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Computation Problem #1. Due October 1, 1973

Fvaluation of a Polynomial.

(a) The algorithm to be applied to the evaluation of a polynomial by the "brute
force" method is more or less obvious. Nonetheless, in order to gain experience
in charting of algorithms, prepare a block diagram of all of the steps which you
must program the computer to do in order to obtain the value of y for a given
value of x.

The polynomial to be evaluated is the following.

2 3 4

y = a4 + a3x + azx + alx + aox .
The program should be general enough to utilize any given set of five real co-
efficients, and, given the desired value of x, should provide a listing of the

value of x and then a corresponding value of y.
For this problem we shall use the following set of coefficients.

a = -5,a = 2, and a, = 3.
o) 1 2 3 4
(b) Translate the block diagram which you have prepared in part (a) into a

computer program using BASIC language. The input value of x will be 2.03118,

=2, a, = ~1, a

Turn in to your instructor the block flow diagram and computer program.

(¢) (Optional -- involves looping.)

Horner's method allows us to evaluate the polynomial,
N - DY n—l n
pn(x, a + a 1% + + a; X + a x .
using only n multiplications and n additions instead of the 2 n-1 multiplica-
tions and n additions of the brute force method. This is done by writing
pn(x) in a nested fashion:

p () = ((Celag x+apdx+adx+ - e ta g)x+a.

Let n = 4 and chart the appropriate algorithm. Prepare a BASIC program which
will accept values of the five coefficients: a = -5, a, = 2, a, = =1, a, = 2,
a, = 3. The program must print the values of P, corresponding to the priiited
values of x: x = 0,1,2,..., 9.

Can you find a general procedure that would be equally easy to program for
n = 20? (This would involve the use of a DIMension statement. See Chapter 3
in the BASIC Conversational Language Manual.)

Note: On this probdlem and all future computations problems which are assigned
in the computations sequence this semester include in a block at the upper-right—
hand corner of the front page the following information.

Name (yours)/(name of instructor who
assigned the problem)

Date due/Problem number

Total time (minutes) spent on problem

Time (minutes) on computer terminals

Example: T. Student/Beeman
Sept. 23, 1971/Prob. 1-A
55 min./ O min.



Freshman Computation
Problem 2
Due Date: October 5, 1973
In computations recitation sections.

Some Preliminary Comments

In this sccond nroblem,you are asked to re-examine a question first studied in
detail by the great mathematician, K. F. Gauss. It is basically one of counting,
and the program required for your work will not be extensive. Still, your re-
sult will have intriguing aspects to it - hopefully, some indication of the

sheer computational speed of the modern digital computer will also become evi-
dent to you.

The Gauss Lattice Point Problem

We define, for the purposes of this problem, the infinite unit lattice to be the
collection of all the points in the xy-cartesian plane with integer co-ordinates
including the origin, (0,0). Thus, (7,-2) is a lattice point, while (w,7) is
not. The sketch shows how this lattice looks near the origin. ‘
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Suppose now that we draw a circle with radius r, centered at the origin. We
define the function f(r) as follows:

£(£) 4 number of lattice pcints inside or on the boundary of the circle.

With this definition, we have £(o) = 1 and f£(1) = 5.

The computation of f(r), for any given r, is just a problem in counting. of
course, as r gets large, this can become a tedious task. Here is where we can
use the digital computer to help us.

(a) Draw a flow diagram of an algorithm that computes f(r). There is
more than one way to approach this problem, and some are "better"
than others.



(b)

(c)

(d)

Using your flow diagram, write a BASIC program and use it to find
f(r) for
r = 10, 50, 100, 200, and 300.

For the above values of r, compute the value of
f(r)
2
r
why Gauss was interested in this problem?

. Do your results suggests anything to you? Can you now see

The value of f(r) is always odd. See if you can develop a simple
proof of this statement

Blodwn \3 Pl = Akt

Note: As with problem #1, include the following information at the top of the
first page of your solution:

Name (yours)/(name of instructor who
assigned the problem)

Date due/Problem number

Total time (minutes) spent on problem

Time (minutes) on computer terminals
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COMPUTATIONS PROBLEN 3

Due: Monday, Cetober 15

. mo later than noon ,
Mrg. Graham's office, Parsons 267

¥Write a BASIC program to find the vroota of an arbitrary gquadratic

sz + Bx 4 ., Tour program should handle the ten tviples of co-

‘efficients given below, in each case printing A,B,C and the roots.
The program must be able to identify complex woots and to handle

the case A = (.

A B g
1 1 -2
1 2 1
1 2 3
0 5 6
-7 3 3
4 5

1 12

13 15 -212
0 o 0

0 0 5
Subtmit & £low chart, a list, and & printout of your results.
In the upper-right-hand corner of the first page, laclude the following

fuformation:

Name/Math Instructoer Name

‘Math Sectiom letier

Date/Problem ¢

Total time/time on. termipal, wminstas

the problem will be returasd to yeu im youx mach clasa.

—




f Computation Problem #5
a / : : : Due November 7
. For Math 74 Studemts

Gauss Elimination is a very genmeral computational techniquc with useful applica-
t:ions 4n all branches of science and engineering. The technique yields soluticns
of geta of simultamneous linear algebraic equations with constant coefficients.

It has been applied to the analysis of the network equations that describe an
electric circult, to solve the difference equations used to approximate more

complicated sets of diffierential equations, and in the computation of the in-
verse o£ a utrix.

Some Basic Theory
Consider the set of equations:

a, = b
gy Lk *x 1
-

%k-l ?,k % =b
):n | Bk Xk " n

k=1

The a's and b's are all known constants. We define the augmented coefficient
matrix A as - -

o+ 3 a

‘lt]_-‘ ‘1,2 oG ‘l,n bl

82'1 52.2 o o o Iz.n b2

po_-x:.:
g‘e o o

¢ n’l .n. 2 .‘° ° = ‘n ’n n
The Gauas Elimination Method now reduces 'K. through a series of Tow ope:a_tioni, to
= -

31’1 .1,2 ¢ o o .l.n bl

e ®
: 0 .2'.2 e © o .z’n bz

S © o o

) L
0 .oo‘n.n n—J

where all tha elements below the diagonal of the original coefficient matrix have
been teduced to zeroes. This reduction technique is really just the way you would




2,

probably solve the equation set by hand, eliminating variables successively.

Thus, the first step in the reduction is to replace the first column of 'l by

zeroes, except a 4 This is done by subtracting the product of the first row
]

and the number a llal 1 from the k'th row, where 2 < k £ n. The result is
® 14
that ak.l is replaced by 0 for 2 ¢ k < m, while ak.i and bk are replaced

by ;
B 1 Be,1
? - .1 1. a = b' - b - cmemalos b ’
TS Sl 9 g, L1® kT kT a g 1
where 2<«<ken and 1< 1 < n. This first step reduces T o
= = - = )

L N R P

‘2.2..,.35 b,'

R 2!
] ] L
0 an’z o o o an’n bn

The reduction process is now repeated on the sub-matrix formed by ignoring the
first row sod coluzm of thie new matrix. The whole procedure repeats uatil A’
is generated. The set of equations for which A' is the augmented coefficilent
matrix is

aand L - -~ P o
9
S0 Mgt s Mg = 1
¢ ° ]
0 8,2 °°° az’n xz, bz
? ?
0 0 o o o ‘n,n_ xn‘ “b“_ i
From this, we immediately write the eolut::lon for X ies.
b
n
X g
n &
Using this result, we can then write
b' ‘
) X .1 o 11‘T n-l.n m
a-1,n-1
In general,
" o af — -
= = e~ Mm% " M1 0t T Yok Mol
9
e,k

where 1 < k < n,
= =




.

First Task: Write a BASIC program that implements the Gauss Elimination Method
for up to ) to 100 varisbles. Write it so that the number of variables is an input
parameter (called for by the program when it begins execution), and the a's and
b's are specified in BASIC statements. Your program should include the feature
of substituting the answers back into the original equations to determine "how
well" the answers work.

Second Task: Using your program solve the following set of equations:

0.357x1+0203x +07llox = 0.017
-0.206 x, + 0.295 x,,+0371: -0.111

1 3
0412:1-0-0315: + 0.604 x, = 0,149

2 3

also state what the left sides of the above equations equal when the program
results are substituted back into them.

Third Task: By the further use of Gauss eli.ninat:i.on (as dincussed in class or
in Apostol), a matrix is obtained, if all goes well, in the form:

- e
1 AO 0 coo 0 b;:
"
0 1 o oo0e o bz
0 0 0 coe 1 b” | .
o . J L

Write a program that will reduce the augmented matrix A to the zrow canan:lc.nl
fotl above. Your program must recognize valuass that come within ervor limits
of. zero as zero (but have it print out exactly its calculated value).

Repeat the equation of task II using the new program and check results as before.

56

Compare.
mi:erdCtim
1. Run dvorything as one program on the computer.
2, Subumit a flowchart program listing, and pri.ntout of ruults.
3. 'rurn in the problu to Mrs. Graham.
&o ‘l'he problea will be retnrnod to you in math chss. _
In the upper-right-hand corner of the first page; mclude the following

information.

Your Hame/Name of your instructor
Math course number

Date/Problem numbexr

Total time/Terminal t:!.me, ninutes




