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Plot Data at a Discrete Terminal

Prodlem

Data exists an a file ABC as a series of (x,y)
pairs. Two numbers—an x and a y-——are on each
line image. There Jis an Indeterminate (and
unimportant) number of line images in the flle.
Read In the (x,y) data points from the file in a
format-free fashiaon. Plot the data on a
narrow-width (72 character), discrete terminal
(e.g., TI 700, Hazeltine, OQmron). {Note that
DATAPLOT bhas discrete (and batch) analogues to
almost all of the continuous plots as ghown in the
remaining examples,) See figure for the discrete
terminal plot.

IAPLOY Program

READ file name X Y
DISCRETE
PLOT Y X

Program Descriptiom

READ ABC. X Y

carries out a format-free read of data from [file
ABC; the file name (ABC) (on most sytems) must
terminate with a period. The data is read Iinto
variables X and Y; the first nuaber on each line
image of the file is read into the variable X;
the second number on each line is read into the
variable Y. The read terminates when an BND OP
DATA line image is encountered (or when a system
end of file is encountered).

DISCRETE

specifies that all succeeding plots will be in a
narrow-width, nmon-continuous format as would be
suitadle for a narrow-width/non-Tektronix/
alpbanumeric terminal (e.g., Texas Instrument
Silent 700). The discrete plots will be 70
characters wide and 24 characters deep.

PLOT Y X
generates a plot of variable Y {(vertically) wversus
variable X (horizontally)., The plot limits will
be automatic and float with the data. Because of
the prior DISCRETE command, such a plot will be
digcrete.
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Plot Data

Problem
-y -y -e
Data exists on a file ABC as a series of (x,y) e e B e
pairs. fwo npumbers-—an x and a y--are an each 4
line image. There is an Indeterminate (and i EP—.
unimportant) number of line images in the file. 1
Read in the (x,y)} data points from the file in a
format-free fashion. Plot them. See figure for I B
the output. +
B S L
DATAPLOT Program IS N
I R JP
READ ABC. X Y - - PR

PLOT Y X

Progran Descripeion

READ ABC. X Y

carries out a format-free read of data from file
ABC; the file name [ABC) (on most sytems) aust
terminate with a period. The data is read into
variables X and Y; the first number on each line
image of the file Iis read into the variable X;
the second number on each line is read ipto the
variable Y. The read terminates when an END OF
DATA line image is encountered (or when a system
end of file is encountered).

PLor v x

generates a plot of variadle Y {vertically) wersus
variable X (rorizontally). The default plot type
is cantinuous; the default axis limits will be
neat and float with the data; the default
character type is blank; the default line type is
s0lid.




Plot a Subset of the Data

Problem
. -s - e "e -
Read in (x,y) points from a file ABC. Plot them B R e e o o o R i)
but restrict the plot to only those points between + +
x = 400 to x = 600. This demonstrates the I g R
subsetting feature and will here have the effect 4 4
of *blowing up”® the plot. In general, subsetting RPN & J I
may be done on any variable [pot Fust those |
involved in the plot), may be done for ] T
combinatians of variables, and may be appended to Raniad I Bt
all graphics and analysis commands. 4 r
- IR— —-o.3%
<+ u -
DATAPIOT Program 0200 bttt 4. 200
L] L] [ J 3 L4

READ ABC. X Y
PLOT Y X SUBSET X 400 TO 600

Program Description

READ ABC. X Y

carries out & format-free read of data from file
ABC; the file name (ABC) (on most sytems) must
terminate with a period. The data is read into
variables X and Y; the first number on each line
image of the file is read into the variable X;
the second aumber on each line iz read into the
variable Y. The read terminates when an BEND OF
DATA line image is encountered (or when a system
end of file is encountered).

PLOT Y X SUBSET X 400 70 6§00

generates a plot of variable Y (vertically) versus
variable X (horizontally); only those values of
the X and Y variables which correspond to values
of the X wvariable bdetween € and 6 (inclusively)
are included in the plot. The default plot type
is continuous; the default axis limits will be
neat and float with the data; the default
character type is blank; the default line type is
solid.,




Plot a Mixture of Data and Functions

Prables

Read in (x,y) pairs from file ABC. Plot these
points as discrete X's. Superimpose a continuous
functianal trace with a solid line.

DATAPLOT Progras

READ ABC. X ¥

LET AO = -181

LET Al = 142

LET 31 = 2.8

LET FUNCTION F = (AO+A1*X)/(1+B1%X)
CHARACTERS X BLANK

LINES BLANX SOLID

PLOT Y X AND

PLOT P FPOR X = 1.65 .1 3.3

Program Descriptiom

READ ABC. XY

carries out & format-free read of data from file
ABC; the file name (ABC) (on most sgytems) =must
terminate with a period. The data is read into
variables X and Y; the first number on each line
image of the file is read into the variable X;
the second number cn each line is read into the
variable Y. The read terminates when an END COF
DATA line image is encountered (or when & system
end of file is encountered).

is a null cosmand—it visually separates chunks of
DATAPLOT code.

LET A0 = -181
defines the parameter A0 and assigns to it the
value ~181.

LET Al = 142
def nes the parameter Al and assigns ¢to it the
value 42,

LET A2 = 2.8
defines the parameter A2 and assigns to it the
valoe 2.8,

LET PUNCTION P = (AQ+Al*Xx)/{1+Bl%*X)
defines the function F and assigns to it the
l18~character string (A0+Al17*X)/(1+81*X)

CHARACTERS X BLANX

specifies (for future plots) that the first trace
will have X's as plot characters and the second
trace will bhave DAlanks as plot characters (that
is, the second trace will have bpo charactars at
the plot points).
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LINES BLANK SOLID

specifies (for future plots) that the first trace
will have blanks as plot line types (that is, the
first trace will have no connecting line between
plot pointsj, and the second trace will have solid
connecting lines between the plot points.

PLOT Y X AND

PLOT ¥ FOR X = 1,65 .1 3.3

generates a plot with 2 traces. Due to the prior
CHARACTERS and LIINES commands, the first trace
will have X's as plot characters with blank (= no)
connecting lines, and the second trace will have
blanks as plot characters with solid cornecting
lines. The first trace is a plot of variabdble Y
(vertically) wersus variable X (horizontally);
The second trace is a plot of the function F
evaluated at a series of X values starting with X
= 1.65, at increments of .l, and ending with X =
3.3 (that is, X = 1.65, 1.75, 1.85, ..., 3.15,
3.25). Note that these internally-generated X
values at which the function P is evaluated have
nothing to do with the variable X that was read
in. The X values for the function evaluation are
temporary and internally-generated. After the
multi-trace plot is generated, the Y and X
variables will be unchanged. The AND sguffix at
the end of PLOT Y X AND iIs important-— it tells
DATAPLOT to generate only 1 plot, but on that 1
plot to have 2 traces--a plot of Y versus X, and
then fon the same plot) to superimpose a plot of
the function P. When the AND is included, the
following occurs——

1) the usual scTeen pre-erase occurs;
2) the plot of Y versus X is generated;

3) the plot of the function P is superimposed



If the AND were omitted, then the following would
occur-

1) the usual screen pre-erase occurs for the
Lirst plot;

2) the plot of Y vesus X is generated;

3) the usual screen pre-erase occurs for the
second plot (thereby wiping out the
Y versus X plot);

4) the plot of the function F is generated.

The default plot type is continuous; the default
axisz will be neat and float with the
data/function.

Note that the function could have been explicitely
included in the PLOT statement as opposed to an
indirect reference via ¥. Thus an alternate form
for

PLOT Y X AND
PLOT P POR X = 1.65 .1 3.3

is

PLOT Y X AND
PLOT (AO+Al®*X)/(1+B1*X) POR X = 1.65 .1 3.3




Plot Multiple Data Traces

Problan

Data exists on & file ABC for several varialles
{data vectors) with corresponding points an the
same line image, and with some indeterminate (and

unimportant) number of line images. Read in the '

data points for the several different variables.
Plot them (6 traces will result for this example).
Have all traces solid except for the first trace
which is to have a dotted line.

DATAPLOT Program.

READ ABC. X Y1 Y2 Y3 Y4 Y5 Y6
LINES DOTTED SOLID SOLID SOLID SOLID SOLID
PLOT Y1 Y2 Y3 Y4 Y5 Y6 VERSUS X

Program Descripticm

READ ABC. X Y1 Y2 Y3 Y4 Y5 Y6

carries out a format-free read of data from file
ABC; the file name (ABC) (on most sytems) must
terminate with a period. The data is read into
variadbles X, Y1, Y2, Y3, Y4, Y5, and Y6; the
first pumber _on each line image of the file ix
read into the variabdle X; the second number on
each line is read jinto the variable Y1; the third
number is read into the variable Y2; the fourth
number is read into the variable Y3; the fifth
number is read into the variable Y4; the sixth
number is read into the variable YS5; the seventh
numbper is read into the variable Y6. The read
terminates when an END OF DATA line Iimage is
encountered (or when a system end of file is
encountered).

LINES DCTTED SOLID SOLID SOLID SOLID SOLID
specifies (for future plots) that the first trace
will bhave dotted line type; and the second
through xixth traces will have solid line types.
The allowadble line types Jin DATAPLOT bhave
2-character abbreviations fe.g., BL for BLANK, S0
for SOLID, DO for DOTTED, DA for DASHED, DAl for
DASHE1, DA2 for DASH2, ..., DA20 for DASH20. Thus
an alternate form for

LINES DOTTED SOLID SOLID SOLID SOLID SOLID

LINES DO S0 SO SO SO SO

PLOT Y1 Y2 Y3 Y4 Y5 Y6 VERSUS X

generates a aulti-trace plot with § traces——Yl
versus X, Y2 versus X, Y3 versus X, Y4 versus X,
Y5 wversus X, and Y6 versus X. Due to the prior
use of the LINES DOTTED SOLID SOLID SOLID SOLID
SOLID command, the first trace (Y1 VERSUS X) will
have dotted conpecting line, while the resaining §
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traces will each have s0lid connecting line. The
derfault plot type J1s continuocus; the default
character type is blank for all traces; the
default axiz limits J5 onpeat and float with the
data.

There are aumercus alternate forms for generating
aulti-trace plots in DATAPLOT, for example,

PLOT Y1 Y2 Y3 Y4 Y5 Y6 VERSUS X
or

PLOT Y1 Y2 Y3 Y4 Y5 Y6 VS X
or

PLOT Y1 Y2 Y3 Y4 Y5 T6 V5. X

PLOT Y1 VERSUS X AND
PLOT Y2 VERSUS X AND
PLOT Y3 VERSUS X AND
PLOT Y4 VERSUS X AND
PLOT Y5 VERSUS X AND
PLOT Y6 VERSUS X

or

PLOT Y1
PLOT Y2
PLOT Y3
PLOT Y4
PLOT Y5
PLOT Y6

MO 2
§§58E

PLOT Y1 Y2 Y3 VERSUS X Y4 Y5 Y6 VERSUS X

PLOT Y1 Y2 VERSUS X Y3 Y4 VERSUS X Y5 Y6 VERSUS X

and so forth.




Generate

a Multi-Trace Plot

to Emphasize

Between—Group Effect

Problem

A response variable Y {s  dependent on 3
independent variables--time X, operator OP, and
replication (within operator) REP. Data exists on
a file ABC for these 4 variables consisting of the
4 corresponding values on a given line image.
Read in the data. Suppose it {3 known that the
operator variable will have 3} distinct values (1,
2, and 3], and the replication variable will bave
5 distinct walues (1 to 5). Generate a
multi-trace plot of Y versus X consistingof 3 x §
= 15 distinct traces. PEmphasize between-operator
effects by having the 5 traces for operator 1
solid, the 5 traces for operator 2 dashed, and the
5 traces for operator 3 dotted.

DATAPLOY Program

READ ABC. Y X OP REP

LET TAG = 5*(0P-1)+REP

LINES SO SO SO SO SO DA DA DA DA DA D0 DO DO
PLOT Y X TAG

Program Description

READ ABC. Y X OP REP

carries out a format-free read of data from file
~ABC; The data is read into variables Y, X, OP,
and REP; the first number on each line image of
the file is read into the variable Y; the second
number an each line iz read into the variable X;
the third number is read into the variable OP;
the fourth number is read into the variable REP.

LET TAG = 5*(0OP~])+REP

forms a pew variable TAG. TAC has the same number
of elements as OP and REP. An individual element
in TAG is computed by taking an individual element
in OP, subtracting l from it, then multiplying by
5, and then adding the corresponding individual
element in the variable REP. The rationale for
forming TAG is that our ultimate objective is to
form a plot which has 15 traces in it--where each
trace represents a unique OP and REP combdination.
Since there are 3 distincet OP values (1, 2, and
3), and since there are 5 distinct REP values (1
through 5), then there are 3 x 5§ = 15 distinct
combinations. Since the 3-argument form for the
PLOT command will be used to generate the
multi-trace plot, we use this LET command to form
the third argument needed in that PLOT statament.
The TAG variable will have 15 unigue valves~-l1
through 15. Por distinct values of OP and REP,
the computed distinct value of TAG is as follows——

20 o

OP REP TAG
1 1 1
1 2 2
1 3 3
2 4 4
1 5 5
2 1 [
2 2 7
2 3 8
2 4 9
2 5 10 R
3 1 11
3 2 12
3 3 13
3 4 14
3 5 15

The above represents the distinct valves of OP,
REP, and TAG; the actual number of elements in
TAG will be the same as the number of elements in
OP and REP variables (= the numder of elements in
the Y and X variables).

LINES SO SO SO SO SO DA DA DA DA DA DO DO DO DO DO
defines (for [future plots) the 15 lines types to
be associated with the 15 traces which will Dbe
generated (when the PLOT command is entered). The
first S5 traces will be z0lid; the next 5 traces
will be dashed; the last 5 traces will be dotted.
Note that SO is an acceptable abbreviated form for
SOLID, DA is an abbreviated form Zfor DASHE or
DASHED, and DO is an abbreviated form for DOT or
DOTTED. The abbreviated form was used above 30
that the LINES command statement would fit on cne
line image; when many traces are being specified,
it is common to use the abbreviated forms for line
(and character) specifications.



PLOT Y X TAC

generates the multi-trace plot; 15 traces are
generated. Bach trace consists of a plot of the ¥
variable {vertically) versus the X variable
(horizontally); however, sach individual trace is
restricted to anly & subset of Y and X values.
The subset is defined via the contents of the TAC
variable. Por the first trace, the following
procedure is executed—-

1) the entire TAGC variadle is scanned and
the minimum value-of TAG Jis Jfdentified
{in this case, the minimum value of TAG
is 1);

2) all entries in the Y and X variables

which correspond to values in the TAG

variable of 1 are extracted;

3) this extracted subset of Y and X values

is plotted;

4) the line type for this first trace will
be dictated by the first entry of a
previous LINES command-- in this case,
the first entry was SO {= SOLID), and so
a s0lid line will result; Similarly, the
character type for the first trace will
be dictated by the Zfirst entzy of a
previous CHARACTERS command-- gince the
CHARACTERS command was not previcusly
entered, the default will be used, namely
to have bdlank plot characters.

For the second trace, the following procedure is
executed--

1) the entire TAG variable is scanned and
the next larger value of TAG 1is
ddentified {in this case, the next
largerr value of TAG is 2);

2) all entries in the Y and X variables

which correspond to values in the TAC

variable of 2 are extracted;

3) this extracted sudset of ¥ and X values

is plotted;

d) the line type for this second trace will
be dictated by the second entry of a
previous LINES command-- in this case,
the second entry was SO (= SOLID), and so
& s0lid line will result; Similarly, the
character type for the second trace will
be dictated by the second entry of a
previous CEARACTERS coswand-- aince the
CHARACTERS command was not previously
sntered, the default will be used, namely
to save blank plot charactercs.

An so forth up to the fifteenth trace; for the
fifteenth trace, the- following procedure Jis
executed—

—8—

‘trace to e plotted,

1) the entire TAG variable is scanned and
the largest value of TAC is Identified
{in this case, the minisum value of TAC
iz 15);

2) all

which correspond to values

variable of 15 are extracted;

entries in the Y and X variables
in the TAS

3) thizs extracted subset of Y and X values
is plotted;
4) the line type for this fifteenth trace

will Dbe dictated by the fifteenth entry
of a previous LINES command-- in this
case, the fifteenth entry was DO (=
DOTIED), and so0 a dotted line will
resulet; Similarly, the character type
for the fifteenth trace will be dictated
by the fifteenth entry of a previous
CHARACTERS command—- since the CHARACTEIRS

command was pot previously entered, the
default will be used, namely to have
blank plot characters, Note that the

idencical plot would have been

Note that the identical plot would have been
formed if we bad defined the TAG variable via

LET TAG = 4*(0OP-1) + REP

LET TAG = 10*({0P-1) + REP

The TAG variable as we have defined it (via LET
TAG = 5*(OP-1) + REP) will have sequential integer
values 1 through 15. In general, the TAG variable
need not have sequential integer values, nor need
it even bave integer values. The important point
is that however the TAG variable is defined, the
smallest wvalue of TAG corresponds to the first
the next larger value
corresponds to the gsecond trace to be plotted, and
50 forth., If TAG had values 1 to 5, 11 to 15, and
21 to 25 (as would result from LET TAG = 10*(OP-1)
+ REP), or values 1 to 5, 101 to 105, 201 to 205
(as would result from LET TAG = 100*(0OP-1) + REP),
the procedure for forming the plot would still Dbe
the same~- the TAG variable would be scanned from
smallest values to largest values, and each larger
value would use the next availadble lines and
characters  specification. The resuylting plot
would de identical in all 3 cases.

In this example, we have used the pame TAG to
repregsent the name of the variable that is the
third argument in the PLOT command; the choice of
TAG was by perscnal preference-—~any namse may lhave
been



BAR PATTIRPN RORIZONTAL

specifies (for future Bar Plots) that the pattern
within the bar is a borizontal line, DATAPLOT
provides ll-within bar patterns—

BAR PATTERN BLANK DO pattern
PATTERN VERTICAL vertical
PATTERN BORTIONTAL hor izantal
PATTIN D1 diagonal (up)

PATTIRN D2 diagonal [dowr)

PATTERN DI1D2 disgonals (up and docem)}
PATTZRN YKD! vertical and diagcoal {up)
PATTERN VID2 vertical and disgooal (dommn}
PATTERN DODI bor{zantal and diagonsl (wp)

PATTIRN BOD2
PATTERN YEDD

harizontal and disgonal (dowmn)

EEEEE EREEE

In practice, the first 6 are heavily used and the
last 5 are rarely used.

P
The default bar pattern is Dblank; that is, no
patctern. o

BAR PLOT Y1 X1

generates a bar plot. The Y1 variadle will be
plotted wertically and the X1 variable will be
plotted horizontally. The bars will be centered
at each of the values of the X1 wvariable (which
will be & bit left of the values Iin the X
variable). Due to prior settings of the BRAR
PATTERN and BAR WIDTH commands, the bars will have
horizcontal stripes (at the default spacing of 3),
and the width of each bar will be .2 Due to the
prior XLIMITS and YLIMITS commands, the axis
limits will be 1574 to 1980. Due to the prior
setting cof the PONT command, the title and labels
will be written out Iin triplex Jjtalic font with
default upper case. UDue to the prior entry of the
PRE-ERASE OFF command, the screen will not
auvtomatically erase Dbefore this bar plot;
however, due to the prior entry of the ERASE
command, and erase will Jave Dbeen “manually”
caused. The net effect is that the screen will be
clear as this first bar plot (involving the
borizontal bars anly) is plotted.

BAR PATTERN DID2
specifies (for future Bar Plots) that the pattern
within the bar iz criss-cross diagonal lines.

BAR PLOT Y2 X2

generates a second bar plot. The Y2 variadle will
e plotted vertically and the X2 variable will be
plotted horizontally. The bars will be centered
at each of the values of the X2 variable (vhich
will de a 2it right of the wvalues in the X
variable). Due to prior settings of the BAR
PATTERN and BAR NIDTE commands, the bars will have
criss-cross stripes (at the default spacing of 3/,
and the width of each bar will be .2 Due to the
pricr XLIMITS and YLINITS cosmands, the axis
limits will be 1974 to 1980 (which is identical to
the limics for the fLirst bar plot). Due to the
prior setting of the FONT cosmand, the title and
1ahale will he written nanr In trinlex {ealie font

e I

vert., dar., & soth disponals - .

of the PRE-ERASE OFF command, the screen will not
automatically erase before this bar plot; and so
this second bar plot will be overlayed atop the
first bar plot.

NOVE 20 80

moves the cursor to a point 20X across the screen
and 80% of the way up the screen. The rationale
for this caomand is to move the cursor to a point
where & text string will be genrated (via the
subsegqeunt TZXT cozmand).

TEXT RORIZONTAL STRIPE = NAINTRAME
generates the text string

BORIZONTAL STRIPEZ = MAINFRANME

on the screen at the current cursor locatian (=
(20,80)). Due the previous PONT conmand, the text
string will be in triplex italic font. Since no
previous CASEZ, JUSTIFICATION, XZICET, and WIDTH
commands were entered, then the text string will
be in the default upper case, left justified, with
a bheight of 3 (= 3% of screen beight) and a width
of 2 (= 2% of screen vidth).

NOVE 20 76 -

moves the cursor to a point 20X across the screen
and 76x of the way up the screen. The rationale
for this command is to move the cursor to a point
where another text string will be generated (via
the subsegeunt TEXT comnmand).

TEXT CRISS~CROSS STRIPE = MINICOMPUTERS
generates the text string

CRISS~CROSS STRIPZ = NINICOMPUTERS

on the screen at the current cursor Jlocation (e
(20,76)). Ixe the previous FONT comsand, the text
string will be in triplex italic fant. Since no
previous CASE, JUSTIFICATION, XNEIGET, and WIDTH
commands were entered, then the text string will

' be in the default upper case, left justified, with

a ‘hejght of 3 (= 3% of screen height) and a width
of 2 (= 2% of screen width).

corY

copies (to the local hardcopy unit) the current
cantents of the screen. Anytime a COPY command 15
encountered In & DATAPLOT program, the screen lis
{smediataly copied.




Generate

a Plot

to Emphasize Spread

Due to Replication

Probles

A response variable Y is dependent opn a single
independent variable X. Data exists on & file
consisting of corresponding values of ¥ and X on &
given line Image. Note that replication say
exist-—that Is, & given value of X may have
several values of Y (for example, X = .5 could
have 3 replicates associated with it-——86, 88, and

94). Replicated Y values are Indicated not by
multiple Y values on the same line image, as in
86 38 94 .5

rather, they are indicated by aultiple line images
with a common X value, as in

%6 .S
88 5
94 .5

In the above data, there is replication at X = .5
{namely, ¥ = 86, 88, and 9¢).

Read in the data into variables Y and X.

Plot the data. Xmphasize the spread Dbetween
replicates for each fixed X value by having these
replicates for a given X connected by individual
solid traces. Bave the data values themselves
displayed by using x’s as a plot character. Have
the beight of the x's egual to 1.75% of the total
vertical screen height.

DATAPLOT Program

READ ABC. Y X
CHARACTERS X ALL
CEARACTER SIZ® 1.75 ALL
PLOT Y X X

Program Description

READ ABC. Y X

carries out a format-free read of data from [flile
ABC; The data i3 read into variables Y and X;
the first numbder cn each line image of the file is
read into the variadle Y; the second number on
each line is read into the variable X.

CHARACTERS X ALL

specifies {for future plots) that all traces have
x's at the plot points (the default is to lhave
blanks at all plot points of all traces). The
rationale for setting the plot characters to x°'s
is that we would like to see the individual data
points.

-10-

‘ LSOV JOUUL SO SOV
100 ettt} } ¢ ettt s
4 4+
”»—-t ey
Tl !
poes I k 0
1 * 1
>t l )
1- .‘l -
Ly hl! " o T

-
[ e e ‘:,‘:'::'*:,: ﬂf_
H H 3 H ' }

CHARACTER SIZE 1.75 ALL

specifies [for future plots) that the bheight of
all plot characters (x's in this case) be 1.75% of
total vertical screen distance. The default
character size 15 3 (= 3X of total wvertical screen
distance). The sire has been changed from the
default Dbecause (for the data set used in the
example) the x's were too crowded--they dominated
the plot too =much and were a distraction to the
main objective--study the variation due to
replicatian. A character size of 1.75 was
specified to illustrate that nan-integer size may
be specified. More commonly cne would find that a
charactr size of 2 or 1 would be visually
adequate.

PLOT Y X X

generates the desired aulti-trace plot where an
individual trace consists of a line connecting all
replicated values at a given x value. Generating
a plot to emphasize replication 15 really a
special case of the 3-argument PLOT command for
generating multi-trace plots. Each trace consists
of a plot of the ¥ variable (vertically) wersus
the X variable (horizantally); bowever, each
individual trace is restricted to only a subset of
Y and X values. The sudset is defined via the
thrid argument of the PLOT command-- pamely the X
variable. Any variable may be used as this thrid
argument; usually it Jis pot Y or X, but it can
be, and in this instance, the choice of X for the
thrid wariadle allows the desired plot to de
generated.

For the first trace, the following procedure is
executed-—

1) the entire X variable is scanned and the
minimunm value of X is identified (in this
case, the miniaue value of X is .5);

2) all entries in the Y and X wvariables
wvhich correspond to values in the X
variable of .5 are extractad;




3) this extracted subset of ¥ and X values
is plotted;

4) the line type for this first trace will

be dictated by the [first entry or a

previous LINES command-— since the LINES

command was not previously entered, the
default will be used, namely to have
solid line type; Similarly, the

character type for the first trace will
be dictated by the first entry of a
previous CHARACTERS command-- since the
previous CEARACTERS command had specified
x's for the plot character type for all
plot points of all traces, then the plot
character for the first trace will be an
X. Purther, the gize for the characters
in the first trace will be dictated by
the first entry of a previous CHARACTER
SIZE command-—-  since the previous
CHARACTER SIZE command had specified 1.75
for the plot character size for all plot
points of all traces, then the plot
character size for the first trace will
be 1.75% of total vertical screen height.
characters.

Por the second trace, the following procedure is
executed-——

1) the entire X variable is scanned and the
next larger value of X is identified (in
this case, the minisum value of X is .6);

2) all entries in the Y and X variables

which correspand to values in the X

variable of .6 are extracted;

3) this extracted subset of Y and X values

is plotted;

4) the lipe type for this second trace will

be dictated by the second entry of a

previous LINES command—— since the LINES

caommand was not previously entered, the
default will be used, namely to have
solid line type; Similarly, the

character type for the second trace will
be dictated by the second entry of a
previous CHARACTERS command-- since the
previous CEARACTERS cosmand had specified
x's for the plot character type for all
plot points of all traces, then the plot
character for the gecond trace will be an
x. Purther, the gige for the characters
in the second trace will be dictated by
the second entry of a previous CHARACTER
SIZE command—— since the previous
CHARACTER SIZE command had specified 1.75
for the plot character size for all plot
points of all traces, tben the plot
character size for the second trace will
be 1.75% of total vertical screen height.
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A similar procedure is followed for the formation
of all traces. Note that for this example, we do
not need to know ahead of time how many individual
traces there will be. Since the CEARACTIRS and
CHARACTER SIZES commands specified settings for
all such traces (via use of the keyword ALL in the
commands), then the settings will hold regardless
of how many traces result.

From a data analysis point of view, the plot ghows
that the usual constant-variation assumption does
not hold for this data set. Note that the
variation within replicates is much larger for
small values of X than for large values of X. As
8 consequence of this, ane would not carry out a
fit (for example) of this data set without proper
weighting or variable transformation.




Generate a Histogram

Problem
e
Data exists on & file as & series of values (1 bt S RASAZRASASRASAN RARAS LAARE RARES Y
value per line image). Read in the data. :E - 1
Generate a histogram. Bave the class limits + +
automatically determined. The histogram is a *T 1 T™
graphical data analysis technique for displaying 31 by
distridutianal information in a data set. See »l I
figure 8. + 1
1 3
e o Lo
DRTAPLOT Program 1: 1
-+ <+
P SR T PN ! Rt gttt &
READ ABC. X oo -iiee -tes e & e ees 1808
HISTOGRAM X

Progras Descxiption

READ ABC. X

carries out a format-free read of data from file
ABC. The first number on each line image is read
into the variadle X. The read terminates when an
END OF DATA line image is encountered (or when a
system end of file is encountered).

BISTOGRAM X

generates a histogram. The BISTOGRAM command (as
with all DATAPLOT Graphics category commands)
makes use of current settings for plot character
type and line type. Por the usual continuous
histogram, the proper setting is blankx plot
characters and solid line types; since this is
the default, the CHARACTERS and LINES commands
need not be used. The class width is
automatically computed {as 0.3 x s where g is the
sample standard deviation for the datz); to
override the default, the analkyst would enter the
ClASS WIDTHE command before the HISTOGRAM coamand.
The first class and the Jlast class are also
automatically computed (as xbar +- 6 x s, where
xbar is the sample mean of the data). To override
this, the analyst enters the CLASS LOWER and CLASS
UPPER cammands, respectively. In carrying out
analysis graphics, the analyst rarely peeds to use
anything other than the default settings for the
classes; for the vast majority of data sets, the
default settings will yield histograms with 2
near-saximal amount of information. PFor
persentatian  graphics, the analyst may find
him/berself adjusting the class settings soc as o
generate a histogram with pre~determined settings.

FProm an interpretational point of wview, this data
set has a symmetric distribution, though decidely
aon~normal and bimodal.



Generate a Pie Chart

Probles

Data exists on a file as a series of values (1
value per line image). Read in the data.
Generate a pie chart. Xave the class limits
automatically determined. The pie chart is &
graphical data analysis technique for displaying
distributianal information in & data set. See
Zigure 9.

DATAPLOT Program

READ ABC. X
PIE CHART X .

Program lDescription

READ ABC. X

carries out a format-free read of data from file
ABC, The first number on each line image iIs read
intc the variable X. The read terminates when an
EZND OF DATA line image is encountered (or when a
syscem end of file is encountered).

PIE CHART X

generates a pie chart. The PIE CHART command (as
with all DATAPLOT Graphics category commands)
makes use of current settings for plot character
type and line type. Pie charts invariably have no
plot characters and solid lines-—-since this is the
DATAPLOT default the CEARACTERS BLANXK and LINES
SOLID commands peed not be entered.

As with the histogram, the class width for the pie
chart is autcmatically computed (as 0.3 x s where
5 is the sample standard deviation for the data);
to override the default, the analyst would enter
the CLASS WIDTS comnand before the PIE CHART
command . The Zfirst class and the last class are
also automatically computed (as xbar +~- 6 x s,
where xbar is the sample mean of the data). To
override this, the analyst enters the CLASS LOWER
and CLASS UPPER commands, respectively. For
analysis graphics, the analyst rarely changes the
default sertings., On the other hand, the pie
chart Is primarily a presentation graphics (as
cpposed to analysis graphics) technigque. Por such
persentation graphics, the analyst may find
him/herself adjusting the class settings so as to
generate a pie chart with pre-~determined gerrings.

The pie chart 15 read {n a clockwise fashion
starting at the 9 o’clock positian.

From an interpretational point of view, this pie
chart tells us the same ag the histogram——namely
that the first and last clasgses have Dhigh
frequency and the midlle classes bave lower
frequency.
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Generate a Normal Probability Plot

Probles

Data exigts on & file as a series of values (1
value per line image). Read in the data.
Generate a probability plot for the normal
distridbutian. The probability plot for a given
diseriburtion is L] graphical data analysis
technique for determining if the given
distridution provides a good distributional fit to
the data. The vertical axis is the ordered raw
data. The horizontal axis is the order statistic
medians from the given distribution. The
linearity of the resulting plot is of interest——
the more linear the plot, the Detter the
distributional fit.

DATAPLOT Progras.

READ ABC. X

CBARACTERS X

LINES BLANX

NORMAL PROBABILITY PLOT X

Program Description

READ ABC. X

carries out & format-free read of data from file
ABC. The first pumber on each line image i{s read
into the variable X. The read terminates when an
END OF DATA line image is encountered {or when a
system end of file is encountered).

CHARACTERS X
specifies (for [future plots) that the rrace will
have X's as plot characters.

LINES BLANK

specifies (for future plots) that the trace will
have blanks as plot line types (that is, the trace
will have no connecting line between plot points).

NORMAL PROBABILITY PLOT X

generates a normal probabdility plot or the data in
the varisdle X. Due to the prior entry of the
CHARACTERS X command and the LINES BLANK comsand,
the plot will appear with x's as plot characters
and with no connecting lines. The default plot
type ls continuous; the default axis limits will
be peat and float with the data.

From a data analysis point of view, this pormal
prodability plot is pear-linear for most of the
data; the largest 3 values appear to outliers or
from a different distridutional model.
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DATAPLOT bhas capabilitities for generating
probdability plots for over 20 distributions and
distributianal families. Thus to generate a
logistic probability plot of the same data set,
one could enter

LOGISTIC PROBABILITY PLOT X

and to generate a probadbility plot from the
wWeibull distribution with shape parameter 3.3, cne
defines (via LET) the value of GAMMA, and then
enters the usual PROBABILITY PLOT command, as in

LET GAMMA = 3.3
WEIBULL PROBABILITY PLOT X



Generate

a Probability Plot

Correlation Coefficient Plot

Prodlem

Data exists on a file as a series of values (1
value per line image). Read in the dJdata.
Generate a PPCC (prodability plot correlation
coefficient) plot for the Tukey lambda
distributiaon family. The PPCC plot for & given
distridutianal family is a graphical data analysis
technigue for determining which msember of the
family provides the best distridutional fit to the
data. The maximum probability plot correlaticn
coefficient critericn Is the measure of goodness
of fit. The vertical axis is the probability plot
correlation coefficient-~ a measure of linearity
Iin a probability plot. The horizontal axis is the
parameter (in this case, lambda) which defines the
various members of the distributional family, The
lambda vwvalue where the PPCC attains a maximum is
of interest. It allows the analyst to graphically
estimate the value of the shape parametr (and
hence the member of the distridbutional family)
which has the most linear probability plot. See
figure 11.

DATAPLOT Program

READ ABC. X
TUXEY LAMBDA PPCC PLOT X

Program Descripetion

READ ABC. X

carries out a format-free read of data from file
ABC. fThe first number an each line image iz read
into the variable X. The read terminates when an
END OF DATA line image is encountered {or when a
system end of file is encountered).

TUKEY LAMBDA PPCC PLOT

generates a Tukey PPCC plot of the variable X.
The default plot type is continuous; the default
axis limits will De neat and float with the data;
the default character type is blank; the default
line type ix solid.

Interpretationlly, the PPCC plot maximizes near
lambda = 0.1; Since  Jambda = 0.1 Iis
approximately tbhe onormal distridbution, then this
plot suggests that of all the members of the Tueky
lambda distributional family (a symmetric familyl,
the normal distribution provides a near-dest it
to the data. Long-tailed members of the Tukey
family {(values Iin which laxbda , 0) provided poor
fits to the data; Noderate and short-tailed
aenbers of the Tukey family provide
near-equivalent fics to the data.

The PPCC plot may be generated for other
distributions; besides the Tukey lambda family,
there is also

t family;

chi-squard family;

gamma family;

extreme value type 2 family;
weibull family;

Pareto family.

To generate a PPCC plot for the Weibull family,
for example, one would enter

NEIBULL PPCC PLOT X
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Cenerate a Normality Plot

Problem

Data exists on a file as a series of values (1
valve per line image). Read in the data.
Generate a normality plot for the  Box-Cox
cransformation Zfamily. the normality plot for a
given transformation family is a graphical data
analysis technique for determining which member of
the family (that Is, which transformation of the
raw data) will yield a transformed variable which
is most closely normally distriduted. The maximum
normal probability plot correlation coefficient
criterian is the measure of goodness of fit. The
vertical axis is the normal probability plot
correlation coefficient-—a measure of linearity in
& normal prodability plot. The horizontal axis is
the parameter (in this case, lambda) which defines
the various members of the transformation Zfamily.
The lambda value where the normal PPCC attains a
maximum ls of interest.

DATAPLOT Program

READ ABC. X
BOX-COX NORMALITY PLOT X

Progras Descziption

READ ABC. X

carries out a format-free read of data from file
ABC. The first pumber an each line image is read
into the variable X. The read terminates when an
END OF DATA line image is encountered (or when a
systen end of file is encountered).

BOX~COX NORMALITY PLOT

generates a4 Box-Cox normality plet of the variable
X. 7The default plot type is contingous; the
default axis limits will be peat and float with
the data; the default character type Jis blank;
the derault line type is solid.

terpretaticnally, the Box-Cox Normality Plot
maximizes pnear lambda = 0O, Since the BMox-Cox
transformation family is

T(x) = (x**lambda - 1)/lambda if lambda pot = 0

rix) = log(x) 1f lambda

then the appearance of the plot indicates that a
log transformacion of the data would gield the
closest approximaticn to normality.

=0
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Carry Out a 3-Factor Graphical ANOVA (GANOVA)
for a 2-Cubed Full Factorial Design

Proble=

Data exists on a file for a response variable Y
and independent variables X1, X2, and X3; the 4
corresponding values of the variables are on each
line image. Variables X1, X2, and X3 each have 2
levels (-1 and +1). There are 2 x 2 x 2 = & data
lines. The data file ABC cunsists of the
following 9 line images——

99 -1 -1 <2
237 =12 1 =2
49 -2 -1 2
86 -1 1 1
20 1 -1 -1
251 1 1 -1
92 1 -1 1
¢ 1 21 2
ZND OF DATA

Read in the data.

Carry out & graphical ANOVA {GANOVA) by generating
a multi-trace plot of Y versus X1; imbed
information regarding the 2 levels of X2 and the 2
levels of X3 by having 2 x 2 = 4 traces within the
basic plot of Y versus Xl. ZEmphasize the 2 levels
of the X2 variable by having 2 different line
types~-

solid when X2 = =]
dotted when X2 = 1

Emphasize the 2 levels of the X3 variable by
having 2 different character types——

1 when X3 = -1
2 when X3 = 1

GANOVA is a valuable technigque for dJdetermining
whether an additive model is appropriate, and for
determining which variables affect the response.
It is a useful complement to the usual ANOVA (and
in many respects, is superior to the usual ANOVA/.

DATAPLOY Program

READ ABC. Y X1 X2 X3

LET ID = 2e(X2-1}+X3

LINES SOLID SOLID DOTTED DOTYED
CHEARACTERS 1 2 1 2

PLOT Y X1 ID
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Program Descriptiom

READ ABC. Y X1 X2 X3

carries out a format-free read of data from file
ABC; The data is read into variables Y, xl1, X2,
and X3; the first number on each line image of
the file is read into the variable Y; the second
number on each line is read into the variable X1;
the ¢third number is read into the variable X2;
the fourth pumber is read into the variable X3.

LET ID = 2*%(x2-]1)+X3

forms a new variable ID. ID has the same number
of elements as X2 and X3. An individual element
in ID is computed by taking an individual element
in X2, subtracting 1 from it, then multiplying by
2, and then adding the corresponding Iindividual
element in the variable X3. The rationale for
forming ID is that our ultimate obdjective 1is to
form a plot which has 4 traces in it--where each
trace represents a unique X2 and X2 combination.
Since there are 3 distinct X2 values (-1 and 1),
and since there are 2 distinct X3 values (-1 and
1), then there are 2 x 2 = 4 distinct
combinations. Since the 3-argument form for the
PLOT command will be used to generate the
multi-trace plot, we use this LET command to form
the third argument needed in that PLOT gtatement.

The ID variable will have & unigque values—1
through 4. PFor distinct values of X2 and X3, the
computed distinct value of ID iz as follows—

X2 X3 ID

-1 =1 2

-1 1 2

1 = 3

2 2 4




The above represents the distinct wvalues of X2,
X3, and ID; the actual number of elements in 1D
will be the same as the number of elements in X2
and X3 variables (= the number of elements in the
Y and X1 variables) = 8.

LINES SOLID SOLID DOTTED DOTTED

defines (for future plots) the 4 lines types to be
associated with the & traces which will be
generated (when the PLOT command ls entered)—

frace l--golid
Trace 2--solid
frace 3-~-dotted
Trace 4-—dotted

CBARACTERS 1 21 2

defines [for future plots) the & plot characters
to be associated with the 4 traces which will be
generated [(when the PLOT command is entered )-—

Trace l=—1
Trace 2~~2
Trace 3—1
Trace €-——2

PLOT Y X ID

generates the multi-trace plot; 4 traces are
generated. Bach trace consists of a plot of the Y
variable (vertically) wersus the X1 variable
{horizentally); however, each individual trace is
restricted to only a subset of Y and X1 valves.
The subset is defined via the contents of the ID
variable. For the first trace, the following
procedure is executed-—-

1) the entire ID variable is scanned and the
minimum value of ID is identified (in
this case, the minimuwe value of ID is 1);

all entries in the Y and X1 variabdles
which correspond to values in the ID
variadble of 1 are extracted (there are 2
such values);

2}

3) this extracted subset of Y and Xl valuves

is plotted;
4) the line type for this first trace will
be dictated by the first aentry of a
previocus LINES command-— in this case,
the first entry was SOLID, and sc a solid
line will pesult; Similarly, the
character type for the first trace will
be dictated by the first entry of a
previous CHARACTERS command-- in this
case, the first entry was 1, and so 1l's
will appear at the plot points of the
first trace.
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For the second trace, the following procedure is
executed—

1) the entire ID variable is scanned and the
next larger value of ID is identified (in
this case, the next larger value of ID is
2);

2) all entries in the Y and X1 variables

wvhich correspond $> wvalues in the ID

variabdle of 2 are extracted (there are 2

such values);

3) this extracted subset of ¥ and X1 values

is plotted;

4) the line type for this second trace will

be dictated by the second entry of a

previous LINES command—- in this case,

the second entry was SOLID, and so a

solid line will result; Similarly, the

character type for the second trace will

be dictated by the second entry of a

previous CHARACTERS command-- in this

case, the first entry was 2, and so 2°'s
wvill appear at the plot points of the
secaond trace.

A similar procedure for the third and fourth
traces will yield a third trace which has a dotted
connecting line and 1's at the plot points, and a
fourth trace which has a dotted connecting line
with 2's at the plot points.

From a data analysis point of view, the GANOVA
reveals that factor X1 is significant (for all 4
traces, the response is higher at X1 = +] than at
Xl = =1), Further, an additive model is not
appropriate—the criss-crossing of the lines
indicates an X2 interaction with X3. Note also
the jincreased variablility within the 2 dotted
lines (that is, when X2 = +1) as opposed to within
the 2 solid lines (that is, when X2 = =1).



Carry Out a 3-Factor Graphical ANOVA (GANOVA)
for a General Full Factorial Design

Problem

Data exists oan a file for a respanszse variadle Y
and independent variables X1 (5 levels), X2 (3
levels), and X3 (2 levels). The & correspanding
values of the variadles are on each line image.
There are 5 x 3 x 2 = 30 data lines. The data
file ABC cuonsists of the following 31 line
images~—

6 100 1 1 1
97 220 1 1 1
8¢ 475 1 1 1
58 715 1 1 1
70 870 1 1 1
331 100 2 1 2
293 220 2 1 2
272 475 2 1 2
262 715 21 2
293 870 2 1 2
s70 100 3 1 3
556 220 3 1 3
497 475 3 1 3
611 715 3 1 3
651 870 3 1 3
181 100 1 2 4
133 220 1 2 4
106 475 1 2 4
92 715 1 2 4
06 870 1 2 4
376 100 2 2 5
332 220 2 2 5
324 475 2 2 5
€11 715 2 2 5
s 80 2 2 5
768 100 3 2 6
725 220 3 2 6
786 475 3 2 6
892 715 3 2 6
1355 870 3 2 6
END OF DATA

(This data is drawn from Bamaker, 1971). Read in
the data into variables Y, X1, X2, and X3.

Carry out 3 graphical ANOVA (GANOVA) by generating
a multi-trace plot of Y wversus X1; inbed
Information regarding the 3 levels of X2 and the 2
levels of X3 by having 3 x 2 = 6 traces within the
plot of Y versus X1. ZEnphasize the 3 levels of
the X2 variable by having 3 different line types-—

solid when X2 = ]
dashed when X2 = 2
dotted when X3 = 3

Emphasgize the 2 levels of the X3 variable by
baving 2 different chacacter types—

Graphical ANOVA (GANOVA) iz a valualble tool for
determining if and Xow variables affect the
respanse.
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DATAPLOT Program

READ ABC. ¥ X2 X2 X3

LET ID = 2*(X2~1)+X3

LINES SOLID SOLID DASHED DASRED DOTTED DOTTEL
CRARACTERS 1 2121 2

PLOT ¥ X1 ID

Program: Description

READ ABC. Y X1 X2 X3

carries out a format-free read of data from file
ABC; The data is read into varjables ¥, X1, X2,
and X3; the first number on each line image of
the file is read imto the variadble Y; the second
nuaber on each line is read into the variable X1;
the third number is read into the variable X2;
the fourth number is read into the variable X3.

LET ID m 2#%(X2-])+X3

forms a new variable ID. ID has the same number
of elements as X2 and X3. An individual element
in ID is computed by taking an individual element
in X2, subtracting 1 from it, then multiplying by
2y and then adding the corresponding individual
element in the variable X3, The rationale for
forming JID is that our ultimate objective is to
form a plot which has 6 traces in it-—where each
trace represents a uique X2 and X2 combination.
Since there are 3 distinct X2 values (1, 2, and
3), and since there are 2 distinct X3 values (1
and 2), then there are 3 x 2 = 6 distinct
combinations. Since the l-argument form for the
PLOT command will be used to generate the
multi~trace plot, we use this LET command to form
the third argument needed in that PLOT statement.
The ID variadble will bave 6 unigue values—]
through 6. Por distinct values of X2 and X3, the
computed distinct value of ID is as follows—
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The above represents the distinct values of X2,
X3, and ID; the actual number of elements in ID
will De the same as the number of elements in X2
and X3 variables (= the number of elements in the
Y and X1 variables) = 30.

LINES SOLID SCOLID SOLID SOLID DOTTED DOTTED DOTTED
defines (for future plots) the 6 lines types to be
associated with the 6 traces which will be
generated (when the PLOT command is entered )--

Trace l--gsolid
frace 2--solid
Trace 3--dashed
Trace 4-—dashed
Trace S5--dotted
frace 6—dotted

CHARACTERS 1 2 1 212 -
defines (for future plots) the 6 plot characters
to be associated with the 6 traces which will be
generated (when the PLOT command is entered)——

Trace le-l
Yrace 2—2
Trace 3—1
Trace 4--2
frace S5-—-1
rrace 6-~2

PLOT Y X ID

generates the multi-trace plot; 4 traces are
generated. Bach trace consists of a plot of the Y
variable (vertically) wversus the Xl variadle
(horizantally); however, each individual trace is
restricted to only a subset of Y and X1 wvalues.
The subset Iis defined via the contents of the ID
variable. For the first trace, the following
procedure is executed-——

1) the entire ID variable is scanned and the
minipun value of ID is identified (in
this case, the minimsus value of ID is 1);

2) all entries inthe Y and X1 variables
which correspand to values in the ID
variable of 1 are extracted (there are 5
such valuves); '

3) this extracted subset of Y and X1 values
is plotted;

4) the line type for this first trace will
be dictated by the first entry of a
previous LINES command-—~ in this case,
the first entry was SOLID, and s0 a solid’
line will cresult; Similarly, the
character type for the first trace will
be dictated by the first entry of a

previous CHARACTERS cosmand-- in this
case, the first entry was 1, and so 1's
will appear at the plot points of the
first trace.

Por the second trace, the following procedure ix
executed—-—

1) the entire ID variable is scanned and the
next larger value of ID is identified (in
this case, the next larger value of ID is
2);

2) all entries in the Y and X1 variables
which correspond to values in the ID
variable of 2 are extracted (there are 5
such values);

3) this extracted subset of Y and X1 vwalues
is plotted;

4) the line type for this second trace will
be dictated by the gsecond entry of a
previous LINES command— (n this case,
the second entry was SOLID, and so a
solid lipe will result; Similarly, the
character type for the second trace will
be dictated by the sgecond entry of a
previous CHARACTERS command-—~ in this
case, the first entry was 2, and so 2's
will appear at the plot points of the
second trace.

‘ A similar procedure far traces 3 through 6 yielded

trace 3~~dashed with plot character 1
trace 4-—dashed with plot character 2
trace S5-~dotted with plot character 1
trace 6-~dotted with plot character 2

Prom a data analysis point of view, the GANOVA
reveals many important facts——

1) there exists an cutlier (note the point
in the upper right coraer);

2) factor X1 45 not significant (note the
flatness of the response for all 6
traces);

3) factor X2 is significant note how dotted
higher than dashed higher than soclid);

4) factor X3 15 significant (note how 2
higher than 1 for solid, for dashed, for
dotted);

5) wvariability increases for different
levels of factor X2 (note narrow spread
betweenr 2 dotted lines, wider spread
between 2 dashed lines, and wide spread
between 2 dotted lines).

Graphical ANOVA i3 one of the most imporctant tocls
for the data analyst.



Carry Out

a Nested Graphical ANOVA (Nested

CANOVA) of a 3-Factor Experiment

Frodles

Data exists on a file for a respanse variable Y
and Jindependent variables X1 (6 levels), X2 (2
levels), and X3 (3 levels); data is mizsing at
the following point— (Xl =5, X2 = 1, X3 = 2),;
and at the following 3 points (X1 = 5, X2 »w 2, X3
- I, 2, and 3). Bach line Jimage has the
corresponding values of each variable. There are
(6 x 2 x3) - d = 32 data lines, The data flle
ABC consists of the following 33 line images—

.24
.18
31
.61
54
67
28
25
32
69
54
.81
.24
o221
28
.76
66
.87
27
«25
-3¢
.80
.68
.88
.18
29
.13
.14
«26
44
46
74
END OF DATA
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Read in the data; place them in variables Y, X1,
X2, and X3,

Carry out a opested graphical ANOVA (pestad
GANOVA).  1BRaphasize the 2 levels of X2 My
splitting the harizontal axis into 2 balves—

left balf for X1 =1
right half for X1 = 2

Enphasize the 3 levels of X3 by baving X3 an the
borizantal axis, but pested within each X2 value.
Thus (when X2 = 1} there will be 3 levels of X3 an
the left half of the horizontal axis; and (when
X2 = 2) there will be 3 levels of X3 on the right
balf of the horizontal axis.
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Bnphasize the 6 levels of X1 by connecting values
within a level by a solid line and by
incorporating 6 distinct character types——

At e

The net effect will be that all levels of X1 and
X3 will be visually nested within each of the 2
levels of X2. Note that the 6 levels of X1 and
the 2 levels of X2 would result in 6 x 2 = ]2
traces; Dbowever, since data is missing for (X1 =
5, X2 =2), anly 1l traces will result. See
figure 15.

DATAPLOT Frogram

READ ABC. Y X1 X2 X3

LET X23 = 59%(X2-1)+X3

LET TAG = 2°(X2-1)+X1
CHARACTZRS ABCDEFAZCODY
PIOT Y X23 TAG

Program Description

READ ABC, Y X1 X2 X3

carries out a formac-free read of data from file
ABC; The data is read into variables Y, X1, X2,
and X3; the first numbder on each line image of
the file is read into cthe variable Y; the secoend
number on each line is read into the variable XI1;
the third pumber is read jinto the variable X2;
the fourth number is read into the variable X3.




LET X23 = S5e(x2-1)¢X3

forms & Dpew variable X23. The rationale for
forming X23 4is that we wish to form a new
horizantal axiz wvariadle for the plot which will
incorporate both the 2 values for X2 and the 3
values for X3 The final plot will 4inwolve Y
({vertically) versus this new combined variadle X23
(horizoncally/. The X23 will be the second
argument (the horizantal axis argument) in the
3-argument form for the PLOT cosmand. An
individual element in X23 iz computed by taking an
individual element in X2, subtracting l froms {t,
then aultiplying by 5, and then adding the
corresponding individual element in the variable
X3. Since there are 2 distinct X2 values (1 and
2), and since there are 3 distinct X3 values (1,
2, and 3}, then there are 2 x 3 = 6 distinct
combinations. The X23 variable will Dhave 6
distinct values—1 to 3 and 6 to 8. Por distinct
values of X2 and X3, the computed value of X23 is
as follows——

X2 X3 X23
P 1 1
P 2 2
1 3 3
2 1 &
2 2 7
2 3 e

A factor of 5 was chosen in the definition of
X23== X23 = S*(X2=1)+X3. This was deliberate——it
caused the X23 value to take on values 6, 7, and 8
when X2 = 2, with the nect effect that there will
be a visual separation on the final plot detween
the left half (X1 = 1) and the right half (X1 = 2)
of the horizontal axis., Other factors besides 5
could have deen used. X23 has 6 distinct values,
but has many msore actual values, The actual
nunber of elements in X23 will be the same as the
number of elements in X2 and X3 variables (= the
number of elements jn the Y and X1 variadles) =
32.

LET TAG = 6*(X2-])+X1

forms & npew variable TAG. The raticnale faor
forming TAG Jis that our ultimate objective is to
form a plot which has 6 traces in Jt-——where each
trace represents a unique X2 and X2 combination.
Since there are 3 distinct X2 values (1, 2, and

3), and since there are 2 distinct X1 values (2
and 2), then there are 3 x 2 = 6 distinct
combinations. Since the 3-argument form for the

PLOT command will be used to generate the
aulti-trace plot, we use this LET command to form
the third argument needed In that PLOT statement.
An individual element in TAG is computed by taking
an individual element in X2, subtracting 1 from
it, then multiplying by 6, and then adding the
corresponding individual element in the variable
X1. Por distinct values of X2 and X1, the
computed distinct value of TAG is as follows—

x2 X1 TAG
P! 1 1
1 2 2
1 3 3
1 4 4
i 11 5
1 6 ]
2 1 7
2 2 8
2 3 s
2 < 10
2 5 2
2 6 22

The TAG variadle would have 12 unigque values--1
through 12; note, however, that since the data
from (X2 = 2, X1 = 5) is missing, then it will in
fact only have 1] values--l through 10, and 12.
The above represents the distinct values of X2,
X1, and TAG; the actual number of elements in TAG
will be the same as the number of elements in X2
and X1 variables (= the number of elements in the
Y and X1 variables) = 32.

CHARACTER A BCDPEPFPABCDYPF

defines (for future plots) the 1l pilot characters
to Dde associated with the 1l traces which will be
generated [when the PLOT command is entered)--

Trace 1 —A
rrace 2 —B
Trace 3 —C
Yrace 4 —pD
frace 5 —F
frace 6 ~—pF
Trace 7 —A
Trace 8§ —38
Trace 9 ~C
Trace 10--D
Trace ll--#

Note that the character for the eleventh trace was
set to F (rather than B} Decause of the
realization that data was missing for (X2 = 2, X1
= 5).

PLOT Y X23 TAG

generates the multi-trace plot; 1l traces are
generated. Each trace consists of a plot of the Y
variable (vertically) wersus the X23 variable
(borizontally); however, sach individual trace is
restricted to only a subset of Y and X23 values.

.The subset is defined via the contents of the TAG

variable. PFor the first trace,
procedure ix axecuted——

the following

1) the aentire YAC variadle is scanned and
the minimun value of TAG is Jddentified
{in this case, the ninimum value of TAG
is 1);




2) all entries in the Y and X23 variables
which correspand to values in the TAG
variable of 1 are extracted (there are 3
such values);

3) this extracted subset of Y and X23 values
is plotted;

4) the line type for this first trace will
be dictated by the first entry of a
previous LINES command-— in this case,
since the LINES <command was Bnot
previously entered, then the default (=
s0lid line) will be used, thus the 3 plot
points will be connected by solid lines.
Similarly, the character type for the
first trace will be dictated by the first
entry of a previous CHARACTERS coamand--
in this case, the first entry was A, and
s0 A's will appear at the 3 plot points
of the first trace.

A sizilar procedure wvas used for traces 2 to 1ll.
The traces have the following characteristics—

Trace TAC Character Line

Mhoey atawnn
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NOUOQwN NUOW»

N O

Fromn a daca analysis point of view, the nested
GANOVA reveals many important facts—

1) factor X2 is significant
{note how the left half of the plot
is lower than the right half of the plot),

2) factor X3 is significant
{note how level 3 of X2 iz uniformly
higher than level 1 of X3);

3} factor X1 is significant
{note how level xx of X1 is lower
than the other levels of X1).



Generate

a Discrete Contour Plot to Assess

2-Dimensional Homogeneity

Problem

A physical specimen has a measured response at
equi- spaced points on its surface. The response
Z and the coordinate values X and Y are on & file
ABC. Read in the data; place them in variables
X, Y, and Z. Carry out a check to see Iif the
response is heomogeneous (2-dimension randomness)
over the surface. Do so by computing the median
response, and then generating a discrete contour
plot in which all values smaller than the wasedian
have plot character -, and all values greater have
*. If homogeneous, there should de a random mix
of «'s and +'s; a structured, non-random =mix of
~*'s and +’'s Is indicative of lack of homogeneity.

DATAPLOT Program

READ ABC. Z XY

LET MED = MEDIAN I
CHARACTERS - +

LINES BLANK ALL

PLOT Y X SUBSET 2 , NED AND
PLOT Y X SUBSET Z .= MED

Program Descriptiom

READ ABC, 2 XY

carries ocut a format-free read of data from file
ABC; The data is read into variadbles Z, X, and Y.
the first number on each line image of the file is
read into the variable I; the second number on
each line is resad into the variable X; the third
pumber is read into the variable Y.

LET MED = MEDIAN Z

computes the median of the values in the 2
variable, and places this wmedian value in the
parameter NED. This form of the LET command
1llustrates the use of available sub-commands for
LET; the sub-command used here is MEDIAN, other
such sub-commands are MEAN, STANDARD DEVIATION,
RANGE, AUTOCCORRELATION, etc. There are over 20
such sud-commands which are useful for computing
statistics and other pumeric summaries of the data
in & variable.

CHARACTERS =~ ¢
specifies (for future plots) that

trace 1 have -'s at the plot points
trace 2 have +’s at the plot points

({the default is to bave blanks at all plot points
of all traces).
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LINES BLANK ALL

specifies {for future plots) that all traces have
blank (= no) connecting lines between plot points.
(the default is to bave solid connecting lines
between plot points). The raticnale for setting
the plot lipes to blank is that we would like to
see patterns of individual -'s and +'s at the data
points, and the lines (in this case) would only
"get in the way®,

PLOT Y X SUBSET Z , MED AND

PLOT Y X SUBSET Z .= MED

generates a plot with 2 *traces®, The first trace
is a plot of variadble Y (vertically) wersus
variadle X (horizontally); bowever, anly a subset
of all (X,Y) combinations will be plotted, namely,
only those X and Y values' for whkich the
corresponding Z value is less than the median
value of Z. Due to the prior CHARACTERS and LINES
commands, the first trace will have -'s as plot
characters with Jlank (= pno}) connecting lines.
The second trace is a plot of variabdle Y
(vertically) wversus wvariable X (horizontally);
bowever, only a subset of all (X,Y) combinations
will be plotted, namely, only those X and Y values
for which the corresponding I value is greater
than or equal to the msedian value of Z. Due to
the prior CHARACTERS and LINES commands, the
secand trace will have +’'s as plot characters with
blank (= no) connecting lines. The pet result is
a discrete contour plot in which the -‘s indicate
surface points for which the response is less than
the median, and +'s indicate surface points for
which the respanse Jis not less than the median.
The AND suffix at the end of PLOT ¥ X SUBSET 2 ,
NED is important—- it tells DATAPLOT to generate
only 1 plot, but on that 1l plot to have 2 traces;
zather than having 2 successive plots, each with
only & single trace. The discrete contour plot iIs
thus se=n as a simple special case of multi-trace
plotting in DATAPLOT.

From a data analysis point of view, one would
conclude that the homogeneity hypothesis would be
rejected--note the regions of segwmentation for
bdoth the -’s and the +°s.

2L~



Generate a Youden
for Interlaboratory

Prables

Two specimens of & material are circulated to 7
laboratories. A given ladoratory makes S
measurements Yl for specimen 1, and 5 measurements
Y2 for specimen 2. The data exists on a file ABC.

A given line image has & values-——response Y1 for -

specimen l, response Y2 for specimen 2, laboratory
identification LAB, and repli- cation
identificatiaon REP. There are 7 x 5 = 35 line
images. Read the data into variadles Y1, Y2, LlAB
and REP, Carry out an interlaboratory analysis
via a Youden plot. The vertical axis is Y1; the
horizontal axis is Y2. The plot character is
laboratory.

DATAPLOT Program

READ ABC. Y1 Y2 LAB REP
CHARACTERS 1 2 3 4 56 7
LINES BLANK ALL
PLOT Y1 Y2 LAB

Program Description

READ ABC. Y1 Y2 LAB REP

carries out & format-free read of data from file
ABC; The data is read into variables Y1, Y2, LAB,
and REP. the first number on each line image of
" the file is read into the variable Y1; the second
number on each line is read into the variable Y2;
the third number Is read into the variable LAB;
the fourth number is read into the variable REP,

CHARACTERS 1 2 3 4 56 7
specifies (for future plots) that

trace ] have l's at the plot points;
trace 2 have 2's at the plot points;
trace 3 have 3's at the plor points;
crace 4 have 4's at the plot points;
trace 5 have 5's at the plot points;
trace 6 have 6's at the plot points;
trace 7 have 7's at the plot points;

(the default iz to bave bdlanks at all plot points
of all traces).

LINES BLANX ALL

specifies (for future plots) that all traces have
blank (= no) connecting lines between plot points.
(The default is to have so0lid connecting lines
between plot points). The raticnale for setting
the plot lines to llank is that a Youden plot is a
discrete-appearing pleot in which no use is made of
connect lines between plot points——they aze
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omitted because they only *get in the way®. The

‘interpretation of tke Youden plot is based on the

relative location of the laboratories—- and such
ladoratory identification is specified via plot
characters-—pot line types.

PLOT Y1 Y2 LAB

generaces a muylti-trace plot; due to the
character and line settings, this multi-trace will
be a Youden plot. 7 traces are generated. Bach
trace consists of a plot of the Yl variable
(vertically) versus the Y2 variable
(horizontally); however, each individual trace is
restricted to anly a subset of Y1 and Y2 values.
The subset is defined via the contents of the LAB
variable. Por the (first trace, the following
procedure is executed— .

1) the entire L[AR variable i{s scanned and
the minimun value of LAB Js Jidentified
(in this case, the minimum value of LAB
is 1);

2) all entries in the Y1 and Y2 variables
which correspond to values in the LARB
variable of 1 are extracted {there are 5
such values); o

3) this extracted subset of Y1 and Y2 values
is plotted;

4) the character type for the first t-ace
will be dictated by the first entry of a
previous CHARACTEZRS cosmand-- in this
case, the first entzy was 1, and so l's
will appear at the 5 plot points of the
first trace. Similarly, the line type
for this first trace will be dictated by
the first entry of a previous LINES
command~— in this case, the first (and
all) entry was BLANX, and thus the 5 plot
points will not Dbe comnected by any
lines.



A similar procedure was used for traces 2 to 7.
The traces have the following characteristics=—

Trace LAB Character Line

1 1 1 BLANK
2 2 2 BLANK
2 3 3 BLANX
4 4 4 BLANK
5 5 5 BLANK
6 6 [ BLANK
7 7 7 BLANK

From a data analysis point of view, the Youden
plot indicates

1) a between-ladb effect
{note how ladoratory 4 iz displaced
down the diagcnal away from the
dody of other laboratories);

2) a within-lad effect
{note how laborary 3 is displaced
off the diaganal);

3} an outlier
{note how laboratory 5 has one value
displaced away from other replicates
of laboratory 5).

Note that the above analysis never made direct or
indirect used of the REP variable. This being the
case, it could have )heen omitted from the READ
statement with no effect on the remainder of the
analysis.
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- Generate

Prodlem

A response vwariable Y is dependent on a single
independent variable X. Data exists on a file ABC
consisting of a value of ¥ and the corresponding
value of X on the gsame line image. Replication
exists in the data--that is, a given value of X
will have several values of Y (for example, X =
580 could have 14 replicates associated with it, X
= 630 could have 10 replicates; X = 710 could
have 12 replicates, etc.) Bach replicate occuples
a different line in the data file; thus, for
example, the 14 replicates at X = 580 would de
indicated by 14 separate data lines where each
line had 2 values, and where the X value on each
line was 580.

Read in the data into variables Y and X.

The ultimate objective is to determine If the
repcnse variable Y differs for different values of
X. The usual statistical technigue for
determining this is l-way analysis of variance.
In an analysis of variance context, the various
distinct levels (580, 630, 710, etc.) of X would
be termed ®treatments®”. Generate a box plote—~ the
box plot is a graphical data analysis technigue
for assessing whether significant differences
exist between treatsents.

DATAPLOT Program

READ ABC. T X
CHARACTERS BCX PLOT
LINES BOX PLOT

BOX PLOT Y X

Program Descripticm

READ ABC. ¥ X

carries out a format-free read of data from file
ABC; the data is read into variabdles Y and X.
The first number an each line image of the file is
read into the variable Y; the second mmber on
each line is read into the variable X.

CHARACTERS BOX PLOT

specifies (for future plots)
settings for the typical dox plot. The typical
box plot is made up of 20 components; rather than
have the analyst specify the character settings
for these 20 components individually, the
CHARACTERS BOX PLOT specifies these first 20
character settings automatically.

the character

LINES BOX PLOT

specifies (for future piots) the line settings for
the typical box plot. The typical box plot is
aade up of 20 components; rather than bave the
analyst specify the line-type settings for these
20 components individually, the LINES BOX PLOT

a Box Plot
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specifies these first 20 line type settings

automatically.

BOX PLOT Y X

generates a box plot. The box plot is dasically a
plot of ¥ (vertically) wversus X (borizontally);
however, graphical summarization (in the form of a
box) 1is used in place of the Y values. Consider
an individual X walue (that Jis, an Individaul
treatement J-=jit will have several replicate Y
values associated with it. Rather than plot all
of these individual Y values, the box plot
graphically summarizes these values, and plots the
summary form. In particular, the box plot reduces
all replicated data points (for a given X value)
into 5 points——

1) a minimun value;

2) a 25x point;

3) a 50% point (that is, the median);
4) a 75% point;

5) a mazximum value.

the minimum, median, and saximum values are all
indicated an the box plot by x’s. A line will be
drawn from the 25X point down to the minimum; a
secaond line will be drawn from the 75% point up to
the maximum. A box will »de drawn from the 25
point to the 75% point—this box represents the
*body® of the distribution. This procedure Iis
repeated for each distinct X value. The proper
character and line settings are avtamatically
taken oare of by previous entry of the CHARACTERS
BOX PLOT and LINES BOX PLOT commands.

From a data analysis point of view, the box plot
(for this data set) would indicate that the X
variable is not significant. If X were
gignificant, then the doxes for the various levels
of X would be considerably displaced from one
another (that is, they would not overlap). wWhen
there is considerable overlap (as in this
example), it is indicative of non-significance.




Generate an [

Problem

A response variable Y is dependent on a single
independent variable X. Data exists on a file ABC
consisting of & value of Y and the corresponding
value of X on the same line image. Replication
may exist in the data—that is, a given value of X
msay have several values of Y; each replicate
occupies a different line in the data file.

Read the data in;
and X.

place the data in variables Y

Generate an I plot. The vertical bar on the I
plot will extend from the min- imum response to
the maximum response within a treatment. The X
within the bar will be at the median response
within a ¢treatment. The I plot is a graphical
data analysis technique which (like the box plot)
may be considered as a graphical alternative to
l-way analysis of variancej——it assesses whether
the response Is significantly affected by
different treatment (that is, by different levels
of X).

DATAPLOT Program

READ ABC. Y X
CHARACTERS I PLOT
LINES I PLOT

I PLOT Y X

Program Description

READ ABC. Y X

carries out a format-free read of data from file
ABC; the data is read into variables Y and X.
The first number on each line image of the file is
read into the variable Y; the second number on

each lipe is read into the variable X.

CHARACTERS I PLOT

specifies (for future plots) the character
settings Zfor the typical I plot. The typical I
plot is made up of 3 character cumponents—

the character for the ainisum;
the character for the median;
the character for the maximum.

Rather than have the analyst specify the character
settings for these components iIndividually, the
CHARACTERS I PLOT specifies these character
settings automatically.
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LINES I PLOT

specifies (for future plots) the line settings for
the typical I plot. The typical I plot is made up
of 2 line components——

the line type from the minimum to the median;
the line type from the median to the maximum

Rather than have the analyst specify the line-type
settings for these components Jindividually, the
LINES I PLOT specifies these ]line type settings
auvtomatically.

J PLOT Y X

generates & I plot. The I plot is basically a
plot of Y (wvertically) versus X (horizontally);
however, graphical summarization (in the form of a
vertical line) is used in place of the Y values.

Consider an individual X value (that is, an
individaul treatement)~~fit will have several
replicate Y values associated with it. Rather

than plot all of these individual Y values, the I
plot graphically swmarizes these values, and
plots the summary form. In particular, the I plot
reduces all replicated data points (for a given X
value) into 3 pointge—

1) @ minimun value;
2) a median value;
3) a maximum value.

The minimwe and maximam values are indicated on
the I plot by a small horizontal bar. The median
value 15 JIndicated >y an x. 4 line extends from
the minimum value to the maximum value. The
I-like appearance of the figure is the basis for
the term °I plot®. fhis procedure is repeated for
each distinct X value. The proper character and
line sgettings are automatically taken care of by
previous entry of the CHARACTERS I PLOT and LINES
I PLOT commands.




Prom a data analysis point of view, the I plot
(for this date set) would indicate that the X
variable Jis Dot significant. If X were
significant, then the vertical bars for the
various levels of X would be consideradly
displaced from one another (that is, they would
not owverlap). ~When there is consideradle overlap
(as in this example), it is suggestive of
non-significance. A more stringent graphical
procedure that the analyst should consider
applying is the box plot.

The above example 1llustrated the use of the I
plot in a l-way ANOVA context. The most common
usage of the I plot, is not, however in this
graphical analogue to ANOVA. Rather, the =most
common  application of the I plot is in a
presentatian graphics context for displaying
estimated values of a set of physical parameters
along with computed uncertainty limits., In this
latter context, the data set is artificially
constructed so that each treatment only has 2
replicates--the lower uncertainty limit, the
estimated physical parameter value, and the upper
uncertainty limit. Since there are only 3 values
per *treatment®, it is precisely these 3 values
which will appear on the final plot.




Generate a Control Chart

Froblem

Dats exists on & file ABC as a series of line
images with 2 values per line image. The firse
value is & response variable value; the second

value is the set (e.g., time) identifier for a
given respanse. To use control charts, the
various sets must have more than l observation per
set, and for strict validity should have the same
number of observations for all sets. Bach
replicate occupies a different line Jin the data
file.

Read in the data;
and X.

place the data in varjables Y

Generate a mean control chart. 7The control chart
{in general) is & graphical data analysis
technigque for assessing whether significant shifts
in location or dispersion bhave occurred Iin a
measurement process. The plotted points are set
means; the center line in a mean control chart is
the grand mean; the upper and lower lines are 95%
1imits for the set means.

DATAPLOT Program

READ ABC. Y X
CHARACTERS CONTROL CHART
LINES CONTRCL CEART
MEAN CONTROL CHART Y X

Program Description

READ ABC, ¥ X

carries out a format-free read of data from file
ABC; the data is read into variables Y and X.
The first number on each line image of the file is
read into the variable Y; the second naumber on
each line is read into the variable X.

CHARACTERS CONTROL CEHART

specifies (for future plots) the character
settings for the typical caatrol chart. The
typical control chart JIs made up of 4 character

companents—

the character for the set means;
the character for the grand mean line;

the character for the lower control limit line;
the character for the upper control limit lipe;

Rather than have the analyst specify tde character
settings for these compapents individually, the
CHARACTERS CONTROL CHART specifies these character
settings automatically-— the raw data will bave
x's a8 characters, and the 3 cantrol lines will
have blanks as characters.
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LINES CONTROL CEART

specifies (for future plots) the line settings for
the typical control chart. The typical control
chart is made up of 4 line components——

the line type for the set means;
the line type for the grand mean line;

the line type for the lower control limit line;
the line type for the upper control limit line.

Rather than have the analyst specify the line-type
sectings for these components individually, the
LINES CONTROL CHARY gpecifies these line type
settings automatically-- the line type for the raw
data is blank; the line type for the grand mean
line is solid; the line type for the 2 limit
lines is dotted.

NMEAN CONTROL CHART Y X

generates a mean control chart. The mean control
chart is basically a plot of Y (vertically) versus
X (borircntally); bowever, smmarization and
control lines are used in place of the Y values.
Cansider an individual X value (that is, an
individual set)—-it will have several replicate Y
values associated with it. Rather than plot all
of these individual Y values, the mean control
chart graphically summarizes these values, and
plots the summary form. In particular, the
control chart reduces all replicsted data points
(for a given X value) into 1 point—

-1) the mean for the set.

This mean value is then plotted in place of the
individual data points for the set. In additiaon,
the mean control chart avgments this raw plot of
mean walues by 3 control lines which are dased on
global properties of the full data sec; in
particular,



Generate a Superimposed Plot of Raw Data and
Fitted Values from a Non-Linear Fit

Probles

Data exists on a file ABC as a series of line
images with 2 values per line image (response
variable Y and indepen- dent variable X). Read in
the data; place them in variables Y and X.

Theory suggests a non-linear relationskip between
Y and X. Carry out a least squares fit. Generate
a plot of the raw data Y (as discrete x's) and the
superimposed fitted curve (as a solid line) versus
X. Such a superimposed plot is the first step In
assessing goodness of fit.

DATAPLOT Program

READ ABC. Y X

LET ALPHA = .1
LET™ A = ,001
LET B = 01
2IT Y = EXP(-ALPHA®X)/(A+B"X}
CHARACTERS X BLANK

LINES BLANX SOLID

PLOT Y PRED VERSUS X

Program Description

READ ABC. Y X

carrjes out a format-free read of data from file
ABC; 7The data is read into variables Y and X;
the first number cn each line image of the file is
read into the variable Y; the sgecond pumber an
each line is read into the variable X. The read
terminates when an BEND OPF DATA line image is
encountered (or when a system end of file is
encountered).

Is a null cosmand—it visually separates chunks of
DATAPLOT code.

LET ALPHA = .2}

defines the parameter ALPHA and agsigns to it the
valye .l1. ALPHA is bhere being defined in
preparaticn for the gpcoming non-linear fit.

LET A = 001
defines the parameter A and assigns to it the
value ,00l. A is Dere Deing defined iIn

preparation for the upcoming pon-linear fit.

1lEr 3 = .02 :
defines the parameter B and assigns to it the

value .0l. B is here being defined in preparation
for the upcoming nan-linear fit.
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FIT Y = EXP(~ALPHA*X)/(A+B*X)

carries out a least squares fit of Y as a function
of X based on the non-linear model Yy =
EXP{~ALPHA®X )/(A+B*X). The current walues of
ALPRA, A, and B are used as starting values for
the non-linear fit. At the end of the fit, the
best-fit values placed into the parameters ALPHA,
Ay, and B. Predicted values from the fit are
computed and placed in the variable PRED.
Residual values (= Y - PRED) are computed and
placed in the variable RES. The residual standard
deviation is placed in the parameter RESSD; the
residual degrees of freedom is placed in RESDF.
Replication 1is automatically checked for; ir
existent, the replication standard deviation is
computed and placed in REPSD; the replication
degrees of freedom is placed in REPDF; the lack
of fit P test cdf value is placed in the parameter

LOFCDF. All of the above (PRED, RES, RKR2SSD,
RESDF, REPSD, REPDF, LOPCDF) are automatically
computed by DATAPLOT whenever any DATAPLOT

modeling command (FIT,
SPLINE FIT, SMOOTH, ANOVA. MEDIAN POLISR) is
executed. These variables/parameters may be
subsequently used by the analyst in any way
whatsoever. They are usually used for further
model-verification and residual analysis.

PRE-FIT, EXACT ... FIT,

CHARACTERS X BLANK

specifjes (for future plots) that the first trace
will have X's as plot characters, and the second
trace will have blanks as plot characters (that
is, the second trace will hsve no characters at
the plot points).

LINES BLANX SOLID

specifies (faor future plots) that the first trace
will have blanks as plot line types (that is, the
first trace will have no connecting line between
plot points), and the second trace will have solid
connecting lines between the plot points.




i) a grand mean is computed based an data
from all sets;

2) & lower control limit for an
individual set mean is computed;

3) a upper control limit for an
individual set mean is computed.

The set means appear as x°'s; the grand mean line
appears as a horizontal solid line; the 2 limit
lines appear as horizontal dotted lines. The
proper character and line settings are
automatically taken care of by previcus entry of
the CHARACTERS CONTROL CHART and LINES CONTROL
CHEART commands.

FProm & data analysis point of view, the control
chart {for this data set) would indicate the
process is *in control* as far as locaticn
displacement is concerned. If the process were
*out of control®, then the set mean values would
typically drift out of the control limit lines.
To check for displacement and drifting in regard
to within-set variation, the analyst would use a
standard deviation control chart or a range
cantrol chart.
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PLOT Y PRED VERSUS X
generates a plot with 2 traces——

1} Y versus X;
2} PRED versus X.

that is,

1) a trace with the raw data Y (vertically)
versus the variable X (horizontally);

2) a trace with the predicted values PRED
{vertically) versus the variable X
(horizantally);

Due to the prior CEARACTERS and LINES commands,
the 2 traces will have the following
characteristicg~—

Trace Contents Characters Lines

1 Yvs X x BLANK
2 PRED vs X BILANK SOLID

that is, the first trace will have X's as plot
characters with blank (= no) connecting lines, and
the second trace will have blanks as plot
characters with solid connecting lines.

The default plot type is continuous; the default
axis will be  neat and float with the data.

There are numercus alternate forms for generating
the szame PLOT Y PRED VERSUS X plot; the most
obvious option is that VERSUS may be universally
replaced by VS or V5., as in '

PIOT Y PRED VS X

PLOT ¥ PRED V5. X
Some other foras are

PLOT Y VS X PRED VS X

PLOT Y VERSUS X AND
PLOT PRED VERSUS X

PLOT Y X AND
PLOT PRED X

The FIT cosmand bhas alternate forms also; rather
than

FIT Y = EXP(-ALPRA*X)/(A+B*X)
the analyst could have entered

L3IT PUNCTION F = EXP(-ALPHA®X)/{A+B*X)
FITY=pF

Starting values are a help in terms of speeding
convergence for non-linear fits; in the absence
of starting values, all fits will start with
starting wvalues of unity for all parametrzers.
Starting valves are pot needed for lipear,
polynomial, and multi-lipear fits.
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Cenerate a Superimposed Plot of Raw Data and
Fitted Values from a Spline Fit

Probles

Data exists on a file ABC as a series of line
images with 2 values per line image (response
variable and independent variable}. The knots for
such a fit are on a second file DEFG (1l knot point
per line image). Read in the data from file ABC;
place the data in variables Y and X. Read in the
knots from file DEFG; place the knots In variable
XNOTS.

Carry out a least squares spline fit using the
specified knots. Generate & plot of the raw data
Y (as discrete x's) and the superimposed fitted
curve (as a solid line) versus X.

DATAPLOT Program

READ ABC. Y X
READ DEPG. KNOTS

CUBIC SPLINE FXIT Y X KNOTS

CHBARACTERS X BLANX
LINES BLANX SOLID
PLOT Y PRED VERSUS X

Program Description

READ ABC. * X

carries out a format-free read of data from file
ABC; The data is read into variables Y and X;
the first number on each line image of the file is
read into the variable Y; the second anumber on
each line is read into the variable X. The read
terminates when an BND OF DATA line image is
encountered (or when a system end of file Iis
encountered).

READ DEFG. KNOTS

carries out a format~free read of data from file
DEFG; the first number on each line image of the
file is read into variable XNOTS. The read
terminates when an BEND OF DATA lipne image is
encountered (or when a system end of file is
encountered).

15 a null command-—it visually separates chunks of
DATAPLOT code.

SPLINE FIT Y X XNOTS

carries out a least squares cubic spline fit of Y
as & function of X with knot points as specified
by the variable KNOTS. At the end of the fit, the
best-fit values for the 4 cudic coefficients for
each of the spline Iintervals are placed in the
following parameters—

Interval Parameters
1 Alo, All, Al2, Al3
2 A20, A2l, A22, A23
3 AR30, A31l, A32, A33
4 Ad0, Adl, A42, Ad3
) A50, AS1, A52, AS3
etc.

Predicted values from the fit are computed and
placed in the variable PRED. Residual values (= Y
- PRED) are computed and placed in the variable
RES. 7he residual standard deviation is placed in
the parameter RZESSD; the residual degrees of
freedom is placed in RESDF. Replication is
automacically checked for; if existent, the
replication standard deviation is computed and
placed in REPSD; the replication degrees of
freedom Jis placed in REPDF; the lack of fit r
test cdf value is placed in the parameter LOPCDF.
4l of the above (PRED, RES, RESSD, RESDF, REPSD,
REPDF, LOFCDF) are autcmatically computed Dby
DATAPLOT whenever any DATAPLOT modeling command
(*IT, PRE-¥IT, EXACT ... PFIT, SPLINE FIT, SMOOTE,
ANOVA, MEDIAN POLISE) is  executed. These
variables/parameters may Dbe subsequently used by
the analyst in any way whatsoever, They are
usually used for further model-verification and
residual analysis. The default spline fit degree
is cubic. If a non-cubic spline f£it is desired,
then specify if directly,as in

" QUADRATIC SPLINE FIT Y X KNOTS

or indirectly via the POLYNOMIAL DEGREE command,
as in

POLYNCMIAL DEGREE 2
SPLINE FIT Y X KNOTS

15 a null command—it visually separates chunks of
DATAPLOT code.




CHARACTERS X BLANK

specifies (for future plots) that the first trace
will bave X's as plot characters, and the second
trace will have blanks as plot characters (that
is, the second trace will have- npo characters at
the plot points).

LINES BLANK SOLID

specifies {(for future plots) that the first trace

will have blanks as plot line types (that is, the
first trace will have no connecting line between
plot points), and the second trace will bave solid
connecting lines between the plot points.

PLOT Y PRED VERSUS X
generates a plot with 2 traces—

1) Y versus X;
2) PRED versus X.

that is,

1) & trace with the raw data Y (vertically)
versus the variable X (horizontally);

2) a trace with the predicted values FRED
fvertically) versus the variable X .
(horizontally);

Due to the prior CHARACYTERS and LINES commands,
the 2 traces will have the following
characteristics~—

frace Contents Characters Lines

1 rvalX X BLANX
2 PRED vs X BLANK SOLID

that is, the first trace will have X‘s as plot
characters with bdlank (= no) connecting lines, and

the second trace will have blanks as plot
characters with solid connecting lines.

The default plot type is continuous; the default
axis will be neat and float with the data.
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Generate a Superimposed Plot of Raw Data and
Fitted Values from a Spline Fit

Probles

Data exists on & file ABC as a series of line
images with 2 values per line image (response
variable and independent variable}). The knots for
such a fit are on a second file DEFG (1 knot point
per line image). Read in the data from file ABC;
place the data in variables Y and X. Read in the
knats from file DEFC; place the knots in variable
KNOTS .

Carry out a least squares spline fit using the
specified knots. Generate a plot of the raw data
Y (as discrete x's) and the superimposed fitted
curve (as a solid line) wversus X.

DATAPLOYT Program

READ ABC. Y X
READ DEYG. KNOTS

CUBIC SPLINE PIT Y X KNOTS

CEARACTERS X BLANK
LINES BLANK SOLID
PLOT Y PRED VERSUS X

Program Description

READ ABC. Y X

carries out a format-free read of data from file
ABC; 7The data is read into variables Y and X;
the first number cn each line image of the file is
read into the variable Y; the second number on
each line is read into the variable X. The read
terminates when an END OF DATA line image is
encountered (or when a system end of file is
encountered).

READ DEFPG. KNOTS

carries out a format-free read of data from file
DEYG; the first number an each line image of the
file is read into variable KXNOTS. The read
terminates when an END OF DATA line image is
encountered (or when a system end of file is
encountered ).

is a null cosmand—it visually separates chunks of
DATAPLOT code.

SPLINE PIT Y X KNOTS

carries out a least squares cubic spline fit of Y
as & function of X with knot points as specified
by the wvariable XNCTS. At the end of the fit, the
best-fit values for the 4 cubic coefficients for
each of the spline Jintervals are placed in the
following paraneters—
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Intervael Parameters
2 Al0, All, Al2, Al3
2 A20, A21, A22, A23
3 A30, A31, A32, A33
4 A4D, Adl, A2, A4
5 A50, AS51, AS2, A53
etc.,

Predicted values from the fit are computed and
placed in the variable PRED. Residual values (= ¥
- PRED) are computed and placed in the variable
RES. The residual standard deviation is placed in
the parameter RESSD; the residual degrees of
freedom is placed in RESDF. Replication is
automatically checked for; L Iif existent, the
replication standard deviation Jis computed and
placed Iin REPSD; the replication degrees of
freedom is placed in REPDF; the lack of fit ¥
test cdf value is placed in the parameter LOPCDF.
All of the above (PRED, RES, RESSD, RESDF, REPSD,
REPDF, IOFCDF) are automatically computed by
DATAPLOT whenever any DATAPLOT modeling command
{PIT, PRE~-FIT, EXACT ... ZXIT, SPLINE PIT, SMOOTE,
ANOVA, NEDIAN POLISE) is  executed. These
variables/parameters may be subsegquently used by
the analyst Iin any way whatsoever, They are
usually used for further model-verification and
residual analysis. The default spline fit degree
is cubic. If a nan-cubic spline fit is desired,
then specify if directly,as in

QUADRATIC SPLINE FIT Y X KNOTS

or Indirectly via the POLYNOMIAL DEGREE command,
as In

POLYNOMIAL DEGREE 2
SPLINE PIT Y X KNOTS

is a zull cosmand—it visually separates chunks of
DATAPLOT code.




Generate a Superimposed Plot of Raw Data and
Fitted Values from 2 Fits

Probles

Data exists on a file ABC &as a series of line
images with 3 values per line image (response
variable Y, and independent variadles X and LABJ.
Read 1in the data; place them in variadbles Y, X,
and LAB.

Fit a line to the data from lab 1; fit a line to
the data from lab 2. Generate a plot showing raw
data and fitted curves from both labs. Labd 1 data
has character 1; Jladb 2 has character 2. The 2
ritted lines are solid and dotted.

DATAPLOT Program

READ ABC. Y X LAB
FIT Y = Al+Bl*X SUBSET LA3 1
LET FRED]1 = PRED

PIT Y = A2+B2*X SUBSET LAB 2

CHARACTZRS 1 BLANK 2 BLANX

LINES BLANK SOLID BLANX DOTTED
PLOT Y PRED1 VS X SUBSET LAB 1 AND
PLOT Y PRED VS X SUBSET LAB 2

Program Description

READ ABC. Y X LAB :
carries out a format-free read of data from fil
ABC; The data is read Iinto variables Y and X;
the first number on each line image of the flle is
read into the variable Y; the gecond number on
each line is read into the variable X; tbhe third
number on each line is read into variable LAB.
The read terminates when an END OF DATA line image
is encountered (or when a system end of file is
encountered).

Is a null command—it visually separates chunks of
DATAPLOT cxde.

FIT Y = Al+Bl®X SURSET LAR 1

carries out a least sguares fit of Y as a function
of X Dbased on the linear model Y = Al+BI*X. Not
all of the data in ¥ and X are included in the fit
however; anly those data points in ¥ and X which
correspond to values in the LAB variable equal to
1 are included in the fit. At the end of the fit,
the best-fit values placed into the parameters A
and 31, Predicted values from the f£it are
computed and placed in the variable PREZD.
Residual valpes (= Y =~ PRED) are computed and
placed in the variable RES. The other vusual fit
parameters (RESSD, RESDF, REPSD, REPDF, and
IOrCDr) are also computed.
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LET PRED] = PRED

defines the variable PRED] and fills that variable
with the current contents of the variable PRED.
PRED] is a variable (rather than a parameter)
because the right side of the equation PRED] =
PRED involves a variable. This copy of PRED into
PRED]1 was done in anticipation of the next fit {(to
the LA3 2 data) which will have the szide effect
that the predicted values Iin PRED will be updated.

FIT Y = A2+B2*X SUBSET LAB 2

carries out & least squares fit of Y as a functiaon
of X based on the linear model Y = A2+82*X. Omnly
those data points in Y and X which correspand to
values in the LAB variadle equal to 2 are included
in the fit. At the end of the fit, the best-fit
values placed into the parameters A2 and B2.
Predicted values from the fit are computed and
placed in the variadle PRED. Residual values (= Y
- PRED) are computed and placed in the wvariable
RES. the other usual fit parameters (RESSD,
RESDF, REPSD, REPDP, and LOFCDF) are also
computed.

CHARACTERS 1 BLANK 2 BLANX
specifies (for future plots) that

trace 1 has character 1
trace 2 has character blank
trace 3 lLas character 2
trace 4 has character blank

Ll RS BLANX SOLID BIANK SOLID specifies (faor
future plots)

trace 1 has blank (= po) connecting lipes
trace 2 bas s0lid connecting lines
trace 3 has blank {= no) connecting lines
trace 4 bhas solid connecting lines
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BLOT Y PRED] VERSUS X SUBSET LAB
PLOT Y PRED VERSUS X SUBSET LAB
generates a plot with 6 traces—

~

1) T versus X (but restricted to LAB 1 data);

2) PRED] wversus X (but rescricted to LAP ] data);

3) Y versus X {but restricted to LAB 2 data);

4) PRED versus X (but restricted to LAB 2 data).

that is,

1) a trace with the raw data Y (vertically)
versus the variable X (borizantally),
where the Y and X is restricted to those
values corresponding to 1 4n the LAB
variable;

2) & trace with the predicted values PRED1
(vertically) versus the variadle X
(horizontally), where the PRED] and X is
restricted to those values correspanding
to 1 in the LAB variable;

3) a trace with the raw data Y (vertically)
versus the variable X (horizontally),
where the Y and X is restricted to those
values correspanding to 2 in the LAB
variable;

4) a trace with the predicted values PRED
{vertically) versus the variable X
(horizontally), where the PRED and X is
restricted to those values corresponding
to 2 in the LAB variable.

Due to the prior CHARACTERS and LINES commands,
the 4 traces will have the following
characteristics——

frace Contents Characters Lines
1 YvsX (1AB 1 only) 1 BLANX
2 PRED] vs X (LAR 1 enly) BLANK SOLID
3 Yvsx ({IAB 2 only) 2 BLANK
4 PRED? vs X (LAB 2 anly) BLANK SOLID

that is, the first trace will have 1°'s as plot
characters with blank (= no) connecting lines, the
second trace will bave blanks as plot characters
with solid connecting lines; the third trace will
bave 2's as plot characters with blank connecting
lines, and the fourth trace will have bdlanks as
plot characters with solid comnecting lines.

The default plot type is continuous; the default
axis will be neat and float with the data.
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Generate a Residual Plot

Problems

Data exists on a file ABC as a series of line
images with 2 values per line image (response
variable Y and irdepen— dent variable X). Read in
the data; place them in variables Y and X.

Theory suggests a linear relationship between Y
and X. Carry out a least squares fit. Generate a
plot (with discrete, unconnected x's) of the [fit
residuals {vertically) wersus values of the
independent variable (horizontally). Such a plot
is drawn from a battery of graphical procedures
known as residual analysis-——they are essential for
assessing goodness of fit of a general model. See
figure 24.

DATAPLOY Program

READ ABC. Y X

FIT Y = A+3%X
CHARACTERS X
LINES BLANK
PLOT RES X

Program Description

READ ABC. Y X

carries out a format-free read of data from file
ABC; The data is read into variables Y and X;
the first number an each line image of the file is
read intoc the variable Y; the second number on
each line is read into the variable X. The read
terminates when an END OF DATA lipe image is
encountered (or when a system end of file is
encountered).

is a null command—it visually separates chunks of
DATAPLOT code.

FIT Y = p+B*X

carries out a least squares fit of Y as a function
of X based on the linear model Y = A+B°X, At the
end of the fit, the dest-fit values placed into
the parameters A and B. Predicted valuss from the
fit are computed and placed in the variable PRED.
Residual wvalues (= Y FPRED) are computed and
placed in the variadle RES., The other usual fit

parameters (RESSD, RESDF, REPSD, REPDF, and
1LOrCOr) are also computed.

CHARACTER X

specifies (for future plots) that the trace will

have x’s at the plot points.

LINES BLANX
specifies (for future plots) that the trace will
have bhlank lipes {(that is no connecting lines).
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PLOT RES X

generates a pilot of the fit residuals RES versus
the variable X. The variable RES Jis plotted
vertically; the variadle X is plotted
horizontally. Due to the prior entry of the
CHARACTERS X command and the LINES BLANX command,
the plot will appear with x's as plot characters
and with no connecting lines. The default plot
type Is continuous; the default axis limits will
be neat and float with the data.

FProm a data analysis point of view, any structure
in the residual plot indicates that the model
(linear in this case) may be improved upon. The
well-defined structure Iin this residual plot
suggests that a linear spline model would de
provide & better fit to the data. A knot at X = 6
is suggested from the plot. To carry out such a
f£it, ane would enter

LET KNOTS(1) = 6
LINEAR SPLINE PIT Y X KNOTS

fhiz would define the first element of the
variable KNOTS to be 6. It would then carry out a
linear spline fit of Y on X using the knots in the
variable XNOTS.




Generate a Lag Plot

Problem

Data exists on a file ABC as & series of values (1
value of & variable per line image). Read in the
data; place it in the variadle X.

Generate a lag plot with lag = 1, Use the symbdol
X as the plot character; have no connecting
lines. The lag plot (with lag = 1) is a plot of
X{i) wversus Xx(i-1). It is & graphical data
analysis technigue for assessing autocorrelation
structure in time geries.

DATAPLOT Program

READ ABC. X

CHARACTERS X
LINES BILANK
LAG 1 PLOT X

Program Description

READ ABC. X

carries out a format-free read of data from file
ABC. The first number on each line image of the
file is read into the variable X. The read
terminates when an END OF DATA line image g
encountered (or when a 3ystem end of file is
encountered).

1s a null command—it visually separates chunks of
DATAPLOT code.

CHARACTER X
specifies (for future plots) that the trace will
bave x's at the plot points.

LINES BLANX
specifies (for <future plots) that the trace will
have blank lines (that is no connecting lipes).

IAG 1 PLOT X

generates a lag 1 plot of the data in the variable
X. X(i) is plotted vertically; X(i-1) is plotted
horizontally. Due to the prior entry of the
CHARACTERS X cvsmand and the LINES BLANX command,
the plot will appear with x's as plot characters
and with no connecting lines. The default plot
type is continucus; the default axis limits will
be neat and float with the data.
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Prom a data analysis point of view, any structure
in the lay plot indicates that autccorrelation
structure exists in the data and/or (for time
series data) a more complicated model (e.g.,
autoregressive, cyclic, etc.) is appropriate. The
well-defined circular structure in this lag plot
indicates an underxlying cyclic model. The next
SYSTEM WARNING - MAX TIME

step in the analysis would be to call on various
time series analysis techniques (e.g., spectral
plots, complex demodulation plots, etc.) to gain
more detailed insight into this cyclic structure.

Lag plots are available for lags other than 1.
For example, to generate a lag plot with a lag of
3, one would enter

LAG 3 PLOT X

When more than one variable is availadle, lag
plots may be used to check for cross-correlation
structure between the 2 geries. For example, to
generate a lag plot (with lag = 12) of the data in
X and Y, one would enter

IAG 12 PLOT X Y
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Generate an Autocorrelation Plot

Problem

Data exists on a file ABC as a series of valves (1
value af a variable per line image). Read in the
data; place it in the variable X.

Generate an autocorrelation plot. The
autocorrelation plot is a plot of the correlation
between X(i) and X(i+h} wersus lag A, The
correlations take on values Dbetween =1 and +1.
The autocorrelation plot is a graphical data
analysis technigque for assessing autocorrelaticn
structure in time series.

DATAPLOT Program

READ ABC. X
AUTOCORRELATION PLOT X

Program Description

READ ABC. X

carries out a2 format-free read of data from file
ABC. The first number on each line image of the
file is read into the variadle X. The read
terminates when an END OF DATA line image is
encountered (or when a system end of Cfile is
encountered).

AUTOCORRELATION PLOT X

generates an autocorrelation plot of the data in
the variable X. The correlation between X(1i) and
X{i+h) is plotted wvertically; the lag h is
plotted horizaontally. The default plot type Jis
cantinuous; the default axis limits will be peat
and float with the data; the default character
type is blapk; the default line type is solid.

From a data analysis point of view, the type of
structure in the autocorrelation plot indicates
the type of model (e.g., autoregressive, cyclic,
etc.) which would be appropriate for the data.
The cyclic structure in this autocorrelation plot
indicates an underlying cyclic model. The next
step in the analysis would be to call on other
time series analysis techniques {e.g., spectral
plots, complex demodulation plots, etc.) to gain
sore detailed insight into this cyclic structure.

When more than one variadle dis availadle, the
aurocorrelation plot generalizes to the
cross-correlation plote— this checks
cross-correlation structure between the 2 series.
Por example, to generate a cross-correlation plot
of the data in Y and X, one would enter

CROSS~CORREIATION PLOT ¥ X

40—

4

r ™ ”» » - »
o —tatal . Lo 1 -
Sttt

I I

4 3

4 ps
054 o

P +

3 I

- -

- -
se Les
-4 e
h I
-y -
<+ -+
o —
ﬂ- -

g 3

- -
PN SR DU IUPPINE ENSPUION DPIPIG: SUPRY
e e R AR mn e o DY

. » » - »




Generate a Spectral

Probles

Data exists on a file ABC as a series of valves (1
value of a variable per line image). Read in the
data; place it in the variadle X.

Generate a spectral plot. The spectral plot is a
frequency domain plot of power (= variation)
versus frequency (0 to .5). The spectral power
function 4is the smoothed Pourier transform of the
autocorrelation function. The spectral plot is a
graphical data analysis technique for assessing
avtocorrelation and cyclic structure in time
series.

DATAPLOT Program

READ ABC. X
SPECTRAL PLOT X

Program Descriptiom

READ ABC. X

carries out a format-free read of data from file
ABC. The first numbder on each line image of the
file 4s read into the variable X. The read
terminates when an END OF DATA line image is
encountered (or when a system end of file is
encountered).

SPECTRAL PLOT X

generates a spectral plot of the data in the
variadble X. The variance companent at each
freguency is plotted wvertically; the frequency (0
to .5-=-cycles per unit time where the unit time is
assumed to be 1) is plotted horizontally. The
derault plot type is continuous; the default axis
limits will be neat and float with the data; the
default character type is bdlank; the default line
type is solid.

From a data analysis point of view, the type of
structure in the autocorrelation plot indicates
the location of peaks in the spectral plot
indicates the domipant frequency for underlying
cyclic models. Por this data, the peak at
frequency = .3 (approximately) indicates an
underlying cycle of about .3 (that Iz, an
underlying period in the data of slighly more than
3 observations). the next step in this analysis
would de to call an other time sgeries analysis
technigques (such as complex demcodulation phase
plots) to determine Iif thig frequency estimate Is
constant over the entire domain of the data, or ¢to
carry out a pon-linear fit with an mderlying
cyclic model.
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When more than one variable is available, the
spectral plot generalizes to various
cross-spectral plots-- this checks frequency
structure Dbetween the 2 series. Por example, to
generate a cross-spectral plot of the data in Y
and X, one would enter

CROSS-SPECTRAL PILOT Y X




Generate a Complex Demodulation Plot

Problam:

Data exists on a file ABC as & series of values (1
value of & variable per line image). Read in the
data; place it in the variadle X.

Generate a complex demodulation phase plot at the
demodulation frequency of 0.3. The complex
demodulation phase plot is & plot of
locally-estimated generation-frequency versus
time. The complex demoduulation amplitude plot is
a plot of locally-estimated amplitude versus time.
The demodulation phase and amplitude plots are
graphical data analysis techniques for assessing
{among other things) whether generation-fregquency
and amplitude are constant over the entire time
domain when the analyst suspects that the data has
been generated from a single-cycle model. See
figure 28.

DATAPLOYT Program

READ ABC. X
DEMODULATION FREQUENCY .3
COMPLEX DEMODULATION PLOT X

Program Descripeion

READ ABC. X

carries out a format-free read of data from file
ABC. The first number on each line image of the
file is read into the variable X. The read
terminates when an END OF DATA line image is
encountered for when a system end of file is
encountered),

DEMODULATION FREQUENCY .3

specifies (for future complex demodulations) that
the demodulation frequency Is 3. This
demodulation frequency specification is in
anticipation of the upcoming complex demodulation
plot—=which reguires a prior-defined demodulation
frequency.

COMPLEX DEMODULATION PHASE PLOT X

generates a spectral plot of the data in the
variable X. A local (in time} estimate of  the
generation-freguency Jis plotted vertically; time
is plotted horizontally (it is assumed that the
data in X were collected equi-spaced in time with
time increment = 1), the default plot type is
continuous; the default axis limits will be neat
and float with the data; the default character
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type is Dblank; the default line type is solid.
In general, complex demodulation plots should be
generated with discrete x's and no connecting

lines-~this is tc accomodate angle wrap-around
which occasionally occurs in the frequency
calculations. FPor this data set and this

demodulation freguency, shifting to a discrete
representation of the data was not npecessary.

From a data analysis point of view, the type of
structure in the complex demodulation phase plot
indicates

of the

1) Bow close 1is our estimate

generation-frequency?

2) Is the generation-freguency constant over
the entire time-domain of the data?

Note that the g¢eneration-frequency estimates
{vertically) range within the usval principal
domain of -pi/2 to +pi/2, that is, from about -1.6
to +1.6. The analyst should note when angular
wrap-around (= the frequency estimate running off
the top of the principal domain and then
continuing at the bottom of the principal domain)
occurs. Por this data, there is a single
wrap-around at about time = 20 an the borizontal
axis. The fact that there is only 1 wrap-around
indicates that our demodulation frequency escimate
of .3 is fairly close. The fact that the complex
demodulation plot phase plot has positive slope
indicates that a better estimate for the
generation-freguency would be slighly higher than
.3 The generally-moderzte ripples in the plot
Iindicates that the underlying generation-
frequency is fairly constant over the entire time
domain of the data.



The pext step in this analysis would be ¢to
redefine the demodulation frequency to be slightly
higher than .3 (such as .31), via

DEMODULATION FREQUENCY .31

and then generate another complex demodulation
phase plot via

COMLEX DEMODULATION PHASE PLOT X

This is repeated until the complex demodulation
phase plot has as little (= near-zero) slope as
possible. Another course of action would be to
carry out a similar check of the constancy (owver
the entire time domain) of the of the amplitude in
a single-cycle model, as via

COMPLEX DEMODULATION AMPLITUDE PLOT X

Yet a third course of action would be to make use
of the adove-estimated generation-fregquency and
amplitude estimates and carry out a non-linear fit
of the data with the single-cycle model, as in

LET N = NUMBER X
IET T = SEQUENCE 1 2 N

LET CONST = MEAN X
LET AMP = best estimate
LET FRED = best estimate

FIT X = CONST + AMP * SIN(2%3.14159*FREQ*T+PHASE)

The above code would

1) compute the number of observations in X
and place this numbder in the parameter N;

2) Porm a variable T which has the seguence
1, 2, J’ evay N,'

3) Compute the mean of X and place it in the
parameter CONST;

4) Define a parameter AMP with our best
estimate of the amplitude (as obtained
from the complex demodulation amplitude
plot);

5) Define a parameter FRED with our best
estimate of the generation-frequency (as
obtained from the complex demodulation
hhase plot);

6) Carry out a least-squares fit of X as a
function of T via the non-linear model

X = CONST + AMP * SIN(2°3.14159*FREQ*T + PHASE)




Plot a

Probles.

Plot the Normal N(0,l1) density function. This
function has the form f{x) = (l/sgqrt(2*pi)) *
exp(~0.5"x"*2) . .

DATAPLOT Program

Three different programs are presented to generate
this plot. Program 1 is

PLOT (1/SQORT(2*PI))*EXP(~0.5*X**2) FOR X = -3
Program 2 is

LET FUNCTION F1 = 1/SQRT(2°PI)
LET FUNCTION F2 = EXP(-0.52X*%2)
LET FPUNCTION C = P1*F2

PLOT G POR X = =3 .1 3

Program 3 is

PLOT NORPDF(X) POR X = =3 .1 3
Program Description

PLOT (1/SORT(2%PI))*EXP(-0.52X**2) POR X = =3 .1 3
in program 1 generates the desired plot. The
function will be evaluated at a series of X values
starting with -3, at increments of .l, and ending
ac 3 (that fs, at X = =3, <2.9, =2.8, ..., 2.8,
2.9, 3J). Note that the X values for the function
evaluation are temporary and local to the PLOT
statement only; no X variable as such is created,
nor does such a PLOT sgtatement affect an X
variable which the anslyst may happen to hlave.
Note that the function iacludes a reference to
PI— this iz an autcmatically-provided DATAPLOT
parameter with the value 3.1415926. It may be
used Jike any other DATAPLOT parameter. The
default plot type is continuous; the default axis
limits will be npeat and float with the data; the
default character type is blank; the default line
type is solid.

ILET FUNCTION Pl = 1/SORT(2*PI)
in progam 2 defines the function 1 and assigns to

Function
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LET PUNCTION G = Pl*F2

defines the function G and assigns to it the
12+14+14¢2+42 - 32 character string
{1/SORT(2*PI))*(EXP(=0.5%X*%*2}) 12 characters came
from rl; 14 characters came from F2; 1 character
cape from the * in the desired operation G =
Fl*F2; 2 characters came from
automatically-provided parentheses arocund r1; 2
characters came from automatically-provided
parentheses around 7F2. The LIT PUNCTIDN command
thus allows not only the definition of individual
functions, but the concatonation and step-wise
campositian of more camplicated functions from
simpler cnes.

PLOT P FOR X = =3 .1 3

generates the desired plot. DATAPLOT recognizes G
as a function and inserts the full character
string in its place for the generation of the
plot.

PLOT NORPDF(X}) FOR X = -3 .1 3

in program 3 also generates the desired plot.
This PLOT statement makes use of the fact that
DATAPLOT has a wide assortment of bDuilt-in
intrinsic lidrary functions which may de called on
in any PpLOT, 3D-PLOT, P»IT, PRE~-FIT, or LEY
statements. In particular, the built-in function
for the normal N(0,l) prodability density function
1s NORPDF(.) Other availadle probadility-type
functions include

it the l2-character string 1/SQRT({2*PI) acrmel prodability density femction nCRPDP(X)

aornel cumulstive diseributian fmnction NORCDP(X }
onrrrir)

LET FUNCTION ¥2 = EXP(~0.5%X%%2) mamal purcent point function

defines the function P2 and assigns to it the ¢ probability density fwsction rrOP(Z V)

ld-character string EXP(-0.5#X*%2} [ cumulative distribwtion fwnctiom  TCOP(X,NU)
[ 3 percent point facrion PP )
ahi-squared prodability density fwaceion CESPDP(X JU)
chi-squarsd cusulative discribution function CRICDP(X AU )
ohi-sgquared parcent point function CESPPP(P, N0}
r probability density function FPOP(X T2, 002)
r comulative dizcribution fwnction PCOP(X NUL HO2)
4 Sexcent poiat fwnction reer(p, 1,052/}



Plot a Bessel Function

Plot JO(x)~~a member of the family of Bessel
. functions of the first kind.

DATAPLOT Program

PLOT BESSJO(X) FOR X = 0 .1 30

Prograa Description

PLOT BESSJO(X) FOR X = 0 .1 30

generates the desired plot. The function will be
evaluated at a series of X values starting with O,
at increments of .l, and ending at 30 (that is, at
X = 0, I, «2, «es, 29.8, 29.9, 30). Note that
the X values for the function evaluation are
temporary and local to the PLOT statement only;
no X variable as such is created, nor does such a

PLOT statement affect an X variable which the

analyst may happen to have. This PLOT statement
makes use of the fact that DATAPLOT has a wide
assortment of built-in intrinsic library functions
wvhich may be called on in any PLOT, 3D-PLOT, XIT,
PRE-FIT, or LET statements. In particular, the
built-in function for the Bessel JO(x) function is
BESSJO(.). Available Bessel functions are JO0(x),
J1l{x), ooy Jlofx), and are referenced as
8ESSJO{.)y BESSII(.)y .eey BESSJIIO(X). For the
plot itself, the default plot type Is continuous;
the default axis limits will be bpeat and float
with the data; the default character type is
blank; the default line type is solid.
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Plot Multiple Functions

Problem

Plot 2 WNormal N(.,1) density functions--ane
centered at O and the other centered at 3. The
first functian has the form f£fi(x) = (l/sqrt(2°pi))
* exp(~0.5*x**2) ; the second function has the
form f(x) = (1/sqzt(2*pi)) * exp(-0.5%(x~3)**2) .
Have the first trace solid and the second trace
dotted.

DATAPLOY Program
Three different programs are presented to generate

this plot. Program 1l is

LINES SOLID DOTTED
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PLOT (1/SORT(2*PI))=EXP(~0.52X**2) FOR X = =3 .1 3 AND
PLOT (1/SPRT(2*PI))*EBXP(~0.5%(X~3)**2) POR X = 0 .1 6

Program 2 is

LINES SOLID DOTTED

_LET FUNCTION PO = 1/SORT(2*PI)

LET PUNCTION P1 = EXP(=0.5%2X**2)
LET FUNCTION F2 = EXP(=0.5%(X-3)**2)
LET FUNCTION Gl = FOerl

LET FUNCTION G2 = PO*F2

PLOT G1 POR X = =3 .1 3 AND

PLOT G2 FOR X =0 .1 &

Program 3 is

LINES SOLID DOTTED
PLOT NORPDP(X) FOR X = =3 .1 3 AND
PLOT NORPDP(X-3) POR X = 0 .1 6

Program Description

LINES SOLID DOTTED

in all 3 programs specifies (for future plots)
that the first trace wll have solid connecting
lines between plot points, and the second trace

will bave dotted connecting lines between plot
points.

PLOT (1/SORT{2*PI))*EXP(~0.5%X**2) POR X = -3 .1 3 AND
PLOT (l1/SQRT(2*PI))*EXP{~0.5%(X~3)**2) POR X = 0 .1 6
in program ] generates the desired plot with the 2
traces-— one trace for each function. The first
function will be evaluated at a series of X values
starting with -3, at increments of .1, and ending
at 3 (that is, at X = =3, «2.9, «2.8, ...y 2.8,
2.9, 3). The second function will be evaluated at

a gseriss of X vwvalues starting with 0, at
increments of .l, and ending at 6 (that is, at X =

Oy oly ¢2y ceay 5.8, 5.9, 6). Note that the X
values for each of the function evaluations are
temporary and local to the PLOT statement only;

no X variable as such is created, nor does such a
PLOT statement affect an X variable which the
enalyst may happen to have.

Y-

The AND gsuffix at the end of the first PLOT
statement is important— it tells DATAPLOT to
generate anly 1 plot, but on that ! plot to have 2
traces——a plot of the first function, and then (on
the same plot) to superimpose a plor of the second
functicn. When the AND Is included, the following
OCCUTS=—

1) the usual screen pre-—erase occurs;

2) the trace for the first function is
generated;

3) the trace for the second function is
superimposed.

If the AND were cmitted, then the following would
occur-

1) the usual screen pre-erase for the first
plot occurs;

2) the trace
generated;

for the Zfirst function lis

3) the usual screen pre-erase for the second
plot occurs (thereby wiping out the first
function trace);

4) the trace for the second function is
generated.

Note that the functions includes a reference to
PY-~ this Jis an automatically-provided DATAPLOT
parameter with the value 3,1415926. It may Dbe
used like any other DATAPLOT parameter.

The default plot type is continuous; the default
axis limits will be neat and float with the data;
the default character type (for both traces) is
blank; due to the prior LINES cosmand, the first
trace will bave golid connecting lines and the
gsecond trace will have dotted connecting lines,



LET FUNCTION PO = 1/SQRT(2°PI)
in program 2 defines the function PO and assigns
to it the l2-character string l/SQRT{2*PIL)

LET FUNCTION Pl = EXP(-0,5%X**2)}
defines the function Fl and assigns to it the
lé=character string EXP{-0.5%x**2)

LET FPUNCTION P2 = EXP(=0,.5*{X~))%22)
defines the functian F2 and assigns to it the
l8=-character string EXP(=0.5%(X~3)%%2)

LET PUNCTION Gl = PO*Pl

defines the function Gl and assigns to it the
12¢]14¢1+2+2 - 31 character string
(1/SORT(2*PI))*(EXP(-0.5%X%**2)) 12 characters came
from FO0; 14 characters came from Fl; 1 character
came from the * in the desired operation Gl =
PO*F2; 2 characters came from
automatically-provided parentheses around P0; 2
characters came from automatically-provided
parentheses around Fl., The LET FUNCTION command
thus allows not anly the definition of individual
functions, but the concatonation and step-wise
composition of more complicated functions from
simpler cnes.

LET FUNCTION G2 = FO*P2

defines the functian 62 and assigns to it the
12418414242 = 35 character sctring
{1/SQRT(2%PI) )} *(EXP(~0.5%(X=-3)**2)) 12 characters
came from P0; 18 characters came from F2; 1
character came from the * in the desired operaticn
G2 = rO*r2; 2 characters cane from
automatically-provided parentheses around FO; 2
characters came from automatically-provided
parentheses around r2.

PLOT Gl for x = -3 .1 3 AND

PLOT G2 FOR X = 0 ,1 6

generates the desired plot. DATAPLOT recognizes
Gl and G2 as functions and Jinserts the full
character strings in their place for the
generation of the plot.

PLOT NORPDF(X) YOR X = -3 ,1 3 AND

PLOT NCRPDF(X-3) FOR X = 0 .1 6 in program 3 also
generates the desired plot. This PILOT statement
sakes opse of the ract that DATAPLOT bas a wide
assortment of built-in intrinsic library functions
which may be called an in any PLOT, 3D-PLOT, FrIT,
PRE-FIT, or LXT statsments. In particular, the
built-in functian for the Dnormal N(D,1)
probability density function 4is NORPDF(.) Other
available probdability-type functions include

mormal prodebility density function NORPDP(X )
sormal cumulative discribution fenction BORCDP(X )
aormal par point Oy nrer(p}

¢ probability density fanction TPOP(X J0)

t cwmulacive distribution functiom TCOP(X N0}

t percent paint function TPPP(P,AC)
chi~squared prohadility density fwactiom CESPDP(X WU}
chi~squared cumulative distribution function CRICDC(X M0 )
ohi-sguered parcent point fmnctios CESPPP(P,00)

1 4 prodability dansity fwction FFDP(X,201 ,002)
r comylative distribwtion fanction PCDP(X HUL 02}
r paromnt potist femction PPPLP,AU1,002)
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Plot Polar Coordinate Function

Prodles

Generate the polar coordinate function (a spiral)
radius = 2*theta

for theta = 0 (10) 1000 degrees.
DATAPLOT Program

LET THETA = SEQUENCE 0 10 1000
LET R = 2*THETA

TRIGONOMETRIC UNITS DEGREES
LET Y = R*SIN({THETA)
LET X = R*COS(THZTA)

FRAME OPF
PRE~SORT Orr
PLOT Y X

Program Description

The strategy for generating this (and all) polar
coordinate function plots is to define the THETA
variable for the desired values of theta, compute
the R vwariable as dictated by the desired polar
function, transform the polar THETA and R values
into Cartesian Y and X values via the usual

Y = Resin(THETA)
X = R*cos(THETA)

and then plot Y wversus X.

LET THETA = SEQUENCE 0 10 1000

defines a variable X and places in that variable
the values 0, 10, 20, 30, ..., 990, 2000. This
makes use of the SEQUENCE sub-capadility under the
LT command.

LET R = 2*THETA

defines a variable R. R has the same number of
elements as THETA. An individual element in R is
computed My taking an individual element in THETA
and multiplying it by 2.

1s a null command--it visually separates chunks of
DATAPLOT code.

TRIGONOMETRIC UNITS DEGREES

specifies (for all future calculations) that the
units for trigonemetric calculaticns is degrees;
the default is radians. Aanother availadble system
of units is grads (popular in Burope). A syncaym
command for TRIGONOMETRIC UNITS DEGREES 13 TRIG
UNITS DEGREES, or simply DEGREES.

1LET Y = R*SIN(THETA)

defines a varaible Y. Y has the same number of
elements as THETA and R. An individual element in
Y is computed by taking an individual element in
THETA, taking the sine of it, and then multiplying
the result by the correspanding individual element
in R. The raticnale for computing Y is that it is
part of the standard transformation in going from
polar cocrdinates to Cartesian coordinates.

LET X = R*COS(THETA)

defines a varaible X. X has the same number of
elements as THETA and R. An individual element in
X is computed by taking an individual element in
THETA, taking the cosine of it, and then
sultiplying the result by the corresponding
individual element in R. The rationale fcr
computing X is that it too is part of the standard
transformatiaon In going from polar coordinates to
Cartesian coordinates.

FRAME OFP

turns off (for future plots) the frame { axis
lines 2 and surrounding box) that would typically
circumscribe the usual ¥ versus X plot. As one
would expect, when the frame is turned off, so too
are the tic marks on the frame and the tic mark
ladels adjacent to the frame. The raticnale for
turning the frame off is that it makes little
sense in a polar coordinate context.

PRE-SORT OFF

turns off (for future plots) the default sorting
(based on the horizontal axis variable) of the
plot points. Such sorting before the plot is
automatic and it relieves the analyst of the
needless chore of having data in variables sorted
before a plot. WNhen the pre-sort switch is ON,
then DATAPLOT will (before a plot) take the data
in the wvariables in whatever order they are, sort
thes (according ¢o the horizontal axis variable)
and then plot them. This allows the avalyst to
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generate the same plot regardless of the order of
the data within variables. (Note that the
variadles themselves remain unchanged; DATAPLOT
does all sorting in its own scratch area). PFor
the vast majority (in excess of 99%) of plots,
such pre-plot sorting is appropriate, and so the
default for the pre-sort switch is ON. Bowever,
for certain applications (for example, polar
function plots and maps) such sorting Jis not
appropriate. In those cases in which we wigh the
points to be plotted in exactly the order in which
they reside Iin the variables, then the pre-sort
switch ahould be turned off.

PLOT ¥ X
generates a plot of variable Y (vertically) versus
variable X (borizontally). The default plot type
ds continuous; the default axis limits will be
neat and float with the data; the default
character type is blank; the default line type is
s0lid.
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Plot a Function and

Froblem

Plot the Normal N(0,l1) density function, along
with Jits first and second derivatives. This
function has the form f£(x) = (l/sqrt(2*pi)) *
exp(=0.5"x**2) . Bave the line ¢types solid,
dotted and dashed, respectively.

DATAPLOT Program

LET FUNCTION ¥ = (1/SQRT(2*PI))*EXP(=0.5%X**2)
LET FUNCTION D1 = DERIVATIVE ¥ WRT X
LET FUNCTION D2 = DERIVATIVE D1 WRT X

LINES SOLID DOT DASH

PLOT P FOR X = =3 .1 3 AND
PLOT D1 POR X = =3 .1 3 AND
PLOT D2 POR X = =3 .1 3

Program Description

LET FUNCTION P = (1/SORT{2°PI)})*EXP(-0,.52X**2)
defines the function F and assigns to it the
29~character string {1/SQRT(2*PI)}*BXP(-0.5%X**2)

LET PUNCTION D1 = DERIVATIVE ¥

defines the function 0l, determipes the exact
analytic derivative of function F, and places in
function Dl the character string for that derived
derivative. The WRT X in this command line
Indicates that the differentiation should be done
*with respect to X<*; in general, the
SYSTEM WARNING -~ MAX PAGES

differentiation may Dbe done with respect to any
variable or parameter which appears in the
function string. This command  statement
demonstrates the use of the DERIVATIVE
sudb-capability under the LET command. The LET
FUNCTION command thus allows not only the
definition of functions, but also allows certain
Important mathematical operations (such as
differentiation) to be applied to functions. The
ability to take symbolic derivatives finds many
useful applications Jin a scientific/research
enviranment.

LET FUNCTION D2 = DERIVATIVE D1

defines the function D2, determines the exact
analytic derivative of functian Dl, and places in
function D2 the character string for that derived
derivative, This command statement i1s also a
demonstration of the use of the DERIVATIVE
sub~capability under the LET command.

Iz & null command—it visually separates chunks of
DATAPLOT code.

Its Derivatives

LINES SOLID DOTTED DASHED

specifies (for future plots) that the first trace
wll bhave »0lid conrnecting lines between plot
points, the second trace will bave dotted
connecting lines Detween plot points, and the
third trace will bave dashed connecting lines
between plot points.

PLOT F FOR X = =3 .1 3 AND
PLOT Dl FOR X = =3 .1 3 _AND
PLOT D2 FOR X = -3 .1 3

generates the desired plot with the 3 traces—— one
trace for each function. DATAPLOT recognizes F,
D1, and D2 as functions and inserts the full
character strings in their place for the
generation of the plot. Each of the 3 functions
wvill be evaluated at a series of X values starting
with -3, at increments of .1, and ending at 3
(that is, at X = =3, =2.9, 2.8, cuey 2.8, 2.9,
3). Note that the X walues for each of the
functiaon evaluations are tempcrary and local to
the PLOT statement only; no X variable as such is
created, nor does such a PLOT statement affect an
X variabdle which the analyst may happen to have.
The AND suffix at the end of the first and second
PLOT statement is important— it tells DATAPLOT to
generate 1 plot with 3 superimposed traces, as
opposed to 3 aseparate plots (each with only 1
trace). When the AND is included, the following
occurs—

"~ 1) the usual screen pre—erase OCCurs;

2) the trace for the first function is
generated;

3) the trace for the second function Is
superimposed ;

4) the trace for the third function is
superimposed.
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If the AND were omitted, then the following would
occur-

1) the usual screen pre-erase for the Zfirst
plot occurs;

2) the trace for the first function is
generated;

J3) the usual screen pre-erase for the second
plot occurs (theredy wiping out the first
function trace);

4) the trace for the second function is
generated;

§) the usual screen pre-erase for the third
plot occurs (thereby wiping out the
second function trace);

6) the trace for the third function is
generated;

Note that the functions includes a reference to
PIl-= this is an automatically-~provided DATAPLOT
parameter with the value 3.1415926. It may be
used like any other DATAPLOT parameter.

The default plot type is continuous; the default
axis limits will be neat and float with the data;
the default character type (for both traces) is
blank; due to the prior LINES command, the first
trace will have solid connecting lines, the second
trace will have dotted connecting lines, and the
third trace will have dashed connecting lines.



Plot 2 Functions

Proble=

Canvolwe 2 functions. The first function is
LA(x)} = ((x+1)**2} [ ((x**2)+1)/2

- The second function is

£2(x} = 2%*((~(x+1.3/2)**2)/(A**2))
- 2%%((=(x-1.3/2)%*2)/(a"*2))

with the parameter a taking on the value .85. The
domain of interest for the functions is -7 to 7.
Carry out a numerical convolution with the
functicns deing evaluated over the full interval
(=7 to 7) and at increments of .l. Plot the 2
evaluated functions and the resulting convolution.
Have the linpe types solid, solid, and dotted,
respectively.

DATAPLOT Progzam

LET FUNCTION Pl = ((X+1)%¢2)/((X¥*2)}¢1)/2

and Their Convolution

e

8.9
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LET FUNCTION F2 = 29%((=(X+1.3/2)**2)/(A%*2))-2%*((~(X~1.3/2)%22)/(A**2))

LET A = .85

LET XMIN = -7

LXT XINC = .1

LET XMAX = 7

LET X = SZQUENCE XMIN XINC XMAX
T Yl =rl

1ET Y2 = F2

LET Y3 = CONVOLUTION Y1 Y2
LET Y3 = Y3/XINC

LET X3MIN = 2*XMIN
LET X3MAX = 2°XMAX
LET X3 = SEQUENCE X3MIN XINC X3MAX

LINES SOLID SOLID DCTTED
PLOT Y1 Y2 VS X AND
PLOT Y3 VS X3

Program Description

The general strategy bere iz to define a sequence
of values {in X) for which the 2 functions are to
be evaluated, evaluate the 2 funcrtions (that is,
form variables Yl and Y2}, form a variable (Y
which contains the convolution values, and then
plot the 3 variables. Note that the following
code is general in the sense that after functions
Fl and P2 are defined {along with parameter A),
and after the Jinterval limits XMIN and XMAX are
defined (alang with the evaluation JIncrement
XINC), then the remaining lines of DATAPLOT are
unchanged and may be uased as is for other
funcricns, intervals and increments.

LET FUNCTION Pl & ((X+1)®92)/((X?**2)+1)/2
defines the functian Fl and assigns to it the
23-character string ((X+1)**2)/((X**2)+1)/2

LBY PUNCTION P2 w 20¢([=(Xel.3/2)0%2)/(A%*2)}=290((=(X=1.3/2)2*2)/(A"*2))

defines the function F2 and assigns to it the

. §5~character string
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2% ((~(X+1.3/2)%*2)/(A**2))=2**((~(X-1.3/2)%*2}/(A**2))

LET A = .85

defines a parameter A and assigns to it the value
-85. A will be used later on in the evaluation of
the function F2. Note that A need not be defined
prior to defining the function F2 (A was Jjust a
symbol in the function); the character string in
F2 remains unchanged even after the LET A = 85
command. However, A must be defined prior to the
evaluation of F2 (as will occur later on in the
LET Y2 = F2 command).

1ix a null command—it visually separates chunks of
DATAPLOT code.

LET XMIN = =7

defines a parameter XMIN and assigns to it the
value =7, The raticnale for defining XMIN is that
it vill specify the lower limit of the interval of
interest over which the 2 functions will be
evaluated. ’



LET XINC = _1

defines a parameter XINC and assigns to It the
value .l. The raticnale for defining XINC is that
it will specify the increment at which the 2
functions will be evaluated.

LET XMAX = 7

defines a parameter XMAX and assigns to It the
value 7. The rationale for defining XMAX is that
it will specify the upper limit of the interval of
interest over which the 2 functions will Dbe
evaluated.

LET X = SEQUENCE XMIN XINC XNAX

defines & variable X and places in that variable
the values -7, -6.9, -6.8, ..., 6.8, 6.9, 7, This
makes use of the SEQUENCE sub-capability under the
LET command.

Note that the above 4 commands——

LET XMIN = =7
LZT XINC = .1
LET XMAX = 7
LET X = XMIN XINC XMAX

could bave been here replaced by 1 command,
namely,

LET X = SEQUENCE -7 .1 7

We have, for this example, used the previous form
for 2 reasons——

1) to illustrate <cthe general DATAPLOT
feature that parameters may replace

numbers in most DATAPLOT command
statements;

2) to promote the use of standardired coding
in which particulars to a problem are
defined ®up front® and then referred to

in unchanging chunks of standardized code
thereafter.

The ratianale for defining the X variable at all
1is that this variable defines the points at which
the 2 functions of interest will be evaluated.

lrr vl = F1

defines a variable Y1. DATAPLOT recognizes rl as
& function and inserts the full chatacter string
in its place for the formation of the variable YI.
Yl has the same number of elements as X. An
element of Y1 is formed by taking an Iindividual
element in X and carrying out the specified
function evaluation. IThe command

IZTr Yl = 11
is exactly equivalent to

LET Y1 = ((X+1)**2)/((X**2}+1)/2

1ET Y2 = P2

defines a varisable Y2. DATAPLOT recognizes F2 as
& function and inserts the full character string
in its place for the formation of the variable Y2.
Y2 has the same numbder of elements as X, An
element of Y2 is formed by taking an individual
element in X and carrying out the sgpecified
function evaluation. The cosmand

LET Y2 = r2

iz exactly equivalent to

IET Y2 ® 29°((={X¢1.3/2)%92}/{A?%2]))=2%((~{X=1.3/2}%%2)/(A®*2))

Note that the value of A must be pre-defined
before this function evaluation can take place--it
was done adove via the LET A = .85 statement.

i

LET Y3 = CONVOLUTION Y1 Y2

defines a variable Y3 and places in that variable
the values resulting from the numerical
convolution of the values in Y1 and Y2. The
CONVOLUTION sub-capability is but one of a wide
variety of sub-capabilities under the LET command.
It is a general property of numerical convolutions
that the output variable (Y3) typically has a
broader domain than either of the 2 functions
being convolved. The net effect Iis that the
output variable Y3 does not have the same (it has
considerably more) number of elements as the input
variables Y1 and Y2.

In regard to the guestion of what X values
correspand to the computed Y3 -values, this will bde
dealt with Dbelow in the formation of the X3
variable.

Note also that the CONVOLUTION sub-capability
implicitely assumes & unit Jincrement Jin the X
values (which we know is not true in this example
and is rarely true in general). The net result is
that the values in Y3 will be off by a scale
factor. This scale factor adjustment is
straightforward and is done in the LET Y=
Y3/XINC statement below.

ILET Y1 = Y3/XINC

redefipes the variable Y3, An individaul element
in Y3 is redefined by taking an old element in Y3
and dividing it by the valuve of XINC (= .l in this
example). This adjustment of the Y3 values 1is

-done - so as to effect the proper scaling of the

convolution output due to pon-unity increments in
the evaluated functions.
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LET X3IMIN = 2°XMIN

defines & parameter X3MIN and assigns to it the
value obtained by taking the value in the
parameter XMIN and multiplying it by 2. The
rationale for defining X3MIN is that {t will
specily the Jower limit of the interval of
interest over which the convolution function has
been evaluated; in other words, it will be the x
value correspanding to the first element in the Y3
variable. In this example, X3MIN will bhave the
value -l14.

LET X3MAX = 2°XMAX
defines a parameter X3MAX and assigns to it the

value obtaiped by taking the value din the
parameter XMAX and multiplying it by 2. The
raticnale for defining X3MAX is that it will

the upper limit of the interval of
function bas

specify
interest over which the convoluticn
been evaluated; in other words, it will be the x
value correspanding to the last element in the Y3
varjable. In this example, X3MAX will have the
value l14.

LET X3 = SEQUENCE X3IMIN XINC X3MAX

defines a variadble X3 and places in that wariable
the values -l4, -13.9, =13.8, ..., 13.8, 13.9, l4.
This makes use of the SEQUENCE sub-capability
under the LET command. With the execution of this
command statement, we now have & sequence of x
values that corresponds exactly with the values in
the Y3 variable. Note that Y3 and X3 will, by
construction, have the same numder of elements
(although Y3 was not Jinvolved directly in the
definition of X3). With the construction of X3,
we now have a meaningful variable against which Y3
aay be plotted.

LINES SOLID SOLID DASHED

specifies (for future plots) that the first trace
wll have sclid connecting lines Detween plot
points, the second trace will have solid
connecting lines Dbetween plot points, and the
third trace will have dotted comnecting lines
between plot points.

PLOT Y1 Y2 VERSUS X AND

PLOT Y3 X generates the desired plot with 3
traces. The first trace is a plot of variable Y1
{vertically) wersus variable X (horizontally);
The second trace is a plot of variable Y2
{vertically) wersus variable X (horizontally);
The third trace is a plot of variable Y3
(vertically) versus variable X3 (borizontally).
The default plot type is continuous; the default
axis limits will be neat and float with the datas;
the default character type (for all 3 traces) is
blank; due to the prior LINES command, the first
2 traces will have solid connecting lines and the
third trace will have dotted connecting lipes.
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The AND suffix at the end of PILOT Y1 Y2 VERSUS X
AND is important-- it tells DATAPLOT to generate
anly 1 plot, but on that 1 plot to have 3 traces,
as opposed to kaving 2 plots (the first with 2
traces and the second with 1 trace). Nhen the AND
i3 included, the following occurs=—-

1) the usual screen pre-erase oOCcurs;
2) the trace of Y1 versus X is generated;.
3) the trace of Y2 versus X is superimposed;

4) the trace
superimposed.

of Y3  wersus X3 is

If the AND were omitted, then the following would
occur-

1) the usual screen pre-erase occurs for the
first plot;

2) the trace of Yl vesus X is generated;
3) the trace of Y2 vesus X is superimposed;

4) the usual screen pre-erase occurs for the
second plot (thereby wiping out the first
plot); -

5) the trace of Y3 wvesus X3 is generated.

Note that the AND suffix may be used to link any
form of the DATAPLOT PLOT (and 3D-PLOT) command.
In this example, we have linked a ®VERSUS®" form
with a2 "2 argument® form. Other forms include the
*3 argument® form and the ®function” form. Any or
all of these basic forms may be linked via the AND
surffix, if the analyst so desires.

Note also that the PLOT command las the
flexibility to allow the generation of the above 3
traces in a variety of other ways, for example,
the identical plot would result from any of the
following=-

PLOT Y1
PLOT Y2
PLOT Y3

VERSUS X AND
VERSUS X AND
VERSUS X3

PLCT Y1
PLOT Y2
PLOT Y3

X AND
X AND
X3

PLOT Y1 Y2 VERSUS X Y3 VERSUS 13

PLOT Y1 VERSUS X Y2 VERSUS X Y3 VERSUS X3

Note also that VERSUS may be uniformly abbreviated
to VS ar VS. in any of the above statewments.



Generate

Probles

a Differential Equation
Phase Diagram

Generate @ phase diagram for the differential
equation associated with the simple pendulum. The
phase diagram (= phase portrait) is a graphical
technigue for displaying the nature of the
solution for a differential equation. The phase
diagram of a differential equation y’'' = f(y’,y)
or y' = £(y) is a plot of y' (vertically) versus y
horizantally. The individual phase paths (=
trajectories = integral curves) represent solution
contours for the differential equation. ror the

simple pendumlum, the solution contours are given

by the function

+sgrt{0.5%cos(2%pi*t + ¢)

and

-8qre/0.5%cos(2*pi*t + ¢)

Different values of ¢

DATAPLOT Progranm

represent different
contours. Plot contours for ¢ = .5, .6, 1, and 4.
Plot the contours over the range t =0 (.1) 3.

fwo different programs are presented ¢to generate

the piot. Program l is

LET FPUNCTION ¥ = 0.5*COS{2*PI*T)

PLOT SORT(F+0.5)
PLOT -SQERT(F+0.5)
PLOT SORT(Z+0.6)
PLOT ~SQRT(X+0.6)
PLOT SPRT(F+1.0)
PLOT =SQRT(F+1.0)
PLOT SQRT(F+4.0)
PLOT =SQRT(F+4.0)

F393438¢%

Program 2 is
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1LXT FUNCTION F = 0.5°COS(2*PI*T)

SERIAL READ C
5.5 .6 562188
R¥D OF READ

LoOP FOR X = 1 1 &8
LET CONST=C(X)

PLOT ((-1)*®KX} * SIN(F+CONST) FOR T = 0 .1 3 AND
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Program Description

Program 1 is straightforwvard--a ®brute force*
approach.

LET PUNCTION X = 0,5%COS/2*PI*T)
in program 1 defines the function P and assigns to
it the l5-character string 0.5%COS(2*PI*T)

PLOT SCORT(F+0.5) POR T = 0 .1 3 AND
PLOT -SORT(F+0.5) FOR T = 0 .1 3 AND
PLOT SQRT(F+0.6) FOR T = 0 .1 3 AND
PLOT =-SORT(F+0.6) MR T = 0 ,1 3 AND
PLOT SQRT(F+1.0) FOR T = 0 ,1 3 AND
PLOT ~SORT(F+1.0) FOR T = 0 .1 3 AND
PLOT SORT(F+4.0) POR T = 0 .1 3 AND
PLOT ~SQRT(¥+4.0) POR T = 0 .1 3

generates the desired plot with 8 traces.

DATAPLOT recognizes F in each PLOT statement as a
functian and inserts the full character string in
its place for the generation of the trace. Note
how the function P may be used in the PLOT,
statement as part of yet a more complicated
functian; P is here being used as a "kernal”, and
the various contours are being generated by
adjusting the sign and the constant ¢ about the
kernal. Bach function will De evaluated at a
geries of T values starting with 0, at increments
of .1, and ending at 3 (that is, at X = 0, .1, .2,
seey 2.8, 2.9, 3). Note that the T values for
each of the function evaluaticns are temporary and
local to the PLOT statement only; no T variadle
43 such i3 created, nor does such a PLOT statement
affect a T variable which the analyst may happen
to have.

The AND suffix at the end of all (but the last)
PLOT statement is important- it tells DATAPLOT to
generate only 1 plot, but cn that 1 plot to have 8
superimposed traces, as opposed to having &
separate plots, each with aply 1 trace.
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Note that ¢the functions includes a reference to
Pl-- this is an automatically-provided DATAPLOT

parameter with the value 3.1415926. It may be
used like any other DATAPLOT parameter.
The default plot type is continuous; the default

axis limits will be neat and float with the data;
the default character type (for both traces) is
blank; the default line type. (far all traces) is
solid.

Program 2 is a mcre elegant way of generating the
same plot. The advantage of program 1 is that it
is straighforward. The disadvantage of program 1
is that if the analyst wanted 20 contour lines
instead of 8, then the number of lines of code
would increase accordingly. The advantage of
program 2 is that the number of lines of code
remains the same regardless of how many contour
lines are desired; the disadvantage of program 2
is that is a bit amore elegant, less
straightforward, makes use of wmore advanced
DATAPLOT features (e.g, the LOOP command), and is
slightly more difficult to follow.

LET FUNCTION F = (0.52COS(2*PI*T)

SERIAL READ C
5 5 .6 61188
END OF READ

LOOP POR X = 1 1 &
LET CONST=C(X}

PLOT ((~1)%**K) * SIN(F+CONST) YOR T = O .1 3 AND

END OF LOOP
PLOTOPOR T =000

LET PUNCTION P = 0.5*°COS({2"PI*T)

in program 2 (as in program 1) defines the
function P and assigns to it the l5-character
string 0.5%COS(2*PI*T)

is a null command——it visually separates chunks of
DATAPLOT code.

SERIJAL READ C

initiates a read and defines a variadle C. The
first word after SERIAL READ is C; since C does
not bave a period following Iit, then chis

indicates to DATAPLOT that the data to be read in
will be supplied directly from the terminal (if
this program is being entered interactively), or
will be directly in the program (if this program
is Dbeing pre-stored and run all at once). In any
event, the lack of a period after C tells DATAPLOT
that C iz not the pame of a mass storage
file/subfile, but rather iz the name of the
variable being created when the data ix read in.
The word SERIAL in SERIAL READ indicates that the
daza will be zread into the variable C in a
sequential fashion proceeding across each data
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line image--the first numder found on the Cfirst
line will be read into the first element of C, the
second pumber (1{if existent] an the first line
will be read intc the gsecond element of C, and so
forth. The read is format-free; successive data
values on a line image need not be In certain
columns; they need only be separated by at least
one blank. The ultimate number of observations in
C need not be pre-defined—it is dictated Dby the
data set.

.5 .5 .6 .61188

is a data line image. These 8 numbers will be
read into the first 8 elements of the variadble C.
These 8 values will ultimately be used in framing
the § traces on the final plot.

END OF READ

terminates the read. The variable C thus ends up
with 8 wvalues. DATAPLOT will provide summary
feedback information as to what was read in so
that the analyst may be assured that the read went
as expected. A synonym to END OF DATA is END
DATA.

JOOP-POR X = 1 1 8

initiates a loop in DATAPLOT. The variable X is
defined as a parameter in the usual DATAPLOT
sense, and so may be used (and even changed!)
wvithin the loop. KX will take on the values 1, at
increments of 1, and ending with 8&; that is, 1,
2y 3y eeey 7, 8. The end of the loop is specified
by and END OF LOOP (or END LOOP) command.
DATAPLOT handles loops by first storing the entire
loop, and then executing the loop the desied
numder of times. Thus the loop will not, in fact,
be executed until the END OF LOOP command has been
entered. Loops may be nested 6 deep, though it is
rare in practice for the pesting to go further
than 2 deep.

LET CONST=C(X)

defines a parameter CONST and assigns to it the
k-th element in the variable C. The parameter
CONST is thus seen to change each time through the
loop. Note the ability to reference individual
elements in a variable and *copy*® them out into
parameters—this provides flexibility of
referencing for the analyst.

PLOT ((=1)%=K) * SIN(P+CONST) FOR T = 0 .1 3 AND
generates the desired 8 traces. Note how CONST
{which changes each time through the loop) is
imbedded in the function. Note also how the loop
variable X is being used in ((=1)**X) 30 as to
generate the <+ contour and the complementary -
contour. Finally, note the AND suffix at the end
of each PLOT statsment-—— as in program 1, this
allows the analyst to string together PLOT
statements with the pet effect of generating 1
plot with 3 traces, as opposed to 8 plots with 1
trace each.




END OF LOOP

terminates the loop. When this statement (s
encountered, DATAPLOT transfers program control to
the first statement after the LOOP FOR X = 1 1 8,
In DATAPLOT, the loop parameter (X in this case)
is compared to the loop limits before the loop is
executed. In this example, the loop will be
passed through 8 times. A synonym for END OF LOOP
is END LOOP,.

PLOT O FOR X = 0 0 0

generates a dummy trace and will result in a point
appearing on the plot at x = 0 and y = 0,
Formally, the statement PLOT O POR X = 0 O O tells
DATAPLOT to plot the function f(x) = 0 over the x
domain starting at 0, at increments of 0, and
ending at 0. Plotting such a constant function
(f{x) = 0) is a special case of the general
capability of plotting functions. The net result
an the plot will be a ®line® drawn from {(x = 0, y
= 0) to (x =0, y=0)—=that is from the start
point to itself. Since the starting point and
ending point of this line are the same, the line
will appear as a point-—and will thus bde wirtually
unnoticeable., Why then are we plotting a point
whose sole purpose 1is to be unnoticeable? The
answer lies in the PLOT statement within the loop.
Note in program 1 how the final PLOT did not have
an AND suffix whereas the other PLOT statements
did. This indicated to DATAPLOT that the eighth
trace was In fact the final trace. JHowever, note
in program 2 how the PLOT statement in the loop
does have an AND suffix, regardless of whether it
is trace 1, trace 2, or trace 8. o finish off
the plot, it is necessary to indicate to DATAPLOT
that the final trace has been drawn-- this is done
by including a PLOT statement with no AND suffix.
Such a PLOT statement Mhere is the *junk® trace
PLOT O FOR X = 0 0 0. The net result is that the
plot will be properly finished off by this ninth
PLOT command, and yet tkis ninth trace will in
fact add nothing to the plot.
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Generate a Multi—Trace Plot
of Percent Point Functions

PFrobhles

Compute and generate the 95 percent points for the
members of the t distribdution family for degrees
of freedom parameter nu = 1 (1) 30. Do similarly
for the 97.5 and 99 percent points. Plot the 3
functions wersus au. Bave the 3 traces solid,
dashed, and dotted.

DATAPLOT Programs

LET NU = SEQUENCE 1 1 30
LET Y1 = TPPF(.95,NU)
LET Y2 = TPPF(.975,NU)
LET Y3 = TPPF(.99,NU)

LINES SOLID DASHED DOTTED
PLOT Y1 Y2 Y3 VS NU

Program Descriptiom

The general strateqy here is to define a segquence
of values (in NU) for which the 3 percent point
functions are to be evaluated, evaluate the 23
functions (that is, form variables Y1, Y2, and Y3)
making use of the built-in DATAPLOT library
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armal probability density functionm NORPDP(X }
mocmal cumulative discridution fanction NORCDP(X )
mrael purcent poist function NORPPP(P)
t probadility density function POP(X T )
t cusulsative distrirtion function <orix )
e parcenrt point fanction PPr(Pr, )
chi~squared probability density function cCasPOP(X,X0)

chi=squared cumulative distribution fwnction CRSCDP(X N0 )

function TPP?, and then plot the 3 variables. chi-squared percent point fwnction CRSPPF(P,NU)
. 1 4 prodadility density fwnction PPDP(X ,NUL,N02)
LET NU = SEQUENCE 1 1 30 r cmulacive disertibution function PCOP(X ,NUL,H02)

defines a variable NU and places in that variable r ' parcent point fanction FPPE(P NUL NT2)

the values 1, 2, 3, .cey 28, 29, 30. This makes
use of the SEQUENCE sub-capability under the LET
command .

LET Y1 = TPPF(.95,NU)

defines a variable Yl. Y1 has the same number of
elements as NU. An element in Y1 is formed by
taking an individual element in NU, accessing the
built=-in DATAPLOT library function TPPF to campute
the percent point of the t distribution for the
specified probability value (.95) and for the
specified degrees of freedom (NU). The variable
NU will thus result Iin the 95X point of the t
distribution for the NU valuves 1, 2, 3, <..y 28,
29, 30. Since NU Jis a variable, then Yl is a
variable; if NU were a paramerter (or onumber),
then Yl would be a parameter. DATAPLOT has a wide
assortment of built-in intrinsic library functions
wvhich may b= cailed on in any PLOT, 3D-PLOT, FIT,
PRE~-FIT, ar LET statements. Other available
probability-type functions include

LET Y2 = TPPF(.975,NU)

defines a variable Y2. Y2 has the same number of
elements as NU. An element in Y2 Jis formed Dy
taking an individual element in NU, accessing the
built-in DATAPLOT library function TPPF to compute
the percent point of the t discribution for the
specified probability walue (.975) and for the
specified degrees of freedom (NU). The variable
NU will thus result in the 97.5% point of the t
distribution for the NU values 1, 2, 3, ..., 28,
29, 0.

LET Y3 = TPPP(.99,NU)

defines & variable Y3. Y2 bas the same number of
elements as NU. An element in Y3 is formed Dby
taking an individual element in NU, accessing the
built-in DATAPLOT library function TPPF to compute
the percent point of the t distribution for the
specified probability wvalue (.99) and for the
specified degrees of freedam (NU). The variable
NU will thus result Jin the 99%x point of the t
distribution for the NU values 1, 2, 3, ..., 28,
29, 30.

Is a null command--it visually separates chunks of
DATAPLOT code.
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LINES SOLID DASHED DOTTED

specifies (for future plots) that the first trace
wll bhave solid connecting lines between plot
points, the second trace will have dJdashed
connecting lines Dbetween plot points, and the
third trace will bhave dotted connecting libes
between plot points. Note that an alternate form
for the SOLID specification is SO; an alternate
form for the DASHED specification is DASE or DA,
and an alternate form for DOTTED specification is
DOT or DO, as in

LINES SOLID DASH pOT

LINES SO DA O

PLOT Y] Y2 Y3 VERSUS X

generates the desired plot with 3 traces. The
first trace is a plot of variable Y1 (vertically)
versus variable X [(horizontally); The second
trace is a plot of variable Y2 (vertically) versus
variable X (horizontally); The third trace is a
plot of variable Y3 (vertically) versus variable X
{horizontally). The default plot type is

continuous; the default axis limits will be neat

and float with the data; the default character
type (for all 3 traces) J4s blank; due to the
pricr LINES command, the first trace will have
solid connecting lines; the second trace will
haved dashed connecting lines; and the third
trace will have dotted connecting lines.
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Cenerate a 3-Dimensional Data Plot

Probles

(x,y,2) coordinates exist an a data file ABC as &
series of values {3 values per line image). These
data points may define any general J3-dimensianal
entity——a line in space, & plane, a surface, a
figure, etc. The figure for this example is a
box. The data file consisted of the following 18
lipe images—

MO OMMMMNOOOODONMNMOO
MM OMMNOODONMOODOOO
QO NMNNMNIMOOONMMOOO MNO

END OF DATA

Read in the data; place it in variadbles X, Y, and
Z.

Generate a J~dimensicnal plot. Position the eye
at fx= 2, y=5, 2= 3;. Omit the reference axes
(= frame).

DATAPLOY Program

READ ABC. X Y 2
FRAME OFF

E7E COORDINATES 2 5 3
D-PLOT 2 XY

Program Description

READ ABC. X ¥ 2

carries out a format-free read of data from file
ABC. The data is read into variables X, Y, and %;
the first number on each line image of the file is
read into the variable X; the second npumber on
each line is read into the variable Y; the third
number o each line image is read into the
variable 2. The read terminates when an END OF
DATA line image is encountered {or when a systew
end of file is encountered).
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FRAME OFF

turns off (far future plots) the usual 4-sided
frame that would appear on 2-dimensicnal plots,
and the usuval J-prong axis that would appear cn
3-dimensicnal plots. The rationale for turning
the frame off is that we here desire to have the
J-dimensional figure ®hang in space® with no
reference to a coordinate system.

EYE COORDINATES 2 S 3

specifies (for future 3J-dimensianal plots) the
position of the analyst’'s eye in viewing the
3-dimensional figure. The eye coordinates defined
here are (x = 2,y = S5,z = 3). Such specification
requires some prior knowledge on the part of the
analyst as to what the magnitude of the units are
which specify the figure to be plotted. In this
case, we know that each of the variables X, Y, and
Z range between 0 to 1, and 3o, &s a first pass we
here specify the eye coordinates to be, say, x =
2, y=5, and £ = 3, Since the appearance of the
3-d plot is 30 strongly dependent an the analyst's
viewing position, the eye coordinates
specification must always be made Dbefore the
3-dimensional plot is actually generated. If the
eye position 1s nor specified, then DATAPLOT will
automatically compute an eye position based on thé
limits of the data; in particular, the eye
cocrdinates (xeye,yeye,zeye) will bde

+ 3*(xmax - xmin)

¢ 3% (ymax - ymin)
+ 3*(zmax - gmin)

Teye = xmax
geye = ymax
reye = mmax

xmin is the
xmax 1ls the

minimm of the X variable
maximum of the X variable

ymin is the
gmax is the

minisum of the Y variable
maximum of the Y variakble

min is the minimum of the I variable
zmax is the maximum of the I variadle




3p-PLOT X Y
generates a J-dimensional plot of the variable 2
(vertically) wversus the the variadle X (as the
first axis Jin the horizontal plane), and the
variable Y (as the second axis in the horizontal
planej. The variable Y (as the second bhorizontal
axis). .The figure will be formed in exactly the
order In which the data resides in the variables
X, Y, and 2. Note that the 3-argument form for
the 3D-PLOT command is a strict generalization of
the 2-argument form for the PLOT command. The
first argument Jis always the vertical axis
variable; this makes good sense iIn a data
analysis context where the most important variable
is the “response® variadle which is the one which
invariably appears on the vertical axis.

The default plot type is continuous; the default
character type is blank; the default line type is
solid.

Synonym commands for 3-D-PLOT are 3-D PLOT,
3DPLOT, and 3DPLOT.
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Generate 3-Dimensional Multiple

Problem

Coordinate data exists on a file ABC as (x,y,2)
triples along with & fourth variable—~e tag
variable—-which identifies the ®trace® that a
given (x,y,z) triple Delongs to. A trace Bmay
define any general 3-dimensional entity--a line, &
plane, a surface=, a figure, etc. In this example,
each *trace® is a figure (a bdox), and the data
file contains Iinformation regarding 2 such
figures. The data file consisted of the following
35 line images—-

(- 2
001 1
101 1
100 1
[ 1
010 1
011 1
001 1
000 1
lo00 1
l1lo0 2
1112 1
101 1
121 1
0211 1
010 1
110 1
25 W25 .2 2
25 W25 .75 2
<75 .25 .75 2
<75 W25 .25 2
25 J25 .25 2
«25 .75 .25 2
25 .75 .75 2
25 W25 .75 2
«25 .25 .25 2z
75 25 .25 2
5 75 .25 2
75 75 .75 2
<75 W25 .75 2
5 75 75 2
25 W75 .75 2
25 75 .25 2
oI5 75 .25 2
EIND OF DATA

Read in the data;
Y, 2, and TAC.

place the data in variables X,

Generate a 3I~dimensicnal plot. The  plot will
consist of 2 *traces” (boxes)--one within the
other, Have the first trace solid and the second
trace dotted—— the outer box will be solid and the
inner box will be dotted. Omit the reference axes
(= frame). Position the eye at (x = 2, g= 5, gz =
3).
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Data Traces

READ ABC. X Y Z TAG
LINES SOLID DOTTED
FRAME OFF

EYE COORDINATES 2 5 3
3-D PLOT Z X Y TAG

Program Description

READ ABC., X Y Z TAG

carries out a format-free read of data from file
ABC. The data is read into variadles X, Y, 2, and
TAG; the first number on each line image of the
file is read into the variable X; the second
number on each line is read into the variable Y;
the third number on each line image is read into
the variable 2; the fourth number on each line
image is read into the variable TAG. The read
terminates when an 3ND OF DATA line image is
encountered (or when a system end of file is
encountered).

LINES SOLID DOTTED ;
specifies (for future plots) that the first trace
wll bhave solid comnecting lines between plot
points, and the second trace will bave dashed
cannecting lines between plot points.

FRAME OFF

turns off (for future plots) the usual d~sided
frame lines that would appear on 2-dimensicnal
plots, and the usual 3-prong axis that would
appear on 3-dimensianal plots. fhe rationale for
turning the frame off is that we here desire to
have the 3-dimensicnal figure *hang in space® with
no reference to a coordinate systea.



EYE COORDINATES 2 S 1

specifies (for future J-dimensional plots) the
position of the analyst’'s eye in viewing the
3-dimensional figure. The eye coordinates defined
here are (x = 2,y = 5,z = 3}, Such specification
reguires some prior knowledge on the part of the
analyst as to what the magnitude of the units are
which specify the figure to be plotted. In this
case, we know that each of the variables X, Y, and
Z range between 0 to 1, and 80, as a first pass we
here specify the eye coordinates to be, say, x =
2, y= 5, and z = 3, Since the appearance of the
3-d plot is so strongly dependent on the analyst's
viewing position, the eye coordinates
specification must always be made before the
3-dimensional plot is actually generated. If the
eye position is not specified, then DATAPLOT will
automatically compute an eye position based on the

limits of the data; in particular,
coordinates (xeye,yeye,zeye) will de

the eye

xeye = xmax + 3*(xmax - xmin)
yeye = ymax + 3*(ymax - gmin)
zeye = gmax + 3*(zmax - zmin)

where

the minimum
the maximum

omin is
xmax is

of the X
of the X

variable
variable
the minimum
the maximum

of the ¥
of the Y

variable
variable

ymin is
ymax i

zmin
Zmax

is
is

the mpinimum
the maximum

of the Z
of the 2

variable
variadle

3D-PLOT Z X Y TAG

generates the multi-trace 3l-dimensianal plot; 2
traces are generated. Bach trace consists of a
plot of the 2 variable (wertically) versus the
variable X (as the first axis in the boriszontal
plane), and versus the variable Y (as the second
axis in the horizental plane). however, weach
trace is restricted to only a subset of Z, X and ¥
values. The subset is defined via the contents of
the TAG variable. Por the first trace, the
following procedure is executed-—

1) the @entire TAC variable is scanned and
the minimun value of TAG i3 identified
(in this oase, the minimum value of TAC
is 1);

2) all entries in the 2, X, and ¥ wvariables
which correspond to values in the TAG
variable of 1 are extracted;

3) this extracted gubset of 2,
values is plotted;

X, and Y
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4) the line type for this first trace will
be dictated by the first entry of a
previous LINES command—— in this case,
the first entry was SOLID, and so a solid
line will result; Similarly, the
character <type for the first trace will
be dictated by the first aentry of a
previous CEARACTERS cosmand-— since the
CHARACTERS command was not previously
entered, the default will be used, namely
to have blank plot characters.

Por the second trace, the following procedure is
executed~-

1) the entire TAG variable is scanned and
the next larger value of TAG is
identified (in this case, the next
largerr value of TAG is 2);

2) all entries in the X3, X, and Y variables

which correspond to values in the TAG

variable of 2 are extracted;

3) this extracted subset of 2, X, and Y

values is plotted;

4) the line type for this second trace will

be dictated by the second entry of a

previous LINES command— in this case,

the second entry was DOTTED, and so a

dotted line will result; Similarly, the

character type for the second trace will

be dictated by the second entry of e

previous CHARACTERS command-- since the

CRARACTERS command was not previously

entered, the default will be used, namely

to have blank plot characters.

this procedure of using successively larger values
of the TAG variable to define traces within the
plot would continue until the largest valuve in TAG
was noted and used. Por this data set, the TAG
variadle only had 2 distinct values (1 and 2) and
so only 2 traces resulted.

Note that it is the relative size of the elements
in the TAG varjiable which is important in defining
the traces, not the absolute szize. Thus the
identical plot would form if the elements of TAG
were transformed by any monotonic  increasing
trasnformation. If the 1's and 2's in TAG became
100's and 500's, or became 0.4°'s and 23.7's, or
became ~l's and +15's, etc., the identical plot
would form. In general, the TAG variable need not
have sequential integer values, nor need it even
have Iinteger values. 7The important point is that
however the TAG variable is defined, the smallest
value of TAG correspands to the first trace to be
plotted, the next larger value corresponds to the
second trace to be plotted, and so forth.




In this example, we have used the name TAGC to
represent the name of the variable that is the
fourtl argument in the PLOT command; the choice
of TAG was by perscnal preference—any name Ray
have been used.

Within a given trace, the figure will be formed in
exactly the order in which the data resides in the
variables X, Y, and 2.

Note that the dJd-argument form for the 3ID-PLOT
command Jis a strict generalization of the
3-argument form for the PLOT command. The first
argument is always the wertical axis variable;
the middle argument(s) are always the horizontal
plane variables, and the last argument 15 always
the trace-identifier wvariable. Although not
demanstrated here, each of the various forms of
the 2~dimensicnal PLOT command generalizes to
corresponding for thems for J3-dimension 3D-PLOT
command (including the use of the AND suffix).

The default plot type is continuous; the default
character type is blank; due to the prior LINES
command , the [first trace will have solid
connecting lines, and the gecond trace will haved
dotted connecting lines.

Synonym  commands for J3-D-PLOT are 3~D PLOT,
3DPLOT, and 3DPLOT,

64—




Generate a 3-Dimensional Data Surface

Problem

A response variable I has been measured at
equi-spaced values of 2 independent variables X
and Y. Z, X, and Y values have Deen collected on
a file ABC with 3 numbers per line. Read in the
data; place the data in variables Z, X, and Y.

Examine the nature of the respcnse surface by
generating a cross-hatch l-dimensional plot of the
surface. OQmit the reference axes (= frame).
Positiaon the eye at (x = 20, y = 30 z » 53). See
figure 39,

DATAPLOT Program

READ ABC. Z X Y

FRAME OFF

EYE COORDINATES 20 30 53
3D~PLOT Z X Y X AND
3D-PLOT Z XYY

Programs Description

READ ABC. 2 XY

carries out a format-free read of data from file
ABC. The data is read into variables I, X, and ¥;
the first number on each line image of the file is
read into the variable 2; the second pumber on
each line is read into the variable X; the third
number on each line jimage Jis read into the
variable Y. The read cerminates when an END OF
DATA line image is encountered (or when & system
end of file is ercountered).

FRAMNE OFF

turns off (for future plots) the usual 4-sided
frame linpes that would appear on 2-dimensional
plots, and the usual J-prong axis that would
appear on 3-dimensiaonal plots. The rationale for
turning the frame off is that we here desire to
have the 3-dimensicnal figure "hang in space® with
no reference to a coordinate system.

EYE COORDINATES 20 30 53

specifies (for Zfuture 3-~dimensional plots) the
position of the analyst’s eye in viewing the
3-dimenzional figure. The eye coordinates defined
here are (x = 20,y = 30,z = 53). Such
specification requires some prior knowledge on the
part of the analyst as to what the magnitude of
the (x,y,z) units are for the figurers to be
plotted. Since the appearance of the 3-d plot is
80 strongly dependent on the analyst's viewing
position, the eye coordinates gpecification must
always be made befcre the 3-dimensicnal plot Iis
actually generated, If the eye position iz pot
specified, then DATAPLOT will automatically
compute a default eye position based on the minima
and mexima of the X, ¥, and 2 variables.

3D-PLOT Z X Y X AND

3D-PLOT Z X Y Y

generates the desired multi-trace, cross-hatched,
3=-dinensional plot. Consider the general
d-argument form for the 3D-PLOT command--

3D-PLOT 2 X Y TAG

for some trace-identifier variable TAG. This
would generate a 3-dimensional plot of the 2
variable (vertically) wversus the variadle X (as
the first axis in the borizantal plane), and
versus the variable Y {(as the second axis in the
horizontal plane)-— but each trace would consist
anly of & subset of Z, X, and Y values, where the
subset would be defined by each distinct value in
the TAG variable. Thus if the TAC variable had 10
distinct values, then 10 traces would rasult.

Note that any variable may be used for the fourth
argument jin the 3D-PLOT command; usually it Jis
not the variables directly involved in the plot
(z, X, or Y), but it can be. Por the problem at
hand, the use of X or Y as the fourth argument is
precisely what is needed; thus if the variable X
has 10 distinct values (as it does in this

example), then

’

D-PLOT 2 XY X

will generate l0 traces {one trace per distinct X
value), and these 10 traces are the cross-iatch
lines for the X direction. Similarly, if the
variable Y has 10 distinct values (as it does in
this example), then

3D-PLOT 2 XYY
will also generate 10 traces (one trace per
distinct Y walue), and these 10 traces are the
crogs-hatch lines in the Y direction.
Thus

I~PIOT Z XY X



alene would -generate & plot with 10 distince
traces Iln ane direction; and

D-PLOT Z XYY

alone would generate a plot with 10 distinct
traces in the perpendicular direction.

The combination of the X-direction traces and  the
Y-direction traces will give us the desired full
cross-hatching. To superimpose the 10 traces from
3D=-PLOT Z X Y X and the 10 traces from 3D-PLOT Z X
Y Y onto one and the same plot, the usual DATAPLOT
feature of linking plots via the AND suffix is
used, as in

3D-PLOT Z X Y X AND

0-PL0T Z XYY

The desired 20-trace cross-hatched, 3-dimensicnal
plot will result. It is seen, therefore, that the
generation of a cross-hatched, 3-dimensional
surface plot 1is simply a special case of the
d-argument 3ID-PLOT command, Jin combination with
the AND suffix for linking plots together.

The default plot type is continuous; the default
character type (for all 20 craces) is blank; the
default line type (for all 20 traces) is solid.



Generate a 3-dimensional Function Plot

Probles

Generate the bivariate pormal N(0,0,1,1,0) density
functian. This function has the form

fix,y) = (1/2%pi) * exp(=-0.5%((x*22) + (y**2))

" Positian the eye at (x = 10, y= 10,z = 11).
Omit the reference axes.
DATAPLOT Program

Two different programs are presented to generate
this plot. Program 1 is .

FRAME OFF
BYZ COORDINATES 10 10 11

3D-PLOT (1/(2*PI)}*EXP(=0.5*((X**2)+Y**2})} FOR X ® «2 .2 2 POR Y = =2 ,2 2

Program 2 is

LET FUNCTION £ = -0.5%((X**2)+(Y**2))
LET FUNCTION r = (1/{2*PI))*EXP(E)

FRAME OFF

EYE COORDINATES 10 10 11
3D-PLOT F FOR X = -2 ,2 2 FOR Y = -2 ,1 2

Program Description

FRAME OFF

in Dboth programs turns off (for future plots) the
usual d~sided frame lines that would appear on
2-dimensicnal plots, and the usual 3-prong axis
that would appear on 3-dimensional plots. The
rationale for turning the frame off is that we
here desire to have the 3-disensional figure *hang
in space® with no reference to a cvordinate
system.

EYE COORDINATES 10 10 11

in both programs specifies {for future
3-dimensicnal plots) the positicn of the analyst's
eye in viewing the 3-dimensional figure. The eye
coordinates specified here are (x = l0,Y = 10,z =
11). Such specification reqguires same prior
knowledge aon the part of the analyst as to what
the magnitude of the (x,g,z) units are for the
figurers to e plotted. Since the appearance of
the 3-d plot is so strongly dependent an the
analyst's viewing position, the eye coordinates
specification must always be made Defore the
3-dimensiconal plot is actually generated. If the
eye position is not specified, then DATAPLOT will
automatically compute a default eye positicn based
en the aminims and maxima of the X, Y, and I
variables.

AD=PLOT (1/({29PI}ISPXP(+0.59((X®*3)s¥®¢2]) POP X = =2 .2 2 POR Y & =2 .2 2

in program 1 generates the desired plot. The
function will be evaluated at a seriss of X values
starting with -2, at increments of .2, and ending
at 2 (that is, at X = =2, =1.8, =l.6, .eey 1.6,
1.8, 2), and for a series of Y values starting
with -2, at increments of .2, and ending at 2
(that is, at Y = .2, -1.8, -1.6, ..., 1.6, 1.8,

' 2J). Note that the evaluation is dene in a dual

fashion--for each given X value, all of the Y
values are computed and plotted (thereby resulting
in cross-hatch traces in one directicn), and for
each given Y value, all of the X values are
computed and plotted (therebv resulting in
cross-hatch traces in the other direction). Note
that the X and Y values for the function
evaluaticn are temporary and local to the PLOT
statement only; po X or ¥ variable as such is
created, nor does such a PLOT statement affect an
X or Y variable which the analyst may happen to
dave.

Note that the function includes a reference to
PI-- this is an automatically-provided DATAFLOT
paramerer with the value 3.1415526, It may be
used like any other DATAPLOT parameter.

The default plot type is continuous; the default
axiz limits will be neat and float with the data;
the default character type (for all traces) is
blank; the default line type (for all traces) is
solid.

LET FUNCTION Z = =0, 58((X#%2 )s(Y®e2))}
in program 2 defines the functiocn % and assigns to
it the 20-character string =0.5¢({X**2)s(Y*22))




LET FUNCTION F = (1/(2°PT))*EXP(E)

defines the function F and azsigns to Jt the
3d~character string
(1/(2%°PI ) }"EXP(=0.5%((X**2 )eY**2)) Note how
DATAPLOT recognizes E as a function and inserts
the full character string in its place in the
definitian of the function P. The LET FUNCTION
command thus allows not only the definition of
individual functians, but the concatonation and
step-wise composition of more complicated
functions from simpler ones.

JD-PLOT F FOR X = =2 .2 2 PORY = =2 ,2 2

in program 2 generates the desired plot. DATAPLOT
recognizes F as a function and inserts the full
character string in its place for the generation
of the plot. This plot statement is thus exactly
eguivalent to the 3D-PLOT statement in program 1.




Generate a Boxed

Problem

Go to the middle of the screen and generate the

centered string-—
graphics
Surround it with a

in upper case triplex italic.
box.

DATAPLOT Program

PONT TRIPLEX ITALIC
CASE UPPER
JUSTIFICATION CENTER
HEZIGRT 5

WIDTH 4

ERASE

MOVE 50 50

TEXT GRAPHICS

BOX 30 45 70 59

Progras Descriptian

The general procedure (with diagrammatic graphics)
is to ’

1} experiment with sizing and
positianing of text, boxes, etc. by
entering DATAFPLOT commands interactively;
2) (after satisfied with
sizing, positioning, etc.)
write the program (via the local editor)
out onro a file/sudfile;
3} exacute the program as a whole
(via the DATAPLOT CALL command).

PONT TRIPLEX ITALIC

specifies (for future text strings) that the font
be triplex italic. Zight fants are available in
DATAPLOT ==

Tektronix (the default)
Simplex

Duplex

rriplex

rriplex Italic

Complex

Simplex Script

Complex Script

the last 7 are “fancy script® fonts and are based
on JAershey character setsx. The default faont is
Tektronix-—the hardware-character font that would
appear on the various Tektronix terminals. The
FONT command specifications arffects output from
all fuyture TEXT, TITLE, IABEL, and LEGEND
commands .

Title

CRAPHICS

CASE UPPER

specifies (for future text strings) that the case
is upper (as opposed to lower), The CASE UPPER
command is, In fact, unnecessary since this is the
default. The CASE command specifications affects
output from all future TEXT, TITLE, LABEL, and
LEGEND commands.

JUSTIFICATION CENTER

specifies (for future text Strings) that the
output from the TEXT command be center-justified
fas opposed to left-justified or right-justified).
The default is left-justified. The JUSTIFICATION
command applies anly to output resulting from the
TEXT command, since output resulting from the
TITLE and LABEL commands is aucomatically
center-justified, and output resulting from the
LEGEND command is automatically left-justified.

EEICET S
specifies (for future text strings) that the
output from the TEXT command have a height egqual
to 5X of vwertical sceen height. The BEIGHT
command applies only to output resulting from the
TEXT command. The size of output resulting from
the TITLE, LABEL, and LACEND commands  are
controlled via the ’

TITLE SIZE
«o«lABEL SI2Z
LXGEND ... SIZE

commands, respectively, as in

*ITLE SIZB 2
XZABEY, SI2E 1.5
LEGEND 3 SIZE 2.5

Por all cases (text, titles, labels, and legends),
note that the character sizing for all 7 Bershey
character fonts is controllable on a continuous
scale, whereas for the default Tektronix font
(which is bardware-generatsd), the character
xizing is limited to only € sizes (on large-screen
terninals such a5 the TYektronix 4014, 4054, and




4114), and even to just 1 size (on small-screen
terminals such as the Tektronix 4010, €027, and
4052). Fror all text cutput (resulting from TEXT,
TITLE, LABEL, and LEGEND efault character height
iz 3 (= 3% of total comsands, the default
character size is 3 (= 3% of total screen height).

WIDTH 4

specifies (for future text strings) that the
output from the TEXT command have a width equal to
4% of horizontal sceen width. The WIDTE command
applies only to output resulting from the TEXT
command. The width of output resulting from the
TITLE, LABEL, and LEGEND commands is autcmatically
set to 3/4 of the character height which in turn
is cantrolled by the

TITLE SIZE
oo LABEL SIZE
LEGEND ... SIZE

commands, respectively. For all cases (text,
titles, labels, and legends), npote that the
character width for all 7 Rershey character fonts
1is controllable on & continucus scale, whereas for
the default fektronix font (which is
hardware-generated ), the character width is
limited to cnly 4 sizes (on large~screen terminals
such as the Tektronix 4014, 4054, and 4114}, and
even to just 1 size (on small-scresn terminals
such as the Tektronix 4010, 4027, and 4052). For
all text output (resvlting from TEXT, TITLE,
LABEL, and LEGEND efault character height is 3 (=
3x of total commands, the default character width
is 2 (= 2% of total screen width).

Note the existence of the AW cosmmand which is an
abbreviated combination of Dboth the HEIGET and
WIDTHE commands, thus

BREIGET 5
WIDTE 4

may be alternatel]y specified as

BN 5 4

Is a aull command—it visually separates chunks of
DATAPLOT code.

ERASE

erases the screen. Anytime an ERASE command is
encountered in a DATAPLOT program, the screen is
izmmediately erased.

NOVE 50 50

moves the cursor to & point 50% of the way across
the screen and 50X of the way up the screen. NOVE
50 50 will thus place the cursor in the middle of
the screen. Note that DATAPLOT has standardized
screen coordinates-~ it {g gimple, easy to use,
and universal for all output devices. Rather than
use a screen coordinates system based on English
units, metric units, device picture points, etc.
(wvhich change from device to device), DATAPLOT
uses & percentage coordinates system. To
determine the x-cordinate for a point, simply ask
*How far across (0 to 100x) the screen is the
point? To determine the y-coordinates for a
point, simply ask ®*How far (0 to 100x) up the
screen Jis the point?® All coordinate values are 0
to 100%; decimal values such as 23.5, 56.27, and
34.693 are permitted). Thus

70,0) = Jower left corner of screen
(100,0) = lower right corner of screen
{0,100) = upper left corner of screen
(100,100) = upper right corner of screen
({50,50) = middle of screen

TEXT GRAPEICS
generates the text gtring

graphics

on the gcreen. Due to the previous FONT, CASE,
JUSTIYICATION, HEIGHT, and WIDTH commands, the
text string will be in triplex italic, upper case,
center-justified (at the current cursor position,
namely (50,50)), with height = 5% of screen height
and width = &% of screen width.

30X 30 45 70 59

draws a box with one corner at a point 30% of the
wvay across the screen and 45X of the way up the
screen, and with the opposing corner 70% of the
way &across the screen and 59X of the way up the
screen. This box will surround the text string 2s
desired.

Note that the easiest way to obtain the coord.imté
values for the BOX command Is to make a pass at
putting up the varjous text strings interactively
{where we are using the screen as a scratch area
with no concern abdout screen clutter), and then
making liberal use of tke cross-hair in the
following fashionw—-

1) enter the CROSS-SAIR (synonym = C§)
command which will cause the cross-hair
to appear on the acreen;

2) position  the: cross-halr via the
thumbwheel or foystick;

3) Alt any key which will then cause the
cross~nair to disappear and will report
{in DATAPIOT 0 to 100 ynits) the  latest
position of the cross~hair.
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Note that In step 3 above, the coordinates will
not be reported if the feedback switch has Dbeen
turned aoff. Thus one could leave the feedback
switch on, or preferably one could augment the
CROSS~BAIR (synonym = with 2 parameter values,
such as

cE x1 rl
which will cause (in step 3 above) for the
coordinates vwalues to be placed into the DATAPLOT
parameters X1 Yl. These parameters may be printed
at a later time, as in
WRITE X1 Y1
or may be used in other DATAPLOT commands, as in
MOVE X1 Y1

or (if X2 and Y2 are also parameters obtained Iin
the same way)

BOX X1 Y1 X2 Y2
The ability to store coordinates In parameters and

refer to them symbolically thereafter is a
powerful diagrammatic feature of DATAPLOT.
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Generate a Mathematical Equation

Probles

Go to & point 20 percent of the way across the
screen and 50 percent of the way up the screen and
write the following equation in lower case
triplex:

y = integral sin(alpha x)dx + exp(bx)

DATAPLOT Pruogram

PONT TRIPLEX

CASE LOWER

JUSTIFICATION LEFT

SEIGHT 5

WIDTE 4

ERASE

MOVE 20 50

TEXT Y = INTE()SIN(ALPR( )X )DX + ESUP()(BX)

Program Description
The general procedure (with diagrammatic graphics)
is to

1) experiment with sizing and positioning of

text, boxes, etc. by entering DATAPLOT
commands interactively;

2) (after satisfied with sizing,
positioning, etc.) write the program (via
the local editor) out ontoc a
file/subfile;

3) execute the program as a whole (via the
DATAPLOT CALL command ).

FONT TRIPLEZX
specifies (for future text strings) that the fant
be triplex. Right fonts are available in
DATAPLOT~~

Tektronix (the default)

Simplex

Duplex

rriplex

Triplex Italic

Complex

Simplex Script

Complex Script

The last 7 are “fancy script® fonts and are based
on AHershey character sets. The default font is
Tektronix-—the hardware-character font that would
appear on the various Tektronix terminals. The
FONT command specificaticns affects output from
all future TEXT, TITLE, LABEL, and LECEND
commands .
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CASE LOWER

specifies (for future text strings) that the case
is lower (as opposed to upper). The default case
is upper. The CASE command specifications affects
output from all future TEXT, TITLE, LABEL, and
LEGEND commands.

JUSTIFICATION LEXT

specifies (for future text strings) that the
output from the TEXT command be left-justified (as
opposed to center-justified or right-justified).
Note cthat the JUSTIFICATION LEPT command is, in
fact, unnecessary, since the derault is
left~justified. The JUSTIFICATION cormand applies
only ¢to output resulting from the TEXT command,
since output resulting from the TITLE and LABEL
commands IS automatically center-justified, and
output resulting from the LEGEND command is
automatically left-justified.

HEIGHT 5

specifies (for future text strings) that the
output from the TEXT command have a height egqual
to 5X of vertical sceen height. The HEIGEHT
command applies only to output resulting from the
TEXT command. The size of output resulting frem
the TITLE, LABEL, and LEGEND commands are
controlled via the

TITLE SIZE
«++LABEL SIZE
LEGEND ... SIZE

commands, respectively, as in

TITLE SIZE 2
XLABEL SI2E 1.5
LEGEND 3 SIZE 2.5

For all cases (texrt, titles, labels, and legends),
note that the character sizing for all 7 Bershey
character fonts is controllable on a continuous
scale, whereas for the default Tektronix font
(which is hardwars-generated), the character
sizing is limited to only 4 sizes (on large-screen



terminals such as the Tektronix 4014, 4054, and
4114), and even to fust 1 size (on small-screen
terminals such as the Tektronix 4010, 4027, and

4052). PFor all text output {resulting from TEXT,
TITLE, LABEL, and LECEND efault character height
is 3 (= 3% of total commands, the default

character size is 3 (= 3% of total screen height).

WIDTH 4

specifies (for future text strings) that the
output from the TEXT command have a width egual to
4X of horizontal sceen width. The WIDTE command
applies aonly to output resulting from the TEXT
command. The width of output resulting from the
TITLE, LABEL, and LECEND commands is automatically
et to 3/4 of the character height which in turn
is controlled by the

TITLE SIZE
o« LABEL SIZE
LEGEND ... SIIE

commands, respectively. Por all cases (text,
titles, ladels, and legends), note that the
character width for all 7 Hershey character fonts
is controlladle on a continucus scale, whereas for
the default Tektronix fant (which is
hardware-~generated), the <character width is
limited to only 4 sizes [(an large~screen terminals
such as the Tektronix 4014, 4054, and 411¢), and
even to just I size (on small-screen terminals
such as the Tektronix 4010, 4027, and 4052). For
all text output (resulting Zfrom TEXT, TITLE,
LABEL, and LEGEND efault character height is 3 (=
3Xx of total commands, the default character width
is 2 (= 2% of total screen width).

Note the existence of the HW command which is an
abbreviatad combination of both the BEICET and
WIDTE commands, thus

HEIGET S
WIDTH 4

may be alternately specified as

w54
Is a null command--it visually separates chunks of
DATAPLOT code.

ERASE

erases the zcreen. Anytime an ERASE ccamand is
encountered in a DATAPLOT program, the screen Is
immediately erased.
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NOVE 20 50

moves the cursor to a point 20% of the way across
the screen and 50% of the way up the screen. NOVE
20 50 will thus place the cursor in the middle of
the screen. Note that DATAPLOT has standardized
screen coordinates-~ it is simple, easy to use,
and universal for all output devices. Rather than
use & screen coordinactes systew based on English
units, metric units, device picture points, etc.
{(which change from device ¢to device), DATAPLOT
uses & percentage coordinates system. To
determine the x-cordinate for a pcint, simply ask
*Jow far across (0 to 100x) the screen is the
point? To determine the y-coordinates for a
point, simply ask "Bow far (0 e¢o 100%) up the
screen is the point?® All coordinate values are 0
to 100X; decimal values such as 23.5, 56.27, and
34.693 are permitted). Thus

(0,0) = Jlower left corner of gcreen
{100,0) = lower right corner of screen
(0,100) = uypper left corner of screen
{100,100) = upper right corner of screean
(50,50} = middle of screen

TEXT ¥ = INTE( )SIN(ALPH( )X)DX + ESUP()(BX)
generates the desired text string consisting of
the specified mathematical eguation.

y = integral sin(alpha x)dx ¢ exp(kx)

on the screen. Due to the previous PONT, CASE,

JUSTIFICATION, BHEIGET, and WIDTH commands, the
text string will be In triplex, lower case,
left-justified (at the current cursor position,

namely (20,50)), with height = 5X of screen height
and width = 4% of screen width.

Note the use in this example of the DATAPLOT

in-line text sub~commands
INTE() to draw an integral;
ALPHE() to write the Greek letter alpha.
SUP() to shift to superscript;

DATAPLOT has in-line text sub-commands which allow
the analyst to output a wide variety of

mathematical symbols, GCreek  characters, and
typographical symbols/operations. These in-line
sub-commands may be used with any of the *fancy

script® fomts (that is, with all of the fants
except the Tektronix font). The sub-commands are
at most 4 characters long (as in INTE and ALPH).
These sub~commands all have an appended () which
declares to DATAPLOT that these strings are pot to
be written out literally, dut rather are
sub~commands which generate specialized output,
Refer to the appendix for the full list of in-line
text sub-commands. These sub-commands may be used
in any TEXT, TITLE, LABZL, or LEGEND command.



Generate a Word Chart

Prodlem

Generate a word chart. BHave a box with
NBS

in it at ane level; have 3 boxes with
PRIVATE

FEDERAL
STATE

in them at a second level. Have arrows going from
the first box to the other 3 boxes. Have all text

in upper case triplex italic.

DATAPLOY Programs

FONT TRIPLEX ITALIC
JUSTIFICATION CENTER

FEEDBACK OrFr
ZRASE

HBEIGHT 4
wNIDT8 3
MOVE 50 80
TEXT NBS
JEIGaT 3
NIDET 2
MOVE 20 40
TEXT PRIVATE

NOVE 50 40
TEXT FEDERAL

NOVE 80 40
TEXT STATE

BOX 40 75 60 88
BOX 10 35 30 48
BOX 40 35 60 48
BOX 70 35 90 48

8BEICET .5

WIDIE 1

ARROW 50 75 20 48
ARROW 50 75 50 48
ARROW 50 75 80 48

coPY

Tl

NBS

PRIVATE FEDERAL STATE

Program: Description

The general strategy is to write the text, then
draw the lboxes, and then draw the arrows. The
general procedure (with diagrammatic graphics) 1is
to

1) experiment with siring and positioning of
text, boxes, etc. by entering DATAPLOT
commands interactively;

2) (after satisfied with sizing,
pasitioning, etc.) write the program (via
the local editor) oyt ontc a
file/subfile;

3) execute the program as a whole (via the
DATAPLOT CALL command).

FONT TRIPLEX ITALIC

specifies (for future text strings) that the font
be triplex italic. ZPRight fonts are available jn
DATAPLOT—

Tektronix (the default)
Simplex

Duplex

Triplex

Triplex Italic

Complex

Simplex Script

Complex Script

the last 7 are "fancy script® fonts and are based
on Hershey character sets. The default font UIs
fektronix-—the hardware-character font that would
appear on the various Tektronix terminals. The
PONT command specifications affects output from
all future TEXT, TITLE, LABEL, and LEGEND
coxmands.




JUSTIFICATION CENTER

specifies (for future text strings) thit the
output from the TEXT command be center-justified
fas opposed to left~justified or right-justified).
The default is left-~justified. The JUSTIFICATION
command applies only to output resulting from the
TEXT command, since output resulting from the
TITLE and LABEL commands is automatically
center-justified, and output resulting from the
LEGEND command is automatically left-justified.

is a null command--1it visually separates chunks of
DATAPLOT code.

FEEDBACX OFFP

suppresses the usual feedback messages that result
from most DATAPLOT commands. The rationale for
the PFEEDBACX OFF command is that as soon as we
erase the screen (which is the next command in
this program), we want nothing to appear on the
screen except the desired design. If we did not
turn off the feedback, we would get feedback
message superimposed on top of the design.

In general, when the feedback switch 1Is turned
off, then the messages from all *secondary”
DATAPLOT commands are suppressed. In particular,
the usual feedback messages from commands in the
following categories are suppressed——

Plot Cantrol

Support

Qutput Device

Output from the (Craphics category is not
suppressed; output from the Analysis category
(except for the LET command) is not suppressed;
and output from the Diagrammatic Graphics category
(except for FONT, CASE, JUSTIFPICATION, HEICHT,
WIDTH, and  CROSS-HAIR) is not suppressed.,
Unfortunately, for our program, we do have a few
EEIGHT and WIDTH commands in the code after the
ERASE, and therefore we must suppress their usual
feedback messages.

ERASE

erases the screen. Anytime an BERASE command Jis
encountered Jin a DATAPLOT program, the screen is
immediately erased.

BEIGRT 4

specifies (for future text strings) that the
output from the TEXT command have a height equal
to €% of vertical screen bheight. The NEIGET
command applies anly to output resulting from the
TEXT command. fhe sire of output resulting from
the TITLE, LABEL, and LEGEND commands are
controlled via the

TITLE SIZE
«eoLABEL S5IZF
LEGEND eeo SIZE

commands, respectively, as in
TITLE SIZE 2

XIABXL SIZE 1.5
IEGEZND 3 SIZE 2.5
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Por all cases (text, titles, labels, and legends),
note that the character sizing for all 7 Hershey
character fonts is controllabdle on a continuous
scale, whereas for the default Tektronix fent
(which is  bardware-generated), the character
sizing is limited to only € sizes (on large-screen
terminals such as the Tektronix 4014, 4054, and
4114), and even to just 1 size (on small-screen
terminals such as the Tektronix 4010, 4027, and
4052). Por all text output (resulting from TEXT,
TITLE, LABEL, and LEGEND efault character height
is 3 (= 3% of total commands, the default
character size is 3 (= 3X of total screen height).

WIDTE 3

specifies (for future text strings) that the
output from the TEXT command have a width equal to
3X of horizontal screen width. The WIDTE command
applies only to output resulting from the TEXT
command. The width of output resulting from the
TITLE, LABEL, and LEGEND commands is automatically
set to 3/4 of the character height which in turn
is controlled by the

TITLE SIZE
oo LABEL SIZE
LEGEND ... SIZE

commands, respectively. For all cases (text,
titles, labdels, and legends), note that the
character width for all 7 Hershey character fants
is controllable on a continucus scale, whereas for
the default Tektronix font (which is
hardware-generated), the character width is
limited to only 4 sizes (on large-screen terminals
such as the Tektronix 4014, 4054, and 4114), and
even to just 1 size (on small-screen terminals
such as the Tektronix 4010, 4027, and 4052), Por
all text output (resulting from TEXT, TITLE,
LABEL, and LEGEND efault character height is 3 (=
3% of total commands, the default character width
is 2 {= 2x of total screen width).

Note the existence of the HW command which is an
abbreviated combipation of both the FEIGHT and
WIDTH commands, thus !

HEIGHT 4
wIoTre 3

may be alternately specified as

BW 4 3



MOVE 50 80

moves the cursor to & point 50X of the way across
the screen and 80X%x of the way up the gcreen. MOVE
50 80 will thus place the cursor in the middle of
the screen horizontally and up toward the top of
the screen vertically. Note that DATAPLOT has
standardized screen coordinates-- it is simple,
easy to use, and universal for all output devices.
Rather than use a screen cocrdinates system based
an Znglish units, wmetric units, device picture
points, etc. {(which change from device to
device ), DATAPLOT uses a percentage coordinates
system. To determine the x-cordinate for a point,
simply ask "How far across (0 to 100X) the szcreen
is the point? To determine the y~coordinates for
a point, simply ask "Sow far (0 to 100%) up the
screen is the point?* All coordinate values are 0O
to 100%; decimal values such as 23.5, 56.27, and
34.693 are permitted). Thus

(0,0) = Jower left corner of screen
(100,0) = lower right corner of screen
{0,100) = gpper left corner of screen
(100,200) = ypper right corner of screen
{50,50) = middle of screen

TEXT NBS
generates the text string

NBS

on the gcreen, Due to the
JUSTIFICATION, BEIGET, and WIDTH commands, the
text string will be in triplex italic,
center-justified ({at the current curscr positien,
namely (50,80)), with height = 4X of screen height
and width = 3X of screen width. Since the CASE
command was not used previously, the text string
wvill be in the default upper case.

previous FONT,

BEIGHT 3

specifies (for future text strings) that the
output from the TEXT command have a height equal
to 3% of vertical screen height.

WIDTH 2

specifies (for future text strings) that the
output from the TEXT command have a width egual to
2% of horirzantal screen width.

MOVE 20 40
moves the cursor to & point 20% of the way across
the screen and 40% of the way up the screen.

TEXT PRIVATZ .
generates the text string

PRIVATE
oen the screen, Due to the previous  FONT,
JUSTIXICATION, &BEIGHAT, and WIDIE commands, the

text string will be in triplex italic,
center-justified (at the current cursor positicn,
Damely (20,40)}, with height = 3X of screen height
and width = 2% of screen width. Since the CASX
cosand was pnot used previously, the text string
wvill be in the default npper case.
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NOVE 50 40"
moves the cursor to a point 50% of the way across
the screen and €0X of the way up the screen.

TEXT FEDERAL
generates the text string

FEDERAL

an the screen. Due to the previous PFONT,
JUSTIFICATION, HEIGHET, and WIDTH commands, the
text string will Dde in eriplex italic,
center-justified (at the current cursor position,
namely (50,40)), with height = 3% of screen height
and width = 2% of screen width. Since the CASE
command was not used previocusly, the text string
will be in the default upper case.

NOVE 80 40
moves the cursor to a point 80% of the way across
the screen and 40X of the way up the screen.

TEXT STATE
generates the text string

STATZ
on the screen. Due to the previous FONT,
CUSTIFICATION, BHBEIGAT, and WIDTH commands, the
text string will be in triplex italic,
center=-justified (at the current cursor position,

namely (80,40)), with height = 3% of screen height
and width = 2x of screen width. Since the CASE

command was not used previously, the text string
will be in the default upper case.

BOX 40 75 60 88

draws a box with one corner at a point 40X of the
vay across the screen and ?5% of the way up the
screen, and with the opposing corner 60X of the
way across the screen and 88% of the way up the
screen. This box will surround the text string
NBS. ’

Note that the easiest way to'obtain the coordinate
values for the BOX command is to make a pass at
putting up the various text strings interactively
{where we are using the screen as a scratch area
vith no concern about screen clutter), and then
making liberal use of the cross-hair in the
following fashion-——

1l) enter the CROSS-SAIR (synonym = CH)
command which will cause the cross-hair
to appear on the screen;

2) position the cross-bair via the
thunlwheel or joystick;

3) hit any key which will then cause the
cross~hair to disappear and will report
({in DATAPLOT 0 to 100 units) the latest
position of the cross-bair.



Note that in step 3 adbove, the coordinates will
not be reported if the feedback switch has been
turned off. Thus one could leave the feedback
switch an, or preferably one could augment the
CROSS-HAIR (synonynm = with 2 parameter values,
such as

cE X1 ¥l
which will cause (in step 3 above) for the
coordinates values to be placed into the DATAPLOT
parameters X1 Yl. These parameters may be printed
at a later time, as in

WRITE X1 Y1
or may be used in other DATAPLOT commands, as in
MOVE X1 Y1

or (if X2 and Y2 are also parameters obtained in
the same way)

30X X1 Y1 X2 r2

The ability to store coordinates in parameters and
refer to them symbolically thereafter is a
powerful diagrammatic feature of DATAPLOT.

Box 10 35 40 38

draws a box with cne corner at a point 10X of the
way across the screen and 35% of the way up the
screen, and with the opposing corner 40% of the
way across the screen and 38% of the way up the
screen. This box will surround the text sctring
PRIVATE.

BOX 40 35 60 48

draws a box with one corner at a point 40X of the
way across the screen and 35% of the way up the
screen, and with the opposing corner 60X of the
way across the screen and 48% of the way up the
screen, This box will surround the text string
FEDERAL.

BOX 70 35 90 48

draws a box with one corner at a point 70% of the
way across the screen and 35% of the way up the
screen, and with the opposing corner 90X of the
way across the screen and 48% of the way up the
ECreen. This box will surround the text string
STATE.

BRICET .5

specifies (for future text strings) that the
output from the TEXT command have a height equal
to .5% of vertical screen beight. In edditian,
the AJZIGET command allows us to control the size
of features of other diagrammatic graphics
features; in particular——

the size (across the shaft) of an arrow head;

the zize (across the circuit line) of a
resistor wrinkle;

the size of a bar in a capacitor.
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Por our problem, we will be drawing arrows and so
we wish to specify the characteristics of the
arrow head. AZIGAT .5 tells DATAPLOT to have the
size (across the shaft) of the arrow bhead to be
5% of vertical screen height.

wNIDTH 1

specifies (for future text strings) that the
output from the TEXT command have a width equal to
1% of horizontal screen width. In addition, the
WIDTE command allows us to control the size of
features of other diagrammatic graphics features;
in particulare-

the size {along the shaft) of an arrow head;

the size (along the circuit line) of a
resistor wrinkle;

the spacing between the bars in a capacitor.

For our problem, we will be drawing arrows and so
we wish to specify the characteristics of the
arrow head. WIDTH 1 tells DATAPLOT to have the
size (along the shaft) of the arrow head to be 11X
of horizontal screen width. The net result
between the SEIGET .5 and WIDTE 1 commands is that
future arrows will have arrow heads which are
twice as laong along the shaft as they are across
the shaft; that is, the arrows will be fairly
pointed as opposed to being fairly blunmt.

ARROW 50 75 20 48

draws an arrow with the back of the arrow at at a
point 50% of the way across the screen and 75% of
the way up the screen, and with the front of the
arrow 20% of the way across the screen and 48% of
the way up the screen. This arrow will proceed
from the NBS bdox to the PRIVATE box. The
coordinates for this arrow are best obtained by

use of the cross-hair as descrived above, or by
sinply noting the coordinates of the existing
boxes .

ARROW 50 75 50 48

draws an arrow with the dack of the arrow at at a
point 50X of the way across the screen and 75X of
the way up the screen, and with the front of the
arrow 50% of the way across the screen and 48% of
the way up the screen. This arrow will proceed
from the NBS box to the FEDERAL box.

ARROW 50 75 80 48 i

draws an arrow with the back of the arrow at at a
point 50% of the way across the gcreen and 75% of
the way up the screen, and with the front of the
arrow 80X of the way across the screen and 48X of
the way up the screen. This arrow will proceed
from the NBS box to the STATE box.

COPY copies (to the local bhardcopy unit) the
current contents of the screen. Anytime a COPY
command is encountered in a DATAPLOT program, the
screen is immediately copied. Multiple copies are
made 2y appendiny the desired number, as in

corPY 2



Generate an Electrical Diagram

Problem

Generate an electrical diagram, complete with
appropristely positioned text strings.

DATAPIOT Progras

FEEDBACK Orr
ERASE
BEIGHT .6
WIDTH .6

NOVE 20 65
GROUND 20 63

DRAW 20 65 20 70 27 70
RESISTOR 27 70 33 70 /

DRAW 33 70 47 70
RESISTOR 47 70 53 70

DRAW 53 70 60 70 60 30 20 30 20 35
CAPACITOR 20 35 20 36

DRAW 20 36 20 50 17 50
RESISTOR 17 50 13 50

DRAW 13 50 10 50
CIRCLE 10 S0 9.7 50
.« *

MOVE 20 50

DRAW 20 50 27 50
RESISTOR 27 50 33 50
DRAW 33 50 46 50

MOVE 40 70

DRAW 40 70 40 55 46 55
MOVE 46 52.5

AMP 46 52.5 57 52.5
DRAW 57 52.5 60 S2.5

MOVE 40 50
DRAW 40 50 40 €0
CAPACITOR 40 39

IRAW 40 39 40 35
GROUND 40 35 40 33

NBICET 1.5

wIDTE 1

PONT TRIPLEX ITALIC
JUSTIFICATION CENTER
MNOVE 30.2 66.5

TEXT 19.2K

corY

i

A

Program Description

This program contains many cocrdinate references.
These coordinates were obtained by heavy use of
the cross-hair (via the CROS5-HAIR command) in an
initial pass at interactively constructing the
diagram.

Note also that all of the coordinates in this
program are given explicitely as numbers, as in

DRAW 40 50 60 75

It is at times convenient and time-saving
(especially in updating large, complicated
diagrams) to store such pumbers in DATAPLOT

parameters via the LET command, as in

LET X1
12T Y1
12T X2
LET X2

LI B B ]
iy
[~

or via the CROSS~HBAIR (synonym = CH) command, as

1n

[o3- B9 S 3 21
cx x2 Y2

and then refer to them symbolically a2fterwards, as
in

DRAN X1 Y1 X2 Y2

Because of the repeated use and similarity of the
various comnands in this electrical diagram
program, we vill selectively describe only cne of
each distinct command.



FEEDBACK _OFF

suppresses the usual feedback messages that result
from most DATAPLOT commands. The rationale (for
the PEEDBACX OFF comnand 15 that as soon as we
erase the screen (which iz the next command in
this program)}, we want nothing to appear on the
screen except the desired design. If we did pot
turn off the feedback, we would get feedback
message superimposed on top of the design.

ERASE

erases the screen. Anytime an ERASE command is
encountered in a DATAPLOT program, the screen is
immediately erased.

HEIGRT .6

specifies (for future text strings) that the
output from the TEXT command have a height equal
to .6% of vertical screen height. In addition,
the HEIGAT command allows us to control the size
of fmatures of other diagrammatic graphics
features; in particular——

the size (across the shaft) of an arrow head,

the size (across the circuit line) of a
resistor wrinkle;

the size of a bar in a capacitor.

WIDTH .6

specifies (for future text strings) that the
output from the TEXT command have a width egual to
.6% of horizontal screen width. In addition, the
WIDTH command allows us to control the size of
features of other diagrammatic graphics features;
in particulare-

the size (along the shaft) of an arrow head;

the size (along the circuit line) of a
resistor wrinkle;

the spacing between the bars in a capacitor.

MOVE 20 65

moves the cursor to a point 20X of the way across
the screen and §5X% of the way up the screen. Note
the standardized DATAPLOT screen coordinate system

GROUND 20 63

draws a ground starting at the current cursor
location and ending at a point 20% of the way
across the screen and 63% of the way up the
screen). For the remainder of this example, such
& coordinate will be referred to as (x = 20,53 =
63), or simply (20,63).

The standardized (0 to 100 in doth the horizontal
and vertical directions) is such that

{0,0) = lower left corner of screen
{100,0) = lower right corner of screen
(0,100} = gpper left corner of acreen
{100,200) = upper right corner of screen

(50,50) = middle of screen
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GROUND 40 35 40 33
draws & ground with ity top at (40,35) and its
bottom at (40,33).

DRAW 20 &S 20 70 27 70
draws a line segment from (20,65) to (20,70), and
then from (20,70) to {27,70).

RESISTOR 27 70 33 70

draws a resistor from (27,70) to (33,70). The
wrinkles on the resistor have a height and width
as specified via prior entry of the HEIGAT and
WIDTH commands, respectively.

CAPACITOR 20 35 20 36

draws a capacitor with the midpoint of one bar at
{20,35) and the midpoint of the other bar at
{20,36) The height of the 2 bars is specified via
prior entry of the HEIGHT command.

CIRCLE 10 S0 8.7 50

draws a circle with ane end of the diameter at
(10,50} and the other end of the diameter at
(9.7,50).

AMP 46 52.5 57 52.5

draws an amplifier with the midpoint of the input
side at (46,52.5) and the point on the cutput side
at (57,52.5).

FONT TRIPLEX ITALIC

specifies (for future text strings) that the font
be triplex italic. Eight fonts are available in
DATAPLOT =~

Pektronix {the default)
Simplex

Duplex

rriplex

Triplex Italic

Complex

Simplex Script

Complex Script

the last 7 are ®fancy script® fonts and are based
on dershey character sets. The default font is
Tektronix-—the hardware~character font that would
appear cn the various Tektronix terminals. The
FONT command specifications affects output from
all future TEXT, TITLE, LABEL, and LEGEND
commands .

JUSTIFICATION CENTER
specifies (for future text strings) that the
output from the TEXT command bde center-justified

{as opposed to left-justified or right-justified).

The default is left-justified. The JUSTIFICATION
command applies only to output resulting from the
TEXT command, gince output resulting from the
TITLE and LABEL commands is5 automatically
center-justified, and output resulting from the
LEGEND command is automatically left-justified.



TEXT 39.2X
generates the text string

39.2x

on the screen at the current cursor positicn. The
text string will make use of settings as specified
via previous entry of FONT, JUSTIFICATION, CASE,
HEIGHT, and WIDTH command. If none of these had
been previocusly entered, then the default settings
of Tektronix fant, left-justified, upper case, 3%
height, and 2% width will be used. In this
physical diagram example, FONT TRIPLEX ITALIC,
JUSTIFICATION CENTER, HEIGAT 1.5, and WIDTH 1 had
been previsouly entered, and so the text string
appeared in triplex italic fant, center-justified,
upper case, with 1.5% height, and 1X width.

CcoPY

copies (to the local bardcopy unit) the current
contents of the screen, Anytime a COPY command is
encountered in a DATAPLOT program, the screen is
immediately copied. Multiple copies are made by
appending the desired number, as in

coPY 2




Generate

Problaw

Generate a physical diagram, complete with

appropriately positiocned text strings.
DATAPLOT Program
PEEDBACK OFP

ERASE

DRAW 90 10 80 10 80 5 20 5 20 60 45 60 45 45

a Physical Diagram

B ——
—_
-
F

DRAW 45 45 47 45 47 43 43 43 43 58 22 58 227 78 7 78 12 30 12 90 10

DRAW S0 28 78 28 78 58 57 58 57 43 53 43

DRAW 53 43 53 45 55 45 5 60 80 60 80 30 90 30 90 28

ARC 45 57 50 60 55 57
ARC 45 55 50 58 55 55
ARC 47 44 50 46 53 44

DRAW 47 44 53 44
DRAW 55 75 45 92
DRAW 45 25 55 15

HEIGHT .5

WIDTH 1

ARROW 20 90 30 90 46.5 90 46.7 57 50 20 90 20
ARROW 20 80 30 80 52 80 51.95 57.4 50 20

FONT TRIPLEX ITALIC
BEIGHAT 2

WIDTH 1

NOVE 30 85

TEXT LASER BEAM

MOVE 44 13
TZXT MO TARGET

MOVE 59 22
TEXT OPTIC AXIS OF SPECITROGRAPHY

COPY

Program Description

Because of the repeated use and similarity of the
various cosmands Jin this prograzm, we will
selectively descride anly one of each distinct
command .

FEEDBACK OFP

suppresses the usual feedback messages that result
from most DATAPLOT commands. The rationale for
the FEEDBACX OFF command Jis that as goon as we
erase the screen {which is the pext command Jin
this program), we want nothing to appear on the
screen except the desired design. If we did not
turn off the feedback, we would ger feedback
message superimposed on top of the design.
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ERASE

erases the screen. Anytime an ERASE command is
encountered in a DATAPLOT program, the screen is
immediately erased.

is a null command—-it visually separates chunks of
DATAPLOT code.

DRAW 90 10 80 10 80 5 20 5 20 60 45 50 45 45
draws a line segment from (50,10) to (80,10}, and
then onto (80,5), then to (20,5), then to (20,60),
then to (45,60), and then to (45,45},

ARC_ 45 57 50 60 55 S7

draws an arc (of a circle) through the 3 points
(45,57), (50,60), and (55,57). The arc starts at
{45,57) and finishes at (55,57).

BEIGET .5 4
specifies (for future text strings) that the
output from the TEXT command have & height equal
to .5X of vwertical screen height. In addition,
the BEIGHT command allows us to control the sgize
of features of other diagrammatic graphics
features; Jin particular—

the zize {across the shaft) of an arrow head;

the gize (across the circuit line) of a
resistor wrinkle;

the zize of a bar in a capacitor.




WIDTH 1

specifies (for Cfuture text strings) that the
output from the TEXT command have a width equal to
1x of Morizontal screen width. In addition, the
WIDTH command allows us to control the sizte of
features of other diagrammatic graphics features;
in particular--

the size (along the shaft) of an arrow head;

the size (alaong the circuit line) of a
resistor wrinkle;

the spacing between the bars in a capacitor.

ARROW 20 90 30 90 46.5 90 46.7 57 S50 20 %0 20
draws a series of 5 arrows with the first arrow
extending (back to front) from (20,90} to (30,90);
the second arrow extending from (30,90) to
(46 .5,50); the third arrow extending from
(46.5,50) to (46.7,57); the fourth arrow
extending from (46.7,57) to (50,20), and the fifth
arrow extending from (50,20) to ($0,20). Due to
the prior entry of the B8EIGIT .5 and NIDTH 1
commands, the arrow heads of each of the 5 arrows
will be twice as long alang the shaft as they are
across the shaft; that is, the arrow bheads will
be fairly pointed as opposed to being fairly
dlunt.

PONT TRIPLEX ITALIC

specifies (for future text strings) that the font
be triplex italic. Eight fonts are available in
DATAPLOT~—

Tektronix (the default)
Simplex

Duplex

Priplex

Triplex Italic

Complex

Simplex Sczipt

Complex Script

the last 7 are *fancy script® fants and sre Dbased
on BHershey character sets. The defauvlt font is
Tektronix——the hardware-character font that would
appear on the various Teiktronix terminals. The
FONT command specifications affects output from
all future TXXT, TITLE, LABEL, and LEGEND
commands .

NOVE 30 85

moves the cursor to the point (30,85), that iz, to
a point 30X of the way across the gcreen and 85%
of the way up the screen.

TEXT LASER BEAM
generates the text string

IASER BEAM

on the screen at the current cursor position. The
text string will make use of settings as specified
via previous entry of FONT, JUSTIFPICATION, CASE,
HEIGHT, and WIDTH command. If none of these had
beenn previously entered, then the default settings
of Tektronix font, left-justified, upper case, 3%
height, and 2% width will be used. In this
physical diagram example, PFONT TRIPLEX ITALIC,
HEIGHT 2, and WIDTH 1 had been previsouly entered,
and so the text string appeared in triplex italic
font, left-justified, upper case, with 2X height,
and lx width.

COPY

copies (to the local hardcopy unit) the current
contents of the screen. Anytime a COPY command is
encountered In & DATAPLOT program, the screen is
immediately copied.
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Generate a Logic Diagram

Problem

Generate & simplified logic diagram.

DATAPLOT Program:

Two programs will be presented, the first will use
explicit coordinates,
parameter coordinates.

and the second will use
Program 1 is

FPEEDBACK OFF
ERASE

SYSTEM WARNING - MAX TIME

AND 20 20 30 20
AND 20 50 30 50
AND 20 80 30 80
ITDRAH 30 20 50 20 50 50 30 50 50 50 50 80 30 80

DRAW 50 50 60 50
OR 60 5C 70 50

DRAW 70 S0 80 50
AMP 80 50 90 50

COPY

Program 2 is

FEEDBACX OFF
ERASE

§

= 10
= 30

:

20
X1+DELX
X2+ 2*DELX
X3+DELX
X4+DELX
XS+DELX
X6+DELX

X2
x3
x4
X5
X6
x7

PRENY" AN

K

Yl=20
Y2=yYl+DELY
Y3m=Y2+DELY

HEN" Y

AND X1 Y1 X2 Y1
AND X1 Y2 X2 *2
AND X1 Y3 X2 Y3

DRAW X2 Y1 X3 Y1 X3 Y2 X2 Y2 X3 Y2 X3 Y3 X2 Y2
DRAW X3 Y2 X4 Y2
OR X4 Y2 X5 Y2

DRAW X5 Y2 X6 Y2
ANP X6 Y2 X7 Y2

copPY
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Program Description

Program 1 has explicit, numeric coordinates; the
advantage of program 1 1is that it is short and
explicit; the disadvantage is that most of the
coordinactes would need to be changed if it were
desired to shrink or *blow up® the diagram, to
move the diagram, or to change the spacing between
companents in the diagram.

Program 2 has changeable, parametric cocrdinates;
the advantage of program 1 is that only a few
lines peed be changed (defining DELX, DELY, X1,
and X2) If it were desired to shrink, *blow up®,
or move the diagram, or to change the spacing
detween companents of the diagram. The
disadvantage is thar it J4s longer and slightly
more difficult to understand.

Because of the repeated use and similarity of the
various cammands in these programs, we will
selactively describe anly ane of each distinct
command .

FEEDBACX OFF

suppresses the usual feedback messages that result
from most DATAPLOT commands. The rationale for
the FEEDBACX OFF command is that as soon &s we
erase the jscreen (which is the next command in
this program}, we want nothing to appear on the
screen except the desired design. If we did not
turn off the feedback, we would get feeddack
message superimposed on top of the design.

ERASE :

erases the screen. Anytise an ERASE command is
encountered in a DATAPLOT program, the screen is
immediately erased.

s a null command—it visually separates chunks of
DATAPLOT code.



AND 20 2D 30 20

draws an AND gate with the middle of the input
side at {20,20) and the output point at (30,20);
that is, the middle of the input gide is at a
point 20% of the way across the screen and 20% of
the wmmy up the screen, while the output point is
30x of the way across the screen and 20X of the
way up the screen.

DRAW 30 20 50 20 50 50 30 50 S0 SO 50 80 30 80
draws a lipe segment form (30,20) to (50,20), and
then anto (50,50), then to (30,50), then to
(50,50), then to (50,80), and then to (30,80).

OR 60 S50 70 50
draws an OR gate with the middle of the input side
at (60,50) and the output point at (70,50)

AMP 80 50 %0 SO
draws an amplifier with the middle of the input
side at (80,50) and the output point at (90,50).

COPY
copies (to the local hardcopy unit) the current
contents of the screen, Anytime a COPY command is
encountered in & DATAPLOT program, the screen is
immediately copied.

LET DELX = 10
defines & parameter DELX and assigns to it the
value 10.

LET X1 = 20
defines a parameter X1 and assigns to it the value
20,

LET X2 = X1+DELX

defines a parameter X2 and assigns to it the value
obtained by summing the current contents of the
parameters X1 and DELX.

LET X3 = X2+42*DELX

defines a parameter X3 and assigns to it the value
obtained by taking the current contents of
parameter X3, multiplying it by 2, and adding it
to the current contents of parameter X2.

AND X1 Y1 X2 Y1

draws an AND gate with the middle of the input
side at (Xx1,Yl) and with the output point at
(X2,Y1). As expected, when this command JIs
executed, DATAPLOT will replace the parameter
names with the current purameter values.
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Generate a Chemical Equation

Problem
Cenerate a chemical eguation.
DATAPLOT Program

FONT TRIPLEX ITALIC

FEEDBACK Orr

ZRASE

HW 4 3

MOVE 20 50

TEXT SUB()7UNSB( )NSUP( J13UNSP()

aw .51
ARROW 32 51 40 51

a4 2

MV e O+ BT+

TEXT SUB()6UNSB( JCSUP( JI3UNSP()} + LC( )BETA( )JSUP()+UNSP() + NU()

COoPY

Program Description

PONT TRIPLEX ITALIC

specifies (for future text strings) that the fant
be triplex italic. PEight fonts are available in
DATAPLOT =

Tektronix (the default)
Simplex

Duplex

rriplex

Friplex Italic

Caaplex

Simplex Script

Complex Script

the last 7 are *fancy script® fonts and are Dbased
on Bershey character sets. The default font is
Tektranix—-the hardware-character font that would
4appear on the various Tektronix terminals. The
PONT command specifications affects output Trrom
all future  TEXT, TITLZ, LABEL, and LEBGEIND
commands .

is a null command--it visually separates chunks of
DATAPLOT code.

FEEDBACX OFPF

suppresses the usual feedback messages that result
from most DATAPLOT commsands. he rationale for
the FEEDBACX OFF command is that as soon as we
erase the scTeen {which is the next commsand in
this program), wse want nothing to appear an the
screen except the desired design. If we did not

turm  off the feedback, we would get feedback —86-

message superimposed om top of the design.

ERASE

erases the screen. Anytime an ZIRASE command is
encountered in & DATAPLOT program, the gcreen is
immediately erased.

oW 4 3

specifies (for future text strings) that the
output from the TEXT cosmand have a height equal
to 4% of vertical screen height and a width equal
to 3% of horizantal screen width.

In addition, the height specification allows us to
control the gize of features of other diagrammatic
graphics features; in particular—

the size (across the ahaft) of an arrow head;

the size (across the circuit line) of a
resistor wrinkle;

the gire of a bar in a capacitor.
and the width specification allows us to control
the size (alony the shaft) of sn arrow head;

the size (along the circait line) of a
resistor wrinkle;

the spacing between the bars in & capacitor.
In this example, M d 3 is used to control the
size of characters in the TEXT example. JNote that
HW 4 3 iz exactly equivalent to

BRICHT 4
WIDTH 3



MOVE 20 SO
moves the cursor to & point 20% of the way across
the screen and 50% of the eay up the screen.

TEXT _SUB( )JUNSB{ )NSUP{ J13UNSP()

generates the text string which constitutes the
left side of the chemical eqguation. The textr
string will make use of settings as specified via
previcus entry of PONT, JUSTIFICATION, CASE,
REIGHET, and WIDTH commands. If pone of these had
been previously entered, then the default settings
of Tektronix fant, left-justified, upper case, 3%
height, and 2% width will be used. In this
phusical diagram example, PFONT TRIPLEX ITALIC,
REIGET 4, and WIDTH 3 had been previously entered,
and so the text string appeared in triplex italic
font, left-justified, upper case, with 4% Dheight,
and 3% width,

Note the use in this example of the DATAPLOT
in-line text sub-commands

SUB() ¢to shift to subscript
UNSB() to shift out of subscript
SUP({) to shift to superscript;
UNSP() to shift out of superscript.

in-line text sub-commands which allow
wide variety of

DATAPLOT has
the analyst ¢o output &
mathematical symbols, Greek characters, and
typographical symbols/operations. These in-line
sub-cormmands mau be used with any of the *fancy
script® fants (that is, with all of the fonts
except the Teketronix fant). The sub-commands are
at most 4 characters long (as in UNSB and UNSP).
These sub-commands all bave an appended () which
declares to DATAPLOT that these strings are not to
be written out literally, buat rather are
sub-commands which generate specialized output.
Refer to the appendix for the fyll list of in-line
text sub-commands. These sub-comsands may be used
- in any TEXYT, TITLE, LABEL, or L3GEND command.

Bw .5 1

specifies (for future text strings) that the
output from the TEXT command have a height equal
to 5% of vertical screen height and a width equal

to 1% of horizantal screen width. It also
controls the size of earrow bheads, resistor
wrinkles, and capacitors (as described earlier).

In this example, 8W .5 ] iz used to control the
size of the arrow bead in the succeeding ARROW
cosmand .

ARROW 32 51 40 51

draws an arrow. The start of the arrow is at
(32,51) and the end cf the arrow is at (40,51).
Due to the pricr entry of the AW .5 1l command, the
arrow head will be twice as long along the shaft
as they are across the ghaft; that is, the arrow
bead will be fairly pointed as opposed to deing
fairly blunt.
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BW 4 3

specifies (for future ¢text strings) that the
output from the TEXT cosmand have a height equal
to 4% of vertical screen height and a width equal
to 3X of horizontal screen width.

TEXT_SUN( JGUNSD( JCSUP/ JIJUNSP( ) + LCT )BETA! JSUP( )eUNSP( ) + WU()
generates the text string which constitutes the
right side of the chemical equation. The text
string will make use of settings as specified via
previous entry of the PONT, JUSTIFICATION, CASE,
HEIGRT, and WIDTHE commands. In this physical
diagram example, FONT TRIPLEX ITALIC and B8W 4 3
had been previously entered, and so the text
string appeared in triplex italic fant,
left-justified, upper case, with 4% height, and 3%
width.

Note the use 1in this example of the DATAPLOT
in-line text sub-commands

SUB{) to shift to subscript

UNSB() to shift out of subscript

Sup() shift to superscript;

UNSP() shift out of superscript;

wl) shift to lower case;

BETA( ) write out the Greek letter beta;

8 8 8 &8 &8

NU( ) write out the Greek letter nu.
COPY

copies (to the local hardcopy unit) the current
contents of the screen. Anytime a COPY command is
encountered in a DATAPLOT program, the screen ls

immediately copied.



Cenerate a Presentation-Graphics Plot

Probles

Analysis graphics is graphics which is used to
interrogate a data set; little concern is had for
changing the DATAPLOT defaults for the fonts, tic
marks, etc. the like. Presentation graphics 1is
graphics which is used to convey the anlysis
conclusions in a guality suitable for & journal or
slide pecsentatian. This example deals with
presentatiaon  graphics per se. Generate a
nulti-trace persentation-graphics-quality plot
with a variety of plot character types and line
types, JHave the titles and labels in Bershey
triplex jtaljc.

DATAPLOYT Program
FONT TRIPLEX ITALIC

TIC MARKX POSITION OUTSIDE

TITLE ATMOTPHERIC COSUB( )2UNSB( ) MODEL

ATMOSPHERIC 'C' Q H.ODI'I;.
.

arsalbassalasas

R
—ts

YLABEL ALC( )TMCSTPHERIC UC( )JCOSUB()2UNSB() CLC( JONCENTRATION (PPM)

XLABEL TIC()IME (IN YEARS)
CHARACTERS X A BOX START TRIANGLE
LINES BLANX SOLID DASSED DOTTED DASH2

PLOT X**2 + 20 FOR X = 1 1 10 AND
PLUT X**2 + 40 FCR X = 1 1 10 AND
PLOT X**2 + 60 PFOR X = ] 1 10 AND
PLOT X**2 + 80 POR X = ) 1 10 AND
PLOT X**2 + 100 POR X = 1 1 10

Program Descriptiom

FONT TRIPLEX ITALIC

specifies (for future text strings) that the font
be triplex italic. Eight fonts are availadle in
DATAPLOT »=

Tektronix (the default)
Simplex

Duplex

rriplex

friplex Italic

Complex

Simplex Script

Complex Script

the last 7 are *fancy script® fonts and are based
on dershey character sets. The default font is
Tektronix—the hardware-character font that would
appsar on the various Tektronix terminais. The
PONT command specifications affects ourtput from
all future TEXT, TITLZ, 1ABEL, and  LEGEND
comsands .

-88-

TIC MARK POSITION OQUTSIDE

specifies (for future plots) that the tic marks
are outside the frame (as opposed to through the
frame, ar inside the frame), ZThe default tic mark
pesitian is through. Equivalent cammand
statements to TIC MARK POSITION OUSIDE are

TIC MARX POSITION OUT
TIC MARKS OUTSIDE
TIC MARKS OUT

TICS OUTSIDE

rICS QUT

Similar equivalent statements exist for the TIC
MARX POSITION ITHROUGR statement and the TIC MARK
POSITION INSIDE statement.

TITLE ATMOTPHERIC CCOSUS( )2UNSB() MODEL

specifies (for future plots) the title. The title
appears above the tcp frame line of the plot and
is automatically centered.

Note the use in this .exnple of the DATAPLOT
in-line text sub—cosmands

() to shift to lower case.
SUB()} to shift to subscript

UNSB() to sAift out of subscript




Generate a Map

Problem

Nap information exists on a file A as (x,y)
coordinate pairs. Two numbers—an x and a y~—are
on each line image. The (x,y) pairs are ordered
in the sgense that they exist in the file in the
same seguence that they are to be drawn. Read JIn
the data; place then in variables X and Y. Plot
the map.

AATAPIOT Program

READ ABC. X Y

FRAME CORNER COORDINATES 1S 20 70 80
FRAME OFF

PRE-SORT Orr

PLOT X X

Program Description

READ ABC. X Y

carries out a format-free read of data from file
ABC. The data is read into variadles X and Y;
the first number on each line image of the file is
read into the variable X; the second pumber an
each line is read into the variable Y. The read
terminates when an END OF DATA line image is
encountered f{(or when a system end of flle ix
encountered /.

FRAME CORNER COORDINATES 15 20 70 85

specifies {(for future plots) that the asual
4-sided plot frame has opposing corners at (15,20)
and (70,85)——that is, the lower left corner is 15%
of the way across the gcreen and 20X of the way up
the screen, and bas the upper right corper is 70%
of the wvay across the screen and 85% of the way up
the zcreen. The pet result is that the 4-sided
plot frame will (on & Tektronix terminal) becomes
square and so the map coordinates will not be
distorted My the default rectangular frame corner
coordinates of (15,20) and (85,85).

PRAME OPF

turns off (for future plots) the frame ( axis
lines £ and surrounding box) that would typically
circumscribe the usual Y wversus X plot. A5 ome
would expect, wvhen the frame iz turned off, so too
are the tic marks oo the frame and the tic mark
labels adjacent to the frame. the rationale far

turning the frame off Iis that it sakes little
panise in a map context.
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PRE-SORT OPF

turns off (far future plots) the default sorting
(dased on the horizantal axis variable) of the
plot points. Such sorting before the plot is
automatic and it relieves the analyst of the
needless chore of having data In varialles scrted
before a plot. When the pre-sort switch is ON,
then DATAPLOT will (before a plot) take the data
in the variables In whatever order they are, sort
them (according to the horizontal axis variable)
and then plot them. This allows the analyst to
generate the same plot regardless of the crder of
the data within variables. (Note that the
variables themselves remain unchanged; DATAPLOT
does all sorting in its own scratch area). For
the vast majority (in excess ‘of 99%x) of plots,
such pre-plot sorting is appropriate, and so the
default for the pre—-sort switch is ON. However,
for certain applications (for example, polar
function plots and maps) suwch sortiny is bpot
appropriate. In those cases in which we wigh the
points to be plotted in exactly the order in which
they reside in the variables, then the pre-sort
switch siould de turped off.

PLoTr Y X

generates a plot of variable Y (vertically) versus
variable X (borizantally). The default plot type
is contingous; the default axis limits will e
neat and float with the data; the default
character type is bdlank; the default line type iz
solid.




DATAPLOT has an extensive gset of in~line text
sub=-commands which allow the analyst to output &
wide wariety of mathematical symdolsg, Greek
characters, and typographical symbols/operations.
These in-line sub-cormmands may be used with any of
the *fancy script® fonts [(that is, with all of the
fonts except the Tektronix font). The
sub=-commands are at most 4 characters long (as in
UNSE and UNSP). These sub-commands all have an
appended () which declares to DATAPLOT that these
strings are pot to be written out literally, but
rather are sub-commands witich generate specialized
output. Refer to the appendix for the full list
of in-line text sube-commands. These sub-commands
may be wused in any TEXT, TITLE, LABEL, or LECEND
comsand .

MOVZ 20 80
TEXT ABC

The legend cosmands would specify that the
coordinates of the first character of the legend
ABC is (20,80)--that is, 20X of the way across the
screen and 80% of the way up the screen, and that
suck & legend should be printed out on all
succeeding plots, until overridden via another
LEGEND cosmmand .

The NOVE and TEXT command specifies an Ismediate
move to the same location {20,80) and a write of
the text string ABC. .

YLABEL ALC( JTMOSTPHERIC UC( JCOSUB( )2UNSB() CLC( )JONCENTRATION (PPM)

specifies (for future plots) the wvertical axis
labels. These labels appear on the left and right
frame lines and are centered. If the analyst
wishes to have a vertical axis label on th Jleft
side only, then the analyst should replace YLABEL
with YILABEL, as in

YILABEL ALC( )TMOSTPRERIC UC()COSUR( )2UNSB() CLC{ JONCENTRATION (PPM)

This example alsc makes use of in-line text
commands, namely,

IC({) to shift to lower case;
ocl) to shift to upper case;
SUB() to shift to subscript

UNSB() to shift out of sudscript

XLABEL UC{ )TLC({)IME {IN YEARS)

specifies (for future plots) the horizontal axis
label. This label appears under the bottom frame
line and is centered. This example also makes use
of In~line text commands, namely,

()
oc()

to shift to lower case;
to shift to upper case;

Note that a synonym for XLABEL is X1LABRL, as in
X1IABEL UC({)TLC()IME (IN YEARS)

DATAPLOT provides space for 3 lines of centered
ladbeling under the bottam frame line; XLABEZL (or
X1LABEL) gpecifies the rirst line; X2LABEZL
specifies the second line; and X2LABEL szpecifies
the ¢third line, All titles and ladels remain in
effect until overridden »y another TITLE, YLABREL,
XLABEL, etc. command, Iif additional annotiation
is needed on plots, the analyst ghould nse the
LEGEND command or the TEXT command, as in

LEGEND 1 COORDINATES 20 80
LECEND 1 AXC
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LINES BLANX SOLID DASHED DOTTED DASH2

specifies (for future plots) the lines types that
will appear between the plot points for the first
5 traces, namely,

trace ] will have blank (= no) connecting lines;

trace 2 will have sgolid connecting lines;

trace 3 will have dasbed connecting lines;

trace 4 will have dotted connecting lipes;

will have ancther dash-dot pattern
far its cannecting line.

trace §

Note that in addition to BLANX, SOLID, DASHED, and
DOTTED, there are an additional 20 dash-dot
patterns which may be defined via the LINES
command. These 20 specifications are defined via
DASH1, DASH2, DASE3, ..., DAS320. See appendix xx
for details.

Note that alternate forms exists for many of the
line specifications, namely, BLANK may de written
as BL, NONE, or NO; SOLID may be written as 50;
DASHED may be written as DASH or DA; DOTTED may
be written as DOT or DO; DASH] may be written as
DAl; DASH2 may be written as DA2; and so Zforth
up to DASH20 may be written as DA20.




CHARACTERS X A BOX STAR TRIANGLE

specifies (for (future plots) the characters that
will appear at the plot points for the <first 5
traces, oamely,

trace 1 will have X's at the plot points;

trace 2 will have A‘'s at the plot points;

trace 3 will have boxes at the plot points;

trace 4 will have stars at the plot points;

trace 5 will have triangles

points.,

at the plot

The choize of plot characters used here indicates
the variety that DATAPLOT allows, for example,

the 26 alphadetic characters;
the 10 numeric characters;
any other keyboard character;

special characters, such as

box via BOX or SQUARE;
circle via circle or o
start via STAR
diamend via DIAMOND
triangle via TRIANGLE
reverse triangle via TRIREV
arrow via ARROW
Por a complete list of avaialbe characters, see
appendix xxx.
PLOT X**2 + 20 POR X = 1 1 10 AND
PLOT X**2 + 40 POR X = 1 1 10 AND
PLOT X**2 + 60 FOR X = 1 1 10 AND
PLOT X*%2 ¢+ 80 PFOR X =1 1 10 AND
‘PLOT X**2 + l00 POR X = 1 1 20
generatas a plot with 5§ traces-- ane plot for each
of the 5 guadratic functions. ZXach function will
be evaluated at a series of X values starting with
1, at increments of 1, and ending at 10 (tha: is,
at X = ], 2, 3, «ioy 9, 10). The AND suffix at
the end of the first 4 PLOT statments is

important-- it ¢tells DATAPLOT to link the PLOT
Statements 3o that DATAPLOT will generate 1 plot
with 5 traces, as opposed to 5 plots eith 1 trace
sach.

Due to prior CHARACTEZRS and LINES cosmands, the §
traces will be as follows—

trace ]l will have X’s as the plot character
and will have no connecting lines;

trace 2 will have A's as the pjiot character
and will have 3s0lid connecting
lines;
trace J will have Doxes as plot character
and will have dashed connecting
lines;
trace 4 will bave stars as plot character
and will have dotted connecting
1lines;
trace 5 will have triangles as plot character
and will have dash~dot connecting
lines.
This plot illustrate typical output for
presentation graphics. One other item which same

analysts find preferable is to have the tic marks
(and the tic mark labels) removed from the top
frame line and the right frame line. To carry out
this, the analyst should enter (samewhere before
the PLOT commands) the following-—

X2TIC MARKS Orr
Y2TIC MARKS OFF

which will delete the tic marks (and tic mark
labels) on the upper frame line and the right
frame lines, respectively. Another way to
accomplish the same, is to simply enter

IMPLEMENT ]

The IMPLEMENT command with an argument of 1 will
cause the upper and right tics (and tic labels) to
be omitted.

If one turns off the tics on top and to the right,
one also usually omits the vertical axis label on
the right, this may be done by changing the YLABEL
command to Y1LABEL, as iIn

YILABEL ALC( JYNOSTPHERIC DC{ JCOSUR( )IUNSB() CLC( JONCINTRATION (PPM)

or by using the YLABEL command as is and simply
blanking out the right wertical lable via Y2LA3EL
with no entry, as in

FLARKL ALC{ JTWOSTPEERIC OC[ )COSUN( JIURSE( ) CIC( JONCEWTRATION (PPN)

Y2LARKL



Generate Multiple Plots—All on the Same Page

Problew

Data exists on a file ABC for a response variable
Y and 3 indepenent variables--time X (many
levels}, ladoratory LAB (3 levels), and material
MAT (3 levels). Read the data in; place the data
into variables Y, X, LAB, and MAT.

Carry out an analysis to determine the effect of
the 3 variables on the response. Do s0 by
generating multiple plots (all on the same page)
where each plot is a plot of Y versus X for some
fixed value of the variable LAB and the variable
MAT. To assist in the camparison across plots,
have the vertical and horizontal axis limits the
same for all plots. Since their are 3 levels for
IAB and 3 levels for NAT, there will be 3 x 3 = 9
plots an the page.

LATAPLOT Program

READ ABC. Y X1 X2 X3

XLIMITS O 4500
YLIMITS 1 9
TIC MARKS OFr

FEEDBACX OFF
PRE-ERASE OFF
ZRASE

« GENERATE TEHE 3 PLOTS ON THE TOP ROW (LAB 1)

FRAME CORNER COORDINATES 20 60 40 80
PLOT Y X SUBSET LAB 1 SUBSET MAT 1
PRAME CORNER COORDINATES 40 60 60 80
PLOT Y X SUBSET LAB 1 SUBSET MAT 2
FRAME CORNER COORDINATES 60 60 80 80
PLOT Y X SUBSET LAB 1 SUBSET MAT 3

. GENERATE THE 3 PLOTS ON THE NIDDLE ROW (LAB 2)

FRAME CORNER COORDINATES 20 40 40 SO
PLOT Y X SUBSET LAB 2 SUBSZT MNAT 1
FRAME CORNER COORDINATES 40 40 60 60
PLOT Y X SUBSET LAB 2 SUBSET MAT 2
FRAME CORNER COORDINATES 60 40 80 60
PLOT Y X SUBSET LAB 2 SUBSET MAT 3

« GENERATE THE 3 PLOTS ON THE BOTTOM ROW (LAB 3)

FRAME CORNER COORDINATES 20 20 40 40
PLOT Y X SUBSET LAB 3 SUBSET MAT 1
FRAME CORNER COORDINATES 40 20 60 40
PLOT Y X SUBSET LAB 3 SUBSET MAT 2
FRAME CORNER COORDINATES 60 20 80 40
PLOT Y X SUBSET LAB 3 SUBSET KAT 3

COoPY

— .
S

|7

Program Descriptiaon

READ ABC. Y X LAB MAT

carries out a format-free read of data from file
ABC. The data is read {nto variables r, X, lLas,
and MAT; the first number on each line image of
the file is read into the varjable Y; the second
number an each line i{s read into the variable X;
the third number is read into the variable LAB;
the fourth number is read into the variable MAT.

The read terminates when an END OF DATA line image
The read terminates when an END OF DATA line image

is encountered (or when a system end of file is
encountered).

is a aull command--it visually separates chunks of
DATAPLOT code.

XLIMITS 0 4500

specifies (for future plots) that the limits for
the bhorizontal axis will be fixed at 0 and 4500.
The rationale for this command statement is to
assure that all 9 plots have identical horizontal
axis limitse=this will faciliate the
intercompariscn of plots. If this command were
not put in, then the DATAPLOT defaul: (neat limits
which float with the data) could result in
different  horizontal axis limits for each
different plot.

YLIMITS O 9

specifies (for future plots) that the limits for
the vertical axis will be fized at 1 and . As
before, the rationale for this command statement
is to assure that all 9 plots have identical
vertical axis limits-—this will faciliate the
intercomparison of plots. If this command were
not put in, then the DATAPLOT defasult (peat limits
which float with the data) could result in
different vertical axis limits for each different
plot.
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TIC MARKS OFr

specifies (for future plots) that the tic marks dbe
omitted on all 4 frame lines. Other variations of
this command are--

PRE-ERASE OFF

specifies (for fucture plots) that pre-erase switch
be turned off. The net effect of this is that
whenever a plot 1is generated (by any command

XTIC MARXS OFF omits tics on both horizontal frames;

X1TIC MARXS OFF omits tics on bottom horiscontal frame;

X2TIC MARKS OFF omits tics on top horizontal frame;

YTIC MARKS OFF omits tics an both wvertical [frames;

YITIC MARXS OFF omits tics on left vertical frame;

Y2TIC MARKS OFF omits tics on right vertical [frame;
Note that when the tic marks are omitted, the tic within the DATAPLOT Graphics category, e.g.,
mark labels are also automatically omitted. The PLOT, 3D-PLOT, HISTOGRAM, SPECTRUM, PIE CHART,
rational for omitting the tic marks and tic mark ees PROBABILITY PLOT, LAG ... PLOT, etc.) the

labels in this example is that we wish to have the

plot frames abutt up against one another. This
being the case, the plots lock “cleaner® if the
tic marks (and tic mark labels) are amitted, The

default is for tic marks and tic mark labels to be
included. In all ...TIC MARKS commands, the word
MARXS may be omitted, if the analyst so desires,
as in

XTIC Orr
X1TIC OFF
X2TIC orr

YTIC OFF
Y1TIC COPrF
Y2TIC OFr

»EEDBACX QFF

suppresses the usual feedback messages that result
from most DATAPLOT commands. The rationale for
the FEEDBACKX OFF cammand is that as soon as we
erase the screen (which will be done with the
ERASE command), we want nothing to appear on the
screen except the desired plots. If we did not
turn off the feedback, we would get feedback
message superimposed on top of the plots. In
parcicular, the PRAME CORNER COORDINTES cocmmand
would generate such & message as it adjusted frame
sizes.

In gensral, when the feedback switch Iis turned
off, then the messages from all “"secondary®
DATAPLOT commands are suppressed. In particular,
the usual feedback messages from commands in the
following categories are suppresged—

Plot Control
Support
Output Device

Output from the Graphics category is pot
suppressed; output fram the Analysis category
{except for the LET command) is not suppressed;
and output from the Diagrammatic Craphics category

(except for PONT, CASE, JUSTIFICATION, NEIGET,
WIDTH, and CROSS~-HAIR) iIs not  suppressed.
Unfortunately, for our program, we do have a few

HEIGHT and WIDTH cosmands in the code after the
ERASE, and therefore we must suppress their nsual
feedback messages.
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default acreen erasure which occurs before any
such plot will not take place.

The rationale in ehis example for turning off such
auto automatic pre—plot screen erasing is that in
essanse we are generating 9 separate plots {as
opposed to 9 traces within a single plot), and the

usual operaticn (with the pre-erase switch on) is
to have an esutomatic screen erasure at the
deginning of each of those 9 plots. The ner

effect, of course, is the erasure for plot 2 will
also erase plot 1, the erasure for plot 3 will
also erase plot 2, etc. The basic problem is that
many terminals allow only full-screen erasure
{that is, we cannot selectively erase only part of
the screen). o get arcund this problem, we
recommend  that the method presented in this
program, namely, to turn off the automacic
pre~-plot erasure (via the PRE-FRASE OFF command)
and then to "manually® erase the screen before the
first plot only (via the XRASE command to be
described pext).

ZRASE

erases the screen. Anytime an ERASE command is
encountered in a DATAPLOT program, the screen |is
immediately erased. The ERASE command will only
be used ance in this program-- to erase the screen
before the formation of the first plot. wWe will
not, of course, be erasing the scre=n before any
of the remaining 8 plots.

« GENXRATE THE 3 PLOTS ON_THE TOP ROW (lLAB 1)

is a nan-~executing comment. This cammand
statement illustrates another use of the .,
command. chunks of DATAPLOT code. . 1s a null

coemand--it visually separates It is used here to
insert & comment statement. As with all DATAPLOT
comnands, tbe . cammand must be followed by at
least 1 space before the rest of the command line
(ncte the space Detween . and the G in the word
GENERATE).




FRAME CORNER COORDINATES 20 &0 40 80

specifies (for future plots) that the usual
d-sided plot frame has opposing corners at (20,60)
and (40,80 )}--that is, the lower left corner is 20%
of the way across the screen and 60% of the way up
the screen, and has the upper right corner 40%x of
the way across the screen and 80% of the way up
the plot. The net result is that the 4-sided plot
frame will (until owverridden by another FRAME
CORNER COORDINATES command) appear in the upper
left part of the screen. Due to prior use of the
FEEDBACK OFF command, the usual feedback message
from the FRAME CORNER CUORDINATES command will be
suppressed (so as to not clutter up the screen/.
The default frame corner coordinates are (15,20)
and (85,85)y As with most DATAPLOT commands, only
the first 4 characters of each command word are
needed to uniQuely define the command (thus FRAME
could be shortened to FRAM, CORNER could be
shortened to CORN, and COORDINATES could be
shortened to COOR). Such abbreviations, though
generally permitted, are not encouraged duve to the
fact that they deviate from the full English
syntax and so make programs a bit more difficult
to understand after-the-fact.

PIOT Y X SUBSET LAB 1 SUBSET MAT 1

generates a plot of variable Y (vertically) versus
variadle X (korizontally); however, anly those
values in the X and Y variadles which correspond
to values in the LAS variable equal to I and
(simultaneously) values in the MAT variable equal
to 1) will be included in the plot. The net
effect is that the plot of Y versus X will be
restricted to that intersection set for which LAB
= ] and MAT = 1. This plot will appear in the
upper left region of the screen. This method of
using qualifications at the end of the cocmmand
line (in this case, at the end of a PLOT command
line) is an easy-to-use, and powerful This
qualification Involved the SUBSET keyword; other
qualficiations may include the EXCEPT keyword and
the FOR keyword. CThe gualfication statements say
become gquite complicated-——involving unions and
intersections of sets). The gqualificatiocn for
this example involved 2 subsets; however, more
subsets could have been specified.
SUBSET/EXCEPT/FOR gqualifications may be appended
to any command in the Graphics category (PLOT,
3D-PLOT, HISTOGRAM, PIE CEART, SPECTRAL PLOT,
« « «+PROBABILITY PLOT, etc.) and any command in the
Analysis category (PIT, LET, SMOOTH, SUMMARY,
ANOVA, etc.)

As usual, since neither the CHARACTERS or LINES
command bad been entered, the default character is
blank, and the default line type iz solid.

FRAME CORNER COORDINATES 40 60 60 80

specifies (for future plots) that the asual
4-sided plot frame has opposing corners at (40,60)
and (60,80)--that is, the lower left corper iz 40%
of the way across the screen and 60% of the way up
the screen, and has the upper right corner 60X of
the way across the screen and 80X of the way up
the plot. fhe net result is that the 4~sided plot
frame will appear in the upper aiddle part of the
screen.
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PLOT Y X SUBSET lAB 1 SUBSET MAT 2

generates & plot of variable Y (vertically) wversus
variable X (horizontally); however, only those
values in the X and Y variables which correspond
to values in the [AB variable equal to 1 and
(simultaneously/) values in the NAT variable equal
to 2) will be included 4in the plot. The net
effect Jis that the plot of Y versus X will be
restricted to that intersection set for which LA®
1l and MAT = 2. This plot will appear in the
upper middle region of the screen.

As usual, since neither the CEARACTERS or LINZS
command had been entered, the default character is
blank, and the default line type is solid.

The remaining FRAME CORNER COORDINATES and PLOT
commands generate the remaining 7 plots in a
similar fashion. Por all 9 plots, the FRAME
CORNER COORDINATES commands placed the frames as
follows—

20
40
60

60
60
60

40
60
80

80
80
80

FRAME
FRAME
FRAME

CORNER
CORNER
CORNER

COORDINATES
COORDINATES
COORDINATES

upper
upper
upper

20
40
60

40
60
80

60
60
60

COORDINATES
COORDINATES
COORDINATES

middle
middle
middle

FRAME
FRAME
FRAME

CORNER
CORNER
CORNER

20
40
60

40
60
80

40
40
40

Jower
lower
lower

CORNER
CORNER
CORNER

COORDINATES
COORDINATES
COORDINATES

Other frame positions are, of course, possible.
The anes here were chosen for simplicity and
because they gave the desired output.

The 9 PLOT commands with the subset qualifications
generated a plot within each of the 9 frame areas.
We used prior knowledge that the LAB variable had
values 1, 2, and 3, and that the MAT variable had
values 1, 2, and 3. If the LAR and MAT variables
took an other values, we would have changed the
SUBSZT qualifications accordingly.

COPY

copies (to the local hardcopy unit) the current
contents of the screen., Anytime a COPY command is
encountered in a DATAPLOT program, the screen is
immediately copied, Multiple copies are made by
appending the desired number, as in

corPY 2

To augment such multi-plots with text informaticn,
the analyst typically uses the TEXT command (for
example, to indicate lLaboratories 1, 2, and 3;
and Material 1, 2, and 3 on the multi-plot). The
positioning for the text strings are usually done
via an earlier pass at the plot with the
CROSS~BAIR (CH) command in order to get the needed
coordipate informaticn for each text string. A
FONT command would gpecify the desired fcnt, and a
series of MOVE and TEXT commands would overlay the
desired descriptive inforsatian. These commands
should be inserted immediately DJefore the COPY
command in the program adove,

left
middle
right

leftr
middle
right

left
mpiddle
right



Cenerating multiple plots an s single page is &
powerful analytic tool for intercomparing the
effect of various factors. The example presented
above is fairly simple in that it consists of &
response variable and only 3 factors; each
sub~-plot consists of only a single trace. This
multi-plot tool becomes even more powerful in the
simultaneocus examination of the effect of &, 5,
and 6 factors. Trhis is done by conveying
information adout additional factors by augmenting
each sub-plot with not just l trace, but several
traces, whereby information about factors 4, 5,
and 6 may be conveyed in the usual graphical ANOVA
fashion (GANOVA) via plot characters and line
tupes. Yet additional information could be
conveyed by use of color.

In summary, if the analyst had a response variable
and S5 independent variables (factors), then the
effect of these 5 factors could bDe examined wvia
GANOVA in conjuntion with multiple plots per page.
SYSTEM WARNING -~ MAX PAGES

Information about the factars could be conveyed as
follows—-

response variable--vertical axis of each

sub-plot;

factor 1 --~horizontal axis of each
sub-plot;

factor 2 ~—plot characters within

each sub-plot;

factor 3 -—line types within each
sub-plot;

factor 4 —rows of sub-plots;

factor S -=columns of sub-plots.
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Generate a Color Plot

Problew

Generate a multi-trace plot of 2 functicns— a
sine and a cosine. Have one trace green and the
second trace yellow, Photographic restrictions
preclude the illustration of the color plot. See
figure 52.

DATAPLOYT Program

COLOR ON
LINES SOLID DOTTED
LINE COLORS GREEN YELLOW

PLOT SIN(X) FOR X = 0 .1 6.3 AND
PLOT COS(X) POR X = 0 .1 6.3

Program Descripeion

COLOR ON

specifies that the terminal we are working on is
capable of color output. The default color
setcing is off. If color is specified, the
assumed terminal Iis the Tektronix 4027 (or
equivalent). If color is specified, the default
colors for all lines, characters, title, frame
lines, tic marks, ladels, etc. is red, and the
default color for the background (= region within
the frame lines) and margin (= regian outside the
frame lines) is blue.

LINES SOLID DOTTED

specifies (for future plots) that the first trace
will have solid connecting lines; apnd the second
trace will have dotted connecting lines. The
default line types for all traces is solid.

LINE COLORS GREED YELLOW

specifies (for future plots) that the lines for
trace 1 will be green, and the lines for trace 2
will be gyellow. The default color for all lines
is red.

Is a null command-~it visually separates chunks of
DATAPLOT code.
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PLOT SIN(X) FOR X = 0 .1 6.28 AND

PLOT COS(X) POR X = 0 ,]1 6.28

generates tie desired plot with the 2 traces-- one
trace for the sine function and ane trace for the
cosine function. Both functions will be evaluated
at a series of X values starting with 0, at
increments of .1, and ending at 6.28 (that is, at
X =0, 1, «2, 3, vuoey 6.0, 6.1, §.2). (6.28 was
chosen as a rough approximation to 2°pi— the
plots should thus yield about 1 cycle for both the
sine and cosine ) functions). Note that the X
values for each of the function evaluations are
temporary and local to the PLOT statement only;
no X variadle as such is created, nor does such a
PLOT statement affect an X variadle which the
analyst may happen to have.

The AND suffix at the end of the first PLOT
statement is important-- it tells DATAPLOT to
generace 1 plot with 2 traces, as opposed to 2
separate plots-—each with only 1 trace. Due to
prior entry of the COLOR, LINES, and LINEZ COLORS
commands, the plot will be color, with trace 1
being & solid green lJine, and the second trace
being a dotted yellow line. The frame linres, tic
marks, and tic mark labels will be default red;
background and the margin will be default blue.



Generate a Solid-Fill Bar Plot

Problem

Lata exists on & file ABC as & series of (x,y)
pairs. Two numbders~~an x and a y--are on each
line image. The x value represents a horizantal
axis value and the y represents the corresponding
vertical axis value. There are S data lines. The
data file consists of the following 6 line
images~—

1975 «253
1976 1.141
1977 2.168
1978 5.077
1979  4.857
END OF DATA

Read in the data; place the data in variables X
and Y. Generate a bar plot of the data. Jave the
bars filled. BHave the title

MAINFRAME COMPUTER USAGE
Bave the vertical axis label
CPU JOURS (IN HUNDREDS)
Have the horizontal axis label
YEAR

Have all titles and labels in triplex italic font.

DATAPLOT Progrmm

READ AEC. X ¥
HARICOPY OW
FONT TRIPLEX ITALIC

TITLE MAINFRAME COMPUTER USACE
YILABEL CPU BOURS (IN HUNDREDS)
XLABEL YEAR

HAR PATTERN VERTICAL
BAR SPACING .2

BAR WIDTE .5

BAR PLOT ¥ X

Program Descriptioo

READ ABC, X Y

carries cut a format-free read of data from file
ABC; The data is read into variables X and Y;
the first number on each line image of the file is
read into the variable X; the second number on
each line is read into the variable Y. The read
terminates when an 3ND OF DATA line image is
encountered (or when a system end of Zile is
encouncersd).
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P svems U pevenrse)

is a null command--it visually separates chunks of
DATAPLOT code.

BARDCOPY ON
specifies (for future plots) that whenever a plot
is generated from any command within the DATAPLOT
Graphics category (e.g., PLOT, 3D-PLOT, BISTOGRANM,
PIZ CHART, SPECTRUM, BAR PLOT, etc.), as soon as
the plot appears on the Sscreen, it will bde
automatically copied onto the local hardcopy unit.
The HARDCOPY command need be entered only once to
cause the autcmatic hardcopying of all plots that
appear an the screen. This is a very convenient
feature which allows the analyst to run stored
DATAPLOT programs which generate many plots—- and
have all of the plots copied as they are produced.
The HARDCOPY ON switch setting will remain as such
until overridden by a EARDCOPY OFF command. To
specify more than ane hardcopy, simply append the
desired number at the end of the compand, as in

BARDCOPY ON 2

FONT TRIPLEX ITALIC

specifies (for future text strings) that the fant
be triplex italic. ZEight fonts are available in
DATAPLOT ==

Tektronix (the default)
Simplex

Duplex

Triplex

Triplex Italic

Complex

Simplex Script

Complex Script

the last 7 are ®fancy script® fonts and are based
on Hershey character sets. The default font is
Tektronix--the bardware-character font that would
appear on the various Tektronix terminals. The
FONT command specifications affects output from
all Cfoture TEXT, <TITLE, LABEL, and LEGEZND
commands.



TITLE MAINFRAME COMPUTER USAGE

specifies (for future plots) the title. The title
appears above the top frame line of the plot and
is automatically centered. The title will appear
above all succeeding plots until overridden by

another TITLE command. To delete a current title,
enter TITLE with no entry, as in

TITLE

YLABEL CPU USAGE (IN BUNDREDS)

specifies (for future plots) the vertical axis
labels., These labels appear on the left and right
Lrame lines and are centered. If the analyst
wishes to have a vertical axis label on th left
side only, then the analyst should replace YLABEL
with YILABEZEL, a&s in

YILABEL CPU USAGE {IN HUNIREDS)

XLABEL YZAR

specifies {for future plots) the borizontal axis
label. This label appears under the botrtom frame
line and is centered. Note that a synanym for
XLABEL is X1IABEL, as in

X1LABEL ABC

DATAPLOT provides space for 3 lines of centered
labeling under the bottom frame line; XLABEL (or
X1LABEL) specifies the first line; X2LABEL
specifies the second line; and X3LABEL specifies
the third line. All titles and labels remain in
effect until overridden by another TITLE, YLABEL,
XLABEL, etc. command. Iif additicnal apnotiation
is needed an plots, the analyst should use the
LEGEND command aor the TEXT command, as in

I3GEND 1 COORDINATES 20 80
LEGEND 1 ABC

or
NOVE 20 80
TEXT ABC

The legend <commands would specify that the

coordinates of the first character of the Jlegend
ABC is (20,80)--that is, 20% of the way across the
screen and 830% of the way up the screen, and that
such a legend should be printed out an all
sucreeding plots, until overridden wvia another
LEGEND command.

The NOVE and TEXT command specifies an immediate
ROVe to the same location (20,80) and a write of
the text string APC.
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BAR PATTERN_VERTICAL

specifies (for future Bar Plots) that the pattern
within the lar is a wertical line. DATAPLOT
provides llewithin bar patterns--

BAR- PATTERN BLAMK a0 pattera

BAR PATTERN VERTITAL vercical

EAR PATTERN NORIZONTAL DAorisoecal

BAR PATTERN DI disgonal (wp)

BAR PATTIRN D2 diagonal (down}

AAR PATTERN D1D2 diagonals (up and down )

BAR PATTERN VED) verctical and diagooal (wp}
EAR PATTERN VED2 vertical and diagooal (dcm)
RAR PATTERN NODI borisontal and diagooal (wp)
BAR PATTERN 3OD2 horizontal and diagonal (dowm)
RAR PATTZRN VDD vart., Aor., & Aotk disgooals

In practice, the first 6 are heavily used and the
last 5 are rarely used.

Why are we specifying a bar pattern if we want to
generate & solid £ill bar? The rationale for this
is that DATAFLOT has 2 ways of controlling the
contents of bars in a bar plot=-

bar pattern--the type of pattern;

bar spacing--the
the
the
SCreen percentage units;
default spacing is 3).

spacing between lines in
pattern (the spacing is in
usual O to 100 DATAPLOT
the

Por any given bar pattern, the spacing of the
pattern can be controlled to be sparse {(for large
bar spacings--such as S) or dense (for small bar
spacings such as .5). In the extreme, a Dlar
spacing which is very small (such as .l) will have
the net effect that the resuylting plot will have
s0lid £fill. Thus DATAPLOT handles solid-fill bars
45 a special case of the more general bar pattern
and bar spacing capabilites. Por simplicity and
efficiency (since the dar will be solid anyway),
it 4is recommended that a simple pattern (such as
vertical or horizontal) be used whenever a solid
£ill is desired.

The default bar pattern is blank;
pattern,

that is, no



BAR SPACING .1

specifies (for future bar plots) that the spacing
between lines of a pattern within a bar be .l1;
that {s, the gpacing be sguch that the distance
from cne line in a pattern to the adjacent line in
a pattern be equal to .lX of vertical screen
height. For almost all terminals, such a smaall
spacing will result in the bar being filled solid,
as desired. On some terminals, the spacing could
be broadened at bit (e.g., BAR SPACING .3) with
the same net resuylt-- a solid-arpearing bdar. On
extremely Righ-resolution terminals, the bar
spacing may need to be made even smaller (e.g.,
BAR SPACING .05) to generate solid fill plots. By
way of example, the Tekronix 4014 and €114 (with
resoluticn of 4096 by 312¢ picture points) will
yield solid £fill bars with a bar spacing of .1).

The default bar spacing l1s 3.

BAR WIDTE .5

specifies (for future bar plots) that the total
width of each bar bde .5 (in units of the
horizontal axis variable). The BAR WIDTH command
allows the analyst control how isolated each bar
is. Does the analyst want *fat® bars which abute
up against ane another with po gap at all between
adiacvcent Dbars; or does the analyst want
*skinney® bars which have a large gap between
adjacent bars? Note that the units of the BAR
WIDTH command is the units of the horizontal axis
variable,

In this case, since *he horizontal axis variable
ranges from 1975 through 1979, a bar spacing of .5
will cause each of the bars to have a width of .5
unit (and therefore a gap of .5 unitsz). If the
bar width bhas deen set to .7, then the dar width
would have been .7 unit, (and therefore a gap of
«3 units); If the bar width has be=n set to 1,
then the bar width would have been 1 unit, (and
therefore a gap of 0 units~-that is, the dars
would abutt up agains one another).

The default bar width Is such that the bars will
abutt up against cne another.

BAR PLOT Y X

generates a bar plot. 1 The Y variable will be
plotted vertically and the X variable will be
plotted borizantally. the bars will be centered
at each of the values of the X variable. Due to
prior settings of the BAR PATTERN, BAR SPACING,
and BAR NWIDTE commands, the bars will . bave
vertical stripes at a pspacing of .1 {and so will
be solid), and the width of each bar will be .S.
Since no XLIMITS or YLIMITS commands had been
previosuly sntered, the axix limits will be peat
and float with the data. Due to the prior setting
of the FONT command, the title and labels will be
written out in triplex itallc font with default

upper case.
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TITLE MAINFRAME COMPUTER USAGE

specifies (for future plots) the title. The title
appears above the top frame line of the plot and
is automatically centered. The title will appear
above all succeeding plots until overridden by

another TITLE command. To delete & current title,
enter TITLE with no entry, as in

TITLE

YLABEL CPU USAGCE (IN HUNDREDS)

specifies (for future plots) the vertical axis
labels. These labels sppear on the left and right
frame lines and are centered. If the analyst
wishes to have a vertical axis label on th left
side only, then the analyst should replace YLABEL
with Y1LABEL, as iIn

YILABEL CPU USAGE (IN HUNDREDS)

XLABEL YZAR

specifies {for future plots) the bhorizontal axis
label. This labdel appears under the bottom frame
line and is centered. Note that a syncnym for
XLABEL is X1LABEL, as in

X1LABEL ABC

DATAPLOT provides space for 3 lines of centered
labeling under the bottcm frame line; XILABEL (or
X1LABEL) specifies the first line; X2LABEL
specifies the second line; and X3LABEL specifies
the third line. All titles and ladbels remain in
effect until overridden by another TITLE, YLABEL,
XLABEL, etc. command. Jif additional apnotiation
is needed on plots, the analyst should use the
LECEND command or the TEXT command, as in

LEGEND 1 COORDINATES 20 80
LEGEND 1 ABC

or
MOVE 20 80
TEXT ABC

The legend commands would specify that the

coordinates of the first character of the legend
ABC is (20,80)--that is, 20% of the way across the
screen and 80X of the way up the screen, and that
such a legend should be printed out an all
sucteeding plots, until overridden via another
LEGEND command.

The NOVE and TEXT command specifies an immediate
BOVe to the same locaticn (20,80) and a write of
the text string APC.
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BAR PATTERN VERTICAL

specifies (for future Bar Plots) that the psttern
within the Dbar is a vwertical line. DATAPLOT
provides ll-within bar patterns——

BAR- PATTERN BLANX 0 patesrn

BAR PATTERN VERTICAL vercical

BAR PAITERN NORIIONTAL Morisoncal

RAR PATTERN D1 disgonel (wp)

BAR PATTERN D2 disagonal (doam)

BAR PATTERN DID2 diagonals (up and dowm)

BAR PATTERN VED1 vercical end diagooal (wp)
BAR PATTERN VED2 vertical and diagonsl (éomn)
BAR PATTERN NODI borizontal and diagonal (wp)
BAR PATTEZRN NOD2 horizantal and dissonal (down)
BAR PATTEZRN VELD vart., Aor., & Motk disgooals

In practice, the first 6 are heavily. used and the
last 5 are rarely used.

Why are we specifying a bar pattern if we want to
generate & solid £ill bar? The rationale for this
is that DATAPIOT has 2 ways of controlling the
cantents of bars in a bar plot=~

dar pattern--the type of pattern;
bar spacing--che spiacing between lines in
the pattern (the spacing is in
the usual 0 to 100 DATAPLOT
Screen percentage units; the
default spacing is 3).

Por any given bar pattern, the spacing of the
pattern can be controlled to be sparse (for large
bar spacings--such as 5) or dense (for small bar
spacings such as .5). In the extreme, a Dbar
spacing which is very small (such as .l1) will have
the pet effect that the resulting plot will have
so0lid £ill. Thus DATAPLOT handles sclid-fill bars
a5 a special case of the more general bar pattern
and bar spacing capabilites. For simplicity and
efficiency (since the dar will be sclid anyway),
it 4is recommended that a simple pattern (such as
vertical or horizontal) be used whenever a solid
£ill is desired,

The default bar pattern is blank;
pattern,

that is, no



BAR SPACING .1

specifies (for future bar plots) that the aspacing
between lines of a pattern within a bar be .1;
that is, the gpacing bde such that the distance
from ane line in a pattern to the adjacent line in
a pattern be egqual to .1X of vertical screen
height. For almost all terminals, such a small
spacing will result in the bar being filled solid,
as desired. On some terminals, the spacing could
be broadened at bit (e.g., BAR SPACING .3) with
the same net result-- a solid-appearing dar. On
extremely high-resolution terminals, the Dar
spacing may need to be made even smaller (e.g.,
BAR SPACING .05) to generate solid fill plots. By
way of example, the Tekronix 4014 and 4114 (with
resoluticn of 4096 by 3124 picture points) will
yield solid fill bars with a bar spacing of .1l).

The default bar spacing is 3.

BAR WIDTH .5

specifjes (for future bar plots) that the total
width cof each bar be .5 (in units of the
horizontal axis variable). The BAR WIDTH command
allows the analyst control how isolated each bar
is. Does the analyst want *fat® bars which abute
up against ane another with no gap at all between
adiacvcent bars; or does the analyst want
*skinney® bars which have a lJarge gap between
adjacent bars? Note that the units of the RAR
WIDTR command is the units of the horizontal axis
variable.

In this case, since the horizontal axis variable
ranges fram 1975 through 1979, a bar spacing of .5
will cause each of the bars to have a width of .5
unit (and therefore a gap of .5 unitsz). If the
bar width has Deen set to .7, then the dbar width
would have been .7 unit, (and therefore a gap of
«3 units); If the bar width has been get to 1,
then the bar width would have been 1 unit, (and
therefore a gap of 0 units--that is, the bars
would abutt up agains one another).

The default bar width is such that the bars will
abutt up against cne another.

BAR PIOT Y X

generates a Dbar plot. 1 The Y variable will be
plotted wertically and the X variable will be
plotted borizontally. The bars will be centered
at each of the vajues of the X variable. Due to
prior settings of the BAR PATTERN, BAR SPACING,
and BAAR WIDTH commands, the bars will . bave
vertical stripes at a pspacing of .l {and so will
be s0lid), and the width of each bar will be .S.
Since no XLIMITS or YLIMITS commands had been
previosuly sntered, the axis limits will be Dpeat
and float with the data. Due to the prior setting
of the FONT command, the title and labels will be
written out in triplex italic font with default

upper case.
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Generate a Bar Plot with Multiple Patterns

Problem

ABC as a geries of 3
and 2
The
line

exists on a file
variables-- & horizontal axis variable,
respanse variables. There are 5 data lines.
data file consists of the following 6
images—-

Data

1975 253 0.069
1976 1.141 21.595
1977 2.168 3.136
1978 5.077 7.002
1979 4.857 10.732
BEND OF DATA

Read in the data; place the data in variables X,
Yl, and Y2. Generate a bar plot of the data.
Have the bars for the Yl data with a horizontal
stripe; have the bars for the Y2 data with a
criss-cross stripe. Bave the title

COMPUTER USAGE
Bave the vertical axis label

CPU BOURS (IN BUNIREDS)
Bave the horizontal axis label

YEAR
Have a legend (in upper right) which says

BORIZONTAL STRIPE = MAINFRAME
CRISS=CROSS STRIPE = MINICOMPUTERS

Have all titles,
italic font.

ladels, and legends in triplex
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READ ABC. X Y1 Y2
LET X1 = X=-0.25
LET X2 = X+0.25

FONT TRIPLEX ITALIC

TITLE COMPUTER USAGE
YLABEL CPU HOURS (IN BUNDREDS)
XLABEL YEAR

FEZDBACX OFF
PRE-ERASE Orr
ERASE

XLIMITS 1974 1980
YLIMITS 0 6

BAR WIDTH .2

BAR PATTERN HORIZONTAL
BAR PLOT Y1 X1

BAR PATTERN DID2
BAR PLOT Y2 X2

NOVE 20 30

TEXT BORIZONTAL STRIPE = MAINFTRAME

NOVE 20 76

TEXT CRISS-CROSS STRIPE = NMINICOMPUTERS

CoPY




Program Descriptico

READ ABC. X Y

carries out a format-free read of data from file
ABC; The data is read into variadbles X and Y;
the first number on each line image of the file is
read into the variable X; the second number on
each line is read into the variable Y. The read
terminates when an END OF DATA line image Is
encountered (or when a system end of file is
encountered).

Is a null command—it visually separates chunks of
DATAPLCT code.

LET X1 = X-0,25

forms a new variadle X1. Xl has the same number
of elements as X. An Individual element in Xl is
computed by taking an individual element in X and
subtracting 0.25 from Jit. rhe rationale for
forming X1 iIs that our ultimate objective Iis to
form & bar plot where we  have 2 bars
{side~by=-side) at each year. The bars
corresponding to the Y1 daca will be slightly to
the left of the year mark, while the ars
corresponding to the Y2 data will be zlightly to
the right of the year mark. The easiest way to
create such a displacement is to. create an
artificial variable X1 which will be slightly
smaller than the vear, and a variable X2 which
will be slightly larger than the year. The final
bar plot commands will thus be BAR PLOT Y1 X1 and
BAR PLOT Y2 X2.

LET X2 = X+0.25

forms a new variadle X2. X2 has the same number
of elements as X. An Iindividual element in X2 is
computed by taking an individual element in X and
adding 0.25 to it.

PONT TRIPLEX ITTALIC
specifies (for future text strings) that the font
be triplex italic. PEight fonts are available in
DATAPLOT ==

rektronix (the default)

Simplex

Duplex

Triplex

rriplex Italic

Complex

Simplex Script

Camplex Script

the last 7 are *fancy script® fonts and are based
an Jershey character sets. The default fopt is
Tektronix-—the bardware-character font that would
appear on the various Tektronix terminals. The
FONT command specifications affects output from
all future IEXT, PITILE, ILABZL, and LEGEND
commands .
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TITLE COMPUTER USAGCE

specifies the title. The title appears above the
top frame line of the plot and is automatically
centered. The ticle will appear abdove all

succeeding plots until overridden by another TITLT
command. To delete a current title, enter TITLE
with no entry, as in

TITLE

YLABEL CPU USAGE (IN HUNDREDS)

specifies (for Cfuture plots) the vertical axis
labels. These labels appear on the left and right
frame lines and are centered. If the analyst
wishes to bhave a vertical axis ladel on th left
side only, then the analyst should replace YLABEL
with Y1LABEL, as in

YILABEL CPU USAGE (IN BUNIREDS)

XLABEL YEAR

specifies (for future plots) the horizontal axis
ladel. This label appears under the bottom frame
line and is centered. Note that a synanym for
XLABEL is XILABEL, as in

X1LARBEL ABC

DATAPLOT provides space for 3 lines of centered
Jabeling under the bottam frame line; XLABEL (or
XJLABEL) specifies the rfirst line; X2LABEL
specifies the second line; and X31LABIL specifies
the third line. All titles and labels remain in
effect until overridden by another TITLT, YLABEL,
XLABEL, etc. command. If additicnal annotiation
is needed on plots, the analyst should use the
LEGEND command or the TEXT command, as in

IE2GEND 1 COORDINATES 20 80
LEGEND 1 ABC

or

MNOVE 20 30
TEXT ABC

LECEND 1 COORDINATES 20 80 would

specify {for future plots) the starting point of
the first legend. In this case, the starting
point (= the location of the first character of
the legend) would be a point 20X across the screen
and 80X up the scCreen.

The NOVE and TEXT command gpecifies an Immediate
move to the same location (20,80) and a write of
the text string ABC.




FEEDBACK OFF

suppresses the usual feedback messages that result
from most DATAPLOT commands. The raticnsle for
¢che FEEDBACX OFF command i3 that as soon as we
erase the screen {(which will be done with the
ERASE command), we want nothing to appear on the
screen except the desired plots. If we did not
turn off the feedback, we would get feedback
message superimposed on top of the plots. In
particular, the BAR PATTERN and BAR WIDTE commands
would generate such messages as they were being
executed. In general, when the feedback switch is
turned off, then the messages from all *secondary®
DATAPLOT commands are suppressed. In particular,
the usual feedback messages from commands in the
following categories are suppressed--—

Plot Control
Support
Ooucput Device

Cutput from the Graphics category ls ot
suppressed; output from the Analysis category
{except for the LET command) is not suppressed;
and output from the Diagrammatic Graphics category
{except for PONT, CASE, JUSTIFICATION, AEIGET,
WIDTR, and CROSS-HAIR) is npot suppressed.
Unfortunately, for our program, we do have a few
AEIGHT and WIDTH commands in the code after the
ERASE, and therefore we must suppress their usual
feedback messages.

PRE-ERASE OFF

specifies (for future plots) that pre—erase switch
be turned off. The net effect of this is that
whenever a plot is generated (by any command

within the DATAPLOT Graphics category, .y
PLOT, 3D-PLOT, HISTOGRAM, SPECTRUM, BRAR PLOT,
eess PROBABILITY PLOT, LAG ... PLOT, etc.) the

default screen erasure which occurs before any
such plot will not take place.

The raticnale in this example for turning off such
augto automatic pre-plot screen erasing is that in
essense we are generating 2 separate plots (as
opposed to 2 traces within a single plot), and the
usual operatian (with the pre—erase switch cn) is
to bave an automatic screen erasure at the
beginning of each of those 2 plots. The »net
effect, of course, is the erasure for bar plot 2
will erase bar plot l. The dasic problem is that
anly the PLOT and 23AD-PLOT commands In DATAPLOT
have the ability to be ?strunk together® via the
AND suffix. Thus if we vish to superimpose 2
spectral plots, or 2 probaiblity plots, er 2 bar
plots, etc. we do sc by generating 2 separate
plot. If the pre-~plot erasure is suppressed and a
fow other details attended to, then the net result

will be the second plot superimposed atop the
first plot.
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ERASE

erases the screen. Anytime an ERASZ command is
encountered in a DATAPLOT program, the screen is
ixmediately erased. The ERASE command will only
be used once in this program-— to erase the screen
before the formation of the first plot. We will
not, of course, be erasing the screen before any
of the remaining 8 plots.

XLIMITS 1974 1980

specifies (for future plots) that the limits for
the borizontal axis will be fixed at 197¢ and
1980. The rationale for this command statement is
to assure that bDboth bar plots have Identical
horizontal axis limits--this will allow the second
bar plot to be superimposed exactly atop the first
bar plot. If this command were not put in, then
the DATAPLOT default (neat limits which float with
the data) could result in different horizontal
axis limits for the second bar plot--which would
cause erronecus results when the second bar plot
was overlayed atop the first bar plot.

YLIMITS 0 6

specifies (for future plots) that the limits for
the vertical axis will be fixed at 0 and 6. as
before, the rationale for this command statement
is to assure that both bar plots have identical
vertical axis limits—this will allow the second
bar plot to be superimposed exactly atop the first
bar plot. If this command were not put in, then
the DATAPLOT default (npeat limits which float with
the data) could result in different vertical axis
limits for the second bar plot--which would cause
erronecus results when the second bar plot was
overlayed atop the first bar plot.

BAR WIDTH .2

specifies (for future bar plots) that the total
width of each dar de .2 (in units of the
horizontal axis variable}. The BAR WIDTE command
allows the analyst cantrol how isolated each bar
is. Does the analyst want "fat® bars which adutt
up against one another with no gap at all bdetween
adjacveent Dars; or does the analyst want
sskinney® bars which have a large gap between
adjacent bars? Note that the units of the BAR
WIDTE command is the units of the horizontal axis
variable.

In this case, since the borizontal axis variabdle
ranges. from 1975 through 1579, a bar spacing of .2
will cause esach of the bars to have & width of .2
unit (and therefore a gap of .8 units).

The default dar vidth is such that the ldars will
abutt up against cne another.



