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transpiration irrigation

rainfall

! o w I
capillary percolation
rise

Figure 1: Conceptual full water balance model showing inputs and butputs, Allen et al. (1998)

The full water balance can be described at the soil root zone as:

AS=P+I—T—E—RO—DP +CR +ASF eq(2)

Where:

AS change in soil water storage [mm]
P rainfall [mm)]

I irrigation [mm]

T transpiration [mm]

E evaporation [mm)]

RO surface runoff [mm]

DP deep percolation [mm)]

CR capillary rise [mm]

ASF change in subsurface flow [mm]



AS =P +1—ET, eq(3)

Where:

AS change in soil water storage [mm)]
P rainfall [mm]

I irrigation [mm]

ET. crop evapotranspiration [mm]

These simplifications then leave the IrriSAT water balance deficit model as shown in Figure 2. With
evapotranspiration (ET.) removing water from the soil root zone and irrigation and rainfall adding water
to the soil root zone.

irrigation

evapotranspiration

rainfall

i ---'--"-- - - —

Figure 2: Conceptual IrriSAT water balance model showﬁ'inputs and outputs.



When to irrigate? (refill point)

After the readily available water has been used, plant roots cannot extract water as easily from the soil
and growth is affected. This point is referred to as the refill point. As its name suggests, refill point is the
time to irrigate. The drier the soil, the more water it needs to return to field capacity.

Time to irrigate
Refill point

Permanent
wilting point : P, B Field capacity

Dry soil @ <@ Saturated soil

Figure 4: Soil Water ‘Fuel Gauge’

Three factors should be taken into account when determining the refill point which are soil type, crop
rooting depth and irrigation system. These factors may also change over time, hence the refill point
may also change throughout the season.
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Crop Water Use (ET,)

Crop water requirements (ET.) can be estimated considering a climatic parameter called reference
evapotranspiration (ET,), which represents the evapotranspiration from a standardize vegetated surface,
and a crop factor called crop coefficient (K.) that relates ET. to ET, by the equation (Allen et al., 1998):

ET. = ET, K, eq(9)
Where:
ET. crop evapotranspiration [mm)]
ETo reference evapotranspiration [mm]

K. crop coefficient [-]



Generalized crop coefficient curve for the single crop coefficient approach

1.4:T
) Kc T
IrriSAT 12
Technical 11

Reference 08 &

06
0.4 -

T c end
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time (days)

I I ' ' |
e | : . - !
«— initial »: crop development «— mid-season —» late season;

| As mentioned above, NDVI has been strongly correlated with crop canopy cover for various crops in semi-

arid areas and can be converted to K. values by the empirical relationships such as (Trout and Johnson
2007):

| K. = 1.37 NDVI—0.086 eq(12)
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Landsat Missions

Landsat 8
LANDSAT Landsat 8 (formally the Landsat Data Continuity Mission, LDCM) was launched on an Atlas-V rocket from Vandenber
MISSIONS ~
Air Force Base, California on February 11, 2013

Landsat 9 Landsat 8 is the most recently launched Landsat satellite and carries the Operational Land Imager (OLI) and the
Lendsat8 Thermal Infrared Sensor (TIRS) instruments
Landsat 7
Landsat 6

-2 Landsat 8 Launch Explore More Landsat 8
Landsat 5 :
Landsat 4
Landsat 3
Landsat 2
Landsat 1
SCIENCE
PRODUCT

DATAAND TOOLS
PUB TIONS Landsat 8 orbits the the Earth in a sun-synchronous, near-polar orbit, at an altitude of 705 |
(438 mi), inclined at 98 2 degrees, and completes one Earth orbit every 99 minutes. The
( MEN satellite has a 16-day repeat cyde with an equatorial crossing time: 1000 am. +/- 15
minutes.
AULTIMED Landsat 8 aquires about 740 scenes a day on the Worldwide Reference System-2 (WRS-2
path/row system, with a swath overlap (or sidelap) varying from 7 percent at the equator to
NEW maximum of approximately 85 percent at extreme latitudes. A Landsat 8 scene size is 185 |
x 180 km (114 mi x 112 mi)
EDUCATION - 3
? < s t’_—"’ ¢ Data products created from Landsat 8 OLUTIRS scenes are available to download from
CONNFCT lllustration of the Landsat 8 Satellite. EarthExplorer, GloVis. and the LandLook Viewer
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Landsat 8 Instruments
Operational Land Imager (OLI) - Built by Ball Aerospace & Techr

« Nine spectral bands, including a pan band:
o Band 1 Visible (0.43 - 0.45 ym) 30 m
o Band 2 Visible (0.450 - 0.51 pm) 30 m
o Band 3 Visible (0.53 - 0.59 pm) 30 m
o Band 4 Red (0.64 - 0.67 um) 30 m
o Band 5 Near-Infrared (0.85 - 0.88 um) 30 m
e Band 6 SWIR 1(1.57 -1.65um) 30 m
e Band7SWIR2(2.11-229um)30m
o Band 8 Panchromatic (PAN) (0.50 - 0.68 um) 15 m
o Band 9 Cirrus (1.36 - 1.38 um) 30 m

OLI captures data with improved radiometic precision over a 12-bit
signal to noise ratio. This translates into 4096 potential grey levels,
Landsat 1-7 8-bit instruments. Improved signal to noise performanc
cover state and condition.

The 12-bit data are scaled to 16-bit integers and delivered in the Le
55,000 grey levels, and can be rescaled to the Top of Atmosphere (
radiometric rescaling coefficients provided in the product metadata

Thermal Infrared Sensor (TIRS) - Built by NASA Goddard Space

» Two spectral bands:
o Band 10 TIRS 1 (10.6 - 11.19 pm) 100 m
o Band 11 TIRS 2 (11.5-12.51 pm) 100 m
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NDVI

Calculation of the Normalized Difference Vegetation Index (NDVI), which is available on-the-fly, comes
first. In addition, NDVI is often used around the world to monitor drought, forecast agricultural
production, assist in forecasting fire zones and desert offensive maps. Farming apps, like Crop
Monitoring, integrate NDVI to facilitate crop scouting and give precision to fertilizer application and
irrigation, among other field treatment activities, at specific growth stages. NDVI is preferable for global
vegetation monitoring since it helps to compensate for changes in lighting conditions, surface slope,
exposure, and other external factors.

MNDVI is calculated in accordance with the formula:

NIR - RED
NIR + RED

NDVI =

NIR - reflection in the near-infrared spectrum
RED - reflection in the red range of the spectrum

According to this formula, the density of vegetation (NDVI) at a certain point of the image is equal to the
difference in the intensities of reflected light in the red and infrared range divided by the sum of these
intensities.

This index defines values from -1.0 to 1.0, basically representing greens, where negative values are mainly
formed from clouds, water and snow, and values close to zero are primarily formed from rocks and bare
soil. Very small values (0.1 or less) of the NDVI function correspond to empty areas of rocks, sand or snow.
Moderate values (from 0.2 to 0.3) represent shrubs and meadows, while large values (from 0.6 to 0.8)
indicate temperate and tropical forests. Crop Monitoring successfully utilizes this scale to show farmers
which parts of their fields have dense, moderate, or sparse vegetation at any given moment.

https://eos.com/
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Generalized crop coefficient curve for the single crop coefficient approach
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Allen RG, Pereira LS, Smith M, Raes D, Wright JL. FAO-56 dual crop coefficient method for estimating evaporation from soil
and application extensions. Journal of irrigation and drainage engineering. 2005 Feb;131(1):2-13.
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Bhumibol Dam

The largest concrete arch
dam in Thailand
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Reservoir Design/Reservoir Sizing
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Practice : fuzzy_release_easygo_01

 MATLAB feature
e Simulink library
* Fuzzy logic control



fuzzy_release_easygo_01
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Practice : anfis_release_easygo_01

 MATLAB feature
e Simulink library
* ANFIS



@ Fuzzy Logic Designer: fis_anfis_01
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8. If (input1 is in1mf1}) and (input2 is in2mf3) and (input3 is in3mf2) then (output is outtms) (1)
9. If (input1 is in1mf1) and (input2 iz in2m3) and (input3 ie in3mf3) then (output iz outtm) (1)
_If (input1 i in1mf2) and (input2 is inZmf1) and (input3 is in3mf1) then (output is outtmf10) (1)
_If {input? is in1mf2) and (input? is in2mf1} and (input3 is in3mf2) then (output is cutimf11) (1)
_If (input is in1mf2) and (input2 is in2mf1}) and (input3 is in3mf3) then (output is outimf12) (1)
_If (input1 i in1mf2) and (input2 is in2mf2) and (input3 is in3mf1) then (output is outtmf13) (1)
_If {input1 is in1mf2) and (input? is in2mf2) and (input3 is in3mf2) then (output is cutimf14) (1)
_If {input! is in1mf2) and (input2 is in2mf2) and (input3 is in3mf3) then (output is outimFS) (1)
_If (input1 i in1mf2) and (input2 is in2mf3) and (input3 is in3mf1) then (output is cuttmAE) (1)
_If {input? is in1mf2) and (input? is in2mf3) and (input3 is in3mf2) then (output is cuttmA7) (1)
_If {input! is in1mf2) and (input2 is in2mf3) and (input3 is in3mf3) then (output is outimf8) (1)
_If (input1 i in1mf3) and (input2 is inZmf1) and (input3 is in3mf1) then (output is outtmf8) (1)
_If {input1 is in1mf3} and (input? is in2mf1}) and (input3 is in3mf2) then (output is outimf20) (1)
_If (input is in1mf3) and (input2 is in2mf1}) and (input3 is iN3mf3) then (output is outimf21) (1)
_If (input1 i in1mf3) and (input2 is in2mf2) and (input3 is in3mf1) then (output is outimf22) (1)
_If {input1 is in1mf3} and (input? is in2mf2) and (input3 is in3mf2) then (output is outimf23) (1)
_If (input i in1mf3) and (input2 is in2mf2) and (input3 is iNn3mf3) then (output is outimf24) (1)
_If (input1 i in1mf3) and (input2 is in2mf3) and (input3 is in3mf1) then (output is outimf2s) (1)
_If (input1 is in1mf3} and (input? is in2mf3) and (input3 is in3mf2) then (output is outimf28) (1)
. If (input1 is in1mf3} and (input2 is in2mf3) and (input3 is in3mf2) then (output is out1mE27} (1

outimf1
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 Introduction + Warm Up

- Hydroinformatics + Machine Learning

- Case Study: ML in Reservoir Management
 Intro to R + Kaggle Notebook

« Demo and Workshop
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Y COaton e Lo Artificial Intelligence

- Artificial intelligence (Al) refers to the simulation of human

intelligence in machines that are programmed to think like
humans and mimic their actions.

- Four different approaches historically defined the field of Al:
« Thinking humanly

« Thinking rationally
o Acting humanly
« Acting rationally
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P Al Timelines

(History of Artificial Intelligence)

2016
1995 Alpha Go
1956 1969 Random
Automate “Think 1979 Forest 1997 2001 | !
Theory Humanly”  Perceptron 1989 ® Start beating
Neural Net. Bayesian Back- Reinforcement LSTM Human
Logic Model  Propagation  Learning !

Ref: https://cloud.withgoogle.com/build/data-analytics/explore-history-machine-learning/

Ref: https://en.wikipedia.org/wiki/Timeline _of machine learning



https://cloud.withgoogle.com/build/data-analytics/explore-history-machine-learning/
https://en.wikipedia.org/wiki/Timeline_of_machine_learning

1 % Mahidol University

0,0 (et gt Lo Toward

Machine Learning

“A field of study that gives computers the ability to learn
without being explicitly program” -- Arthur Samuel (1959)

“Machine learning is a subset
learning counts as Al, but not
learning. For example, symbo
systems and knowledge grap
Al, and none of them are mac

of Al. That is, all machine

all Al counts as machine

ic logic — rules engines, expert
Ns — could all be described as

nine learning.”

Ref: https://pathmind.com/wiki/ai-vs-machine-learning-vs-deep-learning



https://pathmind.com/wiki/ai-vs-machine-learning-vs-deep-learning

0*"“0 Mahidol Unlver5|ty ML as “BlaCk BOX”

Machine learning is frequently referred to as a black
box—data goes in, output come out, but the processes
between input and output are opaque

/ Output
v

VDOG"
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(8 ot e e Data-driven modeling

Hydrological models can be characterised as physical,
mathematical (including lumped conceptual and
distributed physically based models) and empirical
(analysis of time series)

Data-driven modeling is the new approach in particular
finding connections between the variables (input, internal
and output variables) without explicit knowledge of the
physical behaviour (aka. Machine Learning)
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_ ML + Data Sciences

/ Artificial Intelligence _—® Our scope: Data-driven modeling

Make machines learn cognitive functions

a Machine Learning

Make machines learn without
being explicitly program

Data Sciences

Find insights from data, understand data,
making informed decision

Deep Learning

Multilayer cascading neural networks

O ~

https://towardsdatascience.com/getting-started-with-machine-learning-108622alef5¢

10


https://towardsdatascience.com/getting-started-with-machine-learning-108622a1ef5c

& % Mahidol University

Y COcalon gt L How machines actually learn?

- Train the machine to map the given input data to the
desired output (supervised learning)

Red: Machine predicted
resuft

Black: Actual data

2016 2017 2018

2019

11
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‘Supervised Learning

Two main tasks in supervised learning

Regrescion
e Predict a continuous variable °
e |nput data can be both
categorical or continuous o
variables

e Synonym: Prediction,
Forecasting

CIE
B\e

Classification

Predict a class/categorical
variable

Input data can be both
categorical or continuous
variables

12
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el 7 T Regression

« A regression problem requires the prediction of a quantity
(hnumerical)

Given an apple height 3" and weight 200 grams,
the amount of the carb should be ¥12.5

- A regression can have real-valued or discrete or mixed
input predictors.

https://towardsdatascience.com/five-regression-types-b07483813b33

13


https://towardsdatascience.com/five-regression-types-b07483813b33

. 8\ Mahidol University

2 I Ny Classification

« A classification problem requires that examples be
classified into classes

/)

« Binary "Apple" or "Not-apple"
« Multi-class "Gala" or "Fuji" or "Winesap"

S

« Multi-label "Apple" and "Fruit" and "Red" @\-

« A classification can have real-valued or discrete or mixed
input predictors.

14
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P ot it Lo Unsupervised Learning

Let the machine discover the pattern/underlying structure in
the data given the inputs

Task: Clustering

Before K-Means After K-Means
N

&
& b
&
e & P
4:}# & &
by o, @ > o +
s ® % ¥ ¢ ¥

L ¥ T

15
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0. 0 Example: Drought Monitoring

“Prediction of Severe Drought Area Based on Random Forest: Using
Satellite Image and Topography Data”

Ref. https://doi.org/10.3390/w11040705

Predicted SMI Actual SMI Error distribution
b SMI
R
(@)  Predicted using Drought Function (b) Actual
SMI SMI
- 1 o 1
A 2
: P N d
B ik LI
.~ YT, R A b 1
LR, T AN T IR N
:'_v\vr}'.j ?.‘ % H 8
.3 J. v - * .'4' I'_c“'.i }. ®
N e Y N "-.‘-‘2‘\" j‘-\”” i
& ¥ 2t T2 g
A % A P
O — O —
0 5 10 20 30 40 0510 20 30 40

16



Mahidol University

R By, 1Y Example: Inflow Prediction

“Developing reservoir monthly inflow forecasts using artificial

intelligence and climate phenomenon information”
Ref: https://doi.org/10.1002/2017/WR020482

400
300_.—svnpa,:.z<1fo----ou: . . ! . (@) ‘lg% @ : T

-

300 —svn#oay«mo

100 43 3 ll!i“z

-

3338 bemm nam

Monthly Inflow (m’/s)
<8

-

$888 _gs8%

-

N
. o8

961 1971 1981 1991 2001 201 1961 1971 1981 1991 2001 2011
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Y ot gt L Overall ML Process

Machine Learning Process

N
N

Data Preparation 2 Trasi”ing — Model Training Model Evaluation
et

) R

Data Feature Selection —
Set |

A

N o v
/ E Model Validation k
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Y 0Ot ot L Data Preparation

Data aggregation (if needed)
Understanding your domain/data
Data preprocessing

Data Preparation

R
—

Data
Set

N—

20
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0 By, Understanding your Data

- What is your goal/objective? Inflow at t+3 day
(Response variables/ Outcome/ Dependent variable)

- What is your predictors? Remaining variables
(Independent variables)

Inflow_t3 Inflow_t Terl;llis:r:t re Year Date
5.65 0.63 43 dry year 2018-12-13
3.94 3.67 40 dry year 2018-12-14
4.64 7.59 42 dry year 2018-12-15
8.63 5.65 42 dry year 2018-12-16

21
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Data Preprocessing

- Data is complete and clean --- We are happy :)

- Data is not always perfect i.e. incomplete, missing, error

date day month year water.lvl storage inflow extra.watel adj.inflow released spilled irrigation evploss pumpled end.storag diff adj.inflowZlavg.humidity avg.pressu avg.sealvlp avg.temp
7/25/2008 25 74 2008 230.95 6334.41 13143 0 13143 12.68 0 0 0.45 0 6334.41 0 13143 80 987.2 989.1 26.6
7/26/2008 26 7 2008 230.96 6335.87 119 0 119 9.99 0 0 0.45 0 6335.87 0 119
7/27/2008 27 7 2008 230.98 6338.79 15.37 0 15.37 12 0 0 0.45 0 6338.79 0 15.37 62 988.2 990.1 29
7/28/2008 28 7 2008 230.98 6338.79 10.39 0 10.39 9.94 0 0 0.45 0 6338.79 0 10.39
7/29/2008 29 7 2008 231.04 6347.57 19.25 0.01 19.24 10.01 0 0 0.45 0 6347.57 0 19.24
7/30/2008 30 7 2008 231.06 6350.51 13.49 0.01 13:5 10.11 0 0 0.45 0 6350.51 0 13:5
7/31/2008 31 7 2008 231.06 6350.51 11.07 0 11.07 10.62 0 0 0.45 0 6350.51 0 11.07 64 988.6 990.5 28.2
8/1/2008 1 8 2008 231.06 6350.51 14.34 0 14.34 13.91 0 0 0.43 0 6350.51 0 14.34 64 988.6 990.5 29.6
8/2/2008 2 8 2008 231.05 6349.04 9.29 0 9.29 10.33 0 0 0.43 0 6349.04 0 9.29 70 988.9 990.8 28
8/3/2008 3 8 2008 231.07 6351.98 14.23 0 14.23 10.86 0 0 0.43 0 6351.98 0 14.23 55 988.6 990.5 30.6
8/4/2008 4 8 2008 231.13 6360.82 19.32 0 19.32 10.05 0 0 0.43 0 6360.82 0 19.32
8/5/2008 5 8 2008 231.17 6366.72 16.43 0 16.43 10.09 0 0 0.44 0 6366.72 0 16.43
8/6/2008 6 8 2008 231.2 6371.16 15.92 0 15.92 11.04 0 0 0.44 0 6371.16 0 15.92
8/7/2008 7 8 2008 231.25 6378.58 17.28 0 17.28 10.02 0 0 0.44 0.6 6378.58 0 17.28
Q/e/hnne Q Q 2NN 221 22 £20Nn C 239330 n 2330 Q OQI——(:l n naAaAa n £20Nn C n 22 70

22
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Y COaloneptin Luw Data Preprocessing (cont.)

- Data preprocessing usually consumes about 80% of the

time spent on data analysis for the research project
« Check out the missing values

- Remove outliers if needed

. Interpolate/Impute data if needed

- Do we need to discretize variable?

Sometime, we need to generate more variables for
predictions

23
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Y (Ol o the Lo Training the Model (cont)

- Part of data (70%-80%) are randomly chosen to be on a
training set

- The remaining data are reserved for the test set

Machine Learning Process

Training Model Training
Set
/\ *—, A
Data Feature Selection

Set |

\/ -
E Model Testing

24
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T 0Ot o the Lo Feature Selection

- Including all predictors are not guaranteed the best

performance
- A large number of features make a model bulky,

time-taking, and harder to implement in production.

Find the best set of predictors that generates the best

model (can be done during modeling)
Can be done manually or statistically

Ref: https://towardsdatascience.com/the-5-feature-selection-algorithms-every-data-scientist-need-to-know-3a6b566efd2 5



https://towardsdatascience.com/the-5-feature-selection-algorithms-every-data-scientist-need-to-know-3a6b566efd2

. W Mahidol University

) Jiumahehn Pick Your algorithm and Train

- Linear regression

- Logistic regression

- Naive Bayes Classifier

- Neural network/ Deep learning

- ARMA (Autoregressive Moving Average)

- ARIMA (Autoregressive Integrated Moving Average)
- Adaptive Neuro-Fuzzy Inference System (ANFIS)
« Support Vector Regression (SVR)

- Decision Tree

- Random Forest (RF)

« Extreme Gradient Boosting (XGBoost)

. o0 0 26
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P Y e 10 How do you know it's good?

Test with the untouch data set in
the real situation

May need model tuning if
overfitted (e.g. over-train the
model)

Machine Learning
Process

Model Evaluation

~

27
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Case Study: ML in Reservoir Management
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) oot | Reservoir Management

Predicted »K \

Parameters

Hydrological
Data Input

Optimal
Release

ML Optimization

\ J

Water Release Planning

29



gﬂﬁiwmm'w Predicting inflow at time t+1 &

-~ How we predict/forecast
inflow? or What affect
inflow?

- Past inflow
Precipitation

Evaporation loss
Humidity



https://www.egat.co.th/en/information/power-plants-and-dams?view=article&id=50

Mahidol University

Sample Inflow Data Set

<{ Sample_DataSet.csv (565.09 KB)

Detail Compact Column

About this file

This file does not have a description yet. Daily Inflow
O date = i day = # month = it year = 3 water.lvl = ## storage = it inflow = i extra.water = # adj.inflow = 3 released =
7/25/2008 25 7 2008 230.95 6334 .41 13.13 2 13.13 12.68
7/26/2008 26 7 2008 230.96 6335.87 11.9 ] 11.9 9.99
7/27/2008 27 7 2008 230.98 6338.79 15.37 8 5.37 2
7/28/2008 28 7 2008 230.98 6338.79 10.39 8 10.39 9.94
7/29/2008 29 7 2008 231.04 6347 .57 19.25 8.01 19.24 10.01
7/30/2008 30 7 2008 231.86 6350.51 13.49 8.01 13.5 108.1
7/31/2008 31 7 2008 231.06 6350.51 11.07 2 11.07 10.62
8/1/2808 1 8 2008 231.86 6358.51 14.34 2 14.34 13.91
8/2/2008 2 8 2008 231.85 6349.04 9.29 e 9.29 10.33
8/3/2008 3 8 2008 231.07 6351.98 14.23 2 14.23 10.86
8/4/2008 4 8 2008 231.13 6360.82 19.32 8 19.32 16.05

31



% Mahidol University What is R?

- R is a free software environment for
- a wide variety of statistical libraries for data analysis (linear and
nonlinear modelling, classical statistical tests, time-series analysis)
- machine learning (classification, clustering, ...)
« graphical techniques

« R is available as Free Software

« Download: htip://mirrors.psu.ac.th/pub/cran/

32
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S N, 1 Example

) RStudio - [m] X
File Edit Code View Plots Session Build Debug Profile Tools Help
o - OR =~ Go to file/function v Addins ~ R Project: (None) ~
@7 dataprep.R ] Environment  History = Connections |
Source on Save —3\ Rl ®Run | = Source ~ 2 [ | = import Dataset ~ y List ~ '
18 ) “ 1} Global Environment ~
%g # 1 b i d infall_jul with col i
Create a scatterplot between spi and avg_rainfall_jul with color g .
21 pgplot(ds, aes(x = spi, y = avg_rainfall_jul, color=class)) + © data 100 obs. of 1 variable
o geom_point() + # Show dots value: num 0.0379 0.8806 1.3777 -0.1863 -1.4919 ... v
23 geom_text ( ) _
24 label =ds$year‘ , # Label on data Files Plots Packages Help Viewer =]
25 nudge_x = 0.25, nudge_y = 0.25, # shifts the text along X and Y : & & zoom | Blexport ~ O | | ¢ 43, Publish ~
26 check_overlap = T # Avoid overlapping of the text?
27 1) * 1998
28 * 1999
29 # Create a histogram o ° N1
30 data = data.frame(value=rnorm(100)) goo- <Y e 1aa? 1989 4 5002
31 ggplot(data, aes(x=value)) + geom_histogram() . B
32 * 9
33 . ’
Y i 5. " — 500-
211 | (Top Level) 2 R Script ¢ %‘ * 2000 #2009 class
Console  Terminal Jobs ] % s dryyear
C:/Users/jik41/Desktop/EGEW545/Sample/ "|4OE1- :
+ label=dsSyear, z | = | & wetyear
g nudge_x = 0.25, nudge_y = 0.25, -
+ check_overlap = T L
et 300- * 1 :
> ggplot(ds, aes(x = spi, y = avg_rainfall_jul, color=class)) + o -
+ geom_point() + # Show dots oz - * 1097 ¢ 2000
+ geom_text( .
- label=dsSyear, # Label on data 200 - i
- nudge_x = 0.25, nudge_y = 0.25, # shifts the text along X and Y axis = |
+ check_overlap = T # Avoid overlapping of the text? | : ; ! :
+ ) 2 -1 0 1 2
> spi 33
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0. 0 Kaggle Notebook

“Explore and run machine learning code with Kaggle Notebooks, a cloud
computational environment ...” -- Kaggle Notebook [ref]

&« > C & kaggle.com/kjidapa/simple-inflow-prediction-of-a-dam

kaggle Q search Online platform for practicing R

@ Home g 2\ A Simple Inflow Prediction of a Dam
ﬁ ﬁ Reservoir and Weather data
Q@ Compete
@b Data
<> Notebooks | Version 2 of 2
Step O: Prepare R packages
@ Discuss Notebook
© Courses A # Step 6: REQUIRED: PACKAGES -- Run once at the beginning Step 0: Prepare R
77777777777777777777777777777777 Packages

v  More

library(imputeTS)

library(RcppRoll)
Recently Viewed library(dplyr)
@ Head Start for Data Sci... library(xgboost)

library(Matrix)
% Simple Inflow Predictio... library(ggplot2)

re { 3

B Reservoir and Weather... Hbrary(2o0)

library(Metrics)
& Titanic: Machine Learn... 34



https://www.kaggle.com/notebooks

.8 Mahidol University

Y COcalon gt Lu Outline to implement ML+R

- Part O: Prepare your Kaggle Notebook
« Set up Data Set
« Set up R environment
- Part |: Understanding your data Data Preparation
- Part ll: Training the Model with XGBoost
- Part lll: Visualization

35



Prepare your Kaggle Notebook 7

Mahidol University

1. GO to https://www.kaggle.com/kijidapa/simple-inflow-prediction-of-a-dam
2. Sign in with your email of preferences

Simple Inflow Prediction of a Da: X

C & kaggle.com

Home A\ L& Simple Inflow Prediction of a Dam = - p
4’% ﬁ [Private Datasource] - 2 : Copy snd Edit : S[gn In Reg|5ter

@
@ Compete
i

Data G sign in with Google
<> Notebooks Version 2 of 2 B e g ;
Step 0: Prepare R paCkageS B sign in with your email
E] Dpiscuss Notebook
E3 sionin with Facebook
©  Courses ' # Step 0: REQUIRED: PACKAGES -- Run once at the beginning Step O: Prepare R
................... Packages B signin with Yahoo
VvV Mor
= library(imputeTS) - r
library(RcppRoll) # For lag, lead nd average E No Account? Create one
library(dplyr) F C

library(xgboost)

library(Matrix)

library(ggplot2) # For ggplot visualization : 3 , 36
library(zoo) T :

library(Metrics)


https://www.kaggle.com/kjidapa/simple-inflow-prediction-of-a-dam

Prepare your Kaggle Notebook 7

% Mahidol University

3. Click “Copy and Edit”

You can view your own code and modify the code if you needed

Simple Inflow Prediction of a Dar X -+

C & kaggle.com

= kdqgie Q. Search ﬁ

Home QN 5 Simple Inflow Prediction of a Dam , ﬁ B
[Private Datasource] - 2 =

@
@ Compete
i

Data
<> Notebooks | Version 2 of 2
Step O: Prepare R packages
E] Discuss Notebook
O Courses ' # Step 0: REQUIRED: PACKAGES -- Run once at the beginning Step 0: Prepare R
................... Packages
Vv  More

library(imputeTS)

library(RcppRoll)

library(dplyr)

library(xgboost)

library(Matrix)

library(ggplot2) # For ggplot visualization : - ! 37
library(zoo) - -

library(Metrics)
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Y 1%, e 1 Set up Data Set

4. Go to: http://bit.ly/simpleDamDS and download the Data
set

@ Private Dataset

Reservoir and Weather data
Inflow, dam information and weather data

m Klidapa e updated 10 days ago (Version 1)

Data Activity Metadata Download (565 KB)

5 Usability 3.5 iz License Data files © Original Authors ¥ Tags Notags yet

ﬂanﬂmﬁam'sﬂwaﬂ “MySampleDS.csv”
Data Explorer E/
565.09 KB <{ Sample_DataSet.csv (565.09 KB) g =

M Sample_DataSet.csv

Detail Compact Column 10 of 33 columns v

0 date = # day =7 # month 3 year = # water.lvi

--I-I_ﬁ.

38
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Set up Data Set

5. Go back to your Kaggle notebook and upload the data set
by “Add data”

Create a New Dataset

\dian Sample_DataSet.csv fianilvanld

o

Create a New Dataset

v ’
fold o “« ”
@ | Mysampleds| | q43p data set “MySampleDS
| Select Files to Upload I
Add Data Upload X 7
Uploaded files & Upload more files
Datasets Competition Data Kernel Output Files Sortby  Hotness Search Datasets Q Learn more
N D Sample_DataSet.csv B v
= Your Datasets Your Favorites csv business Search by URL |
&) private |
Upload a Dataset
Upload
Upload local files and create a private or public dataset to begin analyzing it seamlessly in your kernel.

1@9n “Upload”
| us E%lefti_on 2020 Tweets nALNE Upload 6IEJJEJS‘JJa

Uploaded 1 of 1 file. ﬁ priv. ©

39
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Mahidol University

I, Your Notebook is Ready :)

Simple Inflow Predicti Draft saved
D e v e e 2ow  CEDEENEN
File Edit View Run Add-ons Help

4+ P bb Runal Draft Session (41m)  © : b O Data + Adddata A
“MySampleDS” azaglu Input 03 input (565.09 KB)
AR » @ mysampleds
. 0O output
Step O: Prepare R packages B s Bl 5
Settings A
[]: = . . N 5 : =
L e B K S Language fostft & e @
library(imputeTS) # For na_kalman imputation E Preferences
library(RcppRoll) # For lag, lead, and average "
library(dplyr) # For mutate (Data manipulation) A R—OOMP“O—”C
library(xgboost) verification
library(Matrix) Regquires phone
library(ggplot2) # For ggplot visualization verification
library(zoo)
library(Metrics) Code Help A
Q_ Find Code Help
Step 1: Data preparation, i.e., cleaning the data, imputing the missing values Search for examples of how to do

things

40
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Mahidol University

0. 0 Explore and Run Kaggle NB

naiasulanlunaastl

P # 2. Select some variables
selectedCol <- c( # Date and time

“date”, "year”, "month”, "day”,
# Dam data
“water.lvl"”, "adj.inflow”, "released”,

"spilled”, "irrigation”, "evploss”,

# Weather data

“avg.humidity”, "avg.pressure”,

"avg.temp”, "avg.pcp”)
myDS <- myDS[, selectedCol]
print(“Selected some variables to be analyzed”)
head(myDS) # Show the top records of our data set

Output ¥241An

[1] "Selected some variables to be analyzed”

A data.frame: 6 x 14

date year month day waterlvl adjinflow released spilled irrigation evploss avg.humidity avg.pressure avg.temp avg.pcp

<fct> <int> <int> <int> <dbl> <dbl> <dbl> <dbl> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 7725/2008 2008 7 25  230.95 13.13 12.68 0 0 0.45 80 987.2 26.6 15.8
2 7/26/2008 2008 7 26 230.96 11.90 9.99 0 0 0.45 NA NA NA NA
3 71272008 2008 7 27 230.98 15.37 12.00 0 0 0.45 62 988.2 29.0 0.2
4 7/28/2008 2008 7 28 230.98 10.39 994 0 0 0.45 NA NA NA NA
5 7729/2008 2008 7 29  231.04 19.24 10.01 0 0 0.45 NA NA NA NA
6 7/30/2008 2008 7 30 231.06 13.50 10.11 0 0 0.45 NA NA NA NA
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.8 Mahidol University

Y COcalon gt Lu Outline to implement ML+R

- Part O: Prepare your Kaggle Notebook
« Set up Data Set
« Set up R environment
« Part I: Understanding your data Data Preparation
- Part ll: Training the Model with XGBoost
- Part lll: Visualization

44



% Mahidol University

Understanding your data

List, Look, and Clean

4 D C A A A e oA raraahl o~
o rals ._.vz_—ltt_ t some variapbles

selectedCol <- c( # Date and time
"date", "year", "month", "day",
# Dam data
"water.1lvl"”,6 "adj.inflow", "released”,
"spilled”, "irrigation”, "evploss”,
# Weather data
"avg.humidity"”, "avg.pressure”,
"avg.temp", "avg.pcp")
myDS <- myDS[, selectedCol]
print("Selected some variables to be analyzed")

a +

head(myDS) # Show the top records of our data set
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.8 Mahidol University

Y COcalon gt Lu Outline to implement ML+R

- Part O: Prepare your Kaggle Notebook
« Set up Data Set
« Set up R environment
- Part |: Understanding your data Data Preparation
- Part Il: Training the Model with XGBoost
- Part lll: Visualization
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Training the Model

i Data has its i
' desired output, i.e., |
' class or target

aw Data )

: : \6 Input R
1 |

( Output )

Jat

Algorithm

Processing

Ref: https://bigdata-madesimple.com/machine-learning-explained-understanding-supervised-unsupervised-and-reinforcement-learning/
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https://bigdata-madesimple.com/machine-learning-explained-understanding-supervised-unsupervised-and-reinforcement-learning/

"™\ Mahidol Universit |
' &fﬂﬁ?&ﬁmm'y ML Technique: XGBoost

« Extreme Gradient Boosting (XGBoost)
- an approach where new models are

and then added
together to make the final prediction.

« Suitable for small-to-medium structured/tabular data

- This approach supports both regression and classification
predictive modeling problems.

Ref: https://xgboost.readthedocs.io/en/latest/tutorials/model.html
Ref: https://machinelearningmastery.com/gentle-introduction-xgboost-applied-machine-learning/ 48



https://xgboost.readthedocs.io/en/latest/tutorials/model.html
https://machinelearningmastery.com/gentle-introduction-xgboost-applied-machine-learning/

. 8\ Mahidol University : .
& % ML: Decision Tree

Target inflow(t+3) = 4.00 ' (Regression) Decision Tree

' @ The predicted outcome can be
considered a real number (e.g. inflow
at t+3).

Each node is a predictor

One tree gave one predicted output

P Predicted inflow(t+3) = 2

49



Target inflow(t+3) = 4.00  Ensembled Decision Tree
- Gradient Boosting

o

2.00 !

4.5 |
T 1 It uses gradient descent algorithm which can
% : optimize any differentiable loss function. An

1 ensemble of trees are built one by one and

)< 2.50 : individual trees are summed sequentially. Next
R I tree tries to recover the loss (difference
22 / : between actual and predicted values), e.g. MSE:
43 | mean square error

P> | Predicted inflow(t+3) = 3.9

. |
3y < T I (5
> > Ref: https://towardsdatascience.com/decision-tree-ensembles-bagging-and
D' 'él DO -boosting-266a8bab0fd9
3.83



https://towardsdatascience.com/decision-tree-ensembles-bagging-and-boosting-266a8ba60fd9
https://towardsdatascience.com/decision-tree-ensembles-bagging-and-boosting-266a8ba60fd9

. % Mahidol Universit .
) oo s | XGBoOSt in short

- Derived from Decision Tree Ensemble plus training loss
and regularization

Training loss ensures Regularization

the model fits the + controls the complexity

training data well of the model, which
helps us to avoid

overfitting.

51
Ref: https://xgboost.readthedocs.io/en/latest/tutorials/model.html
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.8 Mahidol University

Y COcalon gt Lu Outline to implement ML+R

- Part O: Prepare your Kaggle Notebook
« Set up Data Set
« Set up R environment
- Part |: Understanding your data Data Preparation
- Part ll: Training the Model with XGBoost
« Part lll: Visualization
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. 8\ Mahidol University

) XV Wrap Up - ML + Reservoir Op.

- ML can be used as alternative tools for reservoir operation

- Building a good ML model requires
- Understanding your data
« Preprocessing
« Apply a good techniques
- Validate your model

Predicted >/ \

Parameters

Hydrological
Data Input

Optimal

I
I
I
I
ML OptlmlzatiOn | Release >
I
I
I
I
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Basic Machine
Learning Concept

_|_
Building a
model with R

Dr. Wudhichart

U om (Waud)
& 13:00 - 16:00

Optimization

_|_

Building a
model with MiniZinc
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o Applications
@ Sport Scheduling
@ Hong Kong International Airport (HKIA)
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o CP Solving: Summary
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o Predicates and Functions

(3 Other Constraint Modelling Languages
@ MiniZinc Software

® Workshop

(© References

[m]

Wudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc

ahidol University Mahidol
) Faculty of Engineering. University

5 =



Outline

(@ General Introduction
o Applications

Mahidol University
aculty of Engineering

%Mahidol

University

o CP Solving: Summary
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What is Constraint Programming?

Sudoku is Constraint Programming

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 4/86
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) Faculy of ngineering University

Constraint Programming (CP) Overview

Artificial Operations Computer

Intelligence Research Science

Search, Scheduling, Flow Graphs, Data Structure,

Logic inference networks, programmability

Constraint
Programming

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 5/86



g )\ Mahidol University Mahidol
Evolution Of CP ) racuty ofengineering University

o 1970s: Image processing applications in Al; Search4qualitative
inference

o 1980s: Logic Programming (Prolog); Search + logical inference
0 1989: CHIP System; Constraint Logic Programming

0 1990s: Constraint Programming; Industrial Solvers (ILOG, Eclipse,...)
1994: Advanced inference for alldifferent and resource scheduling

o 2000s: Global constraints; integrated methods; modeling languages
2005: Gecode [1] CP solver is established

2006: CISCO Systems acquires Eclipse CLP solver

2007: Minizinc: a standard CP modelling language [2] is established
2009: IBM acquires ILOG CP Solver & Cplex

©

© © o

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 6/86



. Mahidol University Mahidol
Sport Scheduling Y rsottgoasrg e

o Some sports are Round-robin scheduling problems.

o Examples: USA basketball leagues and European football leagues

o Schedule of 1997/1998 Atlantic Coast Conference (ACC) basketball
league (9 universities)
» all 179 solutions were found in 24h using enumeration and integer
linear programming [3]
» all 179 solutions were found in less than a minute using constraint
programming [4]

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 7/86



Mahidol

N )\ Mahidol Universit hidol.
Hong Kong International Airport (HKIA) [5] { 4 JHsid c'g”"'vm"y

HKIA serviced around 100,000 passengers daily.
o Main responsibility is on the Hong Kong Airport Authority (AA)

The Al system called Stand Allocation System (SAS) was developed
using CP.

©

©

The system supports concurrent use by multiple operators in non-stop
24 hours-a-day operations, since HKIA is a 24-hour airport.

©

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 8/86



Hong Kong International Airport (HKIA) [5] (cont.

) Mahidol University Mahidol
/ Faculty of Engineering. University
o Objectives:

» To be as fair as possible to all airlines and handling agents, while
making efficient and safe use of airport resources

» To provide better service and comfort to passengers. For example, the

system need to assign an aircraft to the gate that is close to the
immigration counters of passengers.

o SAS can produce allocation plan in 3 mins and react problem solving
in 5 seconds

]
Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc

DA
Nov 13, 2020 9/86



Port of Singapore

ahidol University

Mahidol
culty of Engineering University

o One of the world's largest container transshipment hubs
o A network of 200 shipping lines, which is connected to 600 ports in

123 countries around the world

o Challenges: Yard allocation and loading plans under various
operational and safety requirements
(ILOG)

o Solution: Yard planning system, based on constraint programming

Woudhichart Sawangphol (Faculty of ICT,

Ma Constraint Programming with Water Resourct

Nov 13, 2020

10/86
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o Railroad optimization
o Rail driver allocation

o Supply chain

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 11/86
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CP Solving: Summary

The solution process of CP interleaves

o Search: enumerating all possible assignments. The size of search tree
may be exponential. Therefore, domain filtering and constraint
propagation are needed to reduce the size of search tree.

o Domain filtering: Removing inconsistent values from the domains of
the variables regarding individual constraints

o Constraint propagation: propagating the filtered domains through the
constraints by re-evaluating them until there are no more changes in
the domains

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 12 /86



Mahidol University Mahidol
C P SOftwa re Faculty of Engineering. University

o As can be seen, the CP software can be divided into 2 groups:

» Constraint Solver
» Constraint Modelling system

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 13 /86
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o There are many Constraint Solvers available.

o They are commercial, non-commercial, and open source.
o A constraint solver has to

» find a solution for CSP
» or prove that no solution exists

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 14 /86
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Constraint Solvers @ s @,

o Commercial Constraint Solvers

» ILOG Solver, C++
» CPLEX, C++
» Kalis (Artelys), C++
o Non-commercial Constraint Solvers
GeCode: Generic Constraint development Environment, C++
Chuffed, C++
Minion, C4++
Ipopt, C++
Google OR-tools, C++
Choco, Java

Jacop, Java
FiPy, Python

vV Yy VY VY VY VvYVvYY

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 15 /86
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Faculty of Engineering University

Constraint Modelling Systems

o Commercial
» ILOG CPLEX Optimization Studio
» Xpress
» AIMMS
o Non-commercial
» MiniZinc
» Numberjack
» Minion

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 16 / 86
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@ MiniZinc

o Basic Modelling in MiniZinc
o Complex Models

o Predicates and Functions

[m]

Wudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc

=
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'\ Mahidol University Mahidol
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MiniZinc

o MiniZinc is a medium-level declarative modelling language [2].

o MiniZinc has been developed as a standard modelling language for
modelling Constraint Programming problems.

o MiniZinc is solver-independent.

©

MiniZinc supports the separation of the model and the data. A
couple (model, data) is called an instance.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 18 /86



Mahidol University Mahidol
Faculty of Engineering University

Basic Modelling in MiniZinc

o A MiniZinc instance is solved by:

@ Compiling the instance into a FlatZinc model.
@ Solving the FlatZinc model using one of many existing back-end CP
solvers.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 19 /86
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Recall: Australia Map Coloring

I
| Horthern |

Territory
Western | | Queensland
Australia |
| Sauth S
Australia — 1

| Hew South Wakes

| Victoria |

\

Tasmania

o Problems: Coloring each region with one of 3 colors (red, green, blue)
such that adjacent regions must have different colors

o Form Australia map, there are 7 regions: Western Australia (WA),
Northern Territory (NT), South Australia (SA), Queensland (Q), New
South Wales (NSW), Victoria (V), and Tasmania (T)

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 20 /86



Mahidol University %Mahidol
Recall: CP Model

&P/ Faculty ofngineering University
/ NT — @
SA ——— NSW
%

-
o Variables: WA, NT,SA, Q, NSW,V, T

o Domains: Dj where i € {WA, NT,SA, Q, NSW,V, T} =
{red, green,blue}

o Constraints: adjacent regions must have different colors
WA £ NT, WA #£ SA, NT # SA NT # Q,S5A # Q,5A #
NSW ,SA # V,Q # NSW,NSW # V

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 21/86
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Basic Modelling in MiniZinc (cont.)

o The below model is an example MiniZinc model of Map colouring

problems.
1| % Colouring Australia using nc colours
2| int: nc = 3;
3
4l var 1..nc: wa; var 1..nc: nt; var 1..nc: sa; var 1..nc: q;
5(var 1..nc: nsw; var 1..nc: v; var 1..nc: t;
6
7| constraint wa != nt;
8| constraint wa = sa;
9| constraint nt sa;
10| constraint nt != q;
11| constraint sa != q;
12| constraint sa != nsw;
13| constraint sa != v;
14| constraint q != nsw;
15| constraint nsw != v;
16| solve satisfy;
17
18| output ["wa=", show(wa), "\t nt=", show(nt),
19 "\t sa show(sa), "\n", "g=", show(q),
20 "\t nsw=", show(msw), "\t v=", show(v), "\n",
21 "t=", show(t), "\n"l;

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 22 /86
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Basic Modelling in MiniZinc (cont.)

o A MiniZinc model is comprised of the following components:
» Variable declarations
* Parameter declarations
* Decision Variable declarations
Constraints
Objective
Output command
Predicate declarations
Function declarations

vV vy vYVvYyy
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1| int: nc = 3; ‘

o This example is Parameter Declaration.
o In this example, nc is the number of colours to be used.
o Parameters are similar to (constant) variables in most programming

languages.
o They must be declared and given type. In this case, the type is int.

o The assignment (nc = 3) can be included in the declaration or be a
separate assignment statement.

N
B
o B
o
(s
w B
o

Note that a parameter can only be given a single value.
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Parameter Declarations (cont.)

o MiniZinc is strongly typed. The following types offered in MiniZinc:
> int: integer

bool: Boolean

float: floating-point number

string: string of characters

set of ty: set of elements of type ty, which can be int, bool, float,

or string

» array[r] of ty: possibly multidimensional array of elements of type
ty (anything except array). The range r is an integer interval 1. .u in
each dimension.

>
>
>
>

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 25 /86



Decision Variable Declarations

Mahidol University Mahidol
) Faculy of ngineering University

-

var 1..nc: wa; var 1..nc: nt; var 1..nc: sa; var 1..nc: q;
var 1..nc: nsw; var 1..nc: v; var 1..nc: t;

N

o This example is Decision Variable Declaration.

Unlike parameters and variables in a standard programming language,
the modeller does not need to give them a value.

» The values of decision variable will be assigned by solving system if the
assignments satisfy the constraints in a constraint model.
o In this example, a decision variable is associated with each region, wa,
nt, sa, q, nsw, v, and t
o These descision variable stand for the (unknown) colour to be used to
fill the region.

o Each decision variable need to be given the set of possible values,
which is called variable's domain.

» This can be given as part of the variable declaration and the type of the
decision variable is inferred from the type of the values in the domain.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 26 /86
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Decision Variable Declarations (cont.)

l| var 1..nc: wa; var 1..nc: nt; var 1..nc: saj; var 1..nc: q;
2| var 1..nc: nsw; var 1..nc: v; var 1..nc: t;

o In this example, each decision variable is given the domain 1. .nc,
which is an integer range expression indicating the set {1, 2, ..., nc}
using the var declaration.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 27 /86



Decision Variable Declarations (cont.)

'\ Mahidol University Mahidol
Faculty of Engineering University

o Decision Variables are declared by using prefix var to the type or
domain.
o The decision variable types are:

>

»
>
>
>

int: integer

bool: Boolean

float: floating-point number
sets

arrays whose elements are decision variables.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc
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More Declaring Parameters and Decision Variables

int: n = 5;

int M;

M= 20;

set of int: prime = {2, 3, 5, 7}

var int: X;

var 0..59: mins = X + n;

set of int: N = 1..n;

array [N] of var float: Sti;

array [N] of float: St = [10.50,20.00,3.56,4.36,7.25];

©O~NOU D WN

o All parameters must be given fixed values.

o Variables can be constrained at declaration.
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Definitions

Identifiers

Identifiers are used to name parameters and variables. They are are
sequences of lower and uppercase alphabetic characters, digits and the
underscore " " character. They must start with a alphabetic character.
Thus, myvarname_1 is a valid identifier. MiniZinc (and Zinc) keywords are
not allowed to be used as identifier names.

~

Relational Operators

MiniZinc provides the relational operators: equal (= or ==), not equal
(! =), strictly less than (<), strictly greater than (>), less than or equal to
(<=), and greater than or equal to (>=).

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 30/86



Constraints

Mahidol University Mahidol
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1| constraint wa != nt;
2| constraint wa != sa;
3| constraint nt != sa;
4| constraint nt != q;

5| constraint sa != q;

6| constraint sa != nsw;
7| constraint sa != v;

8| constraint q != nsw;
9| constraint nsw != v;

o This example is Constraints.

o These specify the Boolean expressions that the decision variables
must satisfy to be a valid solution to the model.

o In this example, it contains not equal constraints between the decision
variables.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 31/86
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o A constraint is the constraint keyword followed by a Boolean
expression that must be true in any solution.

constraint x < y;

constraint sum(x) < 10;

constraint forall(i in N)(
Sti[i]l >= 0

GTAWN R

)

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 32/86



Mahidol University Mahidol
aculty of Engineering University

Objective

1

solve satisfy;

o This example is Objective.
o In this example, it is a satisfaction problem.

» This objective is to find a values for the decision variables that satisfies
the constraints,

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 33/86
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Objective (cont.)

o The objective is defined using solve keyword:

» solve satisfy;
The problem is a satisfaction problem.

» solve minimize Xx;
The objective is to minimise the value of variable x. x can be
arithmetic expression.

» solve maximize x;
The objective is to maximise the value of variable x. x can be
arithmetic expression.

o Note that MiniZinc does not support multi-objective optimisation
directly. Multiple objectives must be aggregated as a weighted sum.
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Output
1| output ["wa=", show(wa), "\t nt=", show(nt),
2 "\t sa=", show(sa), "\n", "q=", show(q),
3 "\t nsw=", show(msw), "\t v=", show(v), "\n",
4 "t=", show(t), "\n"];

o This example is Output.

o This tells MiniZinc what to print when the model has been executed
and a solution is found.
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Output (cont.)

o The output keyword describes what must be printed upon finding a
solution.

o The output keyword is followed by a list of strings.

-

output [show(x)];
output ["solution:"] ++ [if x[i] > O then show(x[i]) ++ ", " else "_, " endif | i in
1..81 8

N

o The function show returns a string representing the value of the given
expression.

o The operator ++ concatenates two strings or two lists.
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Definitions “

Default Output

A MiniZinc model with no output will output a line for each decision
variable with its value, unless it is assigned an expression on its declaration.
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Problem Description:
o We are going to bake some cakes for sales in a festival. There are 2
types of cakes that we plan; 1. banana cake and 2. chocolate cake.

» Banana cake recipes: 250g of self-raising flour, 2 mashed bananas, 75g
sugar and 100g of butter.

» Chocolate cake recipes: 200g of self-raising flour, 75g of cocoa, 150g
sugar and 150g of butter.

o We sell a chocolate cake for $4.50 and a banana cake for $4.00.

o we have 4kg self-raising flour, 6 bananas, 2kg of sugar, 500g of butter
and 500g of cocoa.

o The objective is to find how many of each sort of cake should
we bake for the festival to maximise the profit.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 38/86



BWN

o~ o v

BWN

Arithmetic Optimisation and Data files (cont.)
Example Model:
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var 0..100: b; % no. of banana cakes
var 0..100: c; % no. of chocolate cakes

% flour: a banana cake uses 250g, a chocolate cake uses 200g, we have 4000g
constraint 250xb + 200%c <= 4000;

% bananas: a banana cake uses 2 bananas, we have 6 bananas

constraint 2*b <= 6;

% sugar: a banana cake uses 75g, a chocolate cake uses 150g, we have 2000g
constraint 75%b + 150%xc <= 2000;

% butter: a banana cake uses 100g, a chocolate cake uses 150g, we have 2000g
constraint 100*b + 150*c <= 500;

% cocoa: a chocolate cake uses 75g, we have 500g

constraint 75*c <= 500;

% maximize our profit

solve maximize 400%b + 450%c;
output ["no. of banana cakes = ", show(b), "\n",
"no. of chocolate cakes = ", show(c), "\n"];

The statement soive naxinize 200 + as0sc; is used to find a maximum profit.

output:

The

no. of banana cakes = 2
no. of chocolate cakes = 2
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Integer Arithmetic Operators

MiniZinc provides the standard integer arithmetic operators. Addition (+),
subtraction (-), multiplication (*), integer division (div) and integer
modulus (mod). It also provides + and - as unary operators.

MiniZinc provides standard integer functions for absolute value (abs) and
power function (pow).
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Float Arithmetic Operators

MiniZinc provides the standard floating point arithmetic operators:
addition (4), subtraction (-), multiplication (*) and floating point division
(/) It also provides + and - as unary operators.

MiniZinc does not automatically coerce integers to floating point numbers.
The built-in function int2float can be used for this purpose.

MiniZinc provides in addition the following floating point functions:
absolute value (abs), square root (sqrt), natural logarithm (1n),
logarithm base 2 (1og2), logarithm base 10 (1og10), exponentiation of e
(exp), sine (sin), cosine (cos), tangent (tan), arcsine (asin), arccosine
(acos), arctangent (atan), hyperbolic sine (sinh), hyperbolic cosine
(cosh), hyperbolic tangent (tanh), hyperbolic arcsine (asinh), hyperbolic
arccosine (acosh), hyperbolic arctangent (atanh), and power (pow) which
is the only binary function, the rest are unary.
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Data files:
o MiniZinc also support Data files.
o MiniZinc allows the use of data files to set the value of parameters
declared in the original model.
o Data files must have the file extension .dzn to indicate a MiniZinc
data file and a model can be run with any number of data files
(though a variable/parameter can only be assigned a value in one file.
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Example Model with Data file:
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1| int: flour; %no . grams of flour available
2| int: banana; %no. of bananas available

3| int: sugar; Y%no. grams of sugar available
4| int: butter; %no. grams of butter available
5| int: cocoa; %no. grams of cocoa available

7| var 0..100: b; % no. of banana cakes
8| var 0..100: c; % no. of chocolate cakes

10| % flour: a banana cake uses 250g, a chocolate cake uses 200g, we have 4000g
11| constraint 250*b + 200*c <= flour;

12| % bananas: a banana cake uses 2 bananas, we have 6 bananas

13| constraint 2*b <= banana;

14| % sugar: a banana cake uses 75g, a chocolate cake uses 150g, we have 2000g
15| constraint 75%b + 150%c <= sugar;

16| % butter: a banana cake uses 100g, a chocolate cake uses 150g, we have 2000g
17| constraint 100*b + 150%c <= butter;

18| % cocoa: a chocolate cake uses 75g, we have 500g

19| constraint 75%c <= cocoa;

21| % maximize our profit
22| solve maximize 400*b + 450%c;

23

24| output ["no. of banana cakes = ", show(b), "\n",

25 "no. of chocolate cakes = ", show(c), "\n"l;
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Arithmetic Optimisation and Data files (cont.)

1| int: flour; Y%no. grams of flour available
2| int: banana; %no. of bananas available

3| int: sugar; Y%no. grams of sugar available
4| int: butter; %no. grams of butter available
5[ int: cocoa; %no. grams of cocoa available

This part of model is parameters, which can be assigned values through
data files.
The examples of data files:

flour = 4000;
banana = 6;
sugar = 2000;
butter = 500;
cocoa = 500;

flour = 8000;
banana = 11;
sugar = 3000;
butter = 1500;
cocoa = 800;

GAWN -
GAWN =
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Complex Models

In this section, the array and set data structures, enumerated types and
more complex constraints will be introduced.
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Problem Description:

o We are going to organize the garden banquet.

o We have 2 type of tables: 1. VIP and 2. Normal.
» VIP table:

* |t has a capacity of 18.

* This table will be served with Prawn Tom Yum, Fried Sea Bass, and
Roasted Duck

* Each dish has different satisfaction and capacity

» Normal table:

* |t has a capacity of 70.

* This table will be served with Hainanese Chicken, Fried Rice with egg,
Isan Sausage, BBQ Pork and Soup

* Each dish has different satisfaction and capacity

o Every dish needs to be served.

o The objective is to maximise the satisfaction regarding capacity
constraint.
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VIP Table:
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[m]

Satisfaction 29 19 8
Capacity 8 5 3
Normal Table:
_—
. .‘5 e ey
Satisfaction 18
Capacity 12
For this case, we want a model that can be reused with different data.
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Complex Models: Banquet problem (cont.)

Example Model:

{
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enum DISH;
int: capacity;

% Satisfaction of each dish

array [DISH] of int: satisfaction;
% Size of each dish

array [DISH] of int: dishsize;

% how many of each dish

array [DISH] of var int: dishnum;

% Ensure that every dish served

constraint forall(i in DISH) (dishnum([i] >= 0);

% Ensure that the capacity does not exceed

constraint sum(i in DISH) (dishsize[i] * dishnum[i]) <= capacity;

solve maximize sum(i in DISH) (satisfaction[i] * dishnum([il);

output ["Amount = ", show(dishnum), "\n"];
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enum DISH;
2| DISH = {TOMYUM, BARA, DUCK};

o This example is Enumerated Types.

o This feature allows you to treat the choice of dishes as parameters to
the model.

Enumerated Types

Enumerated types, which we shall refer to as enums, are declared with a
declaration of the form

enum (varname);

An enumerated type is defined by an assignment of the form

(var — name) = {(itemy), ..., (itemp)};

where itemy, ..., item, are the elements of the enumerated type, with name
varname. Each of the elements of the enumerated type is also effectively
declared by this definition as a new constant of that type. The declaration
and definition can be combined into one line as usual.

~
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Arrays

array[r] of ty: possibly multidimensional array of elements of type ty
(anything except array). The range expression r is an integer interval 1. .u
in each dimension.

o Range Expression can be:

» 1..u, where 1 and u are integers or
» enumerated type
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Arrays (cont.)

% Satisfaction of each dish
array [DISH] of int: satisfaction;
satisfaction = [29,19,8];

[N

o This example shows how an array is declared.
o The index set of the array satisfaction is DISH.

o Enumerated types in MiniZinc are treated similar to integers so at
present the only guarantee is that only 1,2, ..., |DISH| are valid indices
into the array.

o The array access (array lookup) satisfaction[i] gives the
satisfaction for DISH i

o MiniZinc provides one- and multi-dimensional arrays.
o Elements of an array can be anything but another array.

o The declaration and definition can be combined into one line as usual.
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Arrays (cont.)

o 1D arrays can be initialised using a list

1| array [DISH] of int: satisfaction;
2| satisfaction = [29,19,8];

o 2D arrays can be initialised 2D array syntax

» start with ||
» |for separates rows

» end with |]
1| array[1..4, 1..3] of float: numbersi;
2| numbersl = [|29.5,19.3,8.2
3 [[10%.10,/2001. 351,125/ 2
4 110.3,15.4,8.6
5 12:8, Bc8, o215
6
7| array[1..4, 1..3] of float: numbers2;
8| numbers2 = array2d(i..4, 1..3,
9 [29.5,19.3,8.2
10 10.0,20.35,25.2
11 10.3,15.4,8.6
12 2.8, B8, 1L.21)5
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MiniZinc also provides array comprehensions.
o An array comprehension is of the form
» [expression|generatorl, generator?, ...]
» [expression|generatorl, generator2, ... where test]

o Example:

1{[x » 3 | x in 1..8] = [3,6,9,12,15,18,21,24];
[x + 2y | x in 1..3, y in 1..4] = [3,5,7,9,4,6,8,10,5,7,9,11];
3| [x * y | x, y in 1..4 where x < y] = [2,3,6,8,12];

N

[m] = = = DQAC
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Iteration

o MiniZinc provides many built-in functions for calculating a list and a
set.
» For lists of numbers: sum, product, max, min
» For lists of constraints: forall, exists
» More functions can be found here.
o MiniZinc provides special syntax for calls to these function and other
generator functions. For example,

1| forall (i,j in 1..5 where i < j) (alil !'= aljl) ‘

this is equivalent to

1| forall ([a[i] !'= al[j] | i,j in 1..5 where i < jl) ‘
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Iteration (cont.)

Let consider the following statement:

1

forall (i,j in 1..3 where i < j) (alil != al[jl)

o a is an array of numbers with index set 1..3.

o This constrains the elements in a to be pairwise different.

©

The list comprehension evaluates to raw = at21, al1) = al3l, af2] i= afa] ]

o Then the forall function returns the logical conjunction

al1] != af2] /\ a[1] != a[3] /\ a[2] != a[3].

Note the exists function returns the logical disjunction of the constraints.
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% Ensure that every dish served

constraint forall(i in DISH) (dishnum[i] >= 0);

% Ensure that the capacity does not exceed

constraint sum(i in DISH) (dishsize[i] * dishnum[i]) <= capacity;

BWN

o For this example, the statements in constraint are called Generator
Expression.

@ forall(i in range) (bool-expression) [MEANS ”fOI’ a” i in I‘ange,

bool-expression is true”.

O sun(i in range) (expression) Means "sum over expression for all i in range”.
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Complex Models: Data file for Banquet problem

DISH = {TOMYUM, BARA, DUCK1};
capacity = 18;

satisfaction = [29,19,8];
dishsize = [8,5,3];

BWN

This is an example of data file for Banquet problem.
The output will be:

Amount = [1, 1, 1] %Solution
-- %Solution found
%0ptimal proved

W N =
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Sets

set of ty: set of elements of type ty, which can be int, bool, float, or
string

set of int: N = 1..5;
set of bool: Bj;
B = {true, false, true, truel};

o This example shows how a set is declared.
o The standard set operations are provided:

element membership (in),

(non-strict) subset relationship (subset),
(non-strict) superset relationship (superset),
union (union),

intersection (intersect),

set difference (diff),

symmetric set difference (symdiff) and

the number of elements in the set (card).

vV VY VY VY VY VY VvYY
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MiniZinc also provides set comprehensions.
o A set comprehension is of the form
» {expression|generatorl, generator2, ...}
» {expression|generatorl, generator2, ... where test}

o Example:

1| {x » 3 | x in 1..8} = {3,6,9,12,15,18,21,24};
{x + 2¥y | x in 1..3, y in 1..4} = {3,5,7,9,4,6,8,10,5,7,9,11};
3|{x * y | x, y in 1..4 where x < y} = {2,3,6,8,12};

N

[m] = = = DQAC
Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 59 /86



A '\ Mahidol University Mahidol
Global COnStraintS X&) racuity of engineering University

o A global constraint is a constraint that captures a relation between a
non-fixed number of variables [6].

o MiniZinc provides a library of global constraints.
o Let consider the cryptarithmetic problem. This problem is a type of
constraint satisfaction problem.
» This problem is about digits and its unique replacement either with
alphabets or other symbols.
» The digits (0-9) get substituted by some possible alphabets or symbols.
» The task is to substitute each digit with an alphabet to get the result
correctly.
o The constraints on cryptarithmetic problem are as follows:
» There should be a unique digit to be replaced with a unique alphabet.
» The result should satisfy the predefined arithmetic rules, i.e., 242 =4,
nothing else.
» Digits should be from 0-9 only.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc Nov 13, 2020 60 /86



Mahidol University Mahidol
) Faculy of ngineering University

Global Constraints (cont.)

Let consider the following SEND + MORE = MONEY problem.

W N =
<
®
H

<

®

N
OO O OOOR
W © W W W WO

~WOoORUOU=ZMW0n

10| constraint 1000 * S + 100 * E + 10 * N + D
11 + 1000 * M + 100 * 0 + 10 * R + E
12 = 10000 * M + 1000 * 0O + 100 * N + 10 * E + Y;

14| % All letters need to be different.
15| constraint $§
16| constraint S
17| constraint S
8| constraint S
19| constraint S
20| constraint S

21

22

23| solve satisfy;

24

25| output [" N(S)NCEIN ()N (D)\n",

26 "+ NN\ (R)\(E)\n",

27 "= N\ (0) N\ (E)\(Y)\n"];
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constraint
constraint
constraint
constraint
constraint
constraint

WNOUAWN

S

nwnnnn

% All letters need

1= E;
1= N

D
U= 1
0
R

to be different.

From these constraints, they are tedious and long. For this case, the global
constraints will benefit.

Woudhichart Sawangphol (Faculty of ICT, MaConstraint Programming with Water Resourc

Nov 13, 2020

62 /86



)\ Mahidol University
).) Faculty of Engineering

Let consider a new model for SEND + MORE = MONEY problem.

Global Constraints (cont.)

Mahidol
University

include "alldifferent.mzn";

O~NOOOHA WN -
<
o
R
O W W WO

<

o

R
coorooor
<~mozRU=Zmn

12| constraint 1000 * S + 100 * E + 10 * N + D

13 + 1000 * M + 100 * 0 + 10 * R + E
14 = 10000 * M + 1000 * 0 + 100 * N + 10 * E + Y;
15

16| % All letters need to be different.
17| constraint alldifferent ([S,E,N,D,M,0,R,Y]);

19| solve satisfy;
21| output [" \N(S)NEI NN\ (D) \n",

2 "+ M) N\ (R)\(E)\n",
3 "= NN NN \N(E)\(Y)\n"];
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Let consider a new model for SEND + MORE = MONEY problem.

% All letters need to be different.
constraint alldifferent ([S,E,N,D,M,0,R,Y]);

)

The statement above is used to ensure that each letter takes a different
digit value. You can use this global constraint by including the following in

the model.

1| include "alldifferent.mzn"; ‘

or you can use the following item to include all global constraints

1| include "globals.mzn"; ‘

For more global constraints, you can find them here.
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Global Constraints (cont.)

o Global constraints are constraints that may be needed in many
problems

o Global constraints make models smaller and solving easier.
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o include "file-name";
o This statement is used to

» include the file into a MiniZinc model.
» load library definitions of global constraints
» break large model into small pieces
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Operations and Functions Summary

o Boolean: not, A, V, <->, ->, <-, xor, forall, exists,
xorall, iffall, clause, bool2int

o Integer and Float: +, -, *, div, mod,abs, pow, min, max,
sum, product, =, <, <=, =>, >, I=

o Sets: union, intersect, diff, symdiff, card, in, subset,
superset, set2array, array_union, array_intersect

o Strings: ++, concat, join

o Arrays: length, index set, index_set_lof2, index_set 20f2,
., index_set_60f6, arrayld, array2d, ..., array6d
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More complex constraints

o The core of MiniZinc model is constraint.
o In MiniZinc, a consrtaint is allowed to be any Boolean expression.

Let consider the following example model of Task Sequencing problem

int: n;

%Start time

array[1..n] of var int: start;
%Release time

array[1..n] of int: r;
%Deadline

array[1..n] of int: d;
%Processing time

9| array[1..n] of int: t;

©NOUTAWN R

11| %Dealing with release date and deadline

12| constraint forall(i in 1..n)(r[il<=start[i] /\ start[i] + t[i] <= d[il);

13| %Tasks cannot be overlap

14| constraint forall(i,j in 1..n where i != j) ((start[i] + t[i]l <= start[jl) \/ (start[j]l +
t[jl <= start[il));

16| solve satisfy;
17| output [show(start)];
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Let consider this part of the model of Task Sequencing problem

-

%Tasks cannot be overlap
constraint forall(i,j in 1..n where i != j)((start[i] + t[i] <= start[jl) \/ (start[j] +
t[j] <= start[il));

N

o This statement ensure that two tasks cannot overlap in time.

o The V can be in the constraint to connect 2 small constraints.

Booleans

Boolean expressions in MiniZinc can be written using a standard
mathematical syntax. The Boolean literals are true and false and the
Boolean operators are conjunction, i.e. and (A), disjunction, i.e. or (V),
only-if (< =), implies (— >), if-and-only-if (< — >) and negation (not).
Booleans can be automatically coerced to integers, but to make this
coercion explicit the built-in function bool2int can be used: it returns 1
if its argument is true and 0 otherwise.
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More complex constraints (cont.)

Let try to create the constraint model for The traveling salesperson
problem (TSP).
Hint: You may need to use Global constraint circuit.
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Predicates and Functions

o MiniZinc provides a large set of built-in functions and predicates.

o Predicates in MiniZinc allows us to handle complex constraints of our
model in a succinct way. (e.g., alldifferent)

o One of the most powerful modelling features of MiniZinc is to allow
modeller to define their own high-level predicates and functions.
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Predicate Declarations

The predicates can be declared as follow:

1| predicate <pred-name> (<arg-def>, ..., <arg-def>) = <bool-exp>

O <prea-name> iS the name of predicate.
O <arg-def>, ..., <arg-def> are the arguments of the predicate.
0 <woor-exp> IS the body of predicate.

Predicates are functions returning a var bool.
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Predicate Declarations (cont.)

Let consider the following Task Sequencing problem example:

1| int: n;

2| %Start time

3| array[1..n] of var int: start;

4| %Release time

5| array[1..n] of int: r;

6| %4Deadline

7| array[1..n] of int: d;

8| %Processing time

9| array[1..n] of int: t;

10

11| predicate not_overlap(var int:sl, int:tl, var int:s2, int:t2) = sl + tl1 <= s2 \/ s2 + t2
<= sl1;

12

13| %Dealing with release date and deadline

14| constraint forall(i in 1..n)(rlil<=start[i] /\ start[i] + t[i] <= d[il);

15| %Tasks cannot be overlap

16| constraint forall(i,j in 1..n where i != j)(not_overlap(start([i]l, t[i], start[jl, t[jl1));

18| solve satisfy;
19| output [show(start)];
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1| predicate not_overlap(var int:sl, int:tl, var int:s2, int:t2) = sl + t1 <= s2 \/ s2 + t2
<= s1;

The predicate above is to ensure that each task does not overlap.

1| %#Tasks cannot be overlap
2| constraint forall(i,j in 1..n where i != j)(not_overlap(start[i], t[il, start[jl, t[jl));
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o Functions are defined in MiniZinc similarly to predicates but they can
return more general type (not only var bool).

o The functions can be declared as follow:

l‘function <ret-type> : <func-name> ( <arg-def>, ..., <arg-def> ) = <exp>

> <ret-type> IS the return type of the function.

> <func-name> IS the name of the function.

> <arg-def>, ..., <arg-def> are the arguments of the function.
> <exp> is the body of the function.

o Examples:

1| function int: double(int: x) = 2 * x;
2| function var bool: negative(var int: x)= x < 0;

Note that it is possible to use if then else endif, forall, exists in
functions.
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Predicates and Functions (cont.)

The advantages of using functions and predicates:
Reusable

Modularity

Readable

Better common sub-expression elimination

© © o o

©

Definitions can be solver-specific
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(3 Other Constraint Modelling Languages
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Other Constraint Modelling Languages
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Zinc

EssencePrime
Minion
AIMMS

AMPL

GAMS

© ©6 606 6 © o o

SMT-LIB
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http://www.csplib.org/Languages/EssencePrime/
https://constraintmodelling.org/minion/
https://www.aimms.com/
https://ampl.com/
https://www.gams.com/
http://smtlib.cs.uiowa.edu/
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MiniZinc Software
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o In order to get MiniZinc, you can download it from here.

o This package includes MiniZinc compiler, MiniZinc IDE, and built-in
solvers.
» Gecode
Chuffed
CBC solvers
Gurobi solver
the legacy G12 solvers

vV vy yvYyy
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https://www.minizinc.org/software.html
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Demo

28 paygrouns — Unites Project o x
fle Edt MinZnc View Help

¥ Soler confouatn:
1 * >
Newmodsl Open Swve Copy Gt Fase Unco Redo Sl Shitrgn Run  ecode 0. ouknl v Show configuation editor  Show projec sxporer

Floysround

2

Output 5 x

Line:2,Col: 1
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Workshop: Single Dam optimization

This workshop requires you to create a MiniZinc model to solve the
problem of Single Dam optimization.
The problem description:
o Objective:
» Maximizing energy generated
» To find the optimal water release

o Requirements:

» A model should support for any number of days
» The water balance need to be maintained.
» The water release need to cover 100 percent of demands

o Question: Can your model be solved by Gecode solver? and Why?
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MiniZinc Cheat Sheet
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https://github.com/MiniZinc/MiniZincIDE/blob/master/MiniZincIDE/cheat_sheet.mzn
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