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*TH S TUTORI AL ASSUMES YOU ALREADY HAVE EXPERI ENCE W TH LI NUX AND EMACS

***WARNI NG

***WARNI NG

***WARNI NG

***WARNI NG

***WARNI NG

***WARNI NG

***WARNI NG

I DL | NDEXES START AT O NOT 1

ERROR CAN RESULT | F OPERATI ON ON VARI ABLES EXCEED | NDI VI DUAL

VARI ABLE' S DATA RANGE

VWHEN COMPARI NG ARRAY TO SI NGLE VALUE, > AND < COVPARE EACH

I NDI VI DUAL ELEMENT OF ARRAY TO SI NGLE VALUE

MATRI X MULTI PLI CATI ON | S NOT EQUI VALENT TO ARRAY

MULTI PLI CATI ON

"NOT" OFTEN DOES NOTE BEHAVE WAY YOU WANT | T TO USE 1- ( EXPRESSI ON)
I NSTEAD

VWHEN DEALI NG W TH MULTI - DI MENSI ONAL ARRAYS USI NG | NTERPOLATE, MAKE
SURE YOU SEPARATE DI MENSI ONAL | NDI CES | NTO THEI R OAN ARRAYS

(1. E. X-COORDI NATE | NDI CES GO | NTO ONE ARRAY, Y- COORDI NATES | NDI CES
GO | NTO ANOTHER ARRAY)

FAI LURE TO SPECI FY DATA TYPES IS OFTEN THE SOURCE CF ERRORS I N
PROGRAMS. RECTI FY TH S BY SPECI FYI NG DATA TYPE OF VARI ABLE AS YQU

ARE DEFINING | TY



***WARNI NG COVNERT_COORD BEHAVES DI FFERENTLY FOR EVERY NEW

PLOT W NDOW

| DL>a=6

| DL>b=9

I DL>print, (atb)/2

7

| DL>a=f | oat (a)

| DL>b=f | oat (b)
IDL>print, (at+b)/2
I DL>print, (atb)/2

7.50000
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1. 00 FUNDAMENTALS OF | DL

1.10 OPENI NG I DL

*Type "idl" on terminal for term nal node

*Type "idlde" on terminal for developer’s edition

1.20 TWO MODES OF | DL

*Interactive nmobde designed for sinple calculations and conmands

| DL>a=6
| DL>b=3

IDL>print, alb



*Conpi | ed node designed for progranm ng

=> Process "whe.pro" witten with enacs

PRO whe, Al, A2

On_Error, 1

CASE Al+A2 OF
1. print, "wow'
2: print, "hehehehe"

ELSE: print, "you haven't found the right digits yet"

ENDCASE

END

=> whe.pro conpiled an run in IDL



IDL> . conpile whe.pro

% Conpi | ed nmodul e: WHE

| DL> whe, 1, 2

you haven't found the right digits yet
| DL> whe, 0,1

wow

I DL> whe, 0, 2

hehehehe

| DL>

1.30 VARI ABLES

* SYNTAX: ( VARI ABLE) =( EXPRESSI ON)

*Use "hel p" and "print" to find information

| DL> a=6
IDL> print,a

6



I DL> hel p, a

A I NT = 6

1.40 DATA TYPES

TYPE RANGE CONVERSI ON ROUTI NE NAME
Byt e 0- 255 byt e
String Text string

I nt eger -32768 to 32768 fix

Long -21732 to 21731-1 | ong
Positive | ong 0 to 2732-1 ul ong
Long -2763 to 2763-1 | ong64
Positive |ong 0to 2764-1 ul ong64
Fl oat -10738 to 10738 fl oat
Doubl e Prec. -107308 to 107308 doubl e
Conpl ex (Real -i magi nary Pair) conpl ex
2X Prec. Conpl ex(Real -imagi nary Prec. Pair) dconpl ex

*"hel p" can give you a the data type of a variable



I DL> a=1234567890

| DL> hel p, a

A LONG = 1234567890

| DL> b=123. 456

I DL> help, b

B FLOAT = 123. 456

| DL> ¢=123456789123456789

I DL> help, c

C LONG64 = 123456789123456789
| DL>

***WARNI NG ERRCOR CAN RESULT | F OPERATI ON ON VARI ABLES EXCEED

I NDI VI DUAL VARI ABLE' S DATA RANGE

| DL> a=32767



| DL> b=576
I DL> hel p, a

A I NT

32767
IDL> help, b
B I NT = 576
I DL> print,a+b

-32193

| DL> hel p, atb

<Expr essi on> I NT -32193

| DL>

***WARNI NG FAI LURE TO SPECI FY DATA TYPES | S OFTEN THE SOURCE
OF ERRORS | N PROGRAMS. RECTI FY THI S BY SPECI FYI NG

DATA TYPE AS YOU ARE DEFI NI NG A VARI ABLE

=> | ncorrect Method

| DL> a=6



I DL> b=9
IDL> print, (atb)/2

7

=> Correct Method

I DL> a=fl oat (6)
I DL> b=fl oat (9)
IDL> print, (atb)/2

7.50000

2. 00 THE ARRAYS



2.10 GENERAL FACTS

*SYNTAX: VARI ABLE=[ ARRAY]

*Vector is a one dinensional array (i.e. x-val ues)

I DL> a=[5, 6, 3]
IDL> print,a
5 6 3

| DL>

*Up to total of 8 dinensions can be created through nested brackets

(but rarely use any array past 3 di nensions)

=> Two di nensional (i.e. x- corresponds to y-val ues)



IDL> a=[[1,2,3],[6,7,3]]

IDL> print,a

2. 20 APPENDI NG ARRAYS

*Insert one array into another array as a el enent

IDL> a=[1, 2, 3, 4, 5]
IDL> b=[a, 6, 7,8,9, 10]
IDL> print,b

1 2 3 4 5



2. 30 ZERO AND | NDEX ARRAYS

TYPE

Byt e

I nt eger

Long i nt eger

Fl oat

Doubl e Precision Float
nConpl ex
Doubl e Prec. Conpex

String

*| DL recogni zes arrays

I NI TI ALI ZE TO ZERO

byt arr
intarr

| ongarr
fltarr

dbl arr
conpl exarr
dconpl exarr

strarr

in COLUW BY ROW synt ax

I DL> a=i ndgen( 3, 5)

IDL> print,a

1 2
4 5
7 8
10 11

I'NI TI ALI ZE TO | NDEX

bi ndgen
i ndgen

| i ndgen
fi ndgen
di ndgen
ci ndgen
dci ndgen

si ndgen



12 13 14

| DL> a=bytarr(2,4)

IDL> print,a
0 O
0 0
0 O
0 O
| DL>

*Change type of array data with variable type routine nanmes

I DL> a=i ndgen( 3, 5)

IDL> print,a
0 1 2
3 4 5
6 7 8
9 10 11
12 13 14

| DL> a=fl oat (a)

IDL> print,a



2.40 VECTOR | NDEXI NG

0. 00000

3. 00000

6. 00000

9. 00000

12. 0000

1. 00000

4.00000

7. 00000

10. 0000

13. 0000

*SYNTAX:  ARRAY[ | NDEX NUMBER]

ARRAY[ | NDEX RANGE]

| DL>

| DL>

| DL>

a=i ndgen(3)*8
print,a

0 8
print,a[0]

0
print,a[1]

8

16

2. 00000

5. 00000

8. 00000

11. 0000

14. 0000



IDL> print,a[0:2]

0 8 16
IDL> print,a[*]

0 8 16
IDL> print,af1:*]

8 16

IDL> print,a[2:*]

16
IDL> b=[0, 1, 2]
I DL> print, a[b]

0 8 16
I DL> c=1
IDL> print,a[c-1:c+1]

0 8 16

***WARNI NG | DL | NDEXES START AT O NOT 1

| DL> a=i ndgen(4)



IDL> print,a

0 1 2 3
IDL> print,a[1]

1
I DL> print,a[0]

0

2.50 MULTI - DI MENSI ONAL ARRAY | NDEXI NG

* SYNTAX:  ARRAY[ COLUWMN NUMBER, ROW NUMBER] (TO | NDENTI FY BY COLUWN

AND ROW

I DL> a=i ndgen(3, 3)*2

IDL> print,a
0 2 4
6 8 10
12 14 16

IDL> print,alO0,0]



0

IDL> print,af1, 1]
8

IDL> print,a[l,2]
14

IDL> print,a[0:1,0:2]

0 2
6 8
12 14

IDL> print,a[0,*]
0
6
12
IDL> print,a[l,*]
2
8
14
I DL> print,al0:2,0]
0 2
IDL> print,a[*, 0]

0 2



* SYNTAX:  ARRAY[ ELEMENT | NDEX NUMBER] (TO | NDENTI FY BY | NDEX

NUMBER)
| DL> a=i ndgen( 3, 3)
IDL> print,a
0 1 2
3 4 5
6 7 8
IDL> print,a[0]
0
IDL> print,a[ 8]
8
I DL> print, a[ 6]
6
I DL> b=i ndgen( 4, 4)
IDL> print,b
0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15



I DL> pr

I DL> pri

0

3. 00 OPERATCRS

3. 10 PRECENDENCE

OPERATOR

0

##

nod

nt, b[ a]

1 2

4 5

7 8
nt, a[ 0: 5]

1 2
MEANI NG

Par ent heses

Poi nt er dereference
Exponefnti ati on
Scal ar multiplication
Matrix multiplication
Di vi si on

Mbdul us

Addi tion

Subtracti on/ negati on

PRECEDENCE LEVEL



< M ni mum

> Maxi mum

not Bool ean negati on

eq Equal to

ne Not equal to

le Less than or equal to
It Less than

ge Greater than/equal to
gt Greater than

and Bool ean AND

or Bool ean OR

xor Bool ean excl usive OR
?: Ternary operator

= Assi gnment

*| DL eval uates | ower precendence | evel

ones

I DL> a=19
I DL> b=19

I DL> print,a+b/2

operators before higher



28
IDL> print, (atb)/2

19

3. 20 OPERATI NG ON ARRAYS

*Qperation on an array by a single element - Change each el ement

of array by given el ement

I DL> a=i ndgen(4)
IDL> print,a

0 1 2 3
I DL> b=i ndgen(4)*4
IDL> print,b

0 4 8 12
I DL> c=i ndgen(4)+5
IDL> print,c

5 6 7 8



*Operation on two vectors of the same size - Change each el enent

of array by correspondi ng el ement of other array

IDL> a=[1, 2, 3, 4, 5, 6]
IDL> b=[2, 3,4,5,6, 7]
IDL> print,atb
3 5 7 9 11 13
IDL> print,a*b

2 6 12 20 30 42

*Operation on two vectors of different sizes - New vector sane

size as smaller vector



IDL> a=[1, 2, 3, 4, 5, 6]

IDL> print,a

1 2 3
IDL> c=[ 1, 2]
IDL> print,c

1 2

IDL> print,a*c
1 4

| DL>

*Resetting elements within an array

IDL> a=[1, 2, 3,4, 5, 6]
I DL> a[0:3]=3

IDL> print,a



*Qperation on two arrays with sane nunber of el enents but
di fferent dinensions - New array sane di mensions as the first

array in the operation

I DL> a=i ndgen( 6)
IDL> print,a
0 1 2 3 4 5
IDL> b=[[4,5,8],[1,4,2]]
IDL> print,b
4 5 8
1 4 2
IDL> print,a*b
0 5 16 3 16 10
IDL> print, b*a
0 5 16
3 16 10
I DL> print,a+b

4 6 10 4 8 7



IDL> print, b+a

*Operation on two arrays with different nunmber of elements and
di nensi ons - New vector same di nensions and el enments as

smal | est vector

| DL> a=i ndgen(5)
IDL> b=[[3,4,2],[4,5,2]]
IDL> print,a*b
0 4 4 12 20
IDL> a=[[0,0],[0,0]]
IDL> print,a
0 0
0 0
I DL> print,a+b

3 4



3. 30 | MPORTANT OPERATORS

*M ni mum Operator (<) - Returns snaller value between two

correspondi ng el ements of two arrays

IDL> a=[5, 3, 5, 3, 51]
I DL> b=[5, 4, 65]
I DL> print, a<b

5 3 5

*Maxi mum Cperator (>) - Returns |arger value between two

correspondi ng el ements of two arrays



I DL> a=[5, 3,5, 3, 51]
I DL> b=[5, 4, 65]
IDL> print,a>b

5 4 65

***WARNI NG WHEN COVMPARI NG ARRAY TO SINGLE VALUE, > AND <

COVPARE EACH | NDI VI DUAL ELEMENT OF ARRAY TO SI NGLE VALUE

IDL> a=[5, 4, 5, 4, 51]
I DL> b=[5, 4, 65]
I DL> z=9
IDL> print,z<a
5 4 5 4 9
I DL> print,z>a

9 9 9 9 51



*Modul o Qperator (nod) - Returns remai nder between two el ements

IDL> print, 111 nod 2
1

IDL> print,10 nod 3
1

| DL>

*Matrix Multiplier Operator (##) - Miultiplies two arrays by

arithnetic matrix nmultiplications

I DL> a= indgen(3,2)*2

| DL> b=i ndgen( 2, 3)



IDL> print,a

0 2 4

6 8 10
IDL> print,b

0 1

2 3

4 5

I DL> print, a##b
20 26

56 80

***WARNI NG MATRI X MULTI PLI CATI ON | S NOT EQUI VALENT TO ARRAY

MULTI PLI CATI ON

I DL> a= indgen(3,2)*2
| DL> b=i ndgen( 2, 3)
IDL> print,a
0 2 4

6 8 10



0 1
2 3
4 5

I DL> print, a##b
20 26
56 80
IDL> print,a*b
0 2 8
18 32 50

| DL>

*Rel ational Operators - Returns value of 1 if statenment is true

and 0 if false

OPERATOR MEANI NG

eq Equal to

ne Not equal to

le Less than or equal to
It Less than

ge Greater than or equal to



gt Greater than

IDL> print, 5 gt 2

IDL> print, 10 ge 11

IDL> print, 5 eq 5

IDL> a=[4,5,2,3,7,3,1,4]

IDL> b=[1,2,3,4,5,6,7,8]

IDL> print, a gt b

1 1 0 O 1 0O o0 O

IDL> print, b gt a

0 0 1 1 0 1 1 1

*Bool ean Cperators - Returns value 1 if given conditions satisfied and 0 if not

OPERATOR RETURNS 1 IF...



and BOTH (A) AND (B) are true

or El THER (A) OR (B) are true
xor AND ONLY IF (A) or (B) is true (only one is true)
not Statenment given is false

IDL> a=(6 gt 5)

IDL> b=(9 gt 8)

IDL> c=(1 gt 5)

IDL> d=(2 gt 9)

IDL> print, a AND b

IDL> print, a AND ¢

IDL> print, a OR b

IDL> print, a OR ¢

IDL> print, ¢ ORd

IDL> print, a XOR d



IDL> print, a XOR b

IDL> print, ¢ XOR d

IDL> print, not a
254

IDL> print, not c
255

I DL> a=fl oat (a)

I DL> c=fl oat (c)
IDL> print,not a

0. 00000

IDL> print,not c

1. 00000

***WARNI NG OPERATCOR "NOT" OFTEN DOES NOT BEHAVE THE WAY YOU WANT I T TO, USE

1- (EXPRESSI ON) | NSTEAD



IDL> a=(6 gt 5)
IDL> b=(1 gt 5)
IDL> print,not a
254

IDL> print, 1l-a

0

IDL> print, not b
255

IDL> print, 1-b

1

4. 00 MANAG NG DATA

4.10 WHERE FUNCTI ON

*Were - Searches through array for el ements matching given

criteria, returning the indices of elenments

- SYNTAX: WHERE( CRI TERI A)



I DL> a=i ndgen(3,2)*1.5

IDL> print,a
0. 00000 1. 50000 3. 00000
4. 50000 6. 00000 7.50000

IDL> print,where(a gt 4)
3 4 5
IDL> print,a[where(a gt 4)]

4.50000 6. 00000 7.50000

*"where" very useful in changing data within an array based

on given criteria

| DL> a=i ndgen( 30)
I DL> b=i ndgen(30)*3-8
I DL> a[where(a nmod 2 eq 0)] =0

IDL> print,a



0

21

0

15

0

29

23

I DL> a[where(a nmod 2 eq 0)]

IDL> print,a
-8
7
34
21

76

*More efficient alternative to "where"

16

15

58

29

40

23

mani pul ati on characteristic of

I DL> a= i ndgen(30)

| DL> b=i ndgen(30)*3-8

| DL

= b[where(b nmod 2 eq 0)]

22

17

64

25

11

46

25

28

19

70

13

27

10

13

52

27

is to use inherent array



I DL> c=b[where(a mbd 2 ne 0)] + a[where(a nod 2 eq 0)]

IDL> print,c
-5 3 11 19 27 35 43
51 59 67 75 83 91 99
107
| DL>

4.20 ARRAY NMANI PULATI ON

*Rotate - Rotates arrays in 90 degree increments by the anmount suggested

- SYNTAX: ROTATE( ARRAY NAME, NUMBER OF | NCREMENTS)

| DL> a=i ndgen( 3, 3)

IDL> print,a
0 1 2
3 4 5
6 7 8

IDL> print,rotate(a, 1)

6 3 0



*Transpose - Reverses index dinmensions of each individua
element in array (array[a,b] becomes array[b,a])

- SYNTAX: TRANSPOSE( ARRAY NAVE)

| DL> a=i ndgen( 3, 2)

IDL> print,a
0 1 2
3 4 5

I DL> print,transpose(a)

0 3
1 4
2 5



*Shift - Shifts elenents or dinensions in array by specified
amount of tinmes
- SYNTAX: SHI FT(ARRAY NAME, NUMBER OF ELEMENT SHI FTS)
SHI FT( ARRAY NAME, NUMBER OF COLUWN SHI FTS,

NUMBER OF ROW SHI FTS)

| DL> a=i ndgen( 3, 4)

IDL> print,a
0 1 2
3 4 5
6 7 8
9 10 11

IDL> print,shift(a, 1)

11 0 1
2 3 4
5 6 7
8 9 10

IDL> print,shift(a,O0,2)
6 7 8

9 10 11



0 1 2
3 4 5

IDL> print,shift(a,1,2)

8 6 7
11 9 10
2 0 1
5 3 4

*Sort - Sorts array and returns indices of elenents in sorted
array

- SYNTAX: SORT(ARRAY)

IDL> a=[4,7,3,8,4,3,7,5,7]
IDL> print, sort(a)
2 5 0 4
1 6 8 3
IDL> print, a(sort(a))

3 3 4 4 5 7



*Uni que - Returns indices of unique elenments in a SORTED array

- SYNTAX: UNI Q( SORTED ARRAY)

IDL> a=[5,3,3,1,3,4,5,1]
I DL> b=a(sort(a))
IDL> print,b
1 1 3 3 3 4
5
I DL> print,uniq(b)
% Conpi | ed nodul e: UNI Q
1 4 5 7
I DL> print, b(uniqg(b))

1 3 4 5



*Rebin - Returns new array according to dimensions that are
integer nmultiples of original array di nmensions using
i nterpol ati on
- SYNTAX: REBI N( ARRAY NAME, NEW DI MENSI ONS)
- Add keyword "/sanple" if nearest-nei ghbor sanpling to

be used

| DL> a=i ndgen(3)*10
IDL> print,a
0 10 20
I DL> print,rebin(a, 6)
0 5 10 15 20 20
I DL> print,rebin(a,6,/sanple)
0 0 10 10 20 20

IDL> print,rebin(a, 3, 8,/sanpl e)

0 10 20
0 10 20
0 10 20
0 10 20

0 10 20



0 10 20
0 10 20
0 10 20
IDL> print,rebin(a,5)
% REBI N: Result dimensions nust be integer factor of
ori gi nal di nensi ons
% Execution halted at: $MAIN$

| DL>

*Reform - Returns new array with same el enents organi zed under
di fferent dinmensions

- SYNTAX: REFORM ARRAY NAME, NEW DI MENSI ONS)

| DL> a=i ndgen( 6)
IDL> print,a
0 1 2 3 4 5
I DL> y=reforma, 2, 3)
IDL> print,y

0 1



*Interpolate - Returns new array whose el enents have been
specified

- SYNTAX: | NTERPOLATE( ARRAY NAME, | NDEX LOCATI ON)

| DL> a=i ndgen(6)*1.0

IDL> print,a
0. 00000 1. 00000 2. 00000 3. 00000
4.00000 5. 00000

IDL> b=[0.5,1.5,2.5, 3. 5]
IDL> print,interpol ate(a,b)
0. 500000 1. 50000 2. 50000 3. 50000
I DL> a=i ndgen(3, 2)*10
IDL> print,a
0 10 20

30 40 50



IDL> print,interpol ate(a,1,1)
40
IDL> print,interpol ate(a, 2, 1)
50
IDL> print,interpolate(a,0,0)
0
IDL> print,interpolate(a,0.5,0.5)

20

***WARNI NG WHEN DEALI NG W TH MULTI - DI MENSI ONAL ARRAYS USI NG
| NTERPCLATE, MAKE SURE YOU SEPARATE DI MENSI ONAL | NDI CES | NTO
THEI R OMN ARRAYS (I.E. X- COORDI NATE | NDI CES GO | NTO ONE

ARRAY, Y- COORDI NATES | NDI CES GO | NTO ANOTHER ARRAY)

I DL> a=i ndgen(4, 4)*10
IDL> print,a
0 10 20 30

40 50 60 70



80 90 100 110
120 130 140 150
IDL> print,interpolate(a,2.5,0.5)
45
IDL> print,interpolate(a,[0,1,2.5],[0,3,0.5])

0 130 45

5.00 PLOTTI NG DATA

5.10 PLOT PROCEDURE

*If two arrays are defined PLOT plots values in one array with

respective value in second array

*If only one array is defined PLOT plots values of array agai nst

i ndex nunber of val ues

*SYNTAX: PLOT, ARRAY1, ARRAY2, KEYWORD(S)



| DL>x=f i ndgen(101) *(. 01*2*! pi)
| DL>y=si n(x)
I DL>pl ot , X,y

| DL>pl ot , X

*POSI TI ON Keyword - Sets size of graph on w ndow in nornal
coordi nates
- x-values range from X1 to X2; y-val ues range
fromYl to Y2

- SYNTAX: PGsSI Tl ONS[ X1, Y1, X2, Y2]

| DL>a=i ndgen( 10)

IDL>pl ot, a, position=[0,0,0.5,1]

*PSYM Keyword - Change vi sual appearance of graph

- Values range from-1 to 8 with negative val ues



bei ng counterparts to positive val ues but

connected with lines

I DL>x=f i ndgen(100) *(2*! pi / 100)
| DL>y=si n( x)
| DL>pl ot, X, y, psyne5, position=[0,0, 0.5, 1]

I DL>pl ot, X, y, psyn¥4, position=[0.5,0,1, 1], /noerase

*Ot her useful keywords

KEYWORD PURPCSE

title Title string

/ xl og Create logarithmc x-axis

/yl og Create logarithmc y-axi

/ noer ase Don’t erase w ndow before plotting
/ nodat a Create axes only

[xyz]title Axis title string

[xyz]ticks Nunmber of major tick intervals



| DL>x=f i ndgen(100) * (2*! pi / 100)

| DL>y=si n(x)

IDL>plot, x,y,title="Sin Gaph",xtitle="X-Values", ytitle="Sin(X)"

I DL>opl ot , x, cos(Xx), psyn=5

5.20 OPLOT PROCEDURE

*Overpl ots additional graphs on sanme axis constructed by "plot"

*Keywords nearly sane as "plot"

*SYNTAX: OPLOT, ARRAY1, ARRAY2

| DL>x=f i ndgen(101) *(. 01*2*! pi)

| DL>y=si n(x)



I DL>pl ot , X,y

| DL>opl ot , x

5. 30 PLOT LABELI NG

*SYNTAX: XYQUTS, X POSITION | N NORVAL COORDI NATES

Y POSI TI ON I N NORVAL COORDI NATE, LABEL

I DL>x=f i ndgen(200) * (0. 1)
| DL>y=si n(x)
IDL>plot, x, y

| DL>xyout s, 0, 0, systine()

5.40 I DL COCRDI NATE SYSTEMS

*Data Coordi nates - Coordi nates that user inputs into variables

and arrays; coordinates that are graphed



*Normal Coordi nates - Coordinates dictating position in the plot
wi ndow
- xand y range fromO0O to 1; corners

(0,0),(0,1),(1,1),(1,0)

*Devi ce Coordinates - Coordinates dictating the pixel size of
the wi ndow, primarily used for image

mani pul ati on

* CONVERT_COORD - Convert coordinate formone coordi nate system
to anot her

- SYNTAX: CONVERT COORD( X, Y,/ TO_[ DATA, NORVAL, DEVI CE] )

I DL> x=1
I DL> y=1
IDL> print, X,y
1 1
I DL> convert=convert_coord(x,y,/to_normal)

I DL> print, convert



0.971880 0. 957900 0. 00000

***WARNI NG CONVERT_COORD BEHAVES DI FFERENTLY FOR EVERY NEW

PLOT W NDOW

*PLOTS - Plot a line graph in one of three coordinate systens

- SYNTAX: PLOTS, ARRAY1, ARRAY2, /DEVI CE, NORVAL, DATA

5. 50 H STOGRAMS

*By default, histogramhas bin size of 1.0 with first bin
starting at mninmumdata value and | ast bin straddling naxi mum
data

* SYNTAX:  H STOGRAM ARRAY)

KEYWORD FUNCTI ON

bi nsi ze= Sets the size of the histogram s bins
nornal i ze= Normal i zes the hi stogram

fill= Fills the plotted histogram

_extra(keyword) Permts use of "plot" keywords



IDL> a=[2,4,6,8,9,3]

I DL> print, hi stograna)

5.60 BAR PLOTS

*SYNTAX: BAR_PLOT, ARRAY1, BARNAMES=ARRAY2

KEYWORD FUNCTI ON

title= Gves title to bar graph
xtitle= Gves title to x-axis
ytitle= Gves title to y-axis

col ors= Sel ect a color for each bar

outline Creates outline around each bar



IDL> b=[4,2,6,4,8,4,7, 3]

I DL> a=i ndgen(5)

| DL> bar _pl ot, a, bar nanes=b
% Conpi | ed nodul e: BAR _PLOT.

| DL>

5. 70 CONTOUR PLOTS

*"contour" plots elenments in a two-di nensional array agai nst
their indices in each dinension

*Optional paranmeters X-AXIS and Y-AXI S to change default index
axi s

*SYNTAX: CONTOUR, 2 DI MENSI ONAL ARRAY, X-AXIS, Y-AXIS

I DL> x=fi ndgen(100)-54.0

I DL> y=findgen(100) +45. 0



I DL> z=di st (100)

% Conpi | ed nodul e: DI ST.
I DL> contour, z

I DL> contour, z, X,y

| DL>

6. 00 PROGRAMM NG I N | DL

6. 10 PROCEDURES AND FUNCTI ONS

*Procedures begins with PRO statenent and ends with END

PRO PROCEDURE NAME, PARAMETERS, KEYWORDS

(Statenents...)

END

*Functions begins with FUNCTI ON statenent, ends with END

statenent, and rmust contain a RETURN value to give back to

cal l er

FUNCTI ON FUNCTI ON NAME, PARAMETER, KEYWORDS

(Statenents...)



RETURN ( St at enrent)

END

*Main prograns is a list of DL conmands ending with END;, does

not require inputs

(Statenents...)

END

6. 20 KEYWORDS AND PARAMETERS

*Paraneters are the inputs to a procedure or function

*EXAMPLE: Procedure that graphs sin(X) has parameters X and Y

PRO GRAPH SI NX, X, Y

*Keywords are optional inputs to a procedure of function;

repl ace argunent for which default is otherw se defined

*EXAMPLE: Procedure that graphs sin(X) has parameters X and Y

with optional naxi mum possibl e val ue, MAXVAL

PRO GRAPH_SI NX, X, Y, MAXVAL=MAXVAL



6. 30 COVPI LI NG

*Sel f-constructed IDL source files generally end with ".pro"

*" pro" files evoked on IDL by ".conpile" executive command

IDL> .conpile vgfield.pro
% Conpi | ed nodul e: VGFI ELD.

| DL>

*"_ run" is another conpiling command that additionally runs the

programif it is a main program

6. 40 CONTRCL STATEMENTS

*|F Statenent - If "Condition" is true, execute "Statenment 1"

- Optional: Qtherw se execute "Statenment 2"

IF (Condition) THEN (Statenment 1) ELSE (Statenent 2)



IF (Condition) THEN BEG N (Statenent 1) ENDI F ELSE BEG N (Statenent 2) ENDELSE

*|F Statenent Alternative - Mre efficient

I DL> | ogi cal Vari abl e=2
| DL> x=5
IDL> if logical Variable eq 1 then print, Xx
IDL> if logical Variable eq 2 then print, 8
8
I DL> y=x*(1ogi cal Vari abl e eq 1) +8* (| ogi cal Vari abl e eq 2)
IDL> print,y

8

*CASE Statenent - Continues going through (Expression) until it
is equal to (Condition) and executes

correspondi ng statenents



- Continues going through conditions until (Cond)
true (eq 1) and executes correspondi ng
statenents

- Required: execute ELSE if never true

CASE (Condition) OF
(Expressionl): (Statenents)

(Expression2): (Statements)

(ExpressionN): BEG N
(St at enent s)
END

ELSE: (Statenents)

ENDCASE

CASE 1 OF
(Condl): (Statenents)

(Cond2): (Statemnents)

( Cond3): BEG N
(St atenents)
END

ELSE: (Statenents)



ENDCASE

*FOR St at enrent

Continues to add positive (increment) to (Val ue
1) until it is less than or equal to (Value 2),
then executes (statemnent)

Continues to subtract (increment) from (Val ue 1)
until it is greater than or equal to (Value 2),

then executes (statement)

FOR i =(Value 1), (Value 2), (increnment), DO (Statenent)

FOR i =(Value 1), (Value 2), (increnent), DO BEG N

ENDFOR

*WHI LE St at enent

(St at enent)

- Executes (Condition) holds true, executes

(St atenent)

VWH LE (Condition) DO (Statenent)

WH LE (Condition) DO BEG N

(Statenent)



ENDWHI LE

*REPEAT Statenment - Executes (Statement) until (Condition)

true

REPEAT (Statement) UNTIL (Condition)

REPEAT BEG N

(St at enent)

ENDREP UNTI L (Condi ti on)

*RETURN Statenment - Inmmediate exit from program returning

control to caller

- If in a function, returns (Result)

RETURN, (Result)

RETURN

*QOTO Statenent - Junps to specific |ocation (Label)

GOTO, (Label)

is



*SW TCH St atement - Continues going through (Expression) until it
is equal to (Condition) and executes
correspondi ng statenents
- Continues going through conditions until (Cond)
true (eq 1) and executes correspondi ng statenents

- ELSE I'S OPTI ONAL NOT REQUI RED

SWTCH (Condition) OF
(Expressionl): (Statenents)

(Expression2): (Statements)

(ExpressionN): BEG N
(St at enent s)
END

ELSE: (Statenents)

ENDSW TCH

SWTCH 1 OF
(Condl): (Statenents)

(Cond2): (Statemnents)

(Cond3):  BEG N



(St atenents)
END
ELSE: (Statenents)

ENDSW TCH

*BREAK Statenent - |Immediate exit form FOR, WH LE, SW TCH, CASE,

REPEAT

BREAK

* CONTI NUE St at enent - Executes next iteration of FOR WH LE,

REPEAT

CONTI NUE

6. 50 PRACTI CE PROGRAMS

*PROGRAM #1: CREATE PROCEDURE CALLED MAXI MUM THAT WOULD PRI NT

SENSI BLE ANSWER WHEN FED TWO ARRAY | NPUTS

- VWHY DO TH S?
Due to array nature of IDL max function, mght not do

exactly what is desired



I DL> a=5
| DL> b=6
I DL> x=[ 2, 3]
I DL> y=[5, 6]
I DL> z=[ 3, 2]
I DL> print, max
% PRI NT: Variable is undefined: MAX
% Execution halted at: $MAIN$
I DL> print, max(x)
3
I DL> print, max(y)
6
I DL> print, max(x,y)
3
I DL> print, max(5, 6)
% Attenpt to store into an expression: <INT ( 6) >.
% Execution halted at: $MAIN$
I DL> print, max([5,6])
6
I DL> print, max(a, b)

5



I DL> print, max(z, b)

3

- Fini shed program shoul d behave in the foll ow ng manner

| DL>maxi mum X, y

5 6
| DL>maxi mum X, z

3 3
| DL>maxi mum x, 2. 5

2.5 3
| DL>maxi mum a, b

6

| DL>maxi mum z, b

- HINT: Consider IDL function n_elenents and > < operators



*PROGRAM #2: CREATE PROCEDURE CALLED HI STOGRAM AS ONE WOULD EXPECT

A HI STOGRAM PROGRAM TO BEHAVE

- VWHY DO THI S?
Default IDL histogramfunction just returns an array of

occurrences when fed an array

IDL> a=[5,3,9,4,6,4,2,1,5,8,9]

I DL> print, hi stogran(a)

- Fini shed program shoul d:
(1) Sensibly create histogramw th occurrences on
y-axi s and correspondi ng val ues on x-axis
(2) Automatically create plot of sensible histogram

wi t hout the need to nmanual ly evoke plot in IDL



(3) Have the optional keyword binsize and work if
non-default binsize is specified
(4) Ensure that plot is centered accordingly
- If binsize=1 and there are occurrences at 1,
I DL should show bar from0.5 to 1.5 and not

fromdefault 1.0 to 2.0



