -3 1 0 18

Total Specific Sound Level at Receptor Façade of all Plant, dB 52 42 39 39 29 22 18 11 39

BS4142 Acoustic Feature Corrections

Tonality 0

Impulsivity 0

Intermittency 0

Total Rating Noise Level at Receptor Façade, dB 39

Notes:

Note 1: Equipment free-field sound pressure levels at 1m sourced from manufacturers data

Note 2: Distances noted are from the centre point of the unit to a central position on the receptor window

Note 3: No directivity correction has been applied as a cautious approach. In reality, directivity would be present thus further reducing the noise level at the receptor location

dB(A)
Frequency, Hz



APPENDIX D2
PLANT NOISE EMISSION CALCULATIONS

Source: Proposed library lecture hall units

Receiver: NSR 2, 2 Parsifal Road  63 125 250 500 1k 2k 4k 8k

VRV Unit

Daikin RYYQ20U - Sound Power Level 96 87 86 88 81 76 75 70

Correction to sound pressure level at 1m (free field), dB -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections at source (3), dB 9 9 9 9 9 9 9 9

Minimum attenuation provided by distance (26m), dB -28 -28 -28 -28 -28 -28 -28 -28

Screening provided by brick wall enclosure, dB -6 -7 -9 -11 -14 -16 -19 -22

Attenuation provided by reduction of reflections, 3 no. -9 -9 -9 -9 -9 -9 -9 -9

Specific Sound Level at NSR from VRV unit, dB 51 41 38 38 28 21 17 9 37

AHU Units

MODULAR_L_SMART AHU - Noise Emissions from Air Exhaust Outlet

Fan Outlet (Sound Power Level) 72 74 74 73 72 68 64 58

Correction for number of units (2 no.) 3 3 3 3 3 3 3 3

Attenuation due to duct length (1m), dB 0 -1 0 0 0 0 0 0

Correction due to duct end reflection, dB -8 -4 -1 0 0 0 0 0

Conversion to SPL@1m -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections (1), dB 3 3 3 3 3 3 3 3

Directivity correction (60 deg.), dB 4 4 5 5 5 5 5 5

Minimum attenuation provided by distance (20m), dB -26 -26 -26 -26 -26 -26 -26 -26

Attenuation provided by Daikin silencer, dB -5 -9 -16 -30 -39 -39 -31 -26

Total Noise Emissions from AHU Air Exhaust Outlet, dB 31 33 30 16 7 2 6 5 24

MODULAR_L_SMART AHU - Noise Emissions from Air Supply Inlet

Fan Inlet (Sound Power Level) 67 69 69 68 67 64 59 53

Correction for number of units (2 no.) 3 3 3 3 3 3 3 3

Attenuation due to duct length (1m), dB 0 -1 0 0 0 0 0 0

Correction due to duct end reflection, dB -8 -4 -1 0 0 0 0 0

Conversion to SPL@1m -11 -11 -11 -11 -11 -11 -11 -11

Correction due to surface reflections (1), dB 3 3 3 3 3 3 3 3

Directivity correction (60 deg.), dB 4 4 5 5 5 5 5 5

Minimum attenuation provided by distance (20m), dB -26 -26 -26 -26 -26 -26 -26 -26

Attenuation provided by Daikin silencer, dB -5 -9 -16 -30 -39 -39 -31 -26

Total Noise Emissions from AHU Air Supply Inlet, dB 26 28 25 11 2 -2 1 0 19

Specific Sound Level at NSR from AHU, dB 32 35 31 17 8 4 7 6 25

Total Specific Sound Level at Receptor Façade of all Plant, dB 51 42 39 38 28 21 17 11 37

BS4142 Acoustic Feature Corrections

Tonality 0

Impulsivity 0

Intermittency 0

Total Rating Noise Level at Receptor Façade, dB 37

Notes:

Note 1: Equipment free-field sound pressure levels at 1m sourced from manufacturers data

Note 2: Distances noted are from the centre point of the unit to a central position on the receptor window

Note 3: No directivity correction has been applied as a cautious approach. In reality, directivity would be present thus further reducing the noise level at the receptor location

Frequency, Hz
dB(A)


