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Outline - High Performance Computing (HPC) and Optimetrics

« DDM and SDM Help
- Domain Decomposition Method (DDM)
- Spectral Decomposition Method EQE Active: Local v E?Eﬂ :E&:
e HPC Settings E Eﬁﬂnalym Config ) % %
) HPC Scheduler Submit Monitor
- HPC Setup Up Add Edit Options
- Use Automatic versus Manual Settings
* Optimetrics HPC refers collectively to features that access

- Parameter Sweep with
- Tuning with Analytic Derivatives
- Optimization

additional computing resources to either allow
larger HFSS simulations or improve the
simulation speed of a given HFSS simulation.

Additional detailed information on Optimetrics is available in
the Help document HFSS.pdf. See chapter on Optimetrics.

The document An Introduction to HFSS, is available in the installation directories /Help/HFSS/GSG.
See Chapter 4 HFSS Solution Setup > HPC and Analysis Options.
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Optimetrics and HPC in the HFSS Simulation Workflow

Project Manager i
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§ 2

Ports & Excitations

a2

Simulation Setup
Adaptive Process
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Simulation Setup -
Frequency Sweep

¥

Simulation Results

B | Analysis Configuration

Configuration name: |Lw3 ca
The local and interactive job configurations
[¥ Use Automatic Settings

Num variations to distribute: |1 E’j
Machines | Options ]

Machines for Distributed Analysis
Total Enabled Cores: 3, GPU is enabled with SBR+ solve only

localhost 3 1 90 [v

Machine Details:

(@ Local machine

Name | Cores | GPUs [RAM Limit (%)| Enabled |

(" IP Address (format 192.168.1.2): ‘

(" DNS Name (format www.server.com): |

(" UNC Name (format \\server) |

Import Machines from File... | Add Machine to List

oK

Cancel
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HPC: Multi-Threading (MT)

Multi-Threading (HPC-MT) el
* Single workstation solution Task
* Many tasks of the solution process Mesh TAUS Btict
= TAU Initial Mesh Generation Profie. | Convergence | Matx Data
= Direct Matrix Solver —
= |terative Solver Solver DRSS

= Field Recovery
* Available in HFSS, HFSS 3D Layout and HFSS-Transient design types

Thread 1
Thread 2

Thread 3
Thread 4

ANSYS HFSS Layout with HPC

mHPC

qi

0.00 1.00 2.00 3.00 4.00 5.00 6.00
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HPC: Distributed Frequency Solutions - DSO

Distributed Frequency Solutions

» Distributes frequency points in frequency sweeps across a
network of processors or on a single computer.
= Uses MPI (message passing interface)

* Scalable to large numbers of cores AN Q. ‘; = AN
* Available in HFSS and HFSS 3D Layout design types Frequency 1 ol ‘5 Frequency 3

: Configuration name: | Local

The local and interactive job configurations Frequency 2 Frequency a

| [ Use Automatic Settings
|
|

XY Plot 2

Machines Job Distribution l Options l

‘ Enable Distribution Types:

W Optimetrics Variations .

LFrequencies This menu comes from the HPC _ L
ransien clatons e . . T |
o Doman Sotvar and Analysis Options dialog box
[herative Solver Excitations —— When you click on Edit and choose
[1Direct Solver Memary

the Job Distribution tab.

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

\nsys



DDM (Mesh Based) - Domain Decomposition Method

HFSS can partition a design into domains simulating different
parts of the overall mesh separately

— A large problem domain is partitioned into small sub-domains.
(A large mesh is broken down into small sub-meshes.)

— Each sub-mesh or sub-domain is solved in a separate core or a
set of shared cores on a single computer or spread across
multiple computers in a network.

Domain 2 Domain 3

— An iterative procedure combines the separate results into a
single solution that gives the complete response for the entire

model.

Domain 1 Domain 4

For DDM context and introduction, see HFSS.pdf, chapter on
Specifying Solution Settings > Setting Adaptive Analysis
Parameters for HFSS > Enable Domain Decomposition.
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DDM with IE Regions, Finite Arrays, and Hybrid Regions

* Domain Decomposition Method: Matrix Based (Integral Equation Solver)

* Domain Decomposition Method for Hybrid Solve (e.g. FEM/IE/FEBI)

= FEM volume can be sub-divided into multiple domains. — R —
= |E Domains and FEBI boundaries will be distributed to separate nodes when they
become large. 246\ @ 18 GHz )
* Periodic Domain Decomposition Method for Finite Array Antennas (FADDM) L
» Automatic generation of domains ‘:;,i.‘;,._ :',}:i‘
= Available in HFSS 3D with Model Array defined st a

!dk"' B R
e, 3 .v;.'

\\\\\\

. e [ R s
Hybrid FEM ¥ g % _ ‘ Domainl  Domain 4
IE FE-BI A ke

g ey Matrix-based for IE
€ rFEm-IE Finite P ; ¥
} Periodic ki
Iﬂﬁﬁﬂ T A Array |
l % s
: For more information, please see HFSS Online Help >
6FEM-IE Specifying Solution Settings > Setting Adaptive Analysis
€)IE-Regio Parameters for HFSS > Enable Domain Decomposition.
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HPC Setup - Add Edit Buttons

Modeler HFS5 Tools Window Help

EQEE ctive: Local bt

v %

Optimetrics  Validate Analyze
- All
Simulation Results Automatio

B HPC and Analysis Options

Configurations l Options]

Design Type: |@ HFSS

Available Configurations:

HPC
Options

=l
Total Tasks Make Active

Active MName
YES Local Aurto
Add...
This menu is also Edit..

available from
Tools > Options >
HPC and Analysis
Options.

|

Copy...
Import..

Analysis Config

B Analysis Configuration

Configuration name: |Lcn:al

The local and interactive job configurations

[v Use Automatic Settings

There can be multiple
HPC configurations.

Configuration Details:

Configuration Name:

Local (Auto)

Machine List:

localhost(Auto). 7:90%

Job Distribution:

Optimetrics variations will be solved sequentially.
Other distribution types will be distributed automatically.

Options:

AllowOffCore : True

Export...

See also the online Help document HFSS.pdf chapter 6 High Performance Computing.

Mum variations to distribute: |1 3:

Machines }Options]

Machines for Distributed Analysis

Local machine typical
configuration using most or
all available cores and RAM.

Total Enabled Cores: 7

Name | Cores | RAM Limit (%)

Enabled

localhost 7 90

— | eew |
e |

Machine Details:

i@ Local machine
(" IP Address (format 192.168.1.2):
(" DNS Name (format www.server.com):

(" UNC Name (format: Yiserver):

Import Machines from File... ‘

Add Machine to List
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Analysis Configuration: Manual vs. Automatic

B | Analysis Configuration

X

Configuration name: |Lc-:a|

Ihel

cal and interactive job configurations

[¥ Use Automatic Settings

Mum variations to distribute: |4 :‘

Machines l Options ]

Machines for Distributed Analysis
Total Enabled Cores: 7

Name | Cores | RAM Limit (%) | Enabled |

localhost 7

90 v

Machine Details:

(@ Local machine

With Use Automatic
Settings checked, HFSS
looks at resources and
intelligently choose how

to distribute simulations.

e |

T
s

| T

When Use Automatic Settings is checked:
* Job Distribution does not appear.

* Tasks are not available.

* Num variations to distribute appears for

Optimetrics distribution.

oK | Cancel ‘

| Configuration name: | Local

Thel
[ Use Automatic Settings

cal and interactive job configurations

Machines §.Job Distribution | Options

Machines for Distributed Analysis

Total Enabled Tasks:

1 Total Enabled Cores: 7

localhost 1

Name |Tasks|Cores| RAM Limit (_|Enabled|

7 90 v

Machine Details:

(@ Local machine

When Use Automatic Settings is unchecked:

» Job Distribution appears
» Tasks appears.
* Num variations to distribute disappears

oK Cancel
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For Job Distribution...Uncheck Use Automatic Settings

B | Analysis Configuration X

— Many settings under Job Distributions
R * Use Automatic Settings needs to be unchecked.
™ Use Automatic Settings * A number of Tasks above 1 must be specified in

Machines tab.
Mechines [ 0b Distibuton [ppiors * This menu on left indicates frequency distribution.

Enable Distribution Types:

Configuration name: |Lc-:a|

W Optimetrics Variations
vl Frequencies K
| Transient Excitations

| Domain Solver

[lterative Solver Excitations
[1Direct Solver Memory The local and interactive job configurations

Configuration name: | Local

NI use Automatic Settings

Distribution levels:

— T
i® Single level only B & ﬁ Level 1
" Enable two level Job Distribution ] Options ]
One distribution type will be applied at each stage ofthe solution process. If multiple
types are available. the higher level solution will generally be distributed. All machine Total Enabled Tasks: 4 Total Enabled Cores: 7

tasks will be used by the single-level distribution.

Machines for Distributed Analysis

Mame |Tasks|Cores|RAM Limit(...|Enabled Remove

; localhost |4
Preview Job Distribution  Setup: |£> HFS5SDesign1:Setupl - . | M
ove up

Setup1: Sweep distributing Frequencies

If Tasks under Machine tab is left at 1, then one won't
see distribution here under Job Distribution tab.
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HPC Frequency Sweeps - Adaptive Mesh on One Machine

HPC for Frequency Sweeps

* Machine Details:
= Cores: Total number of cores on the machine
= Supports multiple machines

* Job Distribution:

= Tasks: how many distributed frequency points will be launched per machine
= |f Tasks < Cores, the remaining cores will be used to accelerate the solver
= Distribution Type: Frequencies.

* Adaptive Mesh Process

= Since the adaptive mesh process only supports a single machine, the solve will
automatically be run on the first machine in the list. All the available cores on that
machine will be used for multi-threading during adaptive process.

Task 1 Task 2

Frequency 1 Frequency 2

Distributed Frequency Sweep
% Localhost: 4 Cores %
2 Distributed Frequencies
Core 1 2 Cores/Frequency Core 3
Core 2 Core 4
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7| Analysis Configuration @

Configuration name: | Local
™ Use Automatic Settings
Machines | Job Distribution | Gptions |
Machines for Distributed Analysis
Total Enabled Tasks: 2 Total Enabled Cores: 4

Neme | Tasks | Cores | RAM Limit (%) | Enabled |
localhost |2 4 50 [v
7| Analysis Configuration @

Configuration name: | Local
™ Use Automatic Settings
"Machines Job Distribution | Optiong ]

Enable Distribution Types:

Frequencies
[ kerative Solver Excitations
[]Direct Solver Memory

Distribution levels:
{* Single level only
(" Enable two level

_— 93 & Level 1

One distribution type will be applied at each stage of the solution process. f multiple types
are available, the higher level solution will generally be distributed. All machine tasks will be
used by the singledevel distibution.

Preview Job Distibution Setup: |ﬁ) board:HFS5_Solution j

HFS5_Solution : Sweep distrbuting Frequencies

oK | Cancel
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Analysis Configuration: Manual vs. Automatic

« Automatic Settings of Analysis configurations — Default Settings of Analysis configurations
= |Indicate machines and total number of cores per machine * Indicate machines, tasks and total number of cores
to use in simulations per machine to use in simulations
= HFSS decides how to distribute tasks. * Indicate Job Distribution
] Analysis Configuration @ ] Analysis Configuration @
Configuration name: |=E'~' Configuration names: |=E'~’
I ¥ Use Automatic Settings I [ Use Automatic Settings
Machines lOptionsl " Machines | Options]
Machines for Distributed Analysis Enable Distibution Types:
Total Enabled Caores: 40 [w]Dptimetrics Variations
Name | Cores | RAM Lim (%) | Enbled | ir;qn:i”;'gﬂaﬁm
localhost 8 50 [v Domain Salver
1 16 50 [v Q [ terative Solver Excitations
: m2 186 50 3 []Direct Solver Memory

Distribution levels:
{* Single level onby
" Enable two level

Machine Details: m

" Local machine

[y
a & Level 1

One distribution type will be applied at each stage of the solution process.  multiple types
" IP Address format: 192.168.1.2): | - . . are available, the higher level solution will generally be distributed. All machine tasks will be
used by the singledevel distribution.

% DMNS Mame format: www server.com): |

™ UNC Mame format: \\server): |

Preview Job Distribution Setup: |ﬁ' HFS5Design1:Setup1 j

Import Machines from File... Add Machine to List Setup1 : LastAdaptive distibuting Domain Solver
Setup : Sweep1 distributing Domain Solver

oK | Cancel CK | Cancel
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Num Variations and Job Distribution

B | Analysis Configuration

B | Analysis Configuration Configuration name: | Local

Configuration name: |LD-:a| The local and interactive job configurations

Optimetrics Variations include — Use Automatic Settings

The local and interactive job configurations

[ Use Automatic Settings parametnc, SenS|t|V|ty, and
Num variations to distribute: [1  — Optimization para||e| tasks. —e
. i . . . Machi 0 istribution | Qpti
Machines | Opions | This uses DSO - Distributed —= —
Machines for Distributed Analysis Solve Opt|0n Enable Distribution Types:
Total Enabled Cores: 7 ) \ ﬂp“metncs Variations
Name | Cores | RAM Limit(%) | Enabled | SDM - Spectral Decomposition ¥ Frequencies
| |locathost 7 90 [v [+ Transient Excitations
DDM variations (depending === |¥Domain Solver
.. h t . b . | d [ terative Solver Excitations
Num variations, when Use upon what Is being solve ) [1Direct Solver Memory
Automatic Settings is checked,
only refers to parametric Distribution levels:
studies (within Optimetrics). @ Single level only & a |
i Enable two level

DSO - a licensing option - refers to multiple instances. DSO
is what allows a user to choose Num variations above 1.
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Multi-level HPC for Speed and Scale

= Level 1
B | Analysis Configuration : R .
| Distributed
Configuration name: | 2 level optimetrics DDM e 4.
Variations Level 2
[ Use Automatic Settings R R
Distributed

Machines Job Distribution ] Options |
Memory

Enable Distribution Types:

[w] Optimetrics Varations

[ | Frequencies

[ Transient Excitations
Domain Solver

[ kerative Solver Bxcitations
[ Direct Solver Memory

Distribution levels: —
™ Single level only Level 1

I {+ Enable two level
Distributed solutions at first level: |2 El: g g g g Level 2

The first level will distibute the specified number of solutions. Each solution will use a subset
of machine tasks to distribute the second level. A solver distibution type must be available
for the second level, otherwise singledevel distribution will be applied.

Preview Job Distribution Setup: @ HF55Design 1:ParametricSetup1 j
ParametricSetup1 distibuting two levels & e 4
... Level 1 - Optimetrics Variations 32 core DDM per variation

~4X faster

... Level 2 - Setup1 : LastAdaptive - Domain Sol . « 4 .
v 2 Setun] Smeop] Deman v } Time for 8 variations, serial: 14:52:57

128 core ‘two level’, 32 core DDM per variation
OK | Cancel . e g o« g .
Time for 8 variations, four variations in parallel: 3:39:38

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys




Optimetrics Introduction

e Optimetrics is now included with all premium and enterprise licenses.
= Parametric
= Optimization
= Sensitivity
= Statistical
= Tuning
= Analytic Derivatives
= Enables ANSYS DesignXplorer Link

* Optimetrics allows centralized control of design iterations from one common interface

* Optimetrics allows the user to:

= Automate parametric sweeps

= Perform real time parameter tuning using Analytic Derivatives

= |dentify performance specifications to optimize

= Perform sensitivity and statistical analysis on optimized model

= Link to DesignXplorer for
— Optimization via a Surface Response using Design of Experiments (DOE)
— Six Sigma Analysis
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Robust Design using Optimetrics Tools

Exploration of Design Space Optimization

Parametric Analysis

* Manual overview of design
space HFSS Optimization Sensitivity Analysis

* Find good nominal design * Minimize cost function to
* Precursor to formal meet goal

optimization * Several available

* Computations easy to algorithms

parallelize with DSO

4

“Optimal” Design
(performance,
manufacturability, etc.)

Six Sigma Analysis
(DesignXplorer)

Robust Design is MORE than simple optimization: it is the ability for a user to
systematically explore an entire design space so as to arrive at an optimal design.

Analytic Derivatives

* Computes derivatives of SYZ DeSlanpIore_r
parameters w.r.t. design * More robust than simple
variables optimization

« Real-time tuning of SYZ * Response Surface Fitting
parameters for Entire Design Space
* Optimization over

* Explore the relative impacts
Response Surface

of design variables on
performance

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Using Optimetrics

Project Manager o =
E--E‘ Optimetrics_Patch_Training
E@ HFSSDesign1 (DrivenModal)
[ ] Process .g: 3D Components
. @ Model

- Create parameterized model - Boundaries
-J@ Excitations -

- Define design parameters to vary LG e Sperstere

- i i @ setupt

Model geometry, material properties, etc. __

[+-[¥] Results aste Ctrl+V

- Perform analyses PRt B .
% Field Overl. Add M ED Parametric...

. . adiation Analyze vl %1 Parametric From File...
* Where can Optimetrics be used? N A 0 T
H . . View Analysis Result... 2 Sensitivity...
- User may apply parameterization at all modeling stages T — I
. . . . impo arge >cale CHUTIOM...
= Geometry (size, shape, orientation, quantity, etc.) @ DesignXplorer Setup..
|

Materials (lossless, complex, anisotropic, etc.)
Boundaries (impedance/conductance boundaries, linked boundary scan angles, symmetry or mode cases, etc.)
Solution setup

Post Processing Quantities (Port magnitude/phase, De-embedding, etc.)

- Once model is parameterized, optimization can be performed toward an extensive array of cost functions
= Circuit parameters (S, Z, or Y-parameters)
= Antenna patterns (Directivity, gain, axial ratio, etc.)
= Emissions

Derived field quantities (radiated power, etc.)
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