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Goal

 Create a GWF platform and toolset

— To support integration of hydrological, water quality and economic
models

— To provide infrastructure for migrating existing modelling tools to the
common GWEF platform

— To provide new algorithms and approaches for accelerating modelling
tool performance

— To support interactive visualization and end-user mobile applications
— To provide a next-generation data management environment
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&) SASKATCHEWAN Ince ption St rategy

 Objectives
— Improved evolution of hydrological modelling tools
— Improved scalability of hydrological modelling
— Improved delivery of data and knowledge
— Improved management of sensor data
* Deliverables
— Software reference architecture and platform
— Toolsets and frameworks
5 Projects
e Computing Infrastructure

e Radiam — CANARIE project
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St Radiam — CANARIE project

e Data management
— for finalized datasets ready for publication is getting easier: many repository solutions
— Data management for data actively collected, processed and analysed is equally important

e Increasingly, large research projects are carried out at a scale where placing all the
data in one storage device or one institution is infeasible

— “GWEF has identified the need to have a centrally accessible platform and catalogue to link
together and manage current researcher data and metadata over the many locations where that
data is stored. Ideally, this platform would provide a scalable integration of our resources in
Compute Canada, at the University of Saskatchewan, and other storage spaces within and outside
of the USask domain.”

 Need tools (Radiam) to manage active research data:

— Through the entire data lifecycle

— While it is being actively collected, processed and analysed

— When the data is geographically distributed

— To facilitate publication into repositories once datasets are finalized
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G WE Computing Infrastructure - Proposed
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GWF Computing Infrastructure Phases
e Phase0—-15%

— basic infrastructure
e 40gbps, cluster management, login node, rack, UPS, network, gateway

— individual lab workstations / dedicated compute nodes

e Phase1l—-55%

— HPC File System
e 240-400TB,1200MB/s

— Compute/GPU Nodes
384 Core, 2-4 V100s, 1920GB RAM

 Phase 2 —30% (if cost effective to delay purchase)

— based on experience with Phase 1
e expand storage, compute and GPUs and necessary
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Projects & Leads

1. Software Reference Architecture (i.e., platform architecture)
— Kevin Schneider, Chanchal Roy

2. Software Co-evolution (i.e., migration and renovation)
— Kevin Schneider, Chanchal Roy

3. Hydrological Model Acceleration
— Ray Spiteri

4. Interactive Visualization
— Jyoti Mondal, Carl Gutwin

5. Managing Environmental Monitoring Data (Data Cusinart)

— Juliane Mai, Jimmy Lin
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Hydrological Model Acceleration

e Lead: Ray Spiteri

 Purpose: Extend capability or accelerate the performance of
new or existing GWF hydrological modelling frameworks

e Personnel
— Kevin R. Green, Research Scientist, September 1, 2018 — current

— Wenxian Guo, part-time Research Assistant, May 1-September 30,
2018

— lan McConkey, BSc student, May 1-August 31, 2018
— Binben Wang, MSc student, September 1, 2018-current

— Tuan Nguyen, MSc student, co-supervised, September 1, 2018-
current
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" "HMydrological Model Acceleration - Completed

e CHM updates
— Module organization
e Factories for modules and stations.
e Build system update to allow easier development of external tools that use CHM components.
— Mesh input with ability to reorganize mesh elements.

e Mesher update

— Allow orderings of mesh elements to be changed to optimize properties of nearest-neighbour connectivity
matrices.

 Knowledge base
— CHM tutorial/setup documentation (github)
— Captured baseline performance of CHM prior to making changes.
— Tested various linear algebra libraries (need to work well with raw MPI and OpenMP)

— Reviewed Kokkos and Tpetra (within the Trilinos software stack) to ensure they can be used for individual modules
without destroying the possibility of other modules using raw MPI1/OpenMP.

e Kokkos: Performance portability programming model for manycore devices
* Tpetra: Implements parallel sparse linear algebra objects

e NOTE: the Kokkos + Tpetra combination abstracts a hybrid MPI+X programming model for linear algebra,
where X can be either OpenMP or CUDA
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Hydrological Model Acceleration — In progress

e Current

— Organizing distance-dependent mesh connectivities to determine how to
distribute a mesh in such a way that CGAL methods will still work with their local
portions of the mesh.

e Nearterm

— Replace existing linear algebra with Tpetra stack (in current shared memory
code)

— Design ghosted distributed mesh around preserving CGAL's methods.
— Bring the previous two points together.

e QOther

— A patch has been submitted to scipy (https://github.com/scipy/scipy/pull/9525)
regarding its interface to SuperLU (a C library for direct solvers for linear algebraic
systems), and is currently being reworked based on feedback. The patch fixes an
issue reported over a year ago at (https://github.com/scipy/scipy/issues/7700).
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e CRHM Migration & Restructuring Phases

e Exploration

— Identify migration issues using source code analysis and prototypes

 Develop Next-Gen CRHM Environment and Architecture
— Based on requirements identified during exploration

 Migrate and Restructure

— Convert current CRHM to new environment
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“**CRHM Migration & Restructuring - Exploration

* Analyzed different versions of CRHM

e Migrated CRHM 2012 Console version to Microsoft Visual C++ (MSVC++) 2017
 Prototyped CRHM GUI in MSVC++ 2017

e Created t-charts using observation files in MSVC++ 2017

e Partially migrated CRHM 2018 version to MSVC++ 2017 core version.

e Connected CRHM 2018 GUI MVSC++ prototype to partially migrated CRHM 2018 MSVC++
version

e Open and run a project file
e Integrated T-chart ActiveX control to show simulation results
e Save and Save as functionality
e Close project file.
* Integrated migrated CRHM with Google Test Framework
e Setup a Github repository for version control
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Next-Gen CRHM Development Environment

* A modern compiler and libraries
— E.g., MS Visual C++ (VC++) 2017, GCC

e A Distributed Version Control System to support multi-version
experimentation
— E.g., Git

 An Automated testing framework to support rapid deployment of
new features
— E.g., test scripts, Travis-Cl, Google Test

e Virtual Containers to support packaging, deployment & portability
— E.g., Docker — Build, Ship and Run
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SASKATCHEAY Next-Gen CRHM

e Code Separation: Core and GUl components.

e Develop a console version of CRHM that runs in a standard C++ environment.
e Create APIs to access CRHM core data structures.

e Use the API to populate components for GUI applications.

e Remove Borland dependencies.

* Minimize MFC dependency. R or Python packageSJ
Pre-
; Post
Processing OBS files :
i Processing
PRJ files OBS files

T-Chart
Visualization
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GRHEES T CRHM Restructuring — Long term

Plug-in architecture

— identify and isolate dependencies; modularize

Scientific Workflow Management System
— Support logging and provenance tracking
— Monitor software usage and performance

Next-Gen GUI for PRJ files and to view T-Charts

CRHM as a “family of products” (i.e., Product Family Engineering)
— Web/Mobile/Desktop App

— Cloud Computing

— Different uses (e.g., expert, training)
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CRHM Migration - Personnel

e Kevin Schneider, Faculty, Computer Science
 Chanchal Roy, Faculty, Computer Science

e Rayhan Ferdous, M.Sc. Student

e Mahjabin Alam, M.Sc. Student

e Hamid Khodabandehloo, M.Sc. Student

e Manishankar Mandol, Post Doc

 Banani Roy, Research Associate

e 2 undergraduate summer students
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M Publications in preparation

 Banani Roy, Kevin Schneider, Chanchal Roy, Rayhan Ferdous
and Mahjabin Alam. An Approach for effectively Understanding
a Legacy Software System for Migration: A Case Study using a
Borland Application. In Proceedings of International
Conference on Software Architecture (ICSA) 2019. In review.

e Rayhan Ferdous, Banani Roy, Chanchal Roy and Kevin
Schneider. ProvMod: A Workflow Programming Model to Offer
Automated Provenance and Log Analysis. In Proceedings of
International Conference on Web Services (ICWS), 2019. In

review.




Visualization Project Goals

Browser-based visualization technologies for complex
geospatial queries in interaction time

A unified platform where the researchers can share the findings
and work in a collaborative environment

Machine learning (Deep Learning) models that leverage the big-
data stored in Compute Canada that can be used to create
summarized interactive visualizations for typical laptops

Innovative visualizations for CRHM and WRF simulation
datasets



Analysis Phase: Existing Datasets
and Software

A collection of existing visualizations
and web platforms investigated by
the research group




Analysis Phase: Existing Datasets
and Software

Weather Research and

Forecasting (WRF) data at Each day .corresponds to ab(?ut
1GB data in a netCDF file with

raham.computecanada.ca (in TBs
2 L ( ) about 100 weather parameters



Analysis Phase: Existing Datasets
and Software

8 The Cold Regions Hydrolagical Model Platform 2014 - C:\Program Files (x36)\CRHM\Examples\Bad74_Frozen.prj

Project Obsenvations Build DLL

Parameters  State Run

Yariables by Module Selected
~  [BwEM)
SWE(2)
SWE(3)
Qdilat[1]
di=Df1)
QdiieiE(]
Qdicf1)
QdieD(1]
Qdref1)
QdreD(1]
QdreDea(1)
Salangl1]
Surhar1)
costal1]
costefla1)
v
Selected
e ~
eaavg
form_data
pet
n
Onday
Osi
Qsiday
o
Osaday
i
Sundict
tava v <
Observation Daily
HRUA Start Date
4 Oct 01, 1573 =
Ly End Date

¥ g

Export Analysis Log AKA FlowDiagram Help

[ The Cold Regions Hydrological Model Piatform 2008

Bad74_Frozen.prj

250

(mm)

150

Cold Regibns |

Hydrological Model

(CRHM)

Panoply netCDF, HDF
and GRIB Data Viewer

UniDATA netCDF Viewer



*—”; :—” UNIVERSITY OF
&}{p

WS Browser-based visualizations 1/5

A web-platform that
supports 4 inter-
linked visual displays.

Interaction in one
display updates the
others.

Note: For faster development, we are running several projects in parallel. Our group
investigated netCDF file parsers to visualize WRF datasets, and meanwhile, used
existing lab dataset to develop this web platform.
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An interactive control
panel that filters the
information in all
displays in real time.

The current system is
using d3-based
rendering technology.
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Jusind Browser-based visualizations 3/5

We deployed and tested the
visualizations on large

64" displays and evaluated the
performance of the system with
user experiments.



Browser-based visualizations 4/5

We are analyzing
how the correlation
between multiple
parameters of WRE
datasets can be
analyzed using color
blending in a web
platform.

Here a “difference’” blending mode has revealed the
correlation between the soil moisture and soil liquid



Browser-based visualizations 5/5

Users can
zoom/pan, select
different blending
modes, change the
contour threshold,
opacity and
thickness.

http:/ /vga.usask.ca/wate
r/app/percepvis.html
Note: use Chrome, zoom is
disabled in this particular
release

Not all blending mode are equally etfective, we found
the “difference’” mode to reveal the correlation the best
for some pairs of weather parameters.



Collaborative Environment

GWEF login interface
Users will be able to enter their NSID and
password to access (under development)



Collaborative Environment

Users will be able to comment, tag, and share visualizations with a
Facebook-like interface.

A user is sharing comments
to a list of other researchers
(Work in Progress)



Collaborative Environment

An example of labelling different
user comments in a diagram
(Work in Progress)



Machine Learning: Summarized Visualizations

« Can WREF datasets be used to create
machine learning models to (a)
compress the dataset and (b)
simulate user changes?

e Can we predict a large amount of
the dataset accurately from a small
part of the dataset, if so we can
compress the dataset to explore on
typical laptops and workstations.

We are currently exploring The idea is inspired by image compression
dimensionality reduction and other using. d.eep learning, .V\.fhereas we are
feature engineering techniques in examining the feasibility of compressing
contour plots. years of WRF data (ITBs) in a few Gigabytes

through the compression of visual outputs.



Machine Learning: Simulated User Interactions

* Using machine learning models to simulate user
interactions, e.g., a user may want to see how the
increase of temperature/precipitation might
impact the contour plots of other weather
parameters, or what might happen to the weather
if we create canals for irrigation.

* While this is a bold approach to having an
accurate model based on just historical data, it
would be interesting to explore its potential and
see whether it may help improve existing
modeling software.



Innovative Visualizations

e In both CRHM and WREF, several
parameters are overlaid on a
single chart.

* A cutting edge approach is to use
Horizon chart visualization to deal
with high-dimensional time series

data. Shifted pattern

 Many dimensions are visualized over time
in parallel on a large display, a
Horizon chart can reveal patterns An examle of
and anomalies.

Horizon chart can visualize large information in small space



Innovative Visualizations

Exploring the benetits of visualizing
CRHM data with an Horizon chart.



Innovative Visualizations

We also want the process to be semi-
automatic, i.e., rather than the researcher
looking for a pattern, the system will
automatically suggest important patterns.

The idea is to encode the peaks, valley and
other interesting changes by symbols and
then using multiple sequence alignment
algorithms to visualize potentially
interesting patterns to the researchers.
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GWEF Visualization - Personnel

Researcher/Developer Position Projects

Kevin Schneider Faculty, CS
Debajyoti Mondal Faculty, CS
Chanchal Roy Faculty, CS

Gazi Hasnat Graduate Student 2,3

Jarin Tasnim Graduate Student 3,4

Zonayed Ahmed Graduate Student 3,4

Sean Wang Research Assistant 1,3

Yukun Li Research Assistant 1,2

llia Rudnisky Research Assistant 2,3
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GWEF Visualization - Related Publications

Prosenjit Bose, Paz Carmi, Saeed Mehrabi, J. Mark Keil, and Debajyoti Mondal. Boundary Labeling for
Rectangular Diagrams. Scandinavian Symposium and Workshops on Algorithm, Malmo, Sweden, 2018

Ilia Rudnitskiy and Debajyoti Mondal. Interactive Visualization of Geospatial Water Datasets. The Annual Science
Meeting of Global Water Futures, Ontario, Canada 2018.

Debajyoti Mondal, Manishankar Mondal, Chanchal Roy, Kevin Schneider, Sean Wang, Yukun Li, Clone-World: A
Visual Analytic System for Large Scale Software Clones. Computer Science Research Fest, Saskatoon, 2018
(submitted to ICSE).

Debajyoti Mondal, Open Problems on Interactive Geo-spatial Visualization, in the 21st Korean Workshop on
Computational Geometry, Slovenia, 2018

William Evans, Stefan Felsner, Michael Kaufmann, Stephen G. Kobourov, Debajyoti Mondal, Rahnuma Islam
Nishat and Kevin Verbeek. Table Cartograms. Computational Geometry: Theory and Application. 68: 174-185,
2018.
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Team: Juliane Ma,
Jimmy Lin, Zhenhua
Li, Al Pietroniro, +

CaSPAr-like tool to
archive, distribute
and publish large
gridded datasets

Data available at
the moment are 4
different version of
WRF runs

Backend presented
July 2018 (no data)
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Product Domain Res  Scenario Period
Weden 1hr, . 10/ 2000-
ctl-wrf-wea Canada 4km historical 09 2015 -
wrf-wea Western 1hr, pseudo 10/ 2000
g Canada 4km gobal warm. 09/ 2015
cont.  1hr, . 10/ 2000-
ctl-wrf-conus us Akm historical 092013 ,9‘%'
Cont.  1hr, pseudo 10/ 2000-
pgwanrf-conus s 4 Gobal warm. 0972013 ©

o

Variable  Description

o

email will be send to pecified address user_email
including location of processed data on Graham

@

cp /project/6008034/WRF-REQUEST/ INBOX/ __request_USERNAVE .dat ‘

/project/6008034/MRF-REQUEST/ I NBOX/request_USERNAVE . dat

{""product": “ctl-wrf-wca', Q
“user_id": “julemai”,
"request_id":  "‘testrequest 999",

Automatic subsetting of
WRF derived climate "starttime":  "2013-01-10",

=
change scenario forcings o | e o
Juliane Mai Zhenhua L D) “user_email”:  "juliane.mai@uwaterloo.ca",
8
(U of Waterloo) (U of Saskatchewan) ] “variables™:  ["SIDOMN", *V10'],

“bounding_geom™: [{"rings”: [[[-130.0, 55.0], [-130.0, 60.0],
[-110.0, 60.0],[-130.0, 55.0111,

“'spatialReference’: {"wkid": 4326,

“latestilkid": 4326}}]

}

[ rings": [[[-130.0, 55.0], [-130.0, 60.0],
[-110.0, 60.0], [-130.0, 55.0111,

PREC Grid-scale precipitation (accumulated over 1 hour)

T2 Temperature

LH Latent heat flux

HFX Upward heat flux

QFX Upward moisture flux
aw Downward long wave flux

SWDOWN Downwerd short wave flux

PSFC Surface pressure

Q Mixing ratio

u10 U-component of the wind (along grid X axis)
V10 V-component of the wind (along grid Y axis)

Q “spatialReference’: {"wkid': 4326, "latestikid": 4326}}]

This poster is accompanied by a manual!
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