CS100 B
Programming Assignment 2

Due: Tuesday, September 21

1. Goals

This assignment will help you delop skills in using conditional and repetition statementst Y
will also compare and contrastféifent solution approaches withvdaandVIATLAB.

2. Motiv ation

Landscaping and construction often require structures to shore up and block portions of the
ground from collapsing. &fy often, such structures called temporgifgs help protect wrkers
from being crushed on construction sites. Figure 1 illustrates the cross-secticheef pile
driven into sandy soil. The weight of the ground creates a fortteat pushes the pile to left and
causes dferent pressure distuitions to the left and right of the pile. Balancing these pressure
distributions according to the soil properties yields the proper depth one shaeldhdripile into
soil.

Given unit weighty (force/olume), find the necessary pile de@@hfrom the follaving
equation:
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The coeficients
Kq = tarP{15°~ 20 2)
and
Kp = tarP$#5° + 35 (3)

help determine the pressure the soil places on the pile. The@ngpeesents the salfriction.

3. Mathematics

A geotechnical engineerould need to sokv Eq. 1 for the @lue of D to determine pile depth. In
this equation, substituting the correelue of D would cause the left-hand side to become zero.
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Figure 1: Sheet Pile

A value that will satisfy an equation is calledoat. For instance, solving Eq. 1 f@ means find
the root of Eq. 1. H@ does one sob/a polynomial for roots?

3.1 Equality and Round-off Err or

Before solving for roots, consider the fallmg issue, &ced in all numerical computations. When
using floating-point numbers, computers rarely computexastealue of an gpression. Ty
computingl. 0/ 3. 0, for exkample. Usuallyan arithmetic operation introduces a small amount of
round-of error at a “distant” decimal place. Though minuscule, this error will typically cause
failure of an equality comparison. When comparing fleating-point numbers, uset@erance,

a small numericalalue belav which you “dont mind” a diference. Man texts refer to tolerance

ase. The follaving equation compares tnguantitiesx andy for approximate equality

Ix—y| <E€. (4)

For instance, the numbers 1.0001 and 1.0002 are essentially “equal” within a tolerance of 0.0001.
Refer to Levis&Loftus, pp. 99-100, for further details.



3.2 LHS/RHS Method

The left-hand side/right-hand sideHS/RHS) technique, as denoted by.[Rchwvartz, is a &éng/
expression for “controlled guessiid-his brute force approach applies this algorithm:

Pick a starting &lue, like 0. Call this \aluer oot .

Pick a step size,nc, for iterating the startingalue.

Pick a \alue forTOLERANCE, as discussed in Section 3.1.
Substituter oot into your equation.

Assign the result tbhs. Note that your tgetr hs is zero, of course.
Test ifl hs andr hs are approximately equal:

» If equal, then stop.du have a \alid root.

» If not equal, then incremenbot byi nc and test the mevalue.

Of course, this technique lezs much to be desired, especially if your desired root might be
negative. The ngt section presents a more refined technique.

o gk whpE

3.3 Bisection Method

A still-somevhat-brute-force-bt-not-as-brutal technique vialves a bit more stragg. What
happens to a functiof(x) when the independenanablex becomes a root? The function either
touches or crosses the independaniables axis. Br a simple case, consider the Iyne= x+ 1.
Whenx = -1,y = 0:

* Tryavwaluex>-1.To the “right” of x = -1,y is positve.

 Tryawluex<-1. To the “left” of x = -1, y is negative.

Thus, tracking where a function changes sign helps locate a rodbiSetieon method searches
for a root by inestigating sign changes within intextg using the follwing algorithm:

1. Pick a starting point,ef t , and an end point,i ght . The interal between ef t and
ri ght must contain the root! Note, also, that the fwlftg steps repeat inside an iteration
loop until a tolerance is satisfied, as discussed Section 3.1.

2. Assign(left + right)/2tom d.

3. Calculate the alue of the function for the pointeft,ri ght, andm d.

4. Assigntheresultstb | eft,f _right,andf _m d, respectiely.
Review Figure 2:

» If x, is to the left of the rootf(x,) f(xg) <O.
» If X, is to the right of the rootf{(x) f(x ) <O.

The root must lie within the inteal where the productf(x,) f(xg) or f(x,)f(x), is
negative, as shan in Figure 2.
5. Compute the products m d*f | eft andf _m d*f _ri ght.
e Iff_md*f_right < O,thenroot exists betweemi d andri ght .
- Assignf_m dtof _left,ie,left=md.



- Repeat the analysis for thismétenal.
e Otherwise, iff _m d*f [ eft < 0, thenr oot exists betweeheft andm d.
- Assignm dtori ght,i.e.,right=md.
- Repeat the analysis for thismétenal.
6. Stop iterating whenf(x,) —0| no longer gceedsT OL ERANCE.

The bisection method also lacks wsness. & instance, an initial inteaV containing the
solution must be supplied. But, where does that iatesteme from? An analyst must plot the
function first to obtain a rough idea of a redtcation before attempting more rigorous analysis.
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Figure 2: Bisection Method

3.4 Newton’ s Method

A more eficient method adapts the notion ofayTor series. Gien a pointx, “close” to a root of
f(X), expand f(x) as follovs:

2

(X=Xg)
2!

() = F(xg) + (x=%g) F'(Xp) + F(X) + ... (5)

Setting Eq. 5 to zero implies thatis a root off (X) . Leaszing out all higher order destives gves
an approximate equation:

0= f(Xp) + (Xx=Xp) f'(Xp) - (6)
Rearranging terms yields
f(Xo)
O = X=X, = ——— . 7
0 .I::(Xo) ( )



Starting with a slue ofx = X, Eq. 7 allevs for iteration according to this algorithm:
Pick an initial \aluexO.

Assignx0 tox.

Compute the alue of f(x) . Assign the result tb_of _x.

Compute the alue of f'(x) . Assign the result tder i v.

Computedel ta = -f_of _x/deriv.

If del t a does notxceedTOLERANCE, then stop.

Otherwise, assigr+del t a tox and iterate, starting from Step 3.

In general, Neton’s Method cowerges \ery rapidly and diciently.

No o bs~ wDhPRE

4. Problems

Given the data for Eq. 3, = 18 kN/m3, @ = 30°,L = 3 m, andP = 30 kN/m, you need to
determine the necessary depth at which teeditie sheet pile, as sk in Figure 1. Assume an
error tolerance ot = 0.001. Create, test, and run threefeient programs that implement the
following numerical techniques:

1. LHS/RHS Method, as discussed in Section 3.2. Use a stading of 3.
2. Bisection Method, as discussed in Section 3.3. Use an initial ahtafri2, 4] .

3. Newton’s Method, as discussed in Section 3.4. Use a stading of 3.

Hints: You will need to usdvat h. pow for exponentiation. Also, beare that Jea requires
degrees in terms of radianso Tompute the derative for Nevton’s Method, note that Eq. 1 is just
a fourth-order polynomial.

4. For comparison, plot the equation for the supplied daMANLAB. Use a range dD values
from 1 to 5 at increments of 0.5 m. Ride a plot title that includes your name(s) and
section(s). Hints: Write a small program that prints out thieies of the polynomial for
different pile depths. Then, uddATLAB to plot the list of points apl ot ([ x1 x2

x3...], [yl y2 y3...]),whereD corresponds to theaxis.
5. Answer the follaving questions ¢ecept for 5d, which is optional):
a) Haw closely do the results match from the programming approaches?

b) Does youmMMATLAB plot shav a root that corresponds to your programs’ resultsy wh
why not?

¢) How could you modify your code to demonstrate théed#inces in diciengy of the three
programming approaches? (Hint: Think of something simple.)

d) (This question is optional!) komight you use your coding aniATLAB to determine he
increasing the soil friction mightfetct the required pile depth?



5. Submitting Y our Work

5.1 Due Date

This assignment is due in lecture one$day September 21, 1999.08 may turn it in to a
consultant before that date in the consulting room in Carpdédenot turn it in at Carpenter on
the due date. Programs will not be accepted late.

5.2 Labeling Y our Work

Always write your name, Cornell ID#, and the day/time/instructor for your section in the first
comment of each program you hand in for credit. Otherwise, the program will not be graded. All
solutions and commentary must be typed! If you wrote the program with a p&utnein only

one printout with your partner’name and ID# in the comment, as well as youn.orhe
comment must also include the section day/time/instructor for the partmeprogram will be
returned to the first person listed. Sign your name(s) in the comment. Please staple the pages of
your assignment together

5.3 Grading

This assignment will be gen two grades: the first based on correctness, the second on program
organization and style. Each grade will be a 0, 1, or 2. Not only should your progmat it

should contain adequate comments to guide the reader who is interested in understanding it. The
declaration of eery significant ariable should include a comment describing thatble. There

should be appropriate comments in the code so the reader can see the structure of the ptogram, b
not so mawy that the program ¢ is hard to read.

5.4 What to Hand In

Read Section 4 (Programs) of ti@&S100 General Information paclet for eplanations of
requirements. &t this assignment, staple the faliag sheets together:

* LHS/RHS program listing. (Problem 1)

* Bisection Method program listing. (Problem 2)

* Newton’s Method program listing. (Problem 3)

* Printout ofMATLAB plot. (Problem 4)

* Typed solutions for Problems 5a, 5b, and 5c.
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