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Zoning Analytics

« Partitioning a group of indivisible geographic units into a smaller
number of districts

o Objectives and constraints

= Contiguity, competitiveness, equal population, preservation of
communities of interest and local political subdivisions,
minority districts

o Computational complexity

= Number of possible solutions

« Stirling number of the second kind: S(n, k)
« Example: S(55, 6) = 8.7 x 10%°
= Computationally intractable
» NP-hard
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Complex Spatial Decision Making

o8
é/ Home Apps v Visualzation Community v Support v About v Feedback Logout test's Profile
U&
BioScope Wizard Fort Dodge” Cedar Falls |, 1 Dubu
Introduction @
Overview Marshalltown :
- !?Ames > . Cedar Rapids
This website is to provide a prototype of CyberGIS-enabled | Clinton
web-based daeqsgon support pla[fonp for optimizing pxomass West Des Pl ﬁ fowa R 5
feedstock provisions. The platform includes four major Moines . Des Moines " G -
comp 1) BioScope optimi model; 2) a CyberGIS ol == i = M58
middleware that includes GlSolve Open Service APIs and | Knowvile” o Niscedt = @ Valparaiso @
web server PHP functions; 3) a high performance i ¢ A | Warsaw
cyberinfrastructure for optimization problem solving; and 4) Creston @ Ot - Kankakee |
an interactive web-based user interface. Oy, Y, -
Pontiac Monon
The BioScope model optimizes a three-stage biomass  Corydon, _Centenville | ia Logansport
provision system that includes farms, centralized storage and / =l - ol fj“"”“ 2 / — |
preprocessing (CSP) facilities. and biorefineries. The model T Macpmb Kin -, Bloomington Hoopest \Laf ,Kokomo |
PR o . 1. fkeokuk o | |Lafayette t
can minimize biomass provision costs by optimizing the % 4 !
numbers, locations, and capacities of facilities and biomass Wildwood Kirksville 5 | J 3 2
N - Astod tinchin na anville
transportation patterns. ) o na, . . \
Quincy | &5 Crawfordsille
aethe Macon | o ["Tac Ile gPiin eld.‘
How does it work Hannibal r : \ | Paris A
@ (3) s , Terre Haute ™ ¢ Greenwood
1. Job Submission & i BanaZ ﬁ X ;
8loomington
In the Job Panel tab, vou can create your new job Marshall ¢ ngt
bmission, check the sut d jobs and their associated a T— m f=d , Columbia uosinson
status, and delete the submitted jobs. The panel will be L, "+ |Overland Park 40 OfFallon Nt petel Sediord Y sl R
connected to a database to view and manage vour historical 1s) 50 L4 Sedalia N\ S'; e incennes { Madison--~2 =N k!
¢ d to 3 » { . t Louis j | (5N Maysdlle 7
job submissions. o D 6 Jefferson City N ‘ \ L/~ LR T
| Hu
New job submission: . “Clingon @ y
I o / ¢ Morehead
« Spatial data input \ \ Tuscumbia Sullivan é e
. . . F . i
o Use default input information lola_ g __Rolla 8 E‘!:"SV'“e )
o Upload your own input data for scenario ForeScott ] Jhlevada Farmingtan, ek Y
analysis ¢ Bl Lebanon g lerson J Malaga
. - ivé } 4
« Modsling parameters prute o) 0 / hentl
: rontenac f }
o Biomass demand O{g‘}“r_) A 3 Q. 2 A L k ucamemlle \ \ Buming
" l o Cronland TTsage rate (ratin of the cronland l Independence 6 Springfield i . Speings
Job Pane + in & e I cah 4 megses |
= _I_I W 12 2o G > (IR B9 _Bowling Green -~ —{-onL:aT -85 52794, 4057401
&) I Lo “Aurora ! ) Sikeston_| (60 ) il 2 ! P
Copyright © 2010-2013 CIGI. CyberGIS Gateway, powered by GlSolve OpenTopography. L7 4 v
This website is based upon work supported by the National Science Foundation under Grant No. OC-1047916. Any opinions, findings, and or { P in this website are those of the author(s) and do not = o s

necessarily reflect the views of the National Science Foundation.




) CyberlInfrastructure and Geospatial Information Laboratory o ][

cIGI NCSA

Exact Algorithms vs. Heuristics

. Exact algorithms
« Guarantee to find an optimal solution
« Methods
« Branch & bound
« Branch & cut
. Etc.
. Computationally intractable

« Heuristics

. Algorithms that produce optimal or near-optimal solutions within a
reasonable amount of time

. Population-based heuristics
Genetic algorithm
Swarm

- Ant colony
Etc.
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Genetic Algorithm (GA)

* Principles
« Evolutionary process
* ‘“survival of the fittest”
» lterative algorithm
» Solution population: a diverse set of initial solutions
* GA operators
» Selection, crossover, mutation, replacement
» Stopping criteria
« Solution quality
» Time or the number of iterations

« Spatial GA operators

» Solution generation
» Crossover

 Mutation
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Spatial GA Operators — Feasible Solution Generation

Expansion Completion
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* Liu, Y.Y. and Wang, S. 2014. “A Scalable Parallel Genetic
Algorithm for the Generalized Assignment Problem.” Parallel
Computing, http://dx.doi.org/10.1016/j.parco.2014.04.008
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Parallel GA
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Challenges for PGA

e Scalability to a large number of processor cores
o Solution migration
* Migration interval, rate
* Traditional implementation: global barrier
o Communication cost increases significantly when using a large number of cores

 Synchronous vs. Asynchronous

o Goals of asynchronous migration
* Mimic the natural behavior of GA
* |Increase the overlapping of computing and communication
o Breaking the global barrier
* Asynchronous migration
« Buffer handling is inevitable
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Asynchronous Migration

» QOperators
o export, import, inject

Local population

GA operators GA

inject:elit -
A xport Jyect-ee inject:random
Sending buffer
Import pool
° A
import

Send ( Receive )

Communication system

Network
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PGA Parameters

Parameters

Settings

Population size per deme
Initial population generation

Selection
Crossover
Mutation

Replacement
Elitism
Stopping rules

100

Random with feasibility improve-
ment or constraint-based im-
provement

Binary tournament

1-point. Probability: 0.8

l-item mutation.  Probability:
0.2

Replacing the unfittest or worst

Yes

No solution improvement,
bounded solution quality
reached, or fixed number of
iterations

Connectivity d
Migration rate r
Export interval M,
Import interval M,
Probability of holding

Sending buffer size Kqendpus

Import pool size Kipp

4

2
100
50
1/20 (the probability to export
when no better solution found
during a previous export interval)
20 solutions.  Actual memory
requirement is (20 x n x 4 +
buf fer_overhead) bytes

80 solutions. Actual memory re-
quirement is (80 x n x 4)

NERA
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Case Study

Test: | on Border || on Connectivity | | Show Neighbor Graph | |

Reset | | Anim: Interval: 0.5 \sec | Replay || ContiguityCheck ||1

GA: | InitPop || End | | Viz->on || Resume | |0 | BestSoln :

fitness: 5.04203: competitiveness: 4994,95797: unfitness: 0.58636: popdiff rate: 0.58636

\
LonLat: -10686017.24141, 6332836.55941

| 662991 /zone

Init soln 20: fitness: 42.11664:
competitiveness: 4957.88336:
unfitness: 0.57251: popdiff rate:
0.57251

success: An init soln generated.
Seeds: 6, 68, 85, 38, 39, 67, 53, 13
Waiting list released.

Selecting 8 seeds on regional border.
info: Population: 5303925, Average:
662991 /zone

Generating an initial solution...

Init soln 19: fitness: 18.77269:
competitiveness: 4981.22731:
unfitness: 0.66287: popdiff rate:
0.66287

success: An init soln generated.
Seeds: 67, 59, 22, 46, 85, 60, 68, 35
Waiting list released.

Selecting 8 seeds on regional border.
info: Population: 5303925, Average:
662991 /zone

Generating an initial solution...

Init soln 18: fitness: 176.82507:
competitiveness: 4823.17493:
unfitness: 0.36286: popdiff rate:
0.36286

success: An init soln generated.
Seeds: 53, 69, 50, 79, 78, 23, 13, 28
Waiting list released.

Selecting 8 seeds on regional border.
info: Population: 5303925, Average:
662991 /zone

Generating an initial solution...

Init soln 17: fitness: 5.04203:
competitiveness: 4994.95797:
unfitness: 0.58636: popdiff rate:
0.58636

success: An init soln generated.
Seeds: 58, 45, 28, 60, 37, 6, 13, 14
Waiting list released.

Selecting 8 seeds on regional border.
info: Population: 5303925, Average:

Generating an initial solution...

Init soln 16: fitness: 148.73050:
competitiveness: 4851.26950:
unfitness: 0.48536: popdiff rate:
0.48536

success: An init soln generated.
Seeds: 50, 60, 13, 46, 23, 87, 84, 36
Waiting list released.

Selecting 8 seeds on regional border.
info: Population: 5303925, Average:
662991 /zone

Cenerating an initial salution
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Computational Experiments

* Problem size
o 4140 voting districts
o Number of districts: 8

e Data

o Input: shape file; rook and queen neighborhood files
o Output: shape file; each core outputs one

* Number of cores
o 32768, 65536, 131072
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Weak Scaling - Parallel Redistricting Code
Data: Minnesota VTD (4 140 units)

Execution time (seconds)
N
o
o
o
¥
:t %
N

1000 L —h— — _+
Om ¥ ¥
32768 65536 131072
Number of cores

Measurement: time taken to achieve different solution
bounds (the smaller, the better)
Using 131072 cores led to significant improvement




Q)

Cyberinfrastructure and Geospatial Information Laboratory NCSA ][

An Example Solution

* Found by the run using H
131072 cores HE i

« Competitiveness as FEET
objective PR e i)
o R/(R+D) x T
o 0.499998 e B

51l

| T

* Constraint: population : CHLEAS
deviation
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Solution Quality Improvement

1.20%
1.09%

1.00%

0.84%
0.80%

0.64%
0.609
0.60% -

0.40%

0.20%

Fitness value improvement (%)

0.00%
2048 4096 8192

Number of processors
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Number of New Solutions

Number of New Solutions

Data: Minnesota VTD (4140 units)

16000000
14000000
12000000

10000000
8000000
6000000
4000000

Number of new solutions

2000000 -
0-

65536 131072

Number of cores
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 Synthesis

* Geo and spatial are
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Image source: "

http://www.oxera.com/Oxera/media/Oxe
downloads/reports/What-is-the-e
Geo-services 1.pdf
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CyberGIS Analytics @ Scale

CyberGIS
Toolkit

CyberGIS

Gateway

BLUEWATERSYy 9

SUSTAINED PETASCALE COMPUTING “‘

www.ncsa.illinois.edu/ NEA ~

u .
www.opensciencegrid.org CS_%( + {4
\\\\\

www.xsede.org http://lakjeewaibl




() A
) CyberlInfrastructure and Geospatial Information Laboratory NCSA ][

CIiGlI

CyberGIS for What and Whom?

CyberGIS
Toolkit

CyberGIS
Gateway




. . . 33\\\“‘\““
) Cyberinfrastructure and Geospatial Information Laboratory NC%A ][
(e [c] ]

NSF SI2-SSI: CyberGIS Project
$4.43 million, Year: 2010-2015

Principal Investigator Chair of the Science Advisory Committee
— Shaowen Wang — Michael Goodchild

Co-Principal Investigators Project Manager
— Luc Anselin — Anand Padmanabhan

— Budhendra Bhaduri
— Timothy Nyerges
— Nancy Wilkins-Diehr

Project Staff
— ASU: Wenwen Li and Rob Pahle
— ORNL: Ranga Raju Vatsavai
— SDSC: Choonhan Youn
— UIUC: Yan Liu and Anand

Senior Personnel
— Michael Goodchild

— Sergio Rey Padmanabhan
— Marc Snir — USGS: Michael Finn and David Mattli
— E. Lynn Usery — Graduate and undergraduate students

Industrial Partner: Esri
— Steve Kopp and Dawn Wright

@esri Ao, B SRIC. 8 @ W
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CyberGIS Communities

« Science and Technology Communities
e Advanced cyberinfrastructure
¢ C(Climate change impact assessment
e Emergency management
e Geographic information science
e Geography and spatial sciences
e (eosciences
e Social sciences
o Etc.

« User Communities
e Biologists

e (Geographers

e (eoscientists

e Social scientists

e General public

e Broad GIS users

Etc.
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f@ lHome Data Access v Apps v \Visualizaton Community v Support v About v Feedback Logout m4
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App: Viewshed Analysis 1« Beaufort Sea ' %

My Analysis () Chukchi
Data and Parameters 0] Sen j ‘

Results =

Symbols: G2 Edit | [ Save | & ArcGIS Online ~

Data
Import from ArcGIS Online
The Number L
of Name « Type Description
Gateway Users |] | MyMapservice Feature service - 12

| Soil_Survey_Map Map Service This map shows the Soil Survey Geo...

1
USA_Topo_Maps ager-...
Soil_Survey_Map
World_Imagery etero..,

Type: Map Service
World_Shaded_Reli Description: This map shows the Soil Survey Geographic @tion ...
for-grp-mtg (SSURGO) by the United States Department of Agriculture’s
Natural Resources Conservation Service. It also shows

operations data that was developed by the National Cooperative Soil
operations Survey and the State Soil i
sids2 (STATSGO) dataset published in 1994. SSURGO digitizing
B A duplicates the original soil survey maps. This level of S2.
mapping is designed for use by landowners, townships, ;| » pan
Add to Gateway and county natural resource planning and management.

Gulf of
Mexico

The user should be knowledgeable of soils data and their |
T characteristics. The smallest scale map shows the Global
Soil Regions map by the United States Department of £
Agriculture’s Natural Resources Conservation Service. For
more information on this map, visit us online.

Source: Source: USDA Natural Resources Conservation
Service

URL:

http://services.. i i r

1000 km & = g 2
| 00m | Source: USDA Natural Resources | OnSeNaﬂWW

Copyright ® 2010-2012 CIGI. CyberGIS Gateway, powered by GlSolve OpenTopography. PySAL. &4 sve |
This website is based upon work suppoﬂed by the National Science Foundation under Grant No. OCI-1047916. Any ’
Open Scionce Grid opinions, findings, and in this website are those of the suthor(s) and do not

neuessanly reflect the views of the Nationsl Science Foundstion
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CyberGIS Gateway and ArcGIS Online Integration

Browsers APPs : :
Devices PCs % % 2 o
E] i ol ir=; = W
Tablets 4 v = 3%
w —

(o bl ArcGIS § ‘

| & B o'rf"ne@ colall 2

: F By, T
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2

\Web <HTML> -9m St W APls 23 ‘/\_. API
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Desktop rver Services

Maps
Features
Images
Geoprocessing

Image source: http://blogs.esri.com/esri/arcgis/2013/10/01/what-is-cybergis/




¢ ct [CyberGIS ]

) uiuc.edu

Transferring data from cybergis.cigi.uiuc.edu..

ct [CyberGIS ]
CyberGIS: high-performance, di... cal

AN

Software Publications

CyberGIS Toolkit

Introduciton

CyberGIS Toolkit is a suite of loosely coupled open-source geospatial software components that provide computationally
scalable spatial analysis and modeling capabilities enabled by advanced cyberinfrastructure. CyberGIS Toolkit represents a
deep approach to CyberGIS software integration research and development and is one of the three key pillars of the
CyberGIS software environment, along with CyberGIS Gateway and GISolve middleware. The integration approach to
building CyberGIS Toolkit is focused on developing and leveraging innovative computational strategies needed to solve
computing- and data-intensive geospatial problems by exploiting high-end cyberinfrastructure resources such as
supercomputing resources provided by the NSF Extreme Science and Engineering Discovery Environment (X E) and
high-throughput computing resources on the Open Science Grid (OSG)

A rigorous process of software engineering and computational intensity analysis is applied to integrate an identified software
component into the toolkit, including software building, testing, packaging, scalability and performance analysis, and
deployment. This process includes three major steps:

1. Local build and test by software contributors and developers using continuous integration software or services such as

2. Continuous integration testing, portability testing, small-scale scalability testing on the National Middleware Initiative
(NMI) build and test facility; and

3. XSEDE-based evaluation and testing of software performance, scalability, and portability. By leveraging the
high-performance computing expertise in the integration team of the NSF CyberGIS Project, large-scale problem-
solving tests are conducted on various supercomputing environments on XSEDE to identify potential computationa
bottlenecks and achieve maximum problem-solving capabilities of each software installation.

Initial Software Components

erGIS W

News

Events

¥

Viki

26
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e Curriculum and pedagogy
* Partnerships

 Open
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Thanks!

« Comments / Questions?

 Email: shaowen@illinois.edu




