Missing pages MUST be
reported immediately or ‘
the last user will - resd
automatically be charged.
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COMPUTER ENGINEERING 3KB3:
COMPUTATIONAL METHODS 11

Class Test #1

Duration of Test: 30 minutes
(a) Answer as many questions as you can. Expand U(¢) around ¢° into the Taylor series.
(b) State the formula for the first order change of U(¢).
(c) State the formula for the second order change of U(¢).
) Given a quadratic function U($) = ¢§ + 2¢§ -3¢, -6, let ¢° = 02 -02 .
Calculate U(¢°).
(e) Sketch a few contours of U.
(g) Evaluate VU at ¢°.
(h) Evaluate the Hessian matrix H at ¢°.
(i) Calculate the first-order change in U at ¢° for a¢ =[0.2 -0.2 1%
) Calculate the second-order change in U at ¢° for a¢ =[0.2 -0.2 ]T.
(k) Using the results obtained in (d), (i) and (j), estimate the value of U at ¢’ =[1.2 0.8]T.
) How good is the estimate obtained in (k)?
(m) Find the turning point of U.
(n) Is the turning point found in (m) a maximum or a minimum? Explain your answer.

(o) What is the extreme value of U?



Solution

(a)

(b)

(©)

(d)
(e)

(8)

(h)

@)

)

U($) = U¢°) + a¢™vU(¢) + %A¢THA¢ ‘e

2¢TvU (4%
-%A¢THA¢

U@¢°) = -6

10

6.25

PHI2 25 —

-1.26 |

8

-5 425 2 6.25 10

PHI1
¢,-3 -1
44, |~ |4
200
) 4|"H®

vU(¢%)

H($")

2¢™vU($°%) =[0.2 -0.2] [‘41} -1

-;_A¢THA¢

- 102 02] [2 0} [0‘2 } 0.12
2 0 4/|-02



(k)

M

(m)

(n)

(o)

Using the Taylor series expansion
U@ ~ U + rgTvU(¢%) + _;.A¢THA¢ 4= 6-1+012 = -6.88

Because U is a second order function the estimate in (k) is exact.

w@ -0 |7

“o- |
S . |15
0 ¢ = 0

H is positive definite
ac 20
cb| |04

ab > ¢?

so ¢* is a minimum.

U(¢*) = -8.25
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! 3K B3 tutorial#3 - Penalty function example

Expression
X=0; c=1;

U = 0.5*X + 2;
g=X-2

w: if (g<0) (c) else (0);

P=U + w*g"2;
End
Sweep
c: from 1 to 10 step=1
X: from -0.1 to 5 step=0.1 P
{ Xsweep Title="Penalty Function" c=all X=X Y=P };
End



! 3K B3 tutorial#3 - Barrier function example

Expression
X=0; r=1;
U =40*X + 2;
g=X-2; lg=X>=2
B: if (X>2) (U + (r / g)) else (NaN);
End
Sweep
r:0010212345
X: from 1.95 to 3 step=0.003 B U
{ Xsweep Title="Barrier Function" Y_ title="B" r=all X=X Y=B & U
Ymin=70 Ymax=200 LEGEND=OFF };
End

JJo



! 3KB3 tutorial#3 - Exact-penalty function example

Expression
X=72217
alpha = I;

U =2*X +2;
g=X-2
Ul = U - (alpha*g);

! Define exact penalty function (EPF)
EPF = max(U,U1l);

End
Sweep
alpha: from 0 to 10 step=1
X: from 0 to 4 step=0.1 EPF
{ Xsweep Title="Exact-Penalty Function" alpha=all LEGEND=OFF
X=X Xmin=0 Xmax=4
Y=EPF.green
Y Title="max[U, U-(alpha*g)]" };
End
Specification
EPF;
End



COMPUTER ENGINEERING 3KB3:
COMPUTATIONAL METHODS 11

Class Test #2

Duration of Test: 30 minutes

PROBLEM #1
Consider three functions below:
[1(01, 85) = ¢ - 3
fo(01, 85) = - ¢; +2
S5($y $9) =) - ¢ - 1.

1. Sketch two or three minimax contours of [1(81, 89, f5(¢y, ¢,) and [3(81, ¢5).
2. Calculate the first order derivatives of f1» f5and f,.

3. Find the active functions at the point [0 13%.

4. Verify that [0 177 is not the minimax solution.

PROBLEM #2
Consider the following constrained minimization problem:
Minimize w.r.t. ¢
U=¢,+2¢,
subject to
§1=01+9,-220
y=-¢1+2¢,+2>0.
1. Sketch two or three contours of the objective function, plot the constraint boundaries and
indicate the feasible region.

2. Invoke the Kuhn-Tucker necessary conditions to test the point [2 0]”.

February 1993
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OSA90/hope’s PIPES AND HOW TO USE THEM.

Introduction

a) Definition of a pipe.
b) Why pipes?

c) What can pipes do?

Main functions of Datapipe.

a) The parent’'s (OSA90/hope’s) side of a pipe.

b) The child’s side of a pipe.

c) Datapipe server functions used in a child program.

Datapipe protocols in OSA90/hope.

Examples.



1.

Introduction

a)

b)

Definition of a pipe.

A pipe is an I/O channel intended for use between two
cooperating processes: one process writes into the pipe,
while the other process reads from the pipe (e.g. standard
input, output and error channels of a process).

Why pipes?

Pipes are: standard features of Unix,
easy to implement,
fast and reliable.

What can pipes do?

Pipes can establish a two way communication between
independent programs.



Pipe Protocol

0SA90/hope

Pipe Protocol

Pipe Server

Child Program

Pipe Server

Child Program

Datapipe Schematic
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2. Main functions of Datapipe.
a) The parent's (OSA90/hope’s) side of a pipe.

The child program is loaded and activated only once and
then it is called from within a loop in the parent program as
long as desired. This scheme corresponds to the following
sequence of calls to the Datapipe subroutines in the parent

program.
cid = pipe_open("child_program"); /* open pipe and activate the
child program */
for (i = 0; i < 100; i++) { [* fteration in the parent
program, e.g., 100 iter. */
pipe_initialize(cid); [* initialization */
pipe_write(buffer, size, n_item, cid); /* send data to child. Upon

receiving all necessary data,
the child program will start
processing */
pipe_read(buffer, size, n_item, cid); [* get data from child after
data processing in the child
program is finished */
/* data processing in parent program here */
}
pipe_close(cid); [* tell the child to exit and
close the pipes */



b)

The child’s side of a pipe.

In the child program the user sets up an infinite loop which
will perform the desired data processing as long as it is
requested to do so by the parent program. The parent
program sends to the child an initializing signal in each
iteration. The parent will also decide, by sending a different
signal to the child, when to terminate the data processing
and close the pipe. The general usage of pipe
communication in the child program is as follows.

for (;;) { [* set up an infinite loop */
pipe_initialize2(); [* initialize (synchronize with
the parent) */
pipe_read2(buffer, size, n_item); [* get data from parent */

/* data processing in the child program follows here */

pipe_write2(buffer, size, n_item); /* send data to parent */
}
c) Datapipe server functions used in a child program.

pipe_initialize2() synchronizes dialogues

pipe_read2() reads data from Datapipe

pipe_write2() writes data to Datapipe
-5-



Datapipe protocols in OSA90/hope.
Datapipes can be define in the Expression and Model blocks of
the input file using the following syntax.

Datapipe: protocol FILE = “filename"
N _INPUT = n INPUT = (x1, ..., xn)
N OUTPUT = m OUTPUT = (y1, ..., ym)

TIMEOUT=k;

where protocol is a keyword identifying the protocol, filename is the
name of the child program, n is the number of inputs to the child,
m is the number of outputs from the child and k is the number of
seconds before "time-out".

2o



Examples. |

We will use the SIM datapipe protocol to solve an abstract problem
in which we want to ‘approximate x> by a1x+a2ex over 0 < x <2,
Let the initial point be a; = 1 and a, = 2. The OSA90/hope’s input
file for this problem without using pipes could look as follows.

Expression
al=2?-10 1 107;
a2=2?-10 2 10?;
x=0;
y1=x*x;
yO=aTl*x+a2*exp(x);
err=y0-y1;
End
Sweep
x: from 0 to 2 step 0.01 yO y1 err;
End
Specification
x: from O to 2 step 0.01 err=0;
End

37



Using an external program named match to calculate the y0, y7 and
err labels and the SIM datapipe protocol we get the following

circuit file.
Expression
arl=2-10 1 10?;
82="7?-10 2 107;
x=0;
Datapipe: SIM FILE="match"
N INPUT=3 N _OUTPUT=3
INPUT=(x, a1, a2) OUTPUT=(y0, y1, err)
TIMEOUT=5;
End
Sweep
x: from O to 2 step 0.01 yO0 y1 err;
End
Specification
x: from O to 2 step 0.01 err=0;
End



In the dialogue between OSA90/hope and the child program
information flows from OSA90/hope to the child and then
after being processed, back to OSA90/hope. The data sent
by OSA90/hope to the child using the SIM protocol consists
of three fields:

n integer, number of inputs

m  integer, number of outputs

x n floats, input wvalues

SIM Protocol Input Data Format

They correspond to N INPUT, N OUTPUT and INPUT
keywords in the Datapipe definition respectively. All three
fields must be read by the child program. After receiving the
input data, the child will proceed to compute the outputs and
then to send the results back to OSA90/hope. The output
data format is:

0 integer, error flag, O

y m floats, output values

SIM Protocol Output Format When Error Free

The first value is an integer error flag (set to 0 if no error)
and the second corresponds to the OUTPUT keyword in the
Datapipe definition. |

~O



There are two methods of reporting errors that occurred
during the child program execution. The first method sends
no message and requires the child program to set the error
flag to -1 or 1.

error integer, error flag, -1 or 1

SIM Protocol Output Format: Error Code Without Message

If a user wants to pass an error message back to
OSA90/hope the error flag must be set to the length of the
message (including the terminating NULL character) and the

format for sending is the following:

error integer, error message length

message char string, NULL terminated

SIM Protocol Output Format For Error Messages
After sending a non-zero error flag, with or without a

message, the child must not send any other data. It should
wait for OSA90/hope to send the terminating signal.

-10 -



The source code of the child program for our example:

#include <stdio.h>
#include <math.h> [* present here for the exp() function */
#include "ippcv2.h"

main()

{
int n, m, error = 0;
float v, x[3], y[3];

for (;;)

{
pipe_initialize2();
pipe_read2(&n, sizeof(int), 1);
pipe_read2(&m, sizeof(int), 1);
pipe_read2(x, sizeof(float), n);
if(x[0] <0 || x[0]>2)

error = -1;
eloe | yio = xg17x0] +x(2]*expifo);
y[1] = x[0]*x[O];
y[2] = y[O]-y[1];
§ pipe_write2(&error, sizeof(int), 1);
;J(( I Orwv)} pipe_write2(y, sizeof{(float), m);

}

Note, that an error is reported if x is outside the (0, 2)
interval.

-11 -
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Another version of the above program, sending back an error
message when x is outside the (0, 2) interval.

#include <stdio.h>
#include <math.h> [* present here for the exp() function */
#include "ippcv2.h"

main()

{
int n, m, error = 0;
char* message;
float v, x[3], y[3];

for (;;)

{
pipe_initialize2();
pipe_read2(&n, sizeof(int), 1);
pipe_read2(&m, sizeof(int), 1);
pipe_read2(x, sizeof(float), n);

if(x[0] <0 || x[0]>2)
{

message = "x must be in the range 0 <x < 2"
error =strlen(message) + 1;

}

else

{
y[0] = x[1]*x[0] +x[2]*exp(x[0]);
y[1] = x[O]*x[0];
y[2] = y[0]-y[1];

pipe_write2(&error, sizeof(int), 1);
if(error)

pipe_write2(message, 1, error);
else

pipe_write2(y, sizeof(float), m);

-12 -
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| FINAL EXAH 95" |

COMPUTER ENGINEERING 3KB3

DAY CLASS Dr. J.W. Bandler
DURATION OF EXAMINATION: 3 Hours
‘McMaster University Final Examination - ' - April 1993

This éxamination paper includes 14 pages and 12 questions. You are responsible for ensuring that your
copy of the paper is complete. Bring any discrepancy to the attention of your invigilator.

SPECIAL INSTRUCTIONS

Candidates may use slide rules, calculators and log books.

Candidates must not use preprogrammed algorithms, such as those for linear or nonlinear equations, etc.
Candidates must attempt questions 1 2o0r3 4or5 6or7 8or9 10 1lor12

Write your name here. NAME:

Write your student number here. NO:

Date and hour of examination:

Note: (1) All scripts and question papers must be turned in.
¥)) Estimated times required to complete the questions are indicated.
3) Please encircle questions attempted in the following table.

Questions Attempted Estimated Time
(please encircle) Weighting (min.) Examiner’s Use Only
1 5% ten
2o0r3 10% fifteen
4ors 12.5% - twenty
6or7 12.5% twenty
8or9 20% thirty
10 20% forty
11 or 12 A 20% forty-five
TOTAL 100% - 3 hours

continued on page 2
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Comp. Eng. 3KB3 Final Examination, April 1993
Question1 - -

(@  Vand I contain all corresponding branch voltages and currents, féSbectivély (usi_ng associated

reference directions) for a circuit and satisfy all the appropriate Kirchhoff laws. Vand f are

~voltage and current vectors corresponding to V and I but defined for a second topologically
equivalent‘;circuit, ,‘,“‘Sta‘t_e‘Telle'geq’s Theorem in two forms. o . .

®) | Coniplete the followmg diagrém and verify Tellegen’s theoréin. 7

4 _ -
j - 1
2
Answer (10 minutes)
o) MMWQM@M“
A 1 — A
N T - T — — | /)
VT A —’O ) e
IV =

)

> (<
{
K_/"
S
oS
(
D
i
U7
L___\I}

27T
T=[14 5222
Hhew VL= o151 100

continued on page 3
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Question 2

Derive the exact Newton iteration at‘ ¢’ for minimization of a differentiable multidimensional function
U(¢). Define all terms used. Under what conditions do you expect a locally downhill step from the
Newton iteration? Discuss possible pitfalls of the basic Newton method and suggest remedies. What is

damping? Illustrate your answers with sketches.

Answer (15 minutes)

continued on page 4
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Question 3 ‘ Fa

Consider the circuit shown in Fig. Q3, where GlA =1,G,=2,G;=1and V,, = 2V.

. G _ G;
AAA% AAAY —Q

Fig. Q3 A resistive circuit.

Find 81 ,/3G,, 81 5/3G, and 31 ,/0G; by the adjoint circuit method. You may refer to the TABLE at
the end of this exam paper. Check your result by direct differentiation.

Answer (15 minutes)

H/\ € a/CM olent AV C A

G—i é‘%

;j,v/\/\k\:_g‘s/\/\/\fw
|

continued on page 5
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Question 4 :

Consider the formula

G= Y Vv - %Y Iy
voltage current
SOUmCS sources

where G is a vector of standard sensitivity expressions, i is the index of the sources and V is the partial
derivative operator w.r.t. circuit parameters corresponding to G. Consider a six port network having two
constant voltage sources, one constant current source, the remaining ports being terminated by resistors.
Use the formula to show how to relate to G the gradient vector of '

> IV, PR,
terminating
resistors

where V, is the response voltage and R, is the terminating resistor. Draw the adjoint network and state
the proper excitations. :

Answer (20 minutes)

continued on page 6
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Question 5

Examine the points [0 0]7 and [1 117 for a minimax problem for which
4 2.
fi=91+¢
HL=0Q-0)+@2-¢)
S =2 exp(-¢ + ¢,
by invoking necessary conditions for a minimax optimum. What are your conclusions?

Answer (20 minutes)

‘continued on page 7
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Question 6

‘Consider the voltage divider shown for the response specification and constraint indicated.

Fig. Q6 A voltage divider.

Design specification: V = 60
Constraint: R, 275

By testing the Kuhn-Tucker conditions, find V, and R, such that the total power dissipated is minimum.

Answer (20 minutes)

Togsing : : ' continued on page 8
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Question 7

Derive from first principles the sensitivity expression and adjoint element correspondmg to a voltage
controlled current source. Draw circuit diagrams to fully illustrate your results.

Answer (20 minutes)

continued on page 9
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Comp. Eng. 3KB3 Final Examination, April 1993 . | page 9

Question 8 .
For the resistor-diode network shown in Fig. Q8, illustrate with the aid of an I-V diagram an iterative
method of finding V at DC. State Newton’s method for solving this problem and derive the network
model corresponding to the situation at the jth iteration. What is the significance of this model?

Fig. Q8 Resistor-diode network.

Answer (30 minutes)

continued on page 10
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Question 9

Derive from first principles the adjoint element and sensitivity‘expres'sion for a two-port characterized

by 3

AREIE

Apply the result to the element shown in Fig. Q9 to determine the sensitivity formulas w.r.t. ¢, where
Y, = ¢ and Z, = 0.5/¢.

e
+ o—> : {1 : -« +
Vp |EJY1 Yl[:]l V,
o | A I e
| |
L e — — — — |

Fig. Q9 A two-port circuit.

Answer (30 minutes)

continued on page 11
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Question 10

- Let

Answer (40 minutes)

April 1993 "

: page 11

continued on page 12

53



Comp. Eng. 3KB3 Final Examination, April 1993 = . vn s pagé 12
Question 11

Consider the resistive network shown in Fig. Qll where Gy =158,G, =258 and i=10A. Use
the adjoint network method to evaluate

o,

aGl’ an’ di

Check your results by small perturbations.

Fig. Q11 A resistive network.

Answer (45 minutes)

continued on page 13
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Question 12

Consider the nonlinear circuit shown in Fig. Q12, where i, = 2v,3, i, = v;>+ 10v,.

(a) Express the nodal equations in the linearized form required at the jth iteration of the Newton
: algorithm.

®) Apply two iterations of the Newton method, starting at v; = 2, v, = 1.

© Draw the companion network at the jth iteration and state the corresponding nodal equations.
(d) Continue with two iterations of the companion network method.

+ Vg —

@ i @

<l
i

ip Y+

ta(}) 10 v (1) 264

Fig. Q12 Nonlinear circuit example.

Answer (45 minutes)

continued on page 14
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page 14

TABLE. SENSITIVITY EXPRESSIONS FOR CERTAIN ELEMENTS
Equation Sensitivity | Parameters

Element Original . Adjoint :
Resistor V=Rl V=R b/i R
Capacitor I=juCv . 1= jocCV —jwVV C
Voltage I 00 v 0 -
Controlled M. ! I - B Vil B
Voltage v, pOflL 13 00 ||
Source

THE END!
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HIPTER (T EXAM 73

Comp. Eng. 3KB3 page 2

Question 1

Use the method of Lagrange multipliers to minimize w.r.t. ¢, and ¢, the function

U=¢;+3¢5 -4

subject to

Sketch contours to illustrate this problem w.r.t. ¢, and ¢,. Verity the answer by substituting the
constraint into the function.

Answer (15 min.)
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Comp. Eng. 3KB3 page 3

Question 2

Apply the Newton method to the minimization of

¢% +2¢’§ thygy F2¢, + 1

w.r.t. ¢. Select the two starting points

What is the solution?

Answer (15 min.)
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Comp. Eng. 3KB3
Question 3

Consider a nodal system of equations as

Fg”

824

831

Express the solution of this s stem as a least squares problem.
p y P

82 g V3| 0]

Write down the gradient vector of the least squares objective.

Answer (15 min.)

page 4

Write down the corresponding Jacobian.
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Comp. Eng. 3KB3 page 5

Question 4

Derive the exact Newton iteration at q&’ for minimization of a differentiable multidimensional function
U(¢). Define all terms used. Under what conditions do you expect a locally downhill step from the
Newton iteration? Discuss possible pitfalls of the basic Newton method and suggest remedies. What is
damping? Illustrate your answers with sketches.

Answer (20 min.)
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Comp. Eng. 3KB3

Question 5

Examine the points [0 0] and [1 1]7 for a minimax problem for which

fi =)+ &

1}

5

5
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2 - o) + 2 - ¢

2 exp(=¢; + ¢,)

page 6

by invoking necessary conditions for a minimax optimum. What are your conclusions?

Answer (20 min.)

T

‘r.
—rng '

(}u the Cgvfzz fﬁh’ls ar¥

mniiax

=)

“f!: 2, "}_)—

t [ %\? T (/‘7.[ :1;}

S
AUy = 2Uy =20, =0

..
)

1“] —_ 7/f/\)_ +)/V1\l‘ '_‘,Q.

Wity Uy = 0

satis fred o g0 | (i 1) ?

o

(-"- Al e I

2,z

2

“‘r‘/\s[

- =0 s F A
L Ly v i
1\ VoSt i ~
\ TS i = :
i VT
J N Loy o
i Ly LAy — o =
!
: :,‘-\ > -2
o Jr b ]
i R P ; o '
TTEY thAs DA ohlew 2 T, = ‘ 71“
; ¥ ! N A~ b
I Y i
) T ;
-/ yaps LLow S 4 -z . -
i T v ) - Ty -5 —17 ] A :
B D
- . b oo .
’/,'Yi'“rvv (/"'—""'{"/"’ e ;) oA = M 5: </
T (o (Tlam 3) iU, = j
. _ o i
.-l'ry;.,,,,, ,L’,‘,'n«_‘{ [ teen ( { P) u 7 .f - ' ] . —
! T —
21t LI FO
TN
Sy Yhe veciiiry conel i s : .
S [EAC ¢ / (ol (oo, I i v 577+""w
et S iminx Solut e

D)
=

-2

~?L»{c7( be f’)v

= o .
>
(u‘:B S o
= {,{):_‘; oo
L
&

> 0

\
mj na v X

-k\\& pellow in g (ol D i< Rl

!» - 7_(24},) *\1 -
N \‘ ) i ;‘
L—2(2-%, i ‘
4 ol o
Tr s T G b Fresieil o
wer e e Vie v 'L v

oo ore all acre

continued on page 7

,,C'{,‘/UT'[Z—;,

RIS
\
oy \;
poa, N
‘/, o
O
!
{ b



Comp. Eng. 3KB3
Question 6

Consider the function

along with the constraints

U=¢, + 26,

.page 7

Sketch two or three contours of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>