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Abstract' KYZe bRbVd SdZVW]k UVeTdZSVe R` Z`fVdRTfZhV bRdR]]V]ZeRfZa` faa]\Zf fYRf

TR` SV geVU fa XV`VdRfV bRdR]]V] TaUV egZfRS]V Wad VZfYVd R  UZefdZSgfVU _V_adk

ekefV_ "geZ`X _VeeRXV bReeZ`X# ad R eYRdVU _V_adk ekefV_ "geZ`X GbV`EH#'

KYZe efgUk WaTgeVe a` Yai fYV faa]\Zf Ze geVU fa bRdR]]V]ZeV R  Ta_b]Vj

YVfVdaXV`Vage aTVR` _aUV]]Z`X TaUV iZfYZ` R  WVi Yagde Wad geV a` R  eYRdVU

_V_adk bRdR]]V] ekefV_' KYV XV`VdRfVU bRdR]]V] TaUV Ze VeeV`fZR]]k fYV eVdZR]

TaUV iZfY GbV`EH UZdVTfZhVe RUUVU fa VjbdVee fYV bRdR]]V]Ze_' KYV dVeg]fe

eYai fYRf egSefR`fZR] XRZ`e Z` bVdWad_R`TV TR` SV RTYZVhVU ahVd fYV eZ`X]V

fYdVRU hVdeZa` iZfY hVdk ]Zff]V VWWadf'

1. Introduction
AW aTVR`aXdRbYVde RdV fa SV R]]aiVU fa Ta`fZ`gV fa Ua dV]VhR`f dVeVRdTY fYV` fYVk iZ]]

`VVU fa gfZ]ZeV baiVdWg] bRdR]]V] Ta_bgfVde fa ReeZef fYV_ Z` fYVZd VWWadfe' AUVR]]k% fYVk

eYag]U `a SV SgdUV`VU iZfY fYV fRe\ aW badfZ`X fYVZd Rbb]ZTRfZa`e a`fa fYVeV `Vi

RdTYZfVTfgdVe Sgf Z`efVRU SV R]]aiVU fa WaTge fYVZd VWWadfe a` fYV cgR]Zfk aW aTVR`

_aUV]e fYRf RdV dVcgZdVU' >ad VjR_b]V% fYV UVhV]ab_V`f aW _aUV]e fYRf Z`T]gUV

WVRfgdVe iZfY SafY e_R]] ebRfZR] eTR]Ve R`U ]RdXV fZ_V eTR]Ve R`U TahVd Re ]RdXV R

XVaXdRbYZT dVXZa` Re baeeZS]V' KYV g`Wadfg`RfV dVR]Zfk Ze fYRf R  eZX`ZWZTR`f VWWadf Ze

aWfV` dVcgZdVU fa _R`gR]]k bRdR]]V]ZeV fYVZd _aUV] TaUVe R`U fYZe aWfV` dVcgZdVe R XdVRf

UVR] aW VjbVdfZeV' G`V egXXVefZa` Ze fa egSefR`fZR]]k dVUgTV fYV VWWadf dVcgZdVU Wad fYV

bRdR]]V]ZeRfZa` iZfY fYV Z`fdaUgTfZa` aW R` VWWVTfZhV bRdR]]V]ZeRfZa` faa]\Zf'

KaURk fYV eYRdVU _V_adk R`U UZefdZSgfVU _V_adk bdaXdR__Z`X bRdRUZX_e RdV

fia aW fYV _aef babg]Rd _aUV]e geVU fa fdR`eWad_ VjZefZ`X eVdZR] Rbb]ZTRfZa` TaUVe fa

R bRdR]]V] Wad_' >ad R UZefdZSgfVU _V_adk bRdR]]V]ZeRfZa` aW fYVeV fkbVe aW TaUVe Zf Ze

`VTVeeRdk fa Ta`eZUVd fYV iYa]V bdaXdR_ iYV` geZ`X R JZ`X]V HdaXdR_ Eg]fZb]V <RfR

"JHE<# bRdRUZX_' KYV iYa]V bRdR]]V]ZeRfZa` bdaTVee TR` SV hVdk fZ_V Ta`eg_Z`X R`U

Vddad&bda`V' >ad VjR_b]V% URfR b]RTV_V`f Ze R` VeeV`fZR] Ta`eZUVdRfZa` fa VWWZTZV`f]k

geV fYV RhRZ]RS]V UZefdZSgfVU _V_adk% iYZ]V fYV b]RTV_V`f aW Vjb]ZTZf Ta__g`ZTRfZa`

TR]]e dVcgZdVe R XdVRf UVR] aW VjbVdfZeV' KYV bRdR]]V]ZeRfZa` a` R eYRdVU _V_adk ekefV_

Ze a`]k dV]RfZhV]k VReZVd' KYV URfR b]RTV_V`f _Rk RbbVRd fa SV ]Vee TdgTZR] fYR` Wad R

UZefdZSgfVU _V_adk bRdR]]V]ZeRfZa`% Sgf fYV bRdR]]V]ZeRfZa` bdaTVee Ze efZ]] Vddad&bda`V%

fZ_V&Ta`eg_Z`X R`U efZ]] dVcgZdVe R  UVfRZ]VU ]VhV] aW VjbVdfZeV' KYV _RZ` XaR] Wad

UVhV]abZ`X faa]e fYRf TR` ReeZef Z` fYV bRdR]]V]ZeRfZa` aW eVdZR] Rbb]ZTRfZa` TaUVe Ze fa

V_SVU fYV VjbVdfZeV R`U fYV Rgfa_RfVU R]XadZfY_e fa bVdWad_ _gTY aW fYV fVUZage%

_R`gR] R`U ea_VfZ_Ve Vddad&bda`V iad\% R`U Z` R  e_R]] WdRTfZa` aW fYV fZ_V fYRf

iag]U afYVdiZeV SV fR\V` Sk R bRdR]]V]ZeRfZa` VjbVdf UaZ`X fYV eR_V fRe\ _R`gR]]k' A`

RUUZfZa` fa fYZe% fYV faa]\Zf eYag]U SV TRbRS]V aW XV`VdRfZ`X XV`VdZT% badfRS]V% bRdR]]V]

eagdTV TaUV Wda_ fYV adZXZ`R] eVdZR] TaUV P.% /Q' KYV faa]\Zf UZeTgeeVU YVdV iRe

UVhV]abVU Rf fYV L`ZhVdeZfk aW ?dVV`iZTY R`U YRe SVV` egbb]V_V`fVU Sk R UZdVTfZhV
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XV`VdRfZa` _aUg]V P0Q Wda_ FReR 9_Ve IVeVRdTY ;V`fVd' KYV faa]\Zf TR` XV`VdRfV

VZfYVd JHE< SReVU bRdR]]V] TaUV Wad UZefdZSgfVU _V_adk ekefV_e ad ]aab UZefdZSgfVU

UZdVTfZhV&SReVU bRdR]]V] TaUV Wad eYRdVU _V_adk ekefV_e'

KYV RZ_ aW fYZe bRbVd Ze fa dVbadf a` Yai fYV faa]\Zf iRe geVU R`U iYRf ]VhV]

aW VWWadf iRe dVcgZdVU fa bRdR]]V]ZeV R` aTVR` _aUV] TaUV "fkbZWZVU Sk fYV

JagfYR_bfa` R`U =Ref 9`X]ZR _aUV] P1% 2Q# Wad R eYRdVU _V_adk SReVU bRdR]]V]

ekefV_' 9 eZ_Z]Rd _R`gR] VWWadf YRe `af SVV` g`UVdfR\V` UgV fa fYV YZXY Taef

ReeaTZRfVU iZfY egTY R fRe\' >Z`R]]k% ea_V dV_Rd\e RdV _RUV RSagf fYV cgR]Zfk aW fYV

XV`VdRfVU TaUV R`U fYV bRdR]]V] bVdWad_R`TV RTYZVhVU a` R fVef TReV'

2. The interactive parallelisation toolkit
KYV faa]\Zf geVU Z` fYZe efgUk YRe SVV` geVU fa egTTVeeWg]]k bRdR]]V]ZeV R `g_SVd aW

Rbb]ZTRfZa` TaUVe Wad UZefdZSgfVU _V_adk ekefV_e P3% 4Q SReVU a` UZefdZSgfZ`X RddRke

RTdaee R bdaTVeead faba]aXk' >ad R` JHE<% UZefdZSgfVU _V_adk SReVU bRdR]]V]ZeRfZa`%

fYV _VeY ahVd iYZTY fYVeV VcgRfZa`e RdV ea]hVU Ze geVU Re fYV SReZe Wad fYV

bRdfZfZa`Z`X aW fYV URfR' KYV cgR]Zfk aW fYV bRdR]]V] eagdTV TaUV XV`VdRfVU SV`VWZfe

Wda_ _R`k aW fYV WVRfgdVe bdahZUVU Sk fYV faa]\Zf' >ad VjR_b]V% fYV UVbV`UV`TV

R`R]keZe Ze Wg]]k Z`fVdbdaTVUgdR] R`U hR]gV&SReVU "Z'V' fYV R`R]keZe UVfVTfe fYV W]ai aW

URfR dRfYVd fYR` [gef fYV _V_adk ]aTRfZa` RTTVeeVe# P5Q R`U R]]aie fYV geVd fa ReeZef

iZfY VeeV`fZR] \`ai]VUXV RSagf bdaXdR_ hRdZRS]Ve P6Q' KYVdV RdV _R`k dVRea`e iYk

R` R`R]keZe _Rk WRZ] fa RTTgdRfV]k UVfVd_Z`V R UVbV`UV`TV XdRbY% fYZe Tag]U SV UgV fa

Z`TaddVTf eVdZR] TaUV% R ]RT\ aW Z`Wad_RfZa` a` fYV bdaXdR_ Z`bgf hRdZRS]Ve% ]Z_ZfVU

fZ_V fa bVdWad_ fYV R`R]keZe R`U ]Z_ZfRfZa`e Z` fYV TgddV`f efRfV&aW&fYV&Rdf UVbV`UV`TV

R]XadZfY_e' >ad fYVeV dVRea`e Zf Ze VeeV`fZR] fa R]]ai geVd Z`fVdRTfZa` Re bRdf aW fYV

bdaTVee% bRdfZTg]Rd]k ZW eTR]RSZ]Zfk Ze dVcgZdVU a` R ]RdXV `g_SVd aW bdaTVeeade' >ad

Z`efR`TV% R ]RT\ aW \`ai]VUXV RSagf R eZ`X]V hRdZRS]V fYRf Ze dVRU Z`fa R` Rbb]ZTRfZa`

TR` ]VRU fa R eZ`X]V g`dVea]hVU VcgRfZa` Z` fYV UVbV`UV`TV R`R]keZe' KYZe TR` ]VRU fa R

eZ`X]V Reeg_VU URfR UVbV`UV`TV fYRf eVdZR]ZeVe R eZ`X]V ]aab% iYZTY Z` fgd` XdVRf]k

RWWVTfe fYV eTR]RSZ]Zfk aW fYV Rbb]ZTRfZa` TaUV' KYV b]RTV_V`f R`U XV`VdRfZa` aW

Ta__g`ZTRfZa` TR]]e R]ea _R\Ve VjfV`eZhV geV aW fYV Z`fVdbdaTVUgdR] TRbRSZ]Zfk aW fYV

faa]\Zf Re iV]] Re fYV _VdXZ`X aW eZ_Z]Rd Ta__g`ZTRfZa`e P.-Q' >Z`R]]k% fYV XV`VdRfZa`

aW dVRURS]V bRdR]]V] eagdTV TaUV fYRf TR` SV _RZ`fRZ`VU Ze eVV` Re R _R[ad SV`VWZf' KYV

faa]\Zf TR` R]ea SV geVU fa XV`VdRfV bRdR]]V] TaUV Wad eYRdVU _V_adk SReVU ekefV_e%

Sk Z`eVdfZ`X GbV`EH P..Q UZdVTfZhVe Z`fa fYV adZXZ`R] eVdZR] TaUV' KYZe RbbdaRTY R]ea

_R\Ve geV aW fYV hVdk RTTgdRfV Z`fVdbdaTVUgdR] R`R]keZe R`U R]ea SV`VWZfe Wda_ R

UZdVTfZhV SdaieVd "eVTfZa` 2# fa R]]ai fYV geVd fa Z`fVddaXRfV R`U dVWZ`V fYV UZdVTfZhVe

Rgfa_RfZTR]]k b]RTVU iZfYZ` fYV TaUV'

3. The Southampton-East Anglia (SEA) model
KYV J=9 _aUV] P1% 2Q iRe UVhV]abVU Re bRdf aW R Ta]]RSadRfZhV bda[VTf SVfiVV` fYV

JagfYR_bfa` GTVR`aXdRbYk ;V`fdV R`U fYV L`ZhVdeZfk aW =Ref 9`X]ZR' KYV _aUV] Ze

SReVU a` R` RddRk bdaTVeead hVdeZa` aW fYV EaUg]Rd GTVR` EaUV] iZfY R dVUgTVU eVf

aW abfZa`e "EGE9# P./Q' 9]fYagXY EGE9 iRe `af ZfeV]W R bRdR]]V] TaUV% Zf Tag]U SV

RddR`XVU egTY fYRf bRdR]]V]Ze_ iRe Vjb]aZfVU R`U fYZe Ze iYRf ]VRU fa fYV egSeVcgV`f

UVhV]ab_V`f aW fYV J=9 _aUV] TaUV' KYV J=9 _aUV] TaUV TR` SV Ta`WZXgdVU iZfY

fYV RZU aW R ;&bdVbdaTVeead fa VjVTgfV Z` bRdR]]V] a` R UZefdZSgfVU _V_adk ekefV_
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P.0Q' Nad\ YRe SVV` Ua`V dV]RfZ`X fa fYV bRdR]]V]ZeRfZa` aW fYV J=9 TaUV a`fa

UZefdZSgfVU _V_adk ekefV_e P1% .1Q Sgf fYZe iZ]] `af SV UZeTgeeVU YVdV' A`efVRU% R

eVdZR] hVdeZa` aW fYV J=9 _aUV] TaUV iRe geVU Re fYV efRdfZ`X baZ`f Wad fYZe efgUk'

KYV egdWRTV aW fYV _aUV] aTVR` Ze Reeg_VU fa SV eb]Zf Z`fa R /&< YadZla`fR] XdZU

"Z%[#' =RTY "Z%[# Ze geVU fa UVWZ`V R ha]g_V aW iRfVd fYRf VjfV`Ue Wda_ fYV egdWRTV aW fYV

aTVR` fa fYV aTVR` W]aad "\&UZ_V`eZa`#' KYV \&UZ_V`eZa` Ze dVbdVeV`fVU Sk R eVdZVe aW

UVbfYe' KYV _RZ` hRdZRS]Ve ea]hVU Sk fYV _aUV] Z`T]gUV fYV SRdafdabZT hV]aTZfZVe R`U

ReeaTZRfVU WdVV&egdWRTV YVZXYf WZV]Ue Re iV]] Re fYV SRdaT]Z`ZT hV]aTZfZVe R`U fdRTVde'

9]] afYVd hRdZRS]Ve TR` SV UVdZhVU Wda_ fYVeV' KYV XahVd`Z`X VcgRfZa`e RdV UZeTdVfZeVU

geZ`X R WZ`ZfV UZWWVdV`TV Wad_g]RfZa` Z` iYZTY fYV hV]aTZfZVe RdV aWWeVf Wda_ fYV fdRTVde

R`U WdVV&egdWRTV YVZXYfe P.2Q'

4. Parallelising a code using OpenMP
KYVdV RdV R `g_SVd aW UZWWVdV`f fkbVe aW bRdR]]V]Ze_ fYRf TR` SV UVWZ`VU geZ`X

GbV`EH% egTY Re fRe\ ad ]aab SReVU bRdR]]V]Ze_' @VdV iV WaTge a` ]aab SReVU

bRdR]]V]Ze_ R`U fYV ZeegVe Z` ZUV`fZWkZ`X bdZhRfZeRS]V hRdZRS]Ve' @aiVhVd% VhV` Z`

gfZ]ZeZ`X fYVeV fVTY`ZcgVe fYVdV RdV VeeV`fZR]]k fia bdRTfZfZa`Vde ( fYaeV fYRf RdV ;><

ebVTZR]Zefe "fYVeV Z`T]gUV RgfYade aW fYV eaWfiRdV# R`U fYaeV fYRf RdV bRdR]]V]ZeRfZa`

VjbVdfe' KYV ;>< ebVTZR]Zefe YRhV R UVVb ]VhV] g`UVdefR`UZ`X aW fYV TaUV% fYV

R]XadZfY_e R`U fYVZd Z`fV`UVU Rbb]ZTRSZ]Zfk% Re iV]] Re fYV URfR efdgTfgdVe geVU' KYZe

RZUe Z` ZUV`fZWkZ`X bRdR]]V] ]aabe UgV fa Z`UVbV`UV`f TR]Tg]RfZa` Wad TV]]e Z` fYV _VeY

R`U R]ea Wad ZUV`fZWkZ`X bdZhRfZeRS]V hRdZRS]Ve Re fYVk RdV aWfV` geVU Re iad\ebRTV ad

fV_badRdk RddRke Z` ;>< TaUVe' KYVeV geVde fV`U fa _R\V geV aW Z_b]ZTZf Reeg_bfZa`e

ad \`ai]VUXV RSagf fYV TaUV UgdZ`X fYV bRdR]]V]ZeRfZa`' KYV bRdR]]V]ZeRfZa` VjbVdfe

YaiVhVd% YRhV fYV \`ai Yai fa TRddk agf iYRf Ze VWWVTfZhV]k R` Z_b]ZTZf UVbV`UV`TV

R`R]keZe aW fYV TaUV fa VjR_Z`V fYV URfR RTTVeeVe R`U fYVdVWadV bdahZUV R _adV

dZXadage RbbdaRTY fa fYV iYa]V bRdR]]V]ZeRfZa` bdaTVee' A` UaZ`X ea% fYVk efZ]] fkbZTR]]k

_R\V Reeg_bfZa`e UgV fa fYV UZWWZTg]fk Z` _R`gR]]k bVdWad_Z`X R fYadagXY

Z`hVefZXRfZa`' AUVR]]k% R geVd Ze dVcgZdVU fYRf YRe e\Z]]e UdRi` Wda_ SafY UZeTZb]Z`Ve fa

bVdWad_ fYV bRdR]]V]ZeRfZa`'

9UabfZ`X R Wad_R] RbbdaRTY fa bRdR]]V]ZeZ`X R TaUV iZfY ]aab UZefdZSgfZa` geZ`X

GbV`EH dVcgZdVe R `g_SVd aW Ta`eZUVdRfZa`e' >ad Z`efR`TV% Zf Ze `VTVeeRdk fa TRddk

agf R URfR UVbV`UV`TV R`R]keZe aW fYV TaUV Re RTTgdRfV]k Re Zf Ze bdRTfZTR]' 9e iV]] Re

UVfVTfZ`X bRdR]]V] ]aabe% fYV R`R]keZe eYag]U Z`T]gUV fYV RSZ]Zfk fa ZUV`fZWk fYV eTabV aW

hRdZRS]V RTTVeeVe Wad bdZhRfZeRfZa`' KYZe _VR`e fYRf fYV R`R]keZe _gef VjfV`U SVka`U

fYV Sag`URdZVe aW R egSdagfZ`V R`U fYVdVWadV SV Z`fVdbdaTVUgdR]' KYZe Z` ZfeV]W TR` SV R

URg`fZ`X fRe\ iYV` fRT\]VU _R`gR]]k Sk R bRdR]]V]ZeRfZa` VjbVdf% Sgf TR` SV

Z_b]V_V`fVU Rgfa_RfZTR]]k Re bRdf aW R bRdR]]V]ZeRfZa` faa]' KYV ZUV`fZWZTRfZa` aW

H9I9DD=D dVXZa`e geZ`X Z`fVdbdaTVUgdR] Z`Wad_RfZa` R`U fYV egSeVcgV`f ]VXR]

WgeZa` aW R eVdZVe aW fYVeV dVXZa`e TR` SV TRddZVU agf Rgfa_RfZTR]]k Sk fYV faa]\Zf Z`

adUVd fa dVUgTV Re _gTY Re baeeZS]V fYV ahVdYVRUe ReeaTZRfVU iZfY efRdfZ`X gb R`U

ek`TYda`ZeZ`X H9I9DD=D dVXZa`e' A` RUUZfZa`% fYV Rgfa_RfZT ZUV`fZWZTRfZa`%

b]RTV_V`f R`U ]VXR] geV aW FGN9AK T]RgeVe Wad <G ]aabe TR` YV]b fa XdVRf]k dVUgTV

fYV ahVdYVRUe Wad ek`TYda`ZeZ`X R_a`Xef fYdVRUe' KYVeV fRe\e dVcgZdV R hVdk UVfRZ]VU

R`R]keZe aW fYV TaUV R`U RdV ea_VfZ_Ve hZViVU Re faa Ta_b]Vj fa Z_b]V_V`f

_R`gR]]k% bRdfZTg]Rd]k iYV` RffV_bfZ`X fa Ta`eZUVd Z`fVdbdaTVUgdR] VWWVTfe'
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5. The parallelisation of the SEA model code
KYV bRdR]]V]ZeRfZa` aW fYV J=9 _aUV] TaUV iRe RTYZVhVU Sk VjVTgfZ`X fYV faa]\Zf a` R

egbbadfVU b]RfWad_ R`U bVdWad_Z`X R WVi eZ_b]V bdaTVeeVe iZfYZ` fYV faa]\Zf' KYV

WZdef efVb Ze fa dVRU Z` fYV eVdZR] eagdTV TaUV' KYV J=9 _aUV] TaUV Ze idZffV` Z`

>GIKI9F R`U Ta`fRZ`e `VRd]k 5/-- ]Z`Ve aW eagdTV TaUV' KYV `Vjf efVb iRe fa

bVdWad_ R UVbV`UV`TV R`R]keZe aW fYV TaUV geZ`X fYV R`R]keVd R`U fYZe faa\ R WVi

_Z`gfVe' A`ebVTfZa` aW fYV g`dVea]hVU cgVefZa`e ZUV`fZWZVU Sk fYV R`R]keVd iRe

Wa]]aiVU Sk fYV geVd RUUZfZa` aW ea_V eZ_b]V \`ai]VUXV dV]RfZ`X fa fYV RddRke efadZ`X

fYV hVdfZTR] UVbfYe "-!CEL!0/ R`U -!CEK!0/#' 9 egSeVcgV`f Z`TdV_V`fR] R`R]keZe

iRe bVdWad_VU Z` adUVd fa dV&VhR]gRfV R`k g`TVdfRZ`fZVe fYRf dV_RZ`VU geZ`X fYV

RUUZfZa`R] geVd \`ai]VUXV' 9 URfRSReV Ze eRhVU Rf fYZe efRXV fa R]]ai fYV geVd fa dVfgd`

Rf R ]RfVd URfV fa fYZe baZ`f Z` fYV bRdR]]V]ZeRfZa` bdaTVee' KYV geVd TR` fYV` geV fYV

faa]\Zf fa Rgfa_RfZTR]]k XV`VdRfV GbV`EH TaUV iZfYagf VjR_Z`Z`X fYV cgR]Zfk aW fYV

TaUV' Faf egdbdZeZ`X]k% fYV bVdWad_R`TV aSfRZ`VU Wad fYZe hVdeZa` aW fYV TaUV iRe

Ta_bRdRS]V fa geZ`X fYV J?A Rgfa bRdR]]V]ZeRfZa` W]RX –apo' KYV bRdR]]V] bVdWad_R`TV

aW fYZe TaUV iRe hVdk baad iZfY R ebVVU gb aW .'2 Wad 5 fYdVRUe'

9WfVd dV]aRUZ`X fYV eRhVU URfRSReV% fYV geVd Ze R]]aiVU fa Z`hVefZXRfV Z` UVfRZ]

R`k eVdZR] ]aabe Z` fYV TaUV Sk geZ`X fYV Z`fVdRTfZhV UZdVTfZhVe SdaieVd ">ZXgdV .#'

KYZe Z`hVefZXRfZa` Ze VeeV`fZR] Re Zf Tag]U ]VRU fa WgdfYVd bRdR]]V]Ze_ SVZ`X ZUV`fZWZVU

Sk fYV faa]\Zf iZfY fYV RUUZfZa`R] \`ai]VUXV bdahZUVU Sk fYV geVd' =cgR]]k Z_badfR`f

Ze fYV WRZ]gdV fa ]aa\ Rf egTY ]aabe R`U R]]aiZ`X fYV_ fa SV VjVTgfVU Z` eVdZR]% Re fYZe

TR` eZX`ZWZTR`f]k RWWVTf fYV eTR]RSZ]Zfk aW fYV TaUV "9_URY],e ]Ri P.3Q#' KYV UZdVTfZhVe

SdaieVd bdVeV`fe Z`Wad_RfZa` fa R]]ai fYV geVd fa WaTge a` fYV bdVTZeV dVRea`e iYk%

Wad VjR_b]V% R ]aab TR``af VjVTgfV Z` bRdR]]V]' KYV SdaieVd R]ea bdahZUVe Z`Wad_RfZa`

RSagf iYZTY hRdZRS]Ve TRgeV dVTgddV`TVe R`U YV`TV bdVhV`f bRdR]]V]Ze_ R`U iYZTY

hRdZRS]Ve Tag]U `af SV ]VXR]]k bdZhRfZeVU R`U fYVdVWadV Z`YZSZf bRdR]]V]Ze_' KYZe

R_ag`f aW UVfRZ] Z` fYV SdaieVd V`RS]Ve SafY fYV bRdR]]V]ZeRfZa` VjbVdf R`U ;><

ebVTZR]Zef "fYdagXY fYVZd \`ai]VUXV aW Z`UVbV`UV`f gbURfVe Z` fYV R]XadZfY_e R`U

\`ai]VUXV aW iad\ebRTV RddRke# fa RUUdVee fYVeV ZeegVe' G`V baeeZS]V TagdeV aW

RTfZa` Ze fa dVWZ`V fYV UVbV`UV`TV XdRbY' >ad VjR_b]V% Z` fYV J=9 TaUV ea_V RddRk

RTTVeeVe UVWZ`V R _g]fZ&efVb gbURfV aW fYV ea]gfZa` hRdZRS]Ve fYRf TR` SV VjVTgfVU Z`

bRdR]]V]' KYZe _Rk YRhV SVV` faa Ta_b]Vj fa SV UVfVTfVU Sk fYV UVbV`UV`TV R`R]keZe

R]a`V' >ZXgdV / eYaie beVgUa TaUV Wad [gef egTY R TReV Z` fYV J=9 TaUV' KYV TgddV`f

efRfV aW fYV R`R]keZe YRe WRZ]VU fa TRbfgdV fYZe hVdk ebVTZWZT TReV Z`ha]hZ`X fYV v RddRk'

KYV eVdZR]ZeZ`X RddRk UVbV`UV`TV Ze bdVeV`fVU fa fYV ;>< VjbVdf "fYdagXY fYV

SdaieVd# iYa Ze fYV` RS]V fa Z`Wad_ fYV faa]e "Sk UV]VfZ`X fYV Reeg_VU UVbV`UV`TZVe#

fYRf fYZe Ze `af fYV TReV Re fYV h RddRk gbURfVe R`U geVe RdV Z`UVbV`UV`f% fYVdVSk

V`RS]Z`X fYV i R`U j ]aabe fa SV UVWZ`VU Re bRdR]]V]' KYZe dVWZ`V_V`f bdaTVee Tag]U SV

dVbVRfVU Re aWfV` Re `VTVeeRdk g`fZ] fYV geVd Ze eRfZeWZVU iZfY fYV ]VhV] aW bRdR]]V]Ze_

UVWZ`VU R`U fYV faa]\Zf TR` XV`VdRfV fYV GbV`EH TaUV' KYV fZ_V fR\V` fa bRdR]]V]ZeV

fYV J=9 _aUV] R`U XV`VdRfV GbV`EH TaUV geZ`X fYV faa]\Zf a` R` J?A iad\efRfZa`

iRe VefZ_RfVU fa SV RSagf / Yagde% _aef aW iYZTY iRe ebV`f fdkZ`X fa Vjb]aZf WgdfYVd

bRdR]]V]Ze_ Sk geZ`X fYV faa]\Zf,e Z`fVdRTfZhV SdaieVde' >ZXgdV 0 eYaie R` VjR_b]V aW

fYV cgR]Zfk aW fYV TaUV XV`VdRfVU Sk fYV faa]\Zf Wad fYV clinic egSdagfZ`V' A` fYZe

egSdagfZ`V R]a`V% Zf YZXY]ZXYfe fYV faa]\Zf,e RSZ]Zfk fa UVWZ`V bRdR]]V]Ze_ Rf R YZXY ]VhV]

"Z'V' Rf fYV j ]aab ]VhV] iYZTY Z`T]gUVe ./ `VefVU bRdR]]V] ]aabe Re iV]] Re TR]]e fa
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egSdagfZ`V state#% fYV eTabV aW R]] eTR]Rd R`U RddRk hRdZRS]Ve R`U fYV Rgfa_RfZT

ZUV`fZWZTRfZa` aW K@I=9<HIAM9K= Ta__a` S]aT\e'

Figure 1 <ZdVTfZhV SdaieVd UZeb]RkZ`X ]aab T]ReeZWZTRfZa` R`U dVRea`e Wad ]aab fkbV

6. Performance of generated parallel code on a test case
9` ZUVR]ZeVU fabaXdRbYk Wad R beVgUa X]aSR] _aUV] fYRf VjfV`Ue Wda_ 4-$J fa 4-$F

iRe geVU Re fYV fVef TReV Wad fYZe efgUk' KYV fabaXdRbYk iRe XV`VdRfVU egTY fYRf fYV

YadZla`fR] dVea]gfZa` iRe _aUZWZVU Wda_ fYV UVWRg]f .5/j40 dVea]gfZa` fa 4//j/50%

iYZ]V fYV `g_SVd aW hVdfZTR] ]VhV]e iRe UVWZ`VU fa SV 0/' Af iRe R]ea Z`UZTRfVU fYRf Wad

egTY R X]aSR] _aUV] TkT]ZT bVdZaUZT Sag`URdk Ta`UZfZa`e eYag]U SV Rbb]ZVU fa fYV

]RfZfgUZ`R] Sag`URdZVe' A` fYV Z`ZfZR] bRdR]]V]ZeRfZa` iZfYagf R`k geVd Z`fVdRTfZa` fYVdV

iVdV /1 eVdZR] R`U 6- bafV`fZR]]k bRdR]]V] ]aabe "Wda_ R fafR] aW ..1 ]aabe#' KYV faa]\Zf

iRe RS]V fa XV`VdRfV TaUV fYRf VjYZSZfVU R YZXY UVXdVV aW bRdR]]V]Ze_ Re fYV _R[adZfk

aW ]aabe eV]VTfVU Wad bRdR]]V] VjVTgfZa` iVdV SReVU a` fYV agfVd_aef J ]aab' KYZe

V`egdVU fYRf Wad fYVeV ]aabe fYVdV iRe V`agXY Ta_bgfRfZa`R] iad\ fa aWWeVf fYV

ahVdYVRU Z` Z`ZfZR]ZeZ`X R`U ek`TYda`ZeZ`X fYV fYdVRUe' >a]]aiZ`X WgdfYVd geVd

Z`fVdRTfZa` "UVeTdZSVU Z` eVTfZa` 2# fYV `g_SVd aW bafV`fZR]]k bRdR]]V] ]aabe YRU

Z`TdVReVU fa 63'
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nm=1  SUBROUTINE STEP
nc=2 nnc=np
np=3  nnm=nc
do loop=1,9999999  nnp=nm
  call STEP  np=nnp
enddo  nc=nnc

 nm=nn
SUBROUTINE CLINIC   200  continue
do j=jsta,jend           call CLINIC
  do i=ista,iend    if(mixts.and.eb)THEN
    do k=1,kmc      nc=nnp

... = v(k,i-1:i+1,j,nc),      np=nnm
      v(k,i-1:i+1,j,nm),      mixts=.false.
      v(k,i,j-1:j+1,nc),      goto 200
      v(k,i,j-1:j+1,nm)    endif

    enddo
    do k=1,kmc
      v(i,j,k,np) = ...
    enddo
  enddo
enddo

Figure 2 HeVgUa TaUV eYaiZ`X fYV _g]fZ&efVb RddRk RTTVeeVe Wad v

      common /work/dpdx,dpdy,fue,fuw,fvn,fvs,vmf,vtf,fw,fwb1,
     & fwb2,rhoo,rhpo,rhpp,rhop,maskoo,maskpo,maskmo,...
!$OMP THREADPRIVATE(/work/)
...
!$OMP PARALLEL DO DEFAULT(SHARED) PRIVATE(detmr,fx,vrest,vcor,
!$OMP& urest,ucor,lcor,temp2,temp1,fxb,fxa,fuic,fvjc,k,bmf,
!$OMP& uvmag,smf,kmd,kmc,im1,ip1,i,boxar,boxa,jm1,jp1,j)
!$OMP& SHARED(omega,c2dtuv,acor,fkpm,dy4r,dx4r,dy2r,dx2r,grav,
!$OMP& np,dyp125,dxp125,nc,cdbot,nm,ista,iend,dy,dx,jsta,jend)
      do j=jsta,jend
        do i=ista,iend
          if(kmc.gt.0)then
            call state(t(1,i,j,1,nc),t(1,i,j,2,nc),...)
            call state(t(1,ip1,j,1,nc),t(1,ip1,j,2,nc),...)
            call state(t(1,ip1,jp1,1,nc),t(1,ip1,jp1,2,nc),...)
            call state(t(1,i,jp1,1,nc),t(1,i,jp1,2,nc),...)

Figure 3 A]]gefdRfZa` aW fYV Rgfa_RfZT GbV`EH TaUV XV`VdRfVU Sk fYV faa]\Zf

KRS]V . eYaie R SdVR\Uai` aW fYV WdVcgV`Tk R`U fkbV aW GbV`EH UZdVTfZhVe fYRf

iVdV XV`VdRfVU Sk fYV faa]\Zf Z` fYV WZ`R] XV`VdRfVU TaUV "dVWVddVU fa Re )efRfZT abf-+#'

A` eg__Rdk% fYVdV iVdV R fafR] aW /- H9I9DD=D dVXZa`e UVWZ`VU Z` fYV TaUV% iZfY

[gef /2 aW fYV 63 bafV`fZR]]k bRdR]]V] ]aabe eV]VTfVU Wad bRdR]]V] VjVTgfZa`' A` RUUZfZa`

fa fYV 0 I=<L;KAGF ]aabe fYRf iVdV ZUV`fZWZVU fYVdV iRe R]ea R`afYVd dVUgTfZa`

abVdRfZa` ZUV`fZWZVU fYRf UZU `af Ta`Wad_ fa fYV GbV`EH ebVTZWZTRfZa`% Sgf fYZe iRe

efZ]] YR`U]VU Sk fYV TaUV XV`VdRfad% TYaaeZ`X Z`efVRU fa geV fYV ;IAKA;9D UZdVTfZhV'

KYV bRdR]]V] b]RfWad_ geVU iRe R 31 bdaTVeead J?A GdZXZ` /---% iYVdV VRTY bdaTVeead

iRe R EAHJ I./--- iZfY R 0--E@l T]aT\ ebVVU' KYV TaUV iRe Ta_bZ]VU iZfY –mp
–O3 W]RXe R`U >ZXgdV 1 SV]ai eYaie fYV bVdWad_R`TV aW fYV GbV`EH TaUV XV`VdRfVU
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Wda_ fYV faa]\Zf Re R dVeg]f aW fYV bRdR]]V]ZeRfZa` bdaTVee UVeTdZSVU RSahV' 9`

VWWZTZV`Tk aW 54^ a` 0/ bdaTVeeade R`U `VRd]k 3-^ VWWZTZV`Tk a` 31 bdaTVeeade Ze

cgZfV bda_ZeZ`X XZhV` fYV WRZd]k e_R]]% kVf VeeV`fZR]% geVd Z`fVdRTfZa` fYRf iRe `VVUVU'

Table 1 :dVR\Uai` aW GbV`EH UZdVTfZhVe XV`VdRfVU Sk fYV faa]\Zf

Total number of PARALLEL Regions          : 20
Total number of OMP DO Loops defined      : 25
PARALLEL regions with a single OMP DO loop: 11
REDUCTION Loops                           : 3
ATOMIC/CRITICAL Sections                  : 1
Regions containing FIRSTPRIVATE variables : 2

Figure 4 HVdWad_R`TV aW fYV GbV`EH TaUV XV`VdRfVU Sk fYV faa]\Zf a` R` J?A GdZXZ`

KYV baeeZS]V TRgeVe Wad fYV UVXdRURfZa` Z` bVdWad_R`TV Tag]U Z`T]gUV "Z# fYV

VjVTgfZa` aW eVdZR] ]aabe R`U fYV VWWVTf UVeTdZSVU Sk 9_URY],e ]Ri8 "ZZ# fYV ahVdYVRU

Z` efRdfZ`X gb R`U egSeVcgV`f ek`TYda`ZeZ`X aW fYdVRUe8 "ZZZ# fYV XdR`g]RdZfk aW fYV

Ta_bgfRfZa` Re fYV `g_SVd aW fYdVRUe RdV Z`TdVReVU8 "Zh# fYV g`SR]R`TVU iad\]aRUe

ReeZX`VU fa fYV fYdVRUe' G` VjR_Z`RfZa` aW fYV TaUV R`U iZfY fYV RZU aW R bdaWZ]Vd

"eedg` R`U bdaW# R `g_SVd aW abfZ_ZeRfZa`e iVdV ZUV`fZWZVU Z` adUVd fa fdk R`U Z_bdahV

fYV bVdWad_R`TV aW fYV TaUV' 9]fYagXY fYV faa]\Zf YRU R]dVRUk Ta_b]VfVU R WRZd]k

Ta_bdVYV`eZhV fRe\ Z` dVUgTZ`X fYV ahVdYVRU Z` efRdfZ`X R`U ek`TYda`ZeZ`X fYV

fYdVRUe% R` RUUZfZa`R] _R`gR] RffV_bf iRe _RUV fa WgdfYVd WgeV H9I9DD=D dVXZa`e

faXVfYVd' KYZe iRe a`]k baeeZS]V Z` R WVi ]aabe fYRf iVdV Ta`fRZ`VU iZfYZ` A>

Ta`efdgTfe' 9e R dVeg]f aW fYZe abfZ_ZeRfZa` fYV SdVR\Uai` aW fYV GbV`EH UZdVTfZhVe

Z` fYV TaUV "KRS]V /# `ai eYai fYRf fYV `g_SVd aW H9I9DD=D dVXZa`e YRU dVUgTVU

fa 3 Sgf fYVk Ta`fRZ`VU _adV GEH <G UZdVTfZhVe' A` RUUZfZa` fYV `g_SVd aW
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H9I9DD=D <G dVXZa`e iVdV R]ea dVUgTVU fa 1 Re _R`k iVdV WgeVU Z`fa ]RdXVd

dVXZa`e' KYV bVdWad_R`TV aW fYV abfZ_ZeVU bRdR]]V] GbV`EH TaUV Ze eYai` Z` >ZXgdV

2 "efRfZT abf.# R`U eYaie fYRf fYVdV iRe R e_R]] Z_bdahV_V`f Z` bVdWad_R`TV'

@aiVhVd% fYV _R`gR] abfZ_ZeRfZa` aW WgeZ`X fYV ]aabe UZU `af RbbVRd fa _R\V R

eZX`ZWZTR`f Ta`fdZSgfZa` fa Z_bdahZ`X fYV bRdR]]V] bVdWad_R`TV'

Table 2 :dVR\Uai` aW abfZ_ZeVU GbV`EH UZdVTfZhVe XV`VdRfVU Sk fYV faa]\Zf

Total number of PARALLEL Regions          : 10
Total number of OMP DO Loops defined      : 25
PARALLEL regions with a single OMP DO loop: 4
REDUCTION Loops                           : 3
ATOMIC/CRITICAL Sections                  : 1
Regions containing FIRSTPRIVATE variables : 2

9`afYVd baeeZS]V dVRea` Wad fYV ]Z_ZfVU eTR]RSZ]Zfk iYV` geZ`X 31 fYdVRUe Ze fYV ]aRU

Z_SR]R`TV fYRf _Rk VjZef UgV fa fYV hVdk `RfgdV aW fYV bdaS]V_ SVZ`X ea]hVU'

9]fYagXY fYVdV Ze R _RjZ_g_ aW 0/ TV]]e Z` fYV hVdfZTR] UZdVTfZa`% fYVeV hRdk Z` ]Z`V

iZfY fYV aTVR` UVbfY R`U RdV UVWZ`VU geZ`X R` RddRk egTY fYRf fYV ZfVdRfZa`e ahVd fYV

UVbfY "\&ZfVdRfZa`e# RdV UZWWVdV`f Wad VRTY Z%[ TV]]' A` fYZe iRk% Ta_bgfRfZa`e RdV

bVdWad_VU a`]k Z` fYV aTVR` dVXZa`e R`U a`]k fa fYV `VTVeeRdk UVbfY' KYVdVWadV% fYV

g`SR]R`TVU iad\]aRUe a` VRTY bdaTVeead faXVfYVd iZfY fYV dVUgTfZa` Z` VWWVTfZhV

Ta_bgfRfZa` bVdWad_VU Re fYV `g_SVd aW bdaTVeeade Z`TdVReVU Ta`fdZSgfVU

eZX`ZWZTR`f]k fa fYV ahVdR]] bVdWad_R`TV' A` adUVd fa fdk R`U dVUdVee fYV ]aRU

Z_SR]R`TV% fYV [&ZfVdRfZa`e `VVU fa SV UZefdZSgfVU Z` egTY R iRk Re fa bdahZUV R` VhV`

SR]R`TV aW aTVR` XdZU TV]]e Wad VRTY fYdVRU' KYV UVWRg]f eTYVUg]Z`X aW ZfVdRfZa`e Wad R

bRdR]]V] GEH <G Ze dVWVddVU fa Re )efRfZT+ iYVdVSk VRTY fYdVRU Ze ReeZX`VU R TYg`\ ad

WZjVU `g_SVd aW ZfVdRfZa`e a` iYZTY fa abVdRfV' 9` R]fVd`RfZhV efdRfVXk Ze fa

Uk`R_ZTR]]k R]]aTRfV R `g_SVd aW ZfVdRfZa`e fa R fYdVRU Re eaa` Re Zf SVTa_Ve WdVV%

fYVdVSk V`egdZ`X fYRf R]] fYV fYdVRUe RdV \Vbf Sgek' KYV UVWRg]f TYg`\ eZlV Ze R eZ`X]V

ZfVdRfZa` Wad VRTY fYdVRU eYag]U abVdRfV a` Rf R`k a`V fZ_V' LeZ`X R Uk`R_ZT

eTYVUg]Z`X bdaTVee TRddZVe R YZXYVd ahVdYVRU fYR` R efRfZT a`V eZ`TV fYV R]]aTRfZa` aW

ZfVdRfZa`e Ze Ta`fZ`gR]]k UVfVd_Z`VU UgdZ`X fYV bRdR]]V] VjVTgfZa` iYVdVRe Wad R efRfZT

eTYVUg]V fYV R]]aTRfZa` aW ZfVdRfZa`e Ze bVdWad_VU a`TV Rf fYV efRdf aW fYV <G ]aab'

>ZXgdV 2 eYaie fYV VWWVTf aW geZ`X R Uk`R_ZT eTYVUg]Z`X bdaTVee fa VjVTgfV fYV 2

bRdR]]V] ]aabe Z` fYV fZ_V efVb ]aab "Uk`R_ZT abf.#' KYV bVdWad_R`TV a` 31 fYdVRUe

YRe `ai Z`TdVReVU fa R` Z_bdVeeZhV 42^' A` ebZfV aW fYV RUUZfZa`R] ahVdYVRU Z` geZ`X R

Uk`R_ZT eTYVUg]V% Zf Ze WRd agfiVZXYVU Sk fYV egbVdZad ]aRU SR]R`TZ`X RTYZVhVU'

Ja]hZ`X fYV eR_V bdaS]V_ iZfY R TaRdeVd _VeY R`U geZ`X fYV _VeeRXV bReeZ`X hVdeZa`

fYRf YRe R efdRfVXk fa UVR] iZfY fYV ]aRU Z_SR]R`TV P1Q eYaie R eZ_Z]Rd bVdWad_R`TV

fdV`U'

7. Conclusions
A` fYZe bRbVd iV YRhV UV_a`efdRfVU fYRf bRdR]]V]ZeRfZa` faa]e TR` SV SV`VWZTZR] fa SafY

;>< ebVTZR]Zefe R`U bRdR]]V]ZeRfZa` VjbVdfe Sk bVdWad_Z`X _aef aW fYV fRe\e `VVUVU fa

bRdR]]V]ZeV dVR]&iad]U Rbb]ZTRfZa` TaUVe fkbZWZVU Sk fYV J=9 aTVR` _aUV]]Z`X TaUV'

KYZe iad\ R]ea UV_a`efdRfVe fYV TdgTZR] `VVU Wad R` Z`fVdRTfZhV ekefV_ iYVdV fYV

faa]\Zf `af a`]k bdahZUVe hR]gRS]V Z`Wad_RfZa` fa fYV geVd% Sgf R]ea fYRf fYV geVd TR`
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aWWVd \`ai]VUXV fa egbb]V_V`f R`U UZdVTf fYV bRdR]]V]ZeRfZa` bdaTVee' KYV Z`fVdRTfZa`

Ze TRddZVU agf fYdagXY fYV geV aW SdaieVde fYRf WZ]fVd fYV hRef Z`Wad_RfZa` RTcgZdVU Sk

fYV faa]\Zf R`U fYZe Ze bdVeV`fVU fa fYV geVd Z` R _adV WaTgeVU _R``Vd' Af YRe R]ea SVV`

eYai` fYRf fYV XV`VdRfVU TaUV Ze VWWZTZV`f R`U eTR]RS]V R`U fYRf fYV bRdR]]V]ZeRfZa` TR`

SV Ua`V VjfdV_V]k cgZT\]k' A` Ta_bRdZea`% fYV _R`gR] bRdR]]V]ZeRfZa` aW fYV TaUV

geZ`X GbV`EH YRe `af SVV` g`UVdfR\V` fa URfV SVTRgeV aW fYV bdaYZSZfZhV Taef aW

VWWadf R`U fYV VjbVdfZeV fYRf Ze `VVUVU fa Ta_b]VfV fYV fRe\'

Figure 5 HVdWad_R`TV aW fYV abfZ_ZeVU GbV`EH TaUV XV`VdRfVU Sk fYV faa]\Zf a` R`

J?A GdZXZ`'
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References
.' =hR`e ='N'% BaY`ea` J'H'% DVXXVff H'>'% ;daee E'% 9gfa_RfZT R`U =WWVTfZhV

Eg]fZ&<Z_V`eZa`R] HRdR]]V]ZeRfZa` aW JfdgTfgdVU EVeY :ReVU ;aUVe' HRdR]]V]

;a_bgfZ`X% /3% 344&4-0% /---'

/' =hR`e ='N'% BaY`ea` J'H'% DVXXVff H'>' R`U ;daee E'% KYV Rgfa_RfZT TaUV

XV`VdRfZa` aW Rek`TYda`age Ta__g`ZTRfZa`e V_SVUUVU iZfYZ` R bRdR]]V]ZeRfZa`

faa]' HRdR]]V] ;a_bgfZ`X% /0% .160&.2/0% .664'
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0' BZ` @'% >dg_\Z` E'% R`U OR` B' 9gfa_RfZT XV`VdRfZa` aW GbV`EH UZdVTfZhVe R`U

Zf Rbb]ZTRfZa` fa Ta_bgfRfZa`R] W]gZU Uk`R_ZTe TaUVe' A`fVd`RfZa`R] Jk_baeZg_

a` @ZXY HVdWad_R`TV ;a_bgfZ`X% Ka\ka% BRbR`% b11-% /---

1' :VRdV% E'A' R`U JfVhV`e <'H'% GbfZ_ZeRfZa` aW R bRdR]]V] aTVR` XV`VdR] TZdTg]RfZa`

_aUV]% 9``R]Ve ?VabYkeZTRV% .2% .036&.044% .664'

2' Yffb7**iii'_fY'gVR'RT'g\*aTVR`*J=9*

3' AVdafYVag ;'J'% BaY`ea` J'H'% ;daee E' R`U DVXXVff H'>'% ;a_bgfVd RZUVU

bRdR]]V]ZeRfZa` faa]e ";9HKaa]e# & Ta`TVbfgR] ahVdhZVi R`U bVdWad_R`TV a` fYV

bRdR]]V]ZeRfZa` aW efdgTfgdVU _VeY TaUVe' HRdR]]V] ;a_bgfZ`X% //% .64&//3% .663'

4' BaY`ea` J'H'% AVdafYVag ;'J' R`U ;daee E'% ;a_bgfVd 9ZUVU HRdR]]V]ZeRfZa` GW

L`efdgTfgdVU EVeY ;aUVe' HdaTVVUZ`Xe aW fYV A`fVd`RfZa`R] ;a`WVdV`TV a`

HRdR]]V] R`U <ZefdZSgfVU HdaTVeeZ`X KVTY`ZcgVe R`U 9bb]ZTRfZa`e% =UZfade

@'I'9dRS`ZR Vf R]% bgS]ZeYVd ;JI=9% ha]' .% 011&020% .664'

5' BaY`ea` J'H'% ;daee E' R`U =hVdVff E'% =jb]aZfRfZa` aW Jk_Sa]ZT A`Wad_RfZa` A`

A`fVdbdaTVUgdR] <VbV`UV`TV 9`R]keZe' HRdR]]V] ;a_bgfZ`X% //% .64&//3% .663'

6' DVXXVff H'>'% ERdeY 9'K'B'% BaY`ea` J'H' R`U ;daee E'% A`fVXdRfZ`X geVd \`ai]VUXV

iZfY Z`Wad_RfZa` Wda_ bRdR]]V]ZeRfZa` faa]e fa WRTZ]ZfRfV fYV Rgfa_RfZT XV`VdRfZa` aW

VWWZTZV`f bRdR]]V] >adfdR` TaUV' HRdR]]V] ;a_bgfZ`X% //% /26&/55% .663'

.-' BaY`ea` J'H'% AVdafYVag ;'J' R`U ;daee E'% 9gfa_RfZT bRdR]]V] TaUV XV`VdRfZa` Wad

_VeeRXV bReeZ`X a` UZefdZSgfVU _V_adk ekefV_e' HRdR]]V] ;a_bgfZ`X% //% //4&

/25%.663'

..' Yffb7**iii'abV`_b'adX*

./' NVSS% <'B'% 9` aTVR` _aUV] TaUV Wad RddRk bdaTVeead Ta_bgfVde% ;a_bgfVde R`U

?VaeTZV`TVe% // %236&245% .663'

.0' HRTR`aie\Z% I';'% EGE/ UaTg_V`fRfZa`% geVd!e XgZUV R`U dVWVdV`TV _R`gR]%

?><D GTVR` ?dagb KVTY`ZTR] IVbadf Fa'0% ?><D*FG99% HdZ`TVfa`

L`ZhVdeZfk% HdZ`TVfa`% FB% .662'

.1' IaUdZXgVe B'F'% BaY`ea` J'H'% NR]eYRi ;' R`U ;daee E'% 9` Rgfa_RfRS]V XV`VdZT

efdRfVXk Wad Uk`R_ZT ]aRU SR]R`TZ`X Z` bRdR]]V] efdgTfgdVU _VeY ;>< TaUV'%

HRdR]]V] ;a_bgfRfZa`R] >]gZU <k`R_ZTe% <'CVkVe =UZfad% 012&020% /---'

.2' EVeZ`XVd >' R`U 9dR\RiR 9'% Fg_VdZTR] _VfYaUe geVU Z` Rf_aebYVdZT _aUV]e%

?9IH bgS]ZTRfZa`e eVdZVe% Fa'.4% Nad]U EVfVada]aXZTR] GdXR`ZeRfZa`% .643'

.3' 9_URY] ?' MR]ZURfZ`X fYV eZ`X]V bdaTVeead RbbdaRTY fa RTYZVhZ`X ]RdXV eTR]V

Ta_bgfZ`X TRbRSZ]ZfZVe' 9>AHJ Ta`WVdV`TV bdaTVVUZ`Xe%0-% 50&152% .634'
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