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Why Program?Why Program?Why Program?Why Program?

�� With all the tools wizards and programsWith all the tools wizards and programs�� With all the tools, wizards and programs With all the tools, wizards and programs 
available, there are still times when it pays available, there are still times when it pays 
to know how to do some simpleto know how to do some simpleto know how to do some simple to know how to do some simple 
programmingprogramming

Tasks here looping or logical operations areTasks here looping or logical operations are–– Tasks where looping or logical operations are Tasks where looping or logical operations are 
importantimportant
Tasks where you want to automate a function toTasks where you want to automate a function to–– Tasks where you want to automate a function to Tasks where you want to automate a function to 
save having to point and click repeatedly!save having to point and click repeatedly!



Learning to ProgramLearning to ProgramLearning to ProgramLearning to Program

Th b t t l t IS tTh b t t l t IS tThe best way to learn to program, IS to The best way to learn to program, IS to 
program!program!
S f i f tiS f i f ti�� Sources of informationSources of information
–– Tutorials Tutorials –– good for getting startedgood for getting started

B kB k dittditt–– Books Books -- dittoditto
–– Language reference manuals Language reference manuals –– for getting for getting 

the nitty gritty on how things workthe nitty gritty on how things workthe nitty gritty on how things workthe nitty gritty on how things work
–– Example code Example code –– never program what never program what 

someone else has already done. Learn someone else has already done. Learn yy
from them!from them!



PythonPythonPythonPython

�� Python is a language that is designed to bePython is a language that is designed to be�� Python is  a language that is designed to be Python is  a language that is designed to be 
easy to write and read, so it’s a good place easy to write and read, so it’s a good place 
to startto start!!to startto start!!
�� It also works quite well with the It also works quite well with the ArcObjectsArcObjects

t id t t t GIS t k b tt id t t t GIS t k b tto provide a way to automate GIS tasks, but to provide a way to automate GIS tasks, but 
its not limited to GIS tasks aloneits not limited to GIS tasks alone



Python Input and OutputPython Input and OutputPython Input and OutputPython Input and Output

print(“Hello world”)print(“Hello world”)

Creates output: Creates output: 
Hello worldHello world

a=raw_input(“What is your name? “)a=raw_input(“What is your name? “)
print(a)print(a)print(a)print(a)

Prints out whatever you type in at the Prints out whatever you type in at the 
ttpromptprompt



Python MathematicsPython MathematicsPython MathematicsPython Mathematics

a= 10a= 10a= 10a= 10
b= 20b= 20
c= 20.0c= 20.0
print (“a/b is: ”)print (“a/b is: ”)pp
print(a/b)print(a/b)
print (“but a/c is:”)print (“but a/c is:”)print ( but a/c is: )print ( but a/c is: )
print(a/c)print(a/c)



Program ResultsProgram ResultsProgram ResultsProgram Results

/b i/b ia/b is: a/b is: 
00
but a/c is:but a/c is:but a/c is:but a/c is:
0.50.5
Why are these different when b and c both are Why are these different when b and c both are yy

equal to 20?equal to 20?
b was 20 as an integer numberb was 20 as an integer number
c was 20 0 as a real numberc was 20 0 as a real numberc was 20.0 as a real numberc was 20.0 as a real number

Rule: operations containing only integers yield Rule: operations containing only integers yield 
integer results, but operations with one or integer results, but operations with one or g pg p
more real numbers yield real number results!more real numbers yield real number results!



HintHintHintHint

�� To avoid odd problems in mathematicalTo avoid odd problems in mathematical�� To avoid odd problems in mathematical To avoid odd problems in mathematical 
operations, use real numbers! operations, use real numbers! ☺☺

�� In all languages variables have “types” In all languages variables have “types” –– in in 
some languages they must be formally some languages they must be formally 
specified (e.g., C, Java)specified (e.g., C, Java)
–– Python tries to “guess” the appropriate type Python tries to “guess” the appropriate type 



Common Variable TypesCommon Variable TypesCommon Variable TypesCommon Variable Types

�� Boolean (true or falseBoolean (true or false 1 or 0)1 or 0)�� Boolean (true or false Boolean (true or false –– 1 or 0)1 or 0)
�� Integer (e.g., 15)Integer (e.g., 15)
�� Floating point or Real (e.g., 15.0)Floating point or Real (e.g., 15.0)
�� String (e.g., “This is a test” or ‘This is a test’)String (e.g., “This is a test” or ‘This is a test’)g ( g , )g ( g , )



Some more complex types for Some more complex types for 
PythonPython

�� TuplesTuples lists of values that can’t be editedlists of values that can’t be edited�� TuplesTuples –– lists of values that can t be edited lists of values that can t be edited 
or changedor changed

m t plem t ple ('('a' 'b' 'ca' 'b' 'c') # note ( )') # note ( )mytuplemytuple=('=('a','b','ca','b','c') # note ( )') # note ( )
print print mytuplemytuple
(' ' 'b' ' ')(' ' 'b' ' ')('a', 'b', 'c')('a', 'b', 'c')
print print mytuplemytuple[1] [1] 

Anything after a Anything after a # # is is 
a a comment comment –– not part not part 

of the programof the programbb of the programof the program

TupleTuple elements are elements are 
b d t tib d t tinumbered starting numbered starting 

with 0, so element [1] with 0, so element [1] 
is b, not ais b, not a



ListsListsListsLists

�� ListsLists lists of values thatlists of values that cancan be edited orbe edited or�� Lists Lists –– lists of values that lists of values that cancan be edited or be edited or 
changedchanged

m list ['a' 'b' 'c‘] # note [ ]m list ['a' 'b' 'c‘] # note [ ]mylist=['a','b','c‘] # note [ ]mylist=['a','b','c‘] # note [ ]
print mylistprint mylist
[' ' 'b' ' ‘][' ' 'b' ' ‘]['a', 'b', 'c‘]['a', 'b', 'c‘]
print mylist[2] print mylist[2] # numbers start at 0# numbers start at 0

cc



BuiltBuilt--in Functionsin FunctionsBuiltBuilt--in Functionsin Functions

�� Python has builtPython has built--in functions that are alwaysin functions that are always�� Python has builtPython has built--in functions that are always in functions that are always 
available. They take the form:available. They take the form:

functionname(argument1,argument2..)functionname(argument1,argument2..)functionname(argument1,argument2..)functionname(argument1,argument2..)

Sample: Sample: 
a=raw input(“what is your name? “)a=raw input(“what is your name? “)a=raw_input( what is your name? )a=raw_input( what is your name? )

Yournamelength= Yournamelength= len(a)len(a)
len() is a function that gives the length of a stringlen() is a function that gives the length of a stringlen() is a function that gives the length of a stringlen() is a function that gives the length of a string



Type Conversion FunctionsType Conversion FunctionsType Conversion FunctionsType Conversion Functions

�� str(10)str(10) gives the string representationgives the string representation�� str(10)str(10) –– gives the string representation gives the string representation 
of 10 (’10’)of 10 (’10’)
i t(5 5)i t(5 5) i th i t l (5)i th i t l (5)�� int(5.5)int(5.5) –– gives the integer value (5)gives the integer value (5)
�� float(5)float(5) –– gives the floating point value gives the floating point value 

(5.0)(5.0)



Using functions from modulesUsing functions from modulesUsing functions from modulesUsing functions from modules

�� Functions are often stored in “modules” toFunctions are often stored in “modules” to�� Functions are often stored in modules  to Functions are often stored in modules  to 
use them you must first import the use them you must first import the 
appropriate moduleappropriate moduleappropriate moduleappropriate module

import mathimport math
�� Functions have the format:Functions have the format:�� Functions have the format: Functions have the format: 

–– module.functionname(arguments)module.functionname(arguments)
�� To get a square rootTo get a square root�� To get a square rootTo get a square root
a= math.sqrt(10.0)a= math.sqrt(10.0)



To learn about what To learn about what 
functions are available functions are available 
and what theand what theand what the and what the 
arguments are, you arguments are, you 
need to look them up in need to look them up in 
the documentationthe documentation



Documentation /HelpDocumentation /HelpDocumentation /HelpDocumentation /Help

�� TutorialTutorial sample programs and instructionssample programs and instructions�� Tutorial Tutorial –– sample programs and instructions sample programs and instructions 
(not comprehensive)(not comprehensive)
L R fL R f L d t ilL d t il�� Language Reference Language Reference –– Language details Language details ––
variable types, expressions, statements variable types, expressions, statements ––
th l !th l !the rules!the rules!
�� Library Reference Library Reference –– list of functions and list of functions and 

common modules common modules –– the tools!the tools!





What to Expect when you Start to What to Expect when you Start to 
Program?Program?

�� The computer will only do what youThe computer will only do what you telltell it toit toThe computer will only do what you The computer will only do what you tell tell it to it to 
do, not what you do, not what you wantwant it to do!it to do!

�� The learning curve is steepest at the The learning curve is steepest at the g pg p
beginningbeginning
–– As you get familiar with the jargon things get As you get familiar with the jargon things get 

easier to understandeasier to understand
�� “Playing around” “Playing around” –– experimentation is key to experimentation is key to 

d l i d t did l i d t dideveloping understandingdeveloping understanding
�� Writing a program takes 80% of the time. Writing a program takes 80% of the time. 

Testing and debugging take the other 80%Testing and debugging take the other 80%Testing and debugging take the other 80%.Testing and debugging take the other 80%.
�� Programming can be FUN! Programming can be FUN! ☺☺



Program LogicProgram LogicProgram LogicProgram Logic

Th f i li i thTh f i li i th�� The power of programming lies in the The power of programming lies in the 
ability to write programs that make ability to write programs that make 
decisions and do repetitive tasksdecisions and do repetitive tasksdecisions and do repetitive tasksdecisions and do repetitive tasks
�� LoopsLoops

WHILEWHILE–– WHILEWHILE
–– FORFOR

DecisionsDecisions�� DecisionsDecisions
–– IFIF--THENTHEN--ELSEELSE

TRY (other lang ages Case S itch)TRY (other lang ages Case S itch)–– TRY (other languages=Case, Switch)TRY (other languages=Case, Switch)



Sample LoopSample LoopSample LoopSample Loop

x=5x=5
while (x > 0):  # note the :while (x > 0):  # note the :
print("x =",x) # note the indent!print("x =",x) # note the indent!
x=xx=x--11

Print “Done”Print “Done”

�� OutputOutput
('x =', 5)('x =', 5)
('x =', 4)('x =', 4)
('x =', 3)('x =', 3)
('x =', 2)('x =', 2)
('x =', 1)('x =', 1)
DoneDone



Logical OperatorsLogical OperatorsLogical OperatorsLogical Operators

�� >> greater thangreater than�� >> -- greater thangreater than
�� < < -- less thanless than
�� ==== -- equals (note double =)equals (note double =)
�� <><> or or !=!= -- Not equalsNot equalsqq
�� <= <= -- less than or equal toless than or equal to
�� >=>= greater than or equal togreater than or equal to�� >= >= -- greater than or equal togreater than or equal to



Using Character StringsUsing Character StringsUsing Character StringsUsing Character Strings

name = " "name = " "
while name <> 'John':while name <> 'John':

name=raw_input("what is your name? ")name=raw_input("what is your name? ")
print("At last! Someone named John")print("At last! Someone named John")print( At last! Someone named John )print( At last! Someone named John )
�� Obviously <, >, <=,>= don’t work with string Obviously <, >, <=,>= don’t work with string 

data!data!data!data!



Using IFUsing IFUsing IFUsing IF
a=2a=2
b=3b=3
print("a=",a," b=",b)print("a=",a," b=",b)
answer=raw input("What is a times b? ")answer=raw input("What is a times b? ")answer=raw_input( What is a times b? )answer=raw_input( What is a times b? )
correctanswer= a*bcorrectanswer= a*b
if (int(answer) == correctanswer):if (int(answer) == correctanswer):

print("You are correct!")print("You are correct!")
print(“Very Smart!")print(“Very Smart!")

else:else:
print("You are Wrong!")print("You are Wrong!")

print("done")print("done")



Your programYour programYour programYour program

�� Alter the previous program so that it keepsAlter the previous program so that it keeps�� Alter the previous program so that it keeps Alter the previous program so that it keeps 
asking you until you give the right answer!asking you until you give the right answer!



Surviving ProgrammingSurviving ProgrammingSurviving ProgrammingSurviving Programming

D ’t t t d thi tD ’t t t d thi t�� Don’t try to do everything at onceDon’t try to do everything at once
–– Write, test, write, test……Write, test, write, test……

E h i iE h i i�� Each time you write a program try to Each time you write a program try to 
add one new thingadd one new thing
P i i i i l i lP i i i i l i l�� Patience is critical to survivalPatience is critical to survival
–– Twinkies and Caffeine can help!Twinkies and Caffeine can help!

�� If you get stuck, “comment out” code If you get stuck, “comment out” code 
you think might be the problem, then you think might be the problem, then 
add it back inadd it back in step b stepstep b stepadd it back in add it back in –– step by stepstep by step



Using Python withUsing Python with ArcGISArcGISUsing Python with Using Python with ArcGISArcGIS

�� Python can be used to create “scripts” thatPython can be used to create “scripts” that�� Python can be used to create scripts  that Python can be used to create scripts  that 
can do anything you can do with the tools in can do anything you can do with the tools in 
ArcGISArcGISArcGISArcGIS



Why Script?Why Script?Why Script?Why Script?

�� The major reasons for using scripts are:The major reasons for using scripts are:�� The major reasons for using scripts are:The major reasons for using scripts are:
–– LoopingLooping
�� Repetitive tasks on a list of layersRepetitive tasks on a list of layers�� Repetitive tasks on a list of layersRepetitive tasks on a list of layers

–– Need for a simplified interface for user Need for a simplified interface for user 
interactionsinteractionsinteractionsinteractions
�� Prompts for selected parametersPrompts for selected parameters

–– The need for a commandThe need for a command--line tool that can beline tool that can beThe need for a commandThe need for a command line tool that can be line tool that can be 
run on a schedule without human interventionrun on a schedule without human intervention
�� Run weekly update on derived data layersRun weekly update on derived data layersy p yy p y



Writing ScriptsWriting Scripts –– The Easy WayThe Easy WayWriting Scripts Writing Scripts The Easy WayThe Easy Way

�� Modelbuilder can be used to generate basicModelbuilder can be used to generate basic�� Modelbuilder can be used to generate basic Modelbuilder can be used to generate basic 
scripts that can be customized for more scripts that can be customized for more 
general usesgeneral usesgeneral usesgeneral uses



St tStart 
ModelBuilder



Set properties for projection



Save Model to Script FileSave Model to Script FileSave Model to Script FileSave Model to Script File



Edit the Model in PythonWinEdit the Model in PythonWinEdit the Model in PythonWinEdit the Model in PythonWin

Python Window

Program Listing



�� Add the command:Add the command:�� Add the command:Add the command:
gp.SetProduct("ArcInfo")gp.SetProduct("ArcInfo")

To get a license for the program to run even To get a license for the program to run even 
when ArcGIS is not. when ArcGIS is not. 



A LineA Line--byby--Line look at the ScriptLine look at the ScriptA LineA Line--byby--Line look at the ScriptLine look at the Script
# # ------------------------------------------------------------------------------------------##
# test_proj.py# test_proj.py
# Created on: Thu Mar 22 2007 02:07:29 PM# Created on: Thu Mar 22 2007 02:07:29 PM
# (generated by ArcGIS/ModelBuilder)# (generated by ArcGIS/ModelBuilder)#   (generated by ArcGIS/ModelBuilder)#   (generated by ArcGIS/ModelBuilder)
# # ------------------------------------------------------------------------------------------
# Import system modules# Import system modules
import sys, string, os, win32com.clientimport sys, string, os, win32com.client
# Create the Geoprocessor object# Create the Geoprocessor object
gp = win32com.client.Dispatch( gp = win32com.client.Dispatch( gp p (gp p (
"esriGeoprocessing.GpDispatch.1")"esriGeoprocessing.GpDispatch.1")

# Add this line to connect to the license# Add this line to connect to the license
# server when ArcGIS isn't running# server when ArcGIS isn't running# server when ArcGIS isn t running# server when ArcGIS isn t running
gp.SetProduct("ArcInfo")gp.SetProduct("ArcInfo")



Attach to the Toolbox and Set the Attach to the Toolbox and Set the 
files to usefiles to use

# Load required toolboxes...# Load required toolboxes...# Load required toolboxes...# Load required toolboxes...
gp.AddToolbox("D:/Program gp.AddToolbox("D:/Program 
Files/ArcGIS/ArcToolbox/Toolboxes/Data Files/ArcGIS/ArcToolbox/Toolboxes/Data 
Management Tools tbx")Management Tools tbx")Management Tools.tbx )Management Tools.tbx )

# Local variables...# Local variables...
test_out_shp = "C:test_out_shp = "C:\\\\TempTemp\\\\test_out.shp"test_out.shp"
test_out_shp__3_ = "C:test_out_shp__3_ = "C:\\\\TempTemp\\\\test_out.shp"test_out.shp"



Do the Projection DefinitionDo the Projection DefinitionDo the Projection DefinitionDo the Projection Definition
# Process: Define Projection...# Process: Define Projection...
gp.DefineProjection_management(test_out_shp, gp.DefineProjection_management(test_out_shp, \\

"PROJCS['NAD_1983_StatePlane_Virginia_North_FIPS_4501', "PROJCS['NAD_1983_StatePlane_Virginia_North_FIPS_4501', \\

GEOGCS['GCS North American 1983',DATUM['D North American 1GEOGCS['GCS North American 1983',DATUM['D North American 1[ _ _ _ , [ _ _ _[ _ _ _ , [ _ _ _
983', 983', \\
SPHEROID['GRS_1980',6378137.0,298.257222101]],SPHEROID['GRS_1980',6378137.0,298.257222101]],\\
PRIMEM['Greenwich',0.0], PRIMEM['Greenwich',0.0], \\
UNIT['Degree' 0 0174532925199433]]UNIT['Degree' 0 0174532925199433]] \\UNIT[ Degree ,0.0174532925199433]],UNIT[ Degree ,0.0174532925199433]],\\
PROJECTION['Lambert_Conformal_Conic'],PROJECTION['Lambert_Conformal_Conic'],\\
PARAMETER['False_Easting',3500000.0],PARAMETER['False_Easting',3500000.0],\\
PARAMETER['False_Northing',2000000.0],PARAMETER['False_Northing',2000000.0],\\
PARAMETER['Central_Meridian',PARAMETER['Central_Meridian',--78.5],78.5],\\
PARAMETER['Standard_Parallel_1',38.03333333333333],PARAMETER['Standard_Parallel_1',38.03333333333333],\\
PARAMETER['Standard_Parallel_2',39.2],PARAMETER['Standard_Parallel_2',39.2],\\
PARAMETER['Latitude Of Origin',37.66666666666666],PARAMETER['Latitude Of Origin',37.66666666666666],\\PARAMETER[ Latitude_Of_Origin ,37.66666666666666],PARAMETER[ Latitude_Of_Origin ,37.66666666666666],\\
UNIT['Meter',1.0]]")UNIT['Meter',1.0]]")



Things to NoteThings to NoteThings to NoteThings to Note

�� # defines the start of a comment Anything# defines the start of a comment Anything�� # defines the start of a comment. Anything # defines the start of a comment. Anything 
following a # on a line will be ignored by the following a # on a line will be ignored by the 
programprogramprogramprogram
�� Each command begins on a new line Each command begins on a new line 

ttexcept:except:
–– When a “When a “\\” (backslash) is used at the end of a ” (backslash) is used at the end of a 

li th t li i t t d ti ti fli th t li i t t d ti ti fline, the next line is treated as a continuation of line, the next line is treated as a continuation of 
the previous linethe previous line



Things to NoteThings to NoteThings to NoteThings to Note

�� In file paths “/” not “In file paths “/” not “\\” is used” is used even oneven on�� In file paths, /  not In file paths, /  not \\  is used  is used –– even on even on 
Windows computers that normally use “Windows computers that normally use “\\” as ” as 
separatorsseparatorsseparatorsseparators
–– If “If “\\” is used, it must be doubled “” is used, it must be doubled “\\\\””

N f i bl NOT i t b tN f i bl NOT i t b t�� Names of variables are NOT in quotes, but Names of variables are NOT in quotes, but 
string values are. E.g.:string values are. E.g.:

test_out_shp = "C:test_out_shp = "C:\\\\TempTemp\\\\test_out.shp"test_out.shp"

A variable named A string (or group of characters)A variable named 
test_out_shp

A string (or group of characters)
Containing C:\\Temp\\ .....



Click Here to “Run” the ScriptClick Here to “Run” the ScriptClick Here to Run  the ScriptClick Here to Run  the Script



Some tools in the 
ArcToolbox are python py
programs. You can open 
them for editing in the 
PYTHON interface toPYTHON interface to 
customize them for 
YOUR purpose. Be sure 

h i hto save them with a new 
name, however!


