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@ Local Host 0 Hotspots

Identify the most time censuming functions and drill down te see time spent on each line of source code. Focus
optimization efforts on hot code for the greatest performance impact. Learn more

A Hardware collection of CPU events is not possible on this system. Microarchitecture performance insights will not be
available.

6 Launch Application

A To collect microarchitecture performance insights, run the product as administrator.

Specify and configure your analysis target: an application or a script to execute.

(® User-Mode Sampling @ QOverhead

Application: Hardware Event-Based Sampling &

C:\Users\Admin\Documents\GitHubiMohid_global_07_2018\Solutions\VisualStudio2017_IntelFortran19\MOHI

Application parameters:

_all

| » Details |

Show additional performance insights

|:\ Use application directory as working directory

‘Working directory:
C:\Users\Admin\Deskiop\AplicalAplica\doutoramento\MOHID_Testes\PCOMS_Tejo_2WayWestlberialexe

Advanced *
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@ Local Host

Advanced ~
User-defined environment variables:
Type or paste..

Managed code profiling mede
Auto

|:\ Automatically resume collection after (sec):

|| Automatically stop collection after (sec).

Analyze child processes

Per-process Configuration Analyze

Default self children

Process Name

Duration time estimate
Between 1 and 15 minutes

|| Allow multiple runs
| Analyze system-wide

Limit collected data by:

' Time from collection end, sec

(® Result size from collection start, MB

CPU mask

Custom collector

Select finalization mode:

. Full

@ Hotspots

Identify the mest time consuming functions and drill down to see time spent on each line of source code. Focus
optimization efforts on hot code for the greatest performance impact. Leam meorg

A Haraware collection of CPU events is not possible on this system. Microarchitecture performance insights will not be
available.

A To collect microarchitecture performance insights, run the product as administrator.

‘@ User-Mode Sampling @ Overhead

| Hardware Event-Based Sampling 3
- lUH

»  Details |

Show additional performance insights
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Summary

) Elapsed Time ~: 134.513s

® CPU Time % 127.964s
Total Thread Count: 1
Paused Time % 0s

() Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.

Function Module CPU Time @
MODULEHYDRODYNAMIC_mp_COMPUTECARTESIANVERTVELOCITY_WAVES MOHIDWater.exe 6.068s
for_f90_scan MOHIDWater.exe 4.903s
for_read_int_fmt MOHIDWater.exe 45565
func@0x180002940 zlib.dil 4.066s
MODULEENTERDATA_mp_CONSTRUCTENTERDATA MOHIDWater.exe 3.976s
[Others] 104.3955

*N/A is applied to non-summable metrics.

() Effective CPU Utilization Histogram
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() Collection and Platform Info

Operating System: Microsoft Windows 10
Computer Name: DESKTOP-B6BUJ16

This section provides information about this collection, including result set size and collection platform data.

Hotspots Insights
If you see significant hotspots in the Top Hotspots list, switch to the Bottom-
up view for in-depth analysis per function. Otherwise, use the Caller/Callee
view to track critical paths for these hotspots.

Explore Additional Insights
Parallelism @ : 11.9% &
Use ) Threading to explore more opporiunities to increase parallelism
in your application.

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization value.

Application Command Line: C:\Users\Admin\Decuments\GitHub\Mohid_global_07_2019\Solutions\VisualStudio2017_IntelFortran19\MOHIDNumerics\MOHIDWaterix64\Debug\MOHIDWater.exe
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Grouping: | Function / Call Stack

Function / Call Stack
oD DRODYNA n COMP AR A R A

CPU Time ¥ ]
60685

Module
IDWater exe

ULEHYDR:

| Jlo)]|.

CPU Time v
Viewing 102 » selecied stack(s)
52 6% (31925 of 6 068s) ]
MOHIDWater.exelMODULEHYDRODYMNAMIC_mp_COMPUTECARTESIANVERTVEL...

» for_fo0_scan 49035 MOHIDWaterexe  for_fa0_scan
» for read mt it 42565 MOHIDWatoroxe | for reaq it fmi | MCHIDWater exelMODULEHYDRODYNAMIC_mp_NEW_VERTICALHYDRODYNAMI...
 fUnC@0x180002940 0665 2.l : func@0x180002. | MOHIDWater exeIMODULEHYDRODYNAMIC_mp_MOMENTUMMASSCONSERVAT...
- - 1| -
) MODULEENTERDATA_mp_CONSTRUCTENTERDATA 3.9765 MOHIDWaterexe  MODULEENTEF :g::Bﬁz:;;mggEtE::BEggmm:gfmpﬁ';%gﬁgﬁg;?;imn‘ﬁ::g'
» MODULEFUNCTIONS_mp_SETMATRIXVALUES3D_RS_CONSTANT 2.951s MOHIDWaterexe  MODULEFUNC | oo 2l o o o RUNBNDE*M DL+ onden - Moduichioaelcon.
> func@0x180005500 3.4555 | Zib dll func@0x180005 1 14 Dvater exetMODULEMODEL mp RUNMODEL+0x2cd - ModuleModel. F90:1780
» MODULEFUNCTIONS_mp_SETMATRIXVALUES3D_R8_FROMMATRIX 83115 MOHIDWaterexe  MODULEFUNC |||\l oo f o WATER 1. DOONETIMESTER <0X09T - Main F301510
» MODULEFUNCTIONS_mp_THOMASZ NEWTYPE2 2.707s MOHIDWaterexe | MODULEFUNCT 14 yvater exelMOHIDWATER ip_MODIFYMOHIDWATER+0x1cc - Main F90:1374
» MODULEFUNCTIONS_mp_COMPUTEADVECTIONFACE 26025 MOHIDWaterexe  MODULEFUNC |y o oM DWATER - 0x78 - Main F90 234
» MODULEHYDRODYNAMIC_mp_MODIFY_DIFFUSION_UX_VY 25755 MOHIDWaterexe  MODULEHYOR' ! 1 yyater exelmain=0xd - [unknown source fie]
» MODULEHYDRODYNAMIC_mp_MODIFY_DIFFUSION_UY_VX 24265 MOHIDWaterexe | MODULEHYDR' | oI DWater exelinvoke mains0x33 - exe common.inl78
» MODULEFUNCTIONS_mp_INTERPOLATEPROFILERS 24175 MOHIDWaterexe  MODULEFUNC | iaHIDWater exel Sori common main seh+0x120 - exe commonink 268
) MODULEHYDRODYNAMIC_mp_VELOCITY_VERTICALADVECTION 23225 MOHIDWaterexe  MODULEHYDR' | MOHIDWater exel_scri_common_mains0xd - exe_common inl330
» MODULEGEOMETRY mp COMPUTEDISTANCES 21945 MOHIDWaterexe  MODULEGEOM || MOHIDWater exelmainCRTSIariup+0x3 - exe_main cpp-16
» func@0x1800050a0 1.922s ziib.dil func@0x180005 | KERNEL32 DLLIBaseThreadinitThunk+0x13 - [unknown source file]
» MODULEHYDRODYNAMIC_mp_MODIFY_INERTIAFORCES2 1.8065 MOHIDWaterexe | MODULEHYDR! | nidll dllIRilUserThreadStar+0x20 - [unknown source file]
» MODULEHYDRODYNAMIC mp VELOCITY EXPLICITFORCES2 1.785s MOHIDWaterexe  MODULEHYDR:
» memset_repmovs 1.710s MOHIDWaterexe  memset_repmoy
) MODULEHYDRODYNAMIC_mp_MODIFY_VERTICALWATERFLOW2 16175 MOHIDWaterexe  MODULEHYDR:
» MODULEHYDRODYNAMIC_mp_MODIFY ADVECTION UY VX 15895 MOHIDWaterexe  MODULEHYDR:
» MODULEADVECTIONDIFFUSION_mp_VERTICALDIFFUSION 15795 MOHIDWaterexe  MODULEADVEC
p: + - O |Os 10s 20s 30s 40s 50s 80s T0s 20s 20s 100s 110s 1208 1308

mainCRTStartup (TID: 13608)

Thread
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CPU Utilization

Y Any Process v Any Thread

v Any Module

¥ | Any Utilization

A

User function ¥ Functions on ¥ Show inline fu ¥



Vtune Amplifier

m Intel VTune Amplifier

- x
2% b &0 S O wecomex -
Top-down Tree
Grouping:| Call Stack v ”E‘ [CPUTime v
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" P, = I 4.0% (3.192s of 79.017s)
+ RMlUserThreadStan 100.0% 0s niaiLdil | MOHIDWater exelMODULEHYDRODYNAMIC_mp_COMPUTECARTESIANVERTVEL...
- BaseThreadiniEThunK 100.0% 0= KERN_| MOHIDWater exelMODULEHYDRODYNAMIC_mp_NEW_VERTICALHYDRODYNAM....
~ manCRTS@up 100.0% 95 Mo | MOHIDWater exelMODULEHYDRODYNAMIC_mp_MOMENTUMMASSCONSERVATI...
. MOHIDWater.exelMODULEHYDRODYNAMIC_mp_ONE_ITERATION+0xc2 - ModuleH. .

¥ _scrt_common_main 100.0% 0= | MOHI___
= o common main seh 00 - oL | MOHIDWater.exelMODULEHYDRODYNAMIC_mp_MODIFY_HYDRODYNAMIC+0XG...
S 00 o Mon_| MOHIDWater exelMODULEMODEL_mp_RUNONEMODEL+0xdea - ModuleModel FO:..
el - -} MOHIDWater exelMODULEMODEL_mp_RUNMODEL +0x2¢d - ModulehModel. F90:1780
o main 100.0% 0 [ MOHL | 1 HiDwater exelMOHIDWATER_ip_DOONETIMESTEP+0xd9f - Main F90:1510
¥ MOHIDWATER 100.0% 05 MOHIL...| 1o HiDwater exelMOHIDWATER,ip_MODIFYMOHIDWAT ER+0x1ce - Main.F90:1374
» MOHIDWATER_ip_CONSTRUCTMOHIDWATER 29.4% 05 MOHI..! 11 i Dvrater exelMOHIDWAT SR 0NTS - Main F90-231
+ MOHIDWATER_ip_MODIFYMOHIDWATER 64.0% 05 MOHI 140y Oyater exeimain+0x41 - unknown source file]
» Tor_write_seq_lis 0.0% 0s| MCHI.. | poHIDWater exelinvoke_main+0x33 - exe_common.inl:78
¥ MOHIDWATER_Ip_DOONETIMESTEP 54.0% 0s| MOHI... | joHIDWater.exel_scrt_common_main_seh+0x12d - exe_common. inl:288
» MODULEMODEL_mp_UPDATETIMEANDMAPPING 1.4% 05 MOHI...| MoHIDWater exel_scrl_common_main+0xd - exe_common.ink:330

617% LB MOHIDWater exelmainCRT Startup+0x8 - exe_main.cpp:16

Thread

» MOHIDWATER_ip_SUBMODELCOMUNICATION 0.9%| 05| MOHI.... | KERNEL 32, DLLIBaseThreadinitThunk+0x13 - [unknown source file]
» MOHIDWATER_ip_KILLMOHIDWATER 6.6%) 0s| MOHL...| ntdil dilRtIUserThreadStart+0x20 - [unknown source file]
p - + - 0= 10s 20s 30s 50s 60s T0s 20s 20s 100s 1M0s 1208 130s
mainCRTStartup (TID: 13608) ) [ Running
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V2019_OPT F summary

® CPU Time % 119.119s - 127.964s = -8.8455
Total Thread Count: Not changed, 1
Paused Time ™ Not changed, 05

() Top Hotspots

Function

() Elapsed Time . 125.878s - 134.513s = -8.635s

Module

CPU Time @

for_f20_scan
for_read_int_fmt

fUNC@0x180005500
MODULEENTERDATA_mp_CONSTRUCTENTERDATA
fUNC@0x180002940

[Others]

MOHIDWaterexe
MOHIDWater.exe
zlib.dll
MOHIDWater.exe
zlib.dll

47225-4903s=-0.181s
4.3585-4.056s5 =-0.197s
3.9465 - 3.4555 = 0.4913
3.8305-3.976s = -0.141s
3.6455 - 4.066s = -0.421s
98.612s - 107.008s = -8.3965

*N/A is applied to non-summable metrics.

() Effective CPU Utilization Histogram
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This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.
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() Collection and Platform Info

This section provides information about this collection, including result set size and collection platform data.

Hotspots Insights
If you see significant hotspots in the Top Hotspots list, switch to the Bottom-
up view for in-depth analysis per function. Otherwise, use the Caller/Callee
view to track critical paths for these hotspots.

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization value.

Application Command Line: Not changed, C:\Users\Admin\Documents\GitHub\Wohid_global_07_2019\Solutions\VisualStudio2017_IntelFortran19AMOHIDNumerics\MOHIDWaterx64\Debug\MOHIDWater.exe
Operating System: Not changed, Microsoft Windows 10
Computer Name: Not changed. DESKTOP-B6BUJ16




Optimizations — Hydrodynamic module

Me%Velocity%Horizontal%UV%New

Me%Velocity%Horizontal%VU%New

_: j
i

f (ComputeFaces3D W(i, j, KUB) == Covered) ther

Me%Velocity%Horizontal%U%New
Me%Velocity%Horizontal%V%New

Me%Velocity%Horizontal%U%New
Me%Velocity%Horizontal%V%New

JLB, JUB
ILB, IUB

iSouth i - di
jWest j - dj

Current direction u
Current direction v

Current direction u
Current direction v




Optimizations — Hydrodynamic module

= JLB, JUB
ILB, IUB
(ComputeFaces3D_W(i, j, KUB) == Covered)
iSouth =1i-di
jWest =3 - dj
kbottom = KFloor UV(i, j)
(Me%ComputeOptions%atmosphereRAMP) TimeCoef2 = TimeCoef

= kbottom, KUB

TiCoef 3D(i, j, k) = TiCoef 3D(i, j, k) + DT Velocity * Inertial Aceleration(i, j, k)

(Me%Relaxation%Force)
TiCoef 3D(i, j, k) = TiCoef 3D(i, j, k) + DT Velocity * Relax aceleration(i, j, k)

(MeX%ComputeOptions¥%0bstacle) &
TiCoef_3D(i, j, k) = TiCoef_3D(i, j, k) + DT _Velocity * Me%Forces%0bstacleDrag_Aceleration(i, j, k)

(Me%ComputeOptions¥Turbine) &
TiCoef_3D(i, j, k) = TiCoef_3D(i, j, k) + DT_Velocity* Me%Forces%Turbine_ Acceleration(i, j, k)
(Me¥ComputeOptionskScraper) &
TiCoef 3D(i, j, k) = TiCoef_3D(i, j, k) + DT _Velocity * MekForcesXScraper_Aceleration(i, j, k)
(Me%ThinWalls%0N .and. MeX%ThinWalls%CloseFlag == @) &
TiCoef 3D(i, j, k) = TiCoef 3D(i, j, k) + DT Velocity * MeXForcesXThinWalls Dissipation(i,j,k)

WaterPressure_Aceleration Gravity * (WaterlLevel New(iSouth, jWest) - &
WaterLevel New(i, j)) / DZX_ZY(iSouth, jWest)

WaterPressure_Aceleration = Alpha * WaterPressure_Aceleration
(Me¥NonHydrostatick0N .and. MeX%NonHydroStatic¥%PressureCorrection .and. PressureBackwardInTime)

WaterPressure Aceleration = WaterPressure Aceleration + &
(PressureCorrect(iSouth, jWest, k) - &
PressureCorrect(i s , k))/ DZIX_ZY(iSouth, jWest)




Optimizations — Hydrodynamic module

AddMAtrixtimesScalar (TiCoef 3D, MeX%ForceskInertial Aceleration, DT Velocity, Me¥WorkSize, &
ComputeFaces3D_UV, Me%Docycle method, Me¥External_Var%KFloor UV)

(Me%Relaxation¥Force)
AddMAtrixtimesScalar (TiCoef 3D, Me%Forces%Relax Aceleration, DT Velocity, Me¥WorkSize, &
ComputeFaces3D UV, Me%Docycle method, Me%External Var¥KFloor LV)
(Me%ComputeOptions¥0bstacle)
AddMAtrixtimesScalar (TiCoef 3D, Me%Forces¥ObstacleDrag Aceleration, DT Velocity, Me¥WorkSize, &
ComputeFaces3D UV, MeX%Docycle method, MeXExternal Var%KFloor UV)
(Me%ComputeOptions¥Turbine)
AddMAtrixtimesScalar (TiCoef 3D, MeX%ForceskTurbine Acceleration, DT Velocity, Me¥WorkSize, &
ComputeFaces3D UV, MeX%Docycle method, Me%External Var%KFloor UV)
(Me%ComputeOptions¥Scraper)

AddMAtrixtimesScalar (TiCoef 3D, MeXForceskScraper Aceleration, DT Velocity, MeXWorkSize, &
ComputeFaces3D UV, Me%Docycle method, Me%External Var%KFloor V)
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TiCoef 3D => MeXCoefXD3XTi
ComputefFaces3D W  => MeXExternal VarZComputeFaces3D UV
LandBoundaryFacesUV => MeXExternal VarXlLandBoundaryFacesUV

Velocity UV 0ld => MeXVelocity%Horizontal¥UVEOld From 4 if statements and :
Velocity UV _New => MeXVelocity®*Horizontal®UVH
WaterPoints3D => Me¥%External_VarZWaterPoints3D|

To

(Me¥Direction¥di == 1)
Modify Advection UY VX Y (MeXExternal Var#ComputeFaces3D V, Me¥External Var%ImposedTangentialFacesV, &
MeXExternal Var®BoundaryFacesV, MeXExternal VarZKFloor V, &
MekExternal VarZDXX, MeXExternal VarfVolume V, MelWaterFluxesX, &
Me%Forces¥Horizontal Transport, MeXVelocity¥HorizontalXVX01d)

Modify Advection UY VX X (MeXExternal Var¥ComputeFaces3D U, MeXExternal Var¥ImposedTangentialFaceslU, &
Me%External Var%BoundaryFacesl, MeXExternal Var%KFloor U, &
MeXExternal VarZDYY, MeXExternal VarfVolume U, MefWaterFluxesXY, &
MEEFﬂrcﬁsﬁHnrizﬂntal_Tran5pﬂrt, MeXVelocity®HorizontalXU%01d)




Optimizations — Hydrodynamic module

To 1 IF statement and a routine that fits a screen
{ComputeFaces3D V(i, j, k) == 1 .or. ComputeFaces3D V(i-1, j,k) == 1)
FaceFlux WestSouth = (WaterFlux Y(i-1, j, k) + WaterFlux Y(i, j, k))/2.
{{FaceFlux WestSouth > @) .and. (ComputeFaces3D V(i-2, j, k) == @))
MeZ%Aux3DFlux(i, j, k) = (Velocity V_01d(i-1, j, k)) * FaceFlux WestSouth
du4(1) = FillValueReal
((FaceFlux_WestSouth <= @) .and. (ComputeFaces3D V(i+l, j, k) == 8))
MeXAux3DFlux(i, j, k) = (Velocity V 01d(i , j, k)) * FaceFlux WestSouth
((FaceFlux_WestSouth <= 8) .and. (ComputeFaces3D V(i-2, j, k) == 8))
dud(2) DZY (i-2,7 ) ; dud(3) DZY (i-1,7 ); dud(4) = DZY(i, j);

V4 (2) = Volume V(i-1,j,k) ; V4 (3) = Volume V(i ,j,k);

Veld(1) = Velocity V 01d(i-2, j, k); Veld(2) = Velocity V 01d(i-1, j, k);

Veld(3) = Velocity V 0ld(i , j, k); Veld(4) = Velocity V 01d(i+l, j, k);
ComputeAdvectionFace TVD Superbee(Veld, V4, dud, MeXVelocityXDT, FaceFlux WestSouth, CFace)
Me%Aux3DFlux(i, j, k) = (Veld(2) * CFace(2) + Veld(3) * CFace(3)) * &
FaceFlux_WestScouth
dud(1) = DZY(i-3, j) ; dud(2) = DZY(i-2, j) ; dud(3) = DZY(i-1, J) ; dud(4) = DZY(i, j);
V4 (2) = Volume V(i-1,j,k); V4 (3) = Volume V(i ,j,k);

Veld(1) = Velocity V 01d(i-2, j, k); Veld(2) = Velocity V 01d(i-1, j, k);

Veld(3) = Velocity V 01d(i , j, k); Veld(4) = Velocity V_01d(i+l, j, k);
ComputeAdvectionFace TVD Superbee(Veld, V4, dud, MeXVelocityXDT, FaceFlux WestSouth, CFace)

MeZ%Aux3DFlux(i, j, k) = (Veld(2) * CFace(2) + Veld(3) * CFace(3)) * &
FaceFlux WestSouth

Horizontal_Transport(i, j, k) = Horizontal Transport(i, j, k) + Me®Aux3DFlux(i, j, k)




Optimizations — Hydrodynamic module

Computation of vertical velocity

(MeshSlope )
(MeshVelocity )

CartesianVertVelocity dszdt (Me%External Var%Volume Z New, MeXExternal Var¥Volume Z 0ld, &
MeXExternal VarZDUX, MeXExternal VarZDVY, MeiWaterlevelXDT, &
Me#Velocity®Vertical¥Cartesian, MeXExternal Var¥ComputeFaces3D W, &
Me%External Var%KFloor 7)

CartesianVertVelocity X (Me%External Var%ComputeFaces3D W, Me%External Var¥ComputeFaces3D U,
Me%External Var&%BoundaryPoints, MeXkExternal Var%5Z7Z, MekExternal VarZDIX,
MeXExternal VarZDWZ, Me¥VelocityXHorizontalXUZlew,
MeXVelocity#Vertical¥Cartesian, Me%External Var%KFloor 7)

CartESianUertUelucity_ﬂ (Me%External_Var%ComputeFaces3D W, Me%External Var¥ComputeFaces3D V,
Me%External Var%BoundaryPoints, MeXExternal Var¥%SZ7, Me%kExternal VarZDZY, &
MekExternal VarkDWZ, MeiVelocity®Horizontali®Villew,
Me%Velocity®Vertical%Cartesian, Me%External Var%KFloor 7)
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Vertical advection

MomentumFlux = (Veld(1) * CFace(1l) + Veld(2) * CFace(2) +
Veld(3) * CFace(3) + Veld(4) * CFace(4)) *

Face Flux

TiCoef 3D(i, j, k ) = TiCoef 3D(i, j, k ) + (1. - ImplicitVertAdvection) * &
MomentumFlux * MeXVelocity®DT / VA(3)

TiCoef 3D(i, j, k-1) = TiCoef 3D(i, j, k-1) - (1. - ImplicitVertAdvection) * &
MomentumFlux * Me%VelocityXDT / V4(2)

DCoef 3D (i, j, k ) = DCoef 3D (i, j, k ) - ImplicitVertAdvection * &

£

CFace(2) * Face Flux * MeWVelocity®DT / V4(3)

ECoef 3D (i, j, k ) = ECoef 3D (i, j, k ) - ImplicitVertAdvection *

£

CFace(3) * Face Flux * MeWVelocity®DT / V4(3)

ECoef 3D (i, j, k-1) = ECoef 3D (i, j, k-1) + ImplicitVertAdvection *
CFace(2) * Face Flux * MeiVelocity®DT / V4(2)

FCoef 3D (i, j, k-1) = FCoef 3D (i, j, k-1) + ImplicitVertAdvection *
CFace(3) * Face Flux * MeWVelocity®DT / V4(2)




Optimizations — Hydrodynamic module

Vertical advection

if (Me%ComputeOptions®ImplicitVertAdvection == 1) then
if (Me%Direction¥di == 1) then
~all Vel VertAdv P2 TVD SB_Imp_ Y(MeXVelocityX*Horizontal®VX%01ld, MeXExternal Var%ComputeFaces3D V,
MeXExternal VarZBoundaryFacesV, MeXExternal Var®KFloor V,
MeXExternal VarfWaterColumnV, MelWaterFluxesikZ, MeXExternal VarXDZY,
MeXExternal Var¥%Area V, MeXExternal VarXDXX, DT)

~all Vel VertAdv P2 TVD SB Imp X{MeXVelocity¥HorizontalXU%0ld, MeXExternal Var%ComputeFaces3D U,
MeXExternal Var#BoundaryFacesU, MeXExternal VarZKFloor U,
MeXExternal VariWaterColumnlU, MelWaterFluxeski, MeXExternal VarXDZIX,
MeXExternal Var%Area U, MeXExternal VarXDYY, DT)

if (Me¥Direction¥di == 1) then
~all Vel VertAdv _P2_TVD SB_Exp Y(MeXVelocity¥Horizontal®V%01ld, MeXExternal Var%ComputeFaces3D V,
MeXExternal VarXBoundaryFacesV, MeXExternal Var®KFloor V,
MeXExternal VarfWaterColumnV, MelWaterFluxesikZ, MeXExternal VarXDZY,
MeXExternal Var¥%Area V, MeXExternal VarXDXX, DT)

all Vel VertAdv P2 _TVD SB Exp X{MeXVelocity¥HorizontalXU%0ld, MeXExternal Var%ComputeFaces3D U,
MeXExternal Var%BoundaryFacesU, MeXExternal VarZKFloor U,
MeXExternal VariWaterColumnlU, MeXWaterFluxes¥®?, MeXExternal VarXDZX,
MeXExternal Var%Area U, MeXExternal VarXDYY, DT)




Optimizations — Hydrodynamic module

Modify MatrixesOutput

Computation of all output matrices (ex: interpolation of velocities to the center of the cell), for every dt

Check if it is time to output something (hdf, timeserie, profile, etc)
YES

Run computations of output matrices



Optimizations — funtions module

ThomasZ

TID = 1

VEC => Thomas%VEC(TID)

J = JLB, JUB
I - ILB, IUB

{WaterPoints(I, J, KUB) == 1)
VELAR(KLD) — Theommsn wr (1, J, 1) / Thomas¥COEF3%E(I, J, 1)
VECZG(KLB) = Thomas¥TI(I, J, 1) / Thomas%COEF3%E(I, J, 1)

K = KLB+1, KUB+1
AUX = Thomas%COEF3%E(I, J, K) + Thomas%COEF3%D(I, J, K) * VECHMW(K-1)
{ (AUX) > @)
VECIW(K) = -Thomas%COEF3%F(I, 1, K) / AUX
VEC%G(K) = (Thomas¥%TI(I, J, K) - Thomas¥%COEF3%D(I, J, K) * VECXG(K-1)) / AUX

do3
RES(I, J, KUB+1l) = VEC%G(KUB+1)

IT = KLB+1, KUB+1

MM =KUB + KIB + 1 - II

RES(I, J, MM) = VECEW(MM) * RES(I, 1, MM+1) + VECHG(MM)
dod




Optimizations — funtions module

Compute advection face

CFace (1:4) = @.

Cupl (1:4) = @.
CupHighOrder(1:4) = 8.

(QFace > @)

Cupl(2) = 1.
If a flux needs to be computed Cr = Courant (QFace,V(2),dt)

CupHighOrder(3) = 1.

Serrbmiers ]

dC = (Prop(3)-Prop(2}) / (du(3) + du{2))

inValue )

MinValue

- MinValue

Search numerical method
r = (Prop(2)-Prop(1)}/ ((du(2) + du(1)) * dC}
‘ Theta = (0., (1.,2.*r), 1 (r, 2.))

If TVD Theta = @.5 * Theta * (1. - Cr)

Cupl(3) = 1.

Search limitation method €r 7 Courant (@ace,V(3),00)

CupHighOrder(2) = 1.

dC = (Prop(2)-Prop(3)}) / (du(3)} + du(2))

Ex : SUPERBEE

innValue
Compute coeficients for fluxes through cells - tinvatue
r = (Prop(3)-Prop(4))/ ({(du(3) + du(4)) * dC)
Theta = (e., (1.,2.%r), (r, 2.1

Theta = 8.5 * Theta * (1. - Cr)

CFace(2) = (1. - Theta) * Cupl(2) + Theta * CupHighOrder(2)



Optimizations — Advection diffusion module

* If numerical methods are the same for all properties (usually the case):
e Setmatrixvalue to 0 -> number of calls reduced by more than half
* Compute diffusion coefficients on the first property and save into a matrix

* Same optimizations done for advection diffusion routines as for the hydrodynamic module



Comparisons - PCOMS

* Grid: 177 * 125 * 50 (1e6 grid points)

* DT:60s

e 3D Baroclinic

e OBC from 2D barotropic domain — Tide from Fes2012
* Atmospheric forcing from hourly MM5

e Qutputs once per day

* Intel(R) Core(TM) i7-4700MQ CPU @ 2.40GHz, 2401 Mhz, 4 Core(s), 8 Logical Processor(s)
e 8 GB RAM



PCOMS — Hydrodynamics = 190s

Module Hydrodynamic

Function / Call Stack
MODIFYMATRIXESOUTPUT
MODIFY_DIFFUSION_UX VY2
VELOCITY_EXPLICITFORCES
MODIFY_DIFFUSION_UY_ VX2
COMPUTECARTESIANVERTVELOCITY
VEL_VERTADV_P2_TVD_SB_IMP_X_Y
MODIFY_ADVECTION_UY_VX2
MODIFY_ADVECTION_UX VY2

OoLD

2.4
5.8
5.2
4.8
6.6
6.0
4.6
2.8

NEW

0.2
3.4
3.1
4.1
5.6
5.2
4.0
2.5

Module AdvectionDiffusion

Function / Call Stack
HORIZONTALDIFFUSIONYY2
HORIZONTALDIFFUSIONXX2
VERTICALDIFFUSION2
HORIZONTALADVECTIONXX
ADVECTIONDIFFUSIONITERATION

OLD

1.8
2.0
3.3
1.7
1.5

NEW

1.2
1.4
2.6
1.4
1.3

Diference(%)

Diference(%)

36
28
21
20
13

91
42
41
15
15
14
13
12

Module Functions

Function / Call Stack
COMPUTEADVECTIONFACE_TVD_SUPERBEE
COMPUTEADVECTION1D_TVD_SUPERBEE_2
THOMASZ_NEWTYPE2
SETMATRIXVALUES3D_R8 CONSTANT

OoLD

6.4
9.9
8.7
5.7

NEW

Total improvement time : 13%

if (.not. Me%ComputeOptions¥ConservativeHorDif)then

if (Me%ComputeOptions%SlippingCondition) then

if { .not. Me%CyclicBoundaryX0ON)

3.2
5.5
5.7
3.9

if (.not.Me¥ComputeOptions¥MomentumDischarge) then

GoForOptimized = .true.

Diference(%)
49
45
35
32



PCOMS — Water Quality = 492s

Module Functions

Function / Call Stack

COMPUTEADVECTION1D_TVD_SUPERBEE_2

THOMASZ_NEWTYPE2

SETMATRIXVALUES3D_R8_CONSTANT

OLD

NEW
79.60 44.87
47.44 30.24
33.33 0.84

Module AdvectionDiffusion

Function / Call Stack
VERTICALADVECTION
VERTICALDIFFUSION2
HORIZONTALADVECTIONYY
HORIZONTALADVECTIONXX
HORIZONTALDIFFUSIONYY2
HORIZONTALDIFFUSIONXX2

OLD

28.2182
25.7763
14.2955

14.406
14.6398
15.3964

NEW
27.3944
21.4439
11.9312
11.5727
10.1478
9.68946

Diference(%)
3

17

17

20

31

37

Total improvement time : 22%

Diference(%)



Tagus 3D

* Grid: 120 * 145 * 50 (9e5 grid points)

* DT:6s

e 3D Baroclinic

 OBC from PCOMS

* Atmospheric forcing from hourly 3km WRF
* Qutputs once per day

Hydrodynamic 3D simulation speedup : 17% WQ 3D simulation improvement : 26%

Tagus + Sado 3D

* Grid: 260 * 355 * 42 (4e6 grid points)

e DT:10s

e 3D Baroclinic

 OBC from CMEMS hourly 3D

* Atmospheric forcing from hourly 2,5km from IPMA
* 3D oututs every 3h; Surface outputs every hour

Hydrodynamic 3D simulation speedup : 21% WQ 3D simulation improvement : ??



Activating the optimizations

* In the hydrodynamic.dat -> “GLOBAL_OPT : 1”
* In the WaterProperties.dat -> “OPTIMIZE : 1”

Other Keywords can be used to enable/disable optimization of the different hydrodynamic module
routines(Defined at the Hydrodynamic.dat):

OPTIMIZE_INERTIAFORCES_OPT
OPTIMIZE_VEL_EXP_FORCES

OPTIMIZE_VERT WATER_FLOW_OPT
OPTIMIZE_CARTESIAN_VERT_VELOCITY_OPT
OPTIMIZE_ADVECTION_H
OPTIMIZE_ADVECTION_V
OPTIMIZE_DIFFUSION_H
OPTIMIZE_DIFFUSION_V
OPTIMIZE_MATRIXES_OUTPUT



Conclusions

* Avoid if statements inside loops as much as possible : reducing the number of ifs increased
loop performance by 15-30%

* Divide big loops which need to acess many 3D matrices — impacts on scalability (vertical
velocity example)

* Create routines for each numerical scheeme instead of using ifs - 45% performance increase in
advection modules for the case of TVD-SUPERBEE. For the remaing schemes the impact will be
bigger.

* Avoid any unnecessary computations (such as in matrices_output routine), as its
corresponding impact will grow with matrix size and sizes are increasing more and more.



