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C%% MCI Overview

nanoHUB.org

e Licensing

» Getting NEMO5

» Getting Help

e Documentation

e Compiling

» Workspace

 Parallel Computing

* Run a job on workspace

UUUUUUUUUU



o MO NEMOS Licensing

nanoHUB.org

» License Provides access to NEMOS5 source code and ability execute NEMO5

» License Types
v Commercial/Academic/Governmental
v" Non-commercial (Academic)

— Free, with restrictions
= Cannot redistribute
» Must cite specific NEMO5 paper
» Must give us back a copy of your changes
v Commercial

— License for the Summer School week

PURDUE
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C%% AC Getting NEMO5

nanoHUB.org

» How to run NEMO5
v 1. Download source code and compile
— Configuration file for Ubuntu
v 2. Download static binary
— Runs on x86 64-bit version of Linux
v 3. Execute through nanoHUB workspace
v' 4. Future — nanoHUB app with GUI
— NEMOS5 powers some nanoHUB tools already, but they are for specific uses

PURDUE
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&gbncn Getting Help

nanoHUB.org

e https://nanohub.org/groups/nemo5Sdistribution/

Overview

Messages

Members

Wiki

Resources

Discussion

Blog

Usage

PURDUE

UNIVERSITY


https://nanohub.org/groups/nemo5distribution/�

C%% AC For Developers

nanoHUB.org

e Can download source from NEMO Distribution and Support
group

« NEMOS5 source code resource (for developers)
Configure, build libraries, compile NEMO5, link

» NEMOS5 designed to rely on several libraries
»Need good knowledge of Makefiles, building software

UNIVERSITY



d%% MC Libraries

nanoHUB.org

 PETSc for the solution of linear and nonlinear equation systems
» Both real and complex versions employed simultaneously

« SLEPCc for eigenvalue problems

« MUMPS

» Parallel LU-factorization
» Interfaces with PETSc/SLEPCc

« PARPACK for sparse eigenvalue solver

 Libmesh for finite element solution of Poisson equation
» Qhull for computation of Brillouin zones

» Tensor3D for small matrix-vector manipulations

» Boost::spirit for input/output (will be covered later)

» Output in Silo(for spatial parallelization) or VTK format
» Others will be discussed in input/output tutorial

PURDUE



C%% AC For Developers

nanoHUB.org

« NEMOS5/configure.sh configuration_script
« NEMO5/mkfiles contains configuration scripts

« NEMOS5/prototype/libs/make
» Builds packages like petsc, slepc, ARPACK, libomesh, silo

« NEMO5/prototype/make
* Binary: NEMO5/prototype/nemo

» Examples: NEMOS5/prototype/public_examples
» Materials database: NEMOS5/prototype/materials/all.mat

» Doxygen documentation: NEMO5/prototype/doc
» make

PURDUE



NCN

nanoHUB.org

o5

Doxygen

Generates online documentation browser (also PDF, etc.)
Extracts information directly from source code
doxygen.org

=

NEMO

c‘ | @ file:/ /localhost/opt/NEMO/prototype/doc/html/classPropagation.htm!|

| A e A

Main Page | Namespaces Files | Directories | Q- search
Class List L Class Index | Class Hierarchy | Class Members |
Fronons Public Types | Public Member Functions | Static Public Member Functions |
DriftDiffusion:-Point H Public Attributes | Protected Types | Protected Member Functions |
Propa‘gatlon Class Reference Protected Attributes | Static Protected Attributes | Private Member Functions |
Poisson Private Antributes

PoissonEquationinterface
angel::PoissonFEM 1D
PoissonMaterialProperties

#include <Propagation.h>

Inheritance diagram for Propagation:

ReferenceCountertlemo

angel::PoissonProblem
popFunction
Singlelmpurity::position

angel::PostProcessing | Reference CountedObjecthemo< Smulation >
PotentialFromSolver T

pow_

power

Reterence CountedObjeciNemo< Propagaton > | | Smulaton |

Prism

Propagator

PseudomorphicDomain Prapagation
pushFunction
pushFunctionParameter

Pyramid

PURDUE
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PythonAtom
PythonAtomisticDomain
PythonCache
PythonDomain
PythonExposure
PythonFemDomain
PythonMaterial

Propagation )

| Greensolver | | Self_energy |

flegend|

List of all members.

Public Types

enum Propagator_type {
Inverse_Green, Fermion_retarded_Green, Fermion_lesser_Green, Fermion_advanced_Green,
F, i Crean F i dad calf F lacear calf Farminn aduvanred calf

Generated on Tue Jul 10 2012 10:58:39 for NEMO by d@m\ﬂggn 1.7.4




G%% AC Workspace

nanoHUB.org

Q yworkspace )

145 New Messages

James Fonseca (jefonseca)

- POWARL N BRSNS W WSRO W [L T IN

Workspace
Tools 21 A

A workspace is a Linux deskic

area for new tools.... Once yoL
that “share” or... Launch Tool

hitp= //nanchub .ong/fes ounces /Works
Version 2.1 - published on 09 Jul 2012

doi:10.4231/D3FF3KZ9Q) cite this

&) This tool is closed source.

View All Supporting Documents

PURDUE
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C%% AC Workspace

nanoHUB.org

NCN

Network for Computational Nanotechnology

Pl | 5:48 Jul 18 |

PURDUE
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d%"b NCN Interacting with Workspace

nanoHUB.org

NCN

~-

Network foomputational Nanotechnology

RSl | - 48 Jul 18 |

PURDUE



c:%"bncn nanoHUB Menu and Editors

nanoHUB.org

L4 xterm
& Import/export file

<7 gedit

HoEmacs

EIWWW Browsers
3‘ Editors

#~ Development Tools

“* Multimedia & Graphics nano
Math & Science NEdit
s Utilities

PURDUE
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d’g’b NCN File Transfer to/from Workspace

nanoHUB.org

» Can use file transfer capabillity in workspace ‘start’ menu

* How to copy files to/from workspace
» In workspace; nanoHUB menu->import/export file

» Can ssh/sftp/scp to nanohub.org
» sTtp username@nanohub.org

»ssh -Y -1 username nanohub.org

» https://nanohub.org/tools/storage

My Sesslons 9
B Workspace

i Resume s session

G 509 of 10GB

PURDUE
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https://nanohub.org/tools/storage�

C%% AC Parallel Computing

nanoHUB.org

« NEMOS5 scales to 100,000 cores
* In the past, processors had only one “central processing unit”

* Now a processor, has multiple “central processing units” aka “cores”
 “processor” is outdated — use “cores”
» All memory on a node is shared

« NEMO5 uses MPI (message passing interface)
» standardized and portable message-passing system

Cores

Processors

Nodes

PURDUE
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c:%"b NCr Rosen Center for Advanced Computing (RCAC)

nanoHUB.org Infrastructure

» Two main cluster computer systems we will use
» http://www.rcac.purdue.edu/

» Rossmann (#345)
v' ~400 nodes
v' Each node has:
— Dual 12 core AMD Opteron 6172
— 24 cores/nodes
— 48 GB RAM

» Coates
v' ~1,000 nodes
v' Each node has:
— Two 2.5 Ghz quad-core AMD 2380
— 8 cores/nodes
— 32 GB RAM

» Newer systems available soon
v’ Carter #88
v" Intel Xeon-E5
v NVIDIA GPUs

PURDUE
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6”3% NCN nanoHUB/RCAC interaction via ‘submit’

nanoHUB.org

* A workspace is a Linux desktop in your browser
» Virtual machine

* NEMOS is installed on clusters on RCAC machines
» Rosen Center for Advanced Computing

‘submit’ command

RCAC

Output

PURDUE
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d%%ncn bulkGaAs parallel.in

nanoHUB.org

« Small cuboid of GaAs before and after Keating strain model
applied
» Before: qd_structure_test.silo
» After: GaAs_20nm.silo
» You can set these in the input file & will be covered later

« gd.log

PURDUE
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d%%nCﬁ Parallel run (1 Node, 8 cores)

nanoHUB.org

* NEMO5 revision(XXXX = 8028)
emkdir test (make directory)
ecd test (change directory)

e In -s /apps/share64/nemo/examples/current/materials/all _mat
(make a link to materials database)

esubmit -v [venue] -1 .Zall.mat -n 8 -w 0:05:00 nemo-rXXXX
/apps/share64/nemo/examples/current/public_examples/NCN_sum
mer_school 2012/Technical Overview/bulkGaAs parallel.in

 Submit command

» -v venue where the job will run
v" Venue be ncn-hub@coates OR ncn-hub@rossmann
v' ncn-hub is a queue
v" For Summer School only! (after summer school use coates or rossmann)
— Will go to ‘standby’ queue
» -1 filename to pass to the venue (materials database: all. mat)
» -n number of cores (must be correct for machine)
» -w walltime (5 minutes)

» submit --help

PURDUE
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SgoMNCN MPI Parallelization

* Real space partitioning
» Determined in advance by user

» Two different methods (bulkGaAs_parallel.in example uses method #2)
» Try changing num_geom_CPUs
Partitioning / CPU7T_ . cPUs

{ /

X_partition_nodes = (-0.1, 3.0, 6.1) —
1 y_partition_nodes = (-0.1, 3.0, 6.1)
z partition_nodes = (-0.1, 3.0, 6.1)

CPU3

}

Partitioning
{
Xx_extension = (-0.1,6.1)
2 y_extension = (-0.1,6.1)
z_extension = (-0.1,6.1)
num_geom_CPUs =8

PURDUE



o MO Multi-Node Run

nanoHUB.org

» (copy example to your present working directory)

.Cp
/apps/share64/nemo/examples/current/public_examp
les/NCN_summer_school 2012/Technical Overview
/bulkGaAs parallel.in .

esubmit -v [venue] -1 .Zall.mat —n X -N Y -w

0-05-00_nemn—_rXXXX hiillkGaAc narallal i1n
argument Coates

X -n (cores) 48 16
Y -N 24 8
(cores/node)

esubmit —v ncn-hub@rossmann -1 ./all_mat —n 48 —N
24 -w 0:05:00 nemo-rXXXX bulkGaAs parallel.in

esubmit -v ncn-hub@coates -1 .Zall_mat —n 16 —N 8
-w 0:05:00 nemo-rxXXXX bulkGaAs parallel.in

PURDUE



d"g’bncn Specify location of materials database In

nanoHUB.org iInput file

Global
{

database = ./all_mat

}
Global

{

database =
/apps/share64/nemo/examples/current/materials/all
-mat

UNIVERSITY



e Walltime
» 1 hour default
» 4 hour maximum

e Cores
» Default is 1 core

PURDUE
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d”%% NCM Schedule for the NEMO5 tutorial

nanoHUB.org

Device Modeling with NEMO5

10:00 Break

10:30 Lecture 14 (NEMOS5 Team): “NEMOS5 Introduction”

12:00 LUNCH

1:30 Tutorial 1 (NEMOS5 Team): “NEMOS5 Technical Overview”
3:00 Break

3:30 Tutorial 2 (NEMOS5 Team): “NEMOS Input and Visualization”
4:30 Tutorial 3 first part (NEMO5 Team): “Models”

5:00 Adjourn

UNIVERSITY



Thanks!
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C%% NCN Libraries

nanoHUB.org
 well-developed user base — =
* outsourcing of problems related to oot [ regons ||| ceme_J{ v
parallel numerics and 1/O. [ Dom'_ams e ] poams
s || =
==n) . 4

Solution

S1:solve strain S1
oU =0 output

| tibmesh |—> !
- 53: solve potential
e [vaw=_p
I Tensor3D I—)

get_data
| HOFs |—{ sio |}

52:solve density
Hy =FEy

Sebastian Steiger, Michael Povolotskyi, Hong-Hyun Park, Tillmann Kubis, Gerhard Klimeck,
"NEMOS5: A Parallel Multiscale Nanoelectronics Modeling Tool"
IEEE Transactions on Nanotechnology, Vol10, pg. 1464 (2011);d0i:10.1109/TNANO.2011.2166164
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d%% MC Libraries

nanoHUB.org

« PETSc [17] for the solution of linear and nonlinear equation
systems
» Both real and complex versions employed simultaneously

« SLEPCc for eigenvalue problems

« MUMPS

» Parallel LU-factorization
» Interfaces with PETSc/SLEPCc

« PARPACK for sparse eigenvalue solver

 Libmesh for finite element solution of Poisson equation
» Qhull for computation of Brillouin zones

» Tensor3D for small matrix-vector manipulations

» Boost::spirit for input/output (will be covered later)

» Output in Silo(for spatial parallelization) or VTK format
» Others will be discussed in input/output tutorial

PURDUE



d”g%ncn MPI Parallelization

nanoHUB.org

« MPI — Message Passing Interface
» MPICH2

« Multilevel parallelization hierarchies

 Parallelization module is decoupled from the physical meaning of
the variable to be parallelized, provides good load balancing, and
can be utilized in many different types of simulations.
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C%%ncn Scaling

nanoHUB.org

NEMO 5 UTB simulation. sp3d5sstar, NV=12, NE=576, Nk=15,N¢=2, Npoiss=2

* NEMOS5 scales to ~100,000 cores :

5000

* 4 level parallelization
12 voltage points

* 576 energy points
- 15 wavevector points
« NyNgN,N_=207,360

walltime
FP ops

L . L 1 I Lo
500 1000 5000 10000 50000 1eb
num. cores

PURDUE
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* How to copy files to/from workspace
» In workspace; nanoHUB menu->import/export file

» Ssh/sftp/scp/nanohub interface
» ssh -Y -| jefonseca nanohub.org

» https://nanohub.org/tools/storage

PURDUE
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https://nanohub.org/tools/storage�
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c;%"b NCcN Location of files on workspace

nanoHUB.org

» Materials database all.mat and public_examples
 Japps/share64/nemo/examples/current/
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C%% ACH NEMO powered tools

nanoHUB.org

» 1dhetero (NEMO5)

* Rtdnegf (NEMO5)

e Bandstructure lab (OMEN)
 Omenwire (OMEN)

e Quantum dot lab (NEMO5)

* OmenFET (OMEN)

 Crystal Viewer (NEMO5)
 NanoFET (almost NEMO5)

e Brillouin Zone Viewer (NEMO5)

UNIVERSITY



d"g%nCﬁ Numerics

nanoHUB.org

» Applied Numerics
v' What is an iterative solution
v Convergence parameters
— Kyrlov schur space
— preconditioner
v" Why are some eigenvalues missing?
v" How/why output may differ from serial?
— Roundoff error
v PETSc/SLEPCc
— What is handled by libraries and what do we have to worry about?

PURDUE

UNIVERSITY
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