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Chapter 18
Programming

With Mathcad Professional, you can write your own programs using
specialized programming operators. A Mathcad program has many

attributes associated with programming languages including conditional
branching, looping constructs, local scoping of variables, error handling,

the ability to use other programs as subroutines, and the ability to call
itself recursively.

Mathcad programs make it easy to do tasks that may be impossible or

very inconvenient to do in any other way.
This chapter contains the following sections:
Defining a program

How to aeate simple programs. Locasaignment statements.
Conditional statements

Using a condition to suppress execution of a statement.
Looping

Usingwhile loops andor loops to control gration.
Controlling program execution

Using thebreak, continue , andreturn statements to modify the execution of
a loop or an entire program.

Error handling

Using theon error statement to trap errors and #reor string function to
issue error tips.

Programs within programs

Using subroutines and recursion in a Mathcad program.
Evaluating programs symbolically

Using a Mathcad program to generate a symbolic expression.
Programming examples

A sampling of programs displaying some of the power of Mathcad's approach

to programming.
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Defining a program

A Mathcad program is a special kind of Mathcad expression you can create in Mathcad
Professional. Like any expression, a program returns a value—a scalar, vector, array,
nested array, or string—when followed by the equal sign. In fact, as described in
“Evaluating programs symbolically” on page 422, you can evaluate some Mathcad
programs symbolically. And just as you can define a variable or function in terms of
an expression, you can also define it in terms of a program.

The main difference between a program and an expression is the way you tell Mathcad
how to compute an answer. When you use an expression, you have to describe how to
compute the answer in one statement. But when you use a program, you can use as
many statements as you want to describe how to compute the answer. You can think
of a program as a “compound expression.”

The following example shows how to make a simple program to define the function:

f(x, w) = Iog HND

Although the example chosen is so simple as to render programming unnecessary, it
does illustrate how to separate the statements making up the program and how to use
the local assignment operatok;".

m  Type the left side of the function definitior,
followed by a “= ". Make sure the place- f(x,w) = 4
holder is selected.

= Open the Programming Palette by clicking 1

the appropriate button in the Math Palette  aggiine | < if

Then click on the “Add Line” button. Altern ™ s - hreak

tiVG'y, presﬂ . otherwize return an error
continue

m  You'll see a vertical bar with two placehol
ers. These placeholders will hold the statq g« w) -
ments making up your program. You can |
continue adding placeholders for stateme
as you need them by repeatedly clicking the
“Add Line” button.

al

m PresgTab] to move to the top placeholde
In the top placeholder, type and click on f{x,w) =
the “~ " button on the Programming Palettg
Alternatively, pres¢ to inserta - .”

21l
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m Inthe placeholder to the right of the.” type
x/w . fix,w) =

m  PressTab]to move to the bottom placehold
er.

m The remaining placeholder is the actual val
to be returned by the program. Type fx.w) =
log(z)

You can now use this function just as you would any other function. Figure 18-1 shows
this function along with an equivalent function defined on one line instead of two. Note
thatzis undefined everywhere outside the program. The definitiarinside the

program is local to the program. It has no effect anywhere else.

A program can have any number of statements. To add a statement, click the “Add
Line” button on the toolbar again. Mathcad inserts a placeholder below whatever
statement you've selected. To delete the placeholder, click on it and backspace over it

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|

-

fix w) = PP A simple program to define a function.
w
log(z)
E = Note that z is undefined outside the program.
F(x w) = log (i) The same function defined all on one line.
W

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-1: A function defined both in terms of a program and in terms of
an expression.

Figure 18-2 shows a more complex example involving the quadratic formula. Although
you can define the quadratic formula with a single statement as shown in the top half
of the figure, you may find it simpler to define it with a series of simple statements as
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shown in the bottom half. This lets you avoid having to edit very complicated
expressions.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|

2
b+ -dac Although you can define complicated

afa.b.c) = 2. a functions all on one line...
ria, b, c) = |discr— IJ2 -4ac ...it's sometimes easier to break them up
num—-b +'JE into simpler steps anyway.

denom—2-a
num
denom

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-2: A more complex function defined in terms of both an expression
and a program.

A Mathcad program, therefore, is an expression made up of a sequence of statements,
each one of which is an expression in itself. Like any expression, a Mathcad program
must have a value. This value is simply the value of the expression forming the last
statement executed by the program. It could be a string expression or a single number,
or it could be an array of numbers (see Figure 18-7, for example). It could even be a
mixture of types, as described in the section “Nested arrays” in Chapter 10.

The remaining sections describe how to use conditional statements, how to use various
looping structures to control program flow, how to handle errors, how to evaluate
programs symbolically, and how to build more complicated programs.

Condlitional statements

In general, Mathcad evaluates each statement in your program from the top down. There
may be times, however, when you want Mathcad to evaluate a statement only when a
particular condition is met. You can do this by includindgfastatement in your

program. Note that thi¢ statement in a Mathcad program is not the same ak the
function, which you use elsewhere in your worksheet.ifThenction is described in
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Chapter 13, “Built-in Functions.”

For example, suppose you want to define a function that forms a semicircle around the
origin but is otherwise constant. To do this:

m  Type the left side of the function definition
followed by a “= ". Make sure the place- f{x) = af
holder is selected.

m Click the “Add Line” button on the Progran
ming Palette. Alternatively, pres You'l f(x) =
see a vertical bar with two placeholders.
These placeholders will hold the statemer
making up your program.

= In the top placeholder, click the “if* button
on the Programming Palette. Alternatively]  |f(*) = |. if a
press} .

m In the right placeholder, type a boolean e
pression: an expression that's either true { |q .y - 1o i |x|>2
false. In the left placeholder, type the valu |ﬂ
you want the expression to take whenever
expression in the right placeholder is true.

m  Select the remaining placeholder and clic
the “otherwise” button on the Programminj |f(x) = |0 if |x|>2
Palette. 1| otherwise

= In the remaining placeholder, type the val
you want the program to return if the cond f(x) =
tion in the first statement is not met.

0 if |x|=2

4 - x2 otherwise

Figure 18-3 shows a plot of this function. Note that since this function only has two
branches, it's not hard to define it using ifhfeinction as shown in Figure 18-3.
However, as the number of branches exceeds twdf, finection rapidly becomes
unwieldy. An example is shown in Figure 18-4.
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fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|
fix) = |0 if |x|=2 :|

4- x2 otherwise

x:=-10,-99.10

f( x) 1] m +«—— Axis limits on this plot were
— set manually. This plot looks
different when default axis
limits are used.

5 1 1 1
-10 il 1] H] 10
H
2 You can also use the “if" function to do this,
g(x) = if\|x|>2.0,,/4-% although what you gain in conciseness, you

lose in clarity.

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-3: Using thé statement to define a piecewise continuous function.

gMalhcad =] 3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|

2 ﬂ

®x:=-2,-18.2 F(x):=x" -1

G(x) = |F(x) if -25x<-13
-F(x) if -13zx<0

2 4 T
F(x)” if D<x<14
% otherwise 2~
Gix)
— ok |
-2 L
-2 0 2
H
An ivalent, but | lessly « licated definition of the same function...

4 I ¥ I

H(x)::if(-25x<-1.3 F(x) ,if(-1.3sx<u ~F(x) ,if(usx<1.4 Fix)? x)))

-

[« ¢ >

Press F1 for help. fwat [ [ [Pael 4
Figure 18-4: Comparing thé statement in a program with the built-in “if”
function.
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Looping
One of the greatest strengths of programmability is the ability to execute a sequence of
statements over and over again in a loop. Mathcad provides two such loops. The choice
of which loop to use depends on how you plan to tell the loop to stop executing.
m If you know exactly how many times a loop is to execute, you can fasel@op.
m If you want the loop to stop upon the occurrence of a condition, but you don't know
whenthat condition will occur, usewhile loop.
“for” loops
A for loopis a loop that terminates after a predetermined number of iterations. Iteration
is controlled by an iteration variable defined at the top of the loop. While in most cases
you want &or loop to calculate for the complete number of iterations, you may also
interrupt the loop on the occurrence of a particular condition. In such cases stop
execution within the body of the loop using one of the methods described in “Control-
ling program execution” on page 413.
To create dor loop:
m Click the button labeled “for” on the Pro-
gramming Palette. Do not type the word for sle
uforn. L ]
m Inthe placeholder to the left of thEl,” type
the name of the iteration variable. for ie
m In the placeholder to the right of the,”
enter the range of values the iteration variapl | for i=1..n
should take. You usually specify this range | 4
the same way you would for a range variable
See Chapter 11, “Range Variables,” for more
details.
m In the remaining placeholder, type the ex-| :
pression you want to evaluate repeatedly| | F<'-"
This expression generally involves the itefg| *~°*"
tion variable. If necessary, add placeholders
by clicking the “Add Line” button on the Programming Palette.
The upper half of Figure 18-5 shows tfas loop being used to add a sequence of
integers. The undefined variable in Figure 18-5 shows that the definition of an iteration
variable is local to the program. It has no effect anywhere outside the program.
The lower half shows an example in which the iteration variable is defined not in terms
of arange but in terms of the elements of a vector. Although the expression to the right
Pro Looping 411



“while” loops

of the ‘0" is usually a range, it can also be a vector, a list of scalars, ranges and vectors

separated by commas.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|
sum(n) = |s<0D ni=d j
n
for iel. Equivalent to...
or ie n guivalent to Z P——
S8 +1 A
44} =990 i
sum(44) = B — "i"is undefi ywhere outside the
program.
join(r,s) == |m<0
for xer.s
v X
m
m—m+1

100 1
r= 10 8= (2) join(r,s) =

102

] ¢

Prezz F1 for help.

100

101

102
1

2 -
_>l_I

et | [ [Pael

Figure 18-5: Using dor loop with two different kinds of iteration variables.

A while loop is driven by the truth of some condition. Because of this, you don't need
to know in advance how many times the loop will execute. It is important, however, to
have a statement somewhere, either within the loop or elsewhere in the program, that
eventually makes the condition false. Otherwise, the loop will execute indefinitely. If
youdofind yourself in an endless loop or want to interrupt the loop on the occurrence
of a particular condition, you can stop execution within the body of the loop using one
of the methods described in “Controlling program execution” on page 413.

To create avhile loop:

m Click the button labeled “while” on the Prd

gramming Palette.

while

m Inthe top placeholder, type a condition. TH
is typically a boolean expression like the o
shown.

while |vj| zthres

1

412
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m In the remaining piacenoider, type the ex-|
pression you want evaluated repeatedly. [ |while |v | <thres
necessary, add placeholders by clicking t jej+i
“Add Line” button on the Programming P
ette.

Figure 18-6 shows a larger program incorporating the above loop. Upon encountering
awhile loop, Mathcad checks the condition. If the condition is true, Mathcad ex=cutes

the body of the loop and checks the condition again. If the condition is false, Mathcad
exits the loop.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help = |ﬁ'|1|
Finding the first el t of a vector that exceeds a specified value. ﬂ
m:=0.2500 +«——Create a vector.
v _=1+sin{m] v
1
1.841
1.909
1.141
t(v thres) = |j<0D «— Initialize counter. 0.243
while vjithres 0.041
L 0.721
=i 1657
i +———Return counter. 1.989
1.412
0.456
tiv,1.98) =8 +——— The first element to exceed 1.98 is the T
8th element in the vector. 9.793-10
0.463
1.42
1.991 =
4 ¢ »
Prezz F1 for help. W ait Page 1 i

Figure 18-6: Using avhile loop to find the first occurrence of a particular
number in a matrix.

Controlling program execution

The Programming Palette in Mathcad Professional includes three statements for con-
trolling program execution:

m Use thebreak statement within the body of the program to halt execution of the
program upon the occurrence of a particular conditionbsak also within gor
or while loop to stop the loop and move execution to the next statement outside
the loop when a particular condition occurs.
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m Usethecontinue statementwithin aloop to interrupt the currentiteration and force
program execution to continue with the next iteration of the loop.

m Usetheeturn statementto stop a program and return a particular value from within
the program rather than from the last statement evaluated.

The “break” statement

It is often useful to break out of a loop or stop program execution completely upon the
occurrence of some condition. For example, there is a possibility of a runaway iteration
in the program in Figure 18-6. If every elemenviis less thathresh the condition

will never become false and iteration will continue past the end of the vector. This will
result in an error message indicating that the index is pointing to a nonexistent array
element. To prevent this from occurring, you can useeak statement as shown in
Figure 18-7.

The program in Figure 18-7 will return 0 if no elements larger thia@share found.
Otherwise it returns the index and value of the first element excetulasi

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|

m = 0. 2500 «— Create a vector. j

v _=1+sin{m]

t(v thresh) .= |j—0 “— Initialize counter.
break if max(v)=thresh  —Trap a special case.

while vjithresh

j—j+1
(j )
V.
1
t(v.1.98) = L] +«— The first element to exceed 1.98 is the
v 1.989 8th element in the vector. The value of

this element is 1.989.

+— Ho element in the vector exceeds 99, hence

t(v,939) =0 the program returns a zero.
4 ¢ »
Prezz F1 for help. W ait Page 1 i

Figure 18-7: Example in Figure 18-6 modified to return both the index and
the actual array value. Note the usebodak to prevent an error arising when
thresh is too large.

To insert thébreak statement, click on the “break” button in the Programming Palette.
Note that to create the program in Figure 18-7, you would click the “break” button first,
then click “if".
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The “continue” s tatement

If you usebreak within afor orwhile loop, Mathcad stops execution within the loop
and resumes execution starting with the next statement after the loop. To interrupt a
loop and force calculation to resume at the beginning of the next iteratiorcoftaat

loop, usecontinue instead.

To insert theeontinue  statement, click on the “continue” button in the Programming
Palette. As withbreak, you typically insertontinue into the left-hand placeholder
of anif statement created by clicking on the “if” button in the Programming Palette.
Thecontinue statement is evaluated only when the right-hand side df thérue.

Figure 18-8 compares the effectdooéak andcontinue on the execution of a loop.

==l x|

. . . while this one merely skips over the

fe—-1

j—-1

while i< last(v)
fe—i+ 1
continue if v, =0
j—ji+1

W V.
j i

2
27
16

-

i

g Mathcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help
The "continue™ and "break” statements control loops differently
This program stops the loop on the
first nonpositive number . . . nonpositive numbers . ..
PElemb (v} := |i—-1 PElemc (v) :=
j—-1
while i< last(v)
fe—i + 1
break if v, =0
j(—j +1
W V.
i i
v
2
27 2
vl o, PElemb (v} = PElemc (v} =
16
] ¢
Prezz F1 for help.

et | [ [Pael

Figure 18-8: Thebreak statement halts the loop, but execution resumes on

the next iteration wheoontinue is used.

The “return” statement

A Mathcad program returns the value of the last expression evaluated in the program.
In simple programs, the last expression evaluated in the program is in the last line of
the program (or, ibreak is used to interrupt a program, the last expression is the one
that's evaluated befolgreak is called). As you create more complicated programs,
you may need more flexibility. Theturn statement allows you to interrupt the
program and return particular values other than the default value last computed by the

program.

A return statement can be used anywhere in a program, even within a deeply nested
loop, to force program termination and the return of a scalar, vector, array, or string.
As with break andcontinue , you typically useeturn on the left-hand side of ah
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statement, and threturn statement is evaluated only when the right-hand side of the
if is true.

The following program fragment shows howegurn statement is used to return a
string value upon the occurrence of a particular condition:

m Click the button labeled “return” on the Pr

gramming Palette.

= Now click the button labeled “if” on the _
Programming Palette. return a if =

m In the placeholder to the right ofturn ,
create a string expression by typing the dq return "int" if
ble-quote key'(). Then type the string to be
returned by the program. Mathcad displays the string between a pair of quotes. See
Chapter 8, “Variables and Constants,” for more information on creating string
expressions

m In the placeholder to the right ibf type a
condition. This would typically be a boolea| return “int* if floor{(x)=x
expression like the one shown. To create trre
boolean equal sign, tyf€trl]=

In this example, the program returns the string “int” when the exprelsionx) = x
is true.

You can add more lines to the expression to the rigtettofn by clicking on the “Add
Line” button in the Programming Palette. Tleéurn statement forces the program to
return the value of the last expression evaluated.

Figure 18-9 shows how threturn statement can be used in programs.
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fra File Edit “iew |nsert Format Math Symbolics Window Help = |ﬁ'|1|
This program checks the type of the j
ical arg t supplied to it

and returns an appropriate string: Break out of sted |
reak out of a nested loop:

NumType (x) := | return "complex" if Im(x) =0 s := "not found"
return "integer" if floor(x)=x FOMLx) = | rerows (M)
return "float" othervise
c—cols (M)
NumType(3 - 6.78i) = "complex" forie 0.r-1
NumType(-19) = "integer" for je 0..¢ -1
NumType(1.54) = "float" return M o=x
i
. s
This one raps an  Teet(y) = | return -1 if y=0
invalid input and
returns -1 as an 1 - . . " "
error code: + ¥ ‘ F (identity (3) ,4) = "not found
Test(1) = 2.000 L 0.000
Test(0) = -1.000 F(identity (3).1) = [ 0.000 ]
KIS _>l_I
Prezz F1 for help. W ait Page 1 i

Figure 18-9: Usingreturn to control program execution and return special-
ized values.

I
Error handling

Errors may occur during program execution that will cause Mathcad to stop calculating
the program. For example, because of a particular choice of input, a program may
attempt to divide by 0 in some expression and will encounter a singularity error. In
these cases Mathcad treats the program as it does other math expressions: it marks th
offending expression with an error message and highlights the offending name or
operator in a different color, as described in Chapter 7, “Equations and Computation.”

Mathcad Professional gives you two features to improve error handling in programs:

m Theon error statement on the Programming Palette allows you to “trap” a
numerical error that would otherwise force Mathcad to stop calculating the program.

m Theerror string function gives you access to Mathcad’s error tip mechanism and
lets you customize error messages issued by your program.

“on error” statement

In some cases you may be able to anticipate program inputs that will lead to a numerical
error (such as a singularity, an overflow, or a failure to converge) that would force
Mathcad to stop calculating the program. As shown in Figure 18-8etiinen
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statement combined with an appropriate boolean test can be used in simple cases to
trap values that will lead to program errors. In more complicated cases, especially when
your programs rely heavily on Mathcad’s numerical operators or built-in function set,
you may not be able to anticipate or enumerate all of the possible numerical errors that
can occur in a program. Tla error statement is designed as a general-purpose error
trap to compute an alternative expression when a numerical error occurs that would
otherwise force Mathcad to stop calculating the program.

To use then error statement, click on the button labeled “on error” on the Program-
ming Palette. In the placeholder to the right of “on error” create the program state-
ment(s) you ordinarily expect to evaluate, but in which you wish to trap any numerical
errors. Inthe placeholder to the left create the program statement(s) you want to evaluate
should the default expression on the right-hand side fail.

Figure 18-10 showsn error operating in a program to find a root of an expression.

g Mathcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help = |ﬁ'|1|
A custom rootfinding program that demonstrates the “on error” statement. j

This program by default tries to find a real root of an expression, using a guess of 0,
but will try to search for a complex root, using a guess of D + 2i, if that fails:

RF(f,x) = root{f(x), x) <-- Mathcad's usual numerical root finder.

RootFind (f) == |gr—o

go—0 + 2i
RF(f,gc) oneror RF(f,gr) <-- Click the "on error”
button on the
programming palette to
insert the operator here.
M(x) =x"-2x-3 f2(x) =% - x+3
RootFind (1) = -1.000 RootFind (f2) = 0.500 + 1.653i

Without "on error” the second example RF(f2,0) =
cannot converge: -

Can't converge to a solution, Ty a
different guess value or check that
a solution really exists.

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-10: Using then error statement to trap numerical errors in
programs.

Custom error messages

Just as Mathcad automatically produces an appropriate “error tip” when you click on
an expression that cannot calculate because of an error (see the bottom of Figure 18-
10 for an example), you may want specialized error messages to appear when your
programs are used improperly or cannot return answers. Mathcad Professional’s
string function gives you this capability. For example, you can design custom error tips
to appear when incorrect arguments are supplied to the program or when particular
conditions are encountered in the program.

418
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Theerror string function, described in the section “String functions” in Chapter 13,
evaluates to produce an error tip whose text is simply the string expression it takes as
an argument. Typically you will use tleeror string function in the placeholder on the
left-hand side of aif oron error programming statement so that @reor string

function generates an appropriate error tip when a particular condition is encountered.

Figure 18-11 shows how custom error messages can be used even in a small progran

g Mathcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help = |ﬁ'|1|
Cin,k) computes the ber of combinati of k selected from n. j

Issue different error messages on a variety of faulty inputs:

Cin. k) = |eror("mustbereal" ) if [ (Im(n)=0) + (Im(k)=0)]
error ("must be positive" ) if [(nz0) + (k=z0)]
error("must be integer" ) if [ (n=zfloor(n)) + (kzfloor(k)} ]
error {"first arg must be > second" ) if (nzk)

k . :
l=—[ (I‘I%H-‘l) on error (m)

1
... hote use of "on error” to use a numerical approximation
when the exact formula overflows.

C(200,105) = 7.060-10°°

Different messages appear when you click on the following . . .

G2, 38) = Ci-2,8) = Ci25,3) = C(1p5,200) =

[must be real] [must be positive] [must be integer] [first arg must be > second]
-
[« _>l_I
Prezz F1 for help. W ait Page 1 i

Figure 18-11: Issuing custom error tips via the “error” string function.

Programs within programs

The examples in previous sections have been chosen more for their simplicity than their
power. This section shows some examples of more complicated programs capable of
performing tasks that would be difficult if not impossible without the availability of
these programming features.

Much of the flexibility inherent in programming arises from the ability to embed
programming structures inside one another. In Mathcad, you can do this in three ways:

m You can make one of the statements in a program be another program.

m You can define a program elsewhere and call it from within another program as if
it were a subroutine.

m You can define a function recursively.
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The remainder of this section illustrates these techniques by example.

Subroutines

Recall that a program is just an expression made up of statements, each one of which
contains an expression. Since a program statement must be an expression, and since a
program is itself an expression, it follows that a program statement can be another
program.

Figure 18-12 shows two examples of programs containing a statement which is itself
a program. The example on the right-hand side of Figure 18-12 shows how to nest
programs even more deeply. In principle, there is no limit to how deeply nested a
program can be. As a practical matter, however, programs containing deeply nested
programs can become too complicated to understand at a glance.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|
Fil i funct 1 e n:=1.6 ﬂ
Newton's method Gin) = |g<—1 if n=1
otherwise
nroot(f df x) = :n::n:«—:n:—ﬂ h«—1
df %) .
while |xx - x|>ToOL 8=
for keZ2..n
K XX
tmp—h +g
xxex - SX)
dfi %) heg
wx g+—tmp
9
1
flx) =% -4 G(n) Notice that the
n nested loop helow
dfix) = 2% “otherwise" in the
nroot{f, df 1) =2 program above gets
o made by adding
ﬂ lines from the
ﬂ "otherwise"
e placeholder. -
¢ »
Prezz F1 for help. W ait Page 1 i

Figure 18-12: Programs in which statements are themselves programs.

One way many programmers avoid overly complicated programs is to bury the
complexity in asubroutine Figure 18-13 shows how you can do something similar in
Mathcad. By definingntsimpelsewhere and using it withadapt the program used

to defineadaptbecomes considerably simpler.

The functionadaptcarries out an adaptive quadrature or integration routine by using
intsimpto approximate the area in each subinterval. If you look at the last line, you'll
notice thatadaptactually calls itself. In other words, it's defined recursively. The
following section discusses recursive function definitions in more detail.
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Recursion

g Mathcad I[=] B3
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INTEGRATION IN WHICH WIDTHS OF INTERVALS ARE CHOSEN ADAPTIVELY ﬂ
intsimp(f,a b N} = |s<0
h-a
W
N
for ie1. N
fla+{i-1)w) +4-f(a ey + |-w) +fla+iw)
S8+ W
6
s

adapt(f,a,b) = |x—intsimp(f,a b 10)
x if |x - intsimp(f a b 4)|=TOL

a ; h) + al:lapt(f,aT+IJ ,h) otherwise

adapt(f,a,

adapt{log,107"% 1) = -0.434958018397141

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-13: Using a subroutine to manage complexity.

Recursioris a powerful programming technique that involves defining a function in
terms of itself as shown in Figure 18-14. Recursive function definitions should always
have at least two parts:

m An initial condition to prevent the recursion from going forever, and
m A definition of the function in terms of a previous value of the function.

The idea is similar to that underlying mathematical induction: if you caf{getl)
from f(n) , and you know(0) , then you know all there is to know ahout

Keep in mind, however, that recursive function definitions, despite their elegance and
conciseness, are not always the most computationally efficient definitions. You may
find that an equivalent definition using one of the iterative loops described earlier will
evaluate more quickly.
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Greatest common denominator j
god(x ,y) = |y if x=0

god({mod(y %), %) otherwise

ged(9 ,45) = 9

Factorial function

factorial(n) :=

1 if n=1

n-factorial(n - 1) otherwise
factorial(5) = 120

Compound interest

Pin,i ,Po) = |Po if n=1
P(n-1,i,Po)(1+i%) otherwise
P(3,12 100) = 125.44 Make sure to type Ctrl= to generate the

boolean equals signs used inside the

programs. -
4 I E 3

Prezz F1 for help. W ait Page 1 i

Figure 18-14: Defining a function recursively.

Evaluating programs symbolically

Like any Mathcad expression, a Mathcad program returns a numerical value when
followed by the equal sign. You can also write a Mathcad program to resymizolic
expression when you evaluate it symbolically using the methods described in Chapter
17, “Symbolic Calculation.” For example, when you evaluate a program using the live
symbolic operator, % ,” Mathcad passes the expression to its symbolic processor and,
where possible, returns a simplified symbolic expression. You can use Mathcad’s
ability to evaluate programs symbolically to generate complicated symbolic expres-

sions, polynomials, and matrices.

The following simple program substitutes one expression for another and returns a
simplified symbolic result:

m Click the button labeled “Add Line” on the
Programming Palette. |'

m Create a local assignment of variabl® x
in the top placeholder. Type click on the
“ " button on the Programming Palette, a
typea.
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m In the bottom placeholder, enter an expre
sion that depends o such agx + y)? . ’E‘_a .
X+ ¥
m  PresgCtrl]. (the control key followed by R
a period). Mathcad displays a right arrow, e
“ " to the right of the program. X+
m Click outside the expression to see the sif 2
e Xe—a = {a+y)
plified result. s 3
X+ ¥

Only one of the variables in this examplgeis defined locally in the program, but
Mathcad understands the other variabdesndy, as symbols and substituor x in

the expression it returns.

Figure 18-15 below shows a function that is defined in terms of a program. Although
the function cannot be evaluated numerically in Mathcad, when the function is evalu-
ated symbolically, it generates symbolic polynomials. See “The Treasury Guide to
Programming” in the Resource Center for more examples of evaluating a Mathcad

program symbolically.

Programs that include threturn andon error statements cannot be evaluated
symbolically since the symbolic processor does not recognize these operators.

g Mathcad I[=] B3

fra File Edit “iew |nsert Format Math Symbolics Window Help

==l x|

A function to generate a polynomial.

fin) = |a—0
i—0
while izn
ac [a {1+ x)i] <-- Mathcad can evaluate
i the program symbolically

even though x is undefined.

Evaluate symbolically . . .

<. Expand symbolic

keyword expands the result.
Press [Ctrl][Shift][period] for
the symbolic keyword operator.

f(3) expand — 4+ 6x + 4+ x°

] ¢

Prezz F1 for help. W ait Page 1 i

-

i

Figure 18-15: Using a Mathcad program to generate a symbolic expression.
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Programming examples

With only ten buttons on the Programming Palette, Mathcad's programming environ-
ment is easy to use. Nevertheless, this simplicity conceals a surprising amount of
programming power. When combined with Mathcad's rich numerical and symbolic
functionality and used in conjunction with the abstract data structures provided by
Mathcad's nested arrays, these ten operators enable you to write sophisticated programs
in Mathcad.

The following figures illustrate just a few of the possibilities. As you experiment with
programming in Mathcad, you'll discover many new applications. For further program-
ming examples, see the “Programming” topic in the Resource Center QuickSheets. And
in Mathcad Professional the Resource Center includes a special section, “The Treasury
Guide to Programming,” which includes detailed examples and applications to show
you how to get more out of Mathcad programs.

g Mathcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help = | = |1|
A program to find the intersection of two lists of numbers contained in the vectors v and w. j

The subroutine called “in" checks to see if “x" is in the set "v".

in[v,x) = |t—0
for yev
t—1 if x=y
t
3
intersect{ v. w) = u«0>0 1 0
i 3
i—10 7
for xe v a=\2| b= 8
it in{w.x) 9 1
8
H]

I.Ii(—)(

i—i+1

1
u intersect(a,h)=(3)
8

o o

Prezz F1 for help. W ait Page 1 i

Figure 18-16: Program to find the numbers common to two vectors.
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This example includes nested loops. The program implements the sieve of
Eratosthenes for finding the primes up to n.
prime(n) = for ie2.4n+1
2
n
for ke 2. 7 3
5
S 1
m+«— 0 !
for je2.n prime(25) = 11
if Si = 13
17
p .
m<) 19
m«m + 1 73
P
KIS _>l_I
Prezz F1 for help. W ait Page 1 i

Figure 18-17: Using the sieve of Eratosthenes to find prime numbers.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help = |ﬁ'|1|
The first program generates a random transition matrix A in which each row sums to 1. ﬂ
The program defining B returns a vector whose elements are the powers of A, The plot
showing the log of the maximum absolute difference bet uccessive |
illustrates the convergence of the powers to a steady-state.
A= |for ieD.9 B = Vﬂ‘_A
t—sort{ runif(9 .0 1))
T. u‘_tﬂ for ie1.20
" VeV, A
for je1.8 v
T. .«—t. -t 1 v
s i=1.20
Ti I9<—1 - t3
T 0 |
—
os{ma ([, ) 1
-10 .
0 10 20
i -
KIS _>l_I
Prezz F1 for help. W ait Page 1 i

Figure 18-18: Powers of a random transition matrix.
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-

The following program uses Mathcad’s built-in median and submatrix functions to
impl ta simpl ther. The results are displayed with the picture operator.

smooth(A) = |C—A
for ie 1. rows(A)-2
for je 1. cols(A) -2

Ci jemedian(suhmatrix(ﬁ\,i -1i+1j-14+1))

C
i=0_60j:=0._60 Aij: 255 (mod( |i - j| 1016 B := smooth(A)
255 if md(1)<.1
0 if md(1)<.1

i § Choose Picture from the Insert menu and type
S \ J “A" and "B in the placeholders to reproduce these pictures.
R _>l_I

Prezz F1 for help. W ait Page 1 i

Figure 18-19: Smoothing a matrix.
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