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Problem 1 (Core: CompE-ECE2030) Code Number:

“You are te design a 4-2 prioily encoder module. There are four inpuls &, b, ¥, and s, The
werput st encode the subscript of the highest priority assered fogicad 1) input. Inpuls with
lwwer sidyseripts hawe higher priority. Be swre to comectly handle the cese when oo inpeds are
assered,

2 3pis) Derive an implicant table {3 frudh fabledhst may have don't cares in the npud
varinbies) o speciy the pricety encoder. 8 cutpuls necessary fo implement the sbowve
functionality rrasst be specified.
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k. {3} Develop minimized logic ssxpressions for the oulpds specified ina. Yo must show yowr
work by recefes full credit Tor the mininsizeiion.
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Problem 1 (Core: CompE-ECE2030) Code Number:

¢. {4) Using a rectangulfar symbo! for the encoder designed above show how fo use some
number of 4-2 prioty encoders to design an 8-3 priority encoder which encodes 8
subscripted inptts (f7..1o) in 3 bits. As before the output should encode the subscript of the
highest pnority asserted input, and lower niumbered subsceipts have higher pricaty You
may use any additional logic gates, multiplexors or decoders that you need.




Problem 2 (Core: CompE-ECE2030) Code Number:

a) Using Boolean algebra, simplify this expression such that it has less than or equal to 5 Jiterals. Put
in 80P form.
OUT=AB C+C+DAB+DA B

(MNo+O)(C+C) + D& (B+B)
Ag +C + DA

B} Show the LOGIC schematic for the following Boolean fanction. Please show the implementation
(preferably with mixed logic notation) using NOR gates and INVERTERS only.
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¢) Represcnt the following Boolean expression ip#s the below k-map. Give the minimized POS and
SOF from the k-map.

F=ABCD+ABC+ABCD + ABCD+ABD + ABCD +ABCD
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Problem 3 (Core: CompE-ECE3055) Code Number:

The following RISC assembly language program is executed on a 32-bit MIPS processor. Fill in
the register values that will be present, after execution of this program. A summary of MIPS
instructions is included at the bottom of the page — for anyone unfamiliar with the MIPS
instruction set. Prior to execution of the program, memory location 0x(1000 contains
0x20313055. Note: 0x indicates hexadecimal and all answers must be in hexadecimal, default is
decimal in the MIPS assembly language source file. A MIPS memory word or register contains
32-bits. Use XXXXXXXX for an undefined value.

Iw $3, 0x01000
srl $4, 33,5
sub $2, 83, $4
xor $3, %4, $3
lui $5, 0x8031
ori $5, $5, 78
sub $6! $4! $3
bne $3, $6, LABEL1
ori $6, $0, 20
LABEL1: sw $6, 0x01000

After execution of the MIPS code sequence above,

R2=0x_ 1f2fa6d3 ( in hexadecimal)

R3=0x__ 2130b9d7 ( in hexadecimal)

R4 = 0x_______01018982 ( in hexadecimal)

R5=0x__ 8031004e { in hexadecimal)

Memeory Location 0x01000 contams: Ox_ dfdOcfab ( in hexadecimal)




Problem 4 (Core: CompE-ECE3060) Code Number:

(10 pts) Consider a NOR4 gate F=a+b+c+d with the equal rise and fall time.
Assume that the ratio between the width of pFET and nFET is 2:1 for an inverter with the
equal rise/fall time.

a) (2 pts) Draw the CMOS transistor-level schematic of NOR4.

b) (3 pts) Draw a stick diagram of NOR4.

¢) (5 pts) Using the RC delay model, compute the delay of NOR4 driving a load of 1
00Cinv in term of 7. Assume that the input capacitance of each input 1s 5Cinv. Cin
v is the input capacitance of the minimum-sized inverter, and T = R -Cinv. R is the r
esistance of the minimum-size nFET.

Solutions:
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{(c) In a NOR4 with equal rise/fall time, the size ratio between pFET and nFET is 8:1. Sin
ce the capacitance of each input is SCinv, each nFET has an input capacitance of 5-1/9C
inv = 15/9Crgr, where 1Cinv = 3Crgr. Thus, the resistance of nFET is 9/15R. Lastly, the
RC delay is 9/15R -100Cinv =607 .




Problem 5 (Core: E&M-ECE3025) Code Number:

A standard AM broadcast band transmitting station consists of two veriical monopoles
above the earth. The two antennas are separated by 50 m and the trapsmitting frequency
is 1500 KHz, The antennas are fed with signals of equal amplitude and a phase difference
of 135°, Sketch the electric field pattern at the surface of the earth. Show the location of
all maxima and minima and their relative values.
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Problem 6 (Core: E&M-ECE3065) Code Number:

Problam 2

Cansider two lossless, non-magnetic, dielectric media as shown in the figure below. The interface
between the two media is on the x-y piane at 2=0. A uniform plane wave fraveling in medium 113
incident normally at the interface. The electric field of the incident wave s given as:

E*(z,f) =10Cos(wt - ), (g}
This wave generates a reflected wave in medium 1 and a transmitted wave in medium 2, as
shown In the figure below. The refative permittivity of medium 1 and 2 are ¢,=4 and ,=9.
respectively.

________ iWﬁife} -:f.'::”: i

RtV g TR

a) Calculate the frequency of the wave.

b} Calculate the minimum distance from the interface at which the fotal magnitude of eleclric
field in Medium 1 is 8 maximum.

¢} Calculate the standing wave ratio of the wave in medium 1.

d)y Calculate the electric field of the transmitted wave in medium 2 at 2 distance of 2=1m
from the interface and af fime 1=13.33ns.

8} Calculate the average power density of the transmitted wave in medium 2.
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Problem 7 (Core. EDA-ECE204(]) Code Number:

2040 Prelim Question: -
Answers mgist be wntten on the hne to receive any credit.
sV ' , - sy
, {Va-2.5)/ 500
: IOOkQ . Vb ike
- TuF '
V. _—‘ }'——‘ . — vn’m
mn . —————————r \I’.a - : - .
' : _ Vb /3508 =
100ke2 10k [ InF
: GND
GND GND

The following questions relate to the DC operation of this circuit. Assume we apply adc
input (Vin} vo]tage of 3.7V.

DC voltage at Va =2.5V !Cag has no effect) DC voltage at Vb= 0V ( KCL =t V_B)
DC voltag-: at Vout = 3V (no I drop throueh 1kOhm rralsistbi'[ .
What condition does one use to cajeulate the dc parafnet_ers‘? Capacitors conduct no -

The following questions relate to the AC operation of this circuit. Assume we apply in
input signal, Vin = (10mV) sin wt, where w is the input frequency of the signal. -

What is the gain between Va and Vb? = 1/(1 + (508 /10kQ)) = 0,995 ( KCL at Vb)

" Plot the frequency response of the circuit, 'namely log] Vout(jw) / Vin(jw) | versus
- . log(frequency). . Identify appropnate breakpoints and other key aspccts in the graph.

 log (Vout/Vin)
20 log [Am| |
,—"QDQBA‘{{:_ : | _ : 1l r—ﬂodB/u'.gf_ |

5 ; ' log (frequency)

What are the tWD %?omer frequencies for??hls circuit? -

1/(2x 50k 1uF) =3.18 Hz and 1/(2:1: 11(52 1vE)= 139 kHz
What is the midband gam for this circuit? -{ ko / IOkQ! = —O

11




Problem 8 (Core: EDA-ECE3050) Code Number:

3050 Prelim Question:

Assume the BJT devices ,h-a\%e a “Beta” that is infinite, that ' Ve (collect
Is = 1pA, and that the collector and emitter dopings are Ve (cotlector)
identical (you might idenfify this device similar to a _

subthreshold MOSFET with “kappa™ =1). Vb (base)

- GND
Write the (largé-signal) expression for the collector current (Ic) versus Vb and Ve

Io = Isexp( Vb/UT) (1-exp(-Vo/UT)) (ohmic region)
Ic = _Isexp( Vb/UT) (1+ (Ye/VA))} (forward-active region)
"UT = kTF/q ~25mV at foom temperature VA = Early voltage

Plot log Ic versus Vb, and log ¢ versus Vc. Identlfy key breakpoints on graph.
o ohmis

og(le) :  loglle) For word
S L : : o-ctive

log (5 e

What is the slope of the curve (log I versus Vb) at 1pA? 1 /UT=40 v

‘What is the slope of the curve (I versus Vb) a1 luA? 1A/ UT=40pAV

. What voliage for V¢ defines the boundary between
the ohmic and forward active region? 4UT=100mY

YVour Assume the transistors are identical.

Tou . .
. What is the gain (Iout/lin} for
| ' N : this circuit when fin = 1pA? = 1
GND —r— Ink ‘GND . How 16w can Vout decrease and the corresponding -
GND : tramsistor act like a -

voltage-controlled current source? 4UT = 100mV

For a small signal input riding on a de current of 14A, .
what is the low-pass corner fraquency of this circuit? 1 uA (2% InF un = 6.37kHz

12 .




Problem 9 (Core: Power-ECE3070) Code Number:
An electromechanical actuator with a single coil and an air gap has a A-i relationship
given by,

1.2{"2
g

where 4 is the flux linkages of the coil, i is the current in the coil, and g is the air gap
length. Assume that there is a dc current in the coil of 2 A,

A=

If the air gap lengthis 10 cm ...
(a) Determine the energy stored in the magnetic field.
(b) Determine the force acting on the air gap.

Solution
(a) The energy stored in the magnetic field is given by,

122 1277 122

l - =177
2 g 2 g

——/11
2

(b) The force on the air gap is given by,

dw, 1d(A) 1.dA

._.l._.

dg 2 dg 2 dg

1.d(12i") 1 12/") 1 1.2(2)"?
=Y~ =32 -3

2 dg\ g 2 g’ 2

F =

=—-170N
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Problem 10 (Core: Power-ECE3070) Code Number:

The per phase synchronous reactance of a three-phase, Y-connected, 60 Hz, 4-pole,
synchronous generator is 10 ohms. When a certain load is connected to the generator
terminals, it supplies 2.5 MVA (total three phase) at 60 Hz, at a leading power factor of
0.8 and a terminal voltage of 6.6 kV (L-L), to the load. Neglect armature resistance,
magnetic saturation, and all mechanical losses. For the above load condition:

a} Find the speed of the generator.

b) Calculate the mechanical torque supplied by the turbine which drives this generator.

—~ ~

¢) Draw the phasor diagram showing Vt , Eaf, Ia and szIa . Recall that

i~ —~

Vi=E; —JX,I,. Use V, as the reference phasor. Calculate the magnitude
(expressed as a L-N value} of the excitation voltage (or induced voltage) Ear.

d) The load is now removed from the generator terminals and the field current and
speed of the generator remain unchanged. Find the new value of the terminal voltage
expressed as a Line-to-Neutral (L-N) value.

SOLUTION

(a) The output frequency of a synchronous generator is proportional to the speed. Fora 4
pole 60 Hz machine, the speed is 1800 rpm.

(b) The mechanical speed is 188.5 rad/sec. With no losses the input shaft power is (2.5 x
0.8)MW |
Thus torque is (2500 x 0.80)/188.5= 10.6 k Nm

(c) Phasor diagram:

Eaf

. (ﬂ (Bg

Per phase terminal voltage V= (6.6 x 1000)/1.732 =3811 volts
Armature current per phase I, = (2500 x 1000)/ (1.736 x 6600) =218.7 A

14




i~

E.; =3811 +3218.7(0.8 +]0 6)(10) = 3050 at an angle of 35 degrees. So the magnitude
of this voltage is 3050 volts.

(d) The new value of the terminal voltage will be 3050 volts per phase.

15




Problem 11 (Core: Microsystems-ECE3040) Code Number:

Laser Light

*=0 Komryo0
A semni-infinite (with limits at x=0 and x=infinity) stab of siicon semisonducior (energy
bandgap = 1.1 &V, intrinsic concentration = lel0 cm-3, and donor doped to 6e17 cm-3,
minority carrier Lifetime = le-3 seconds, and minority carrier mobility = 500 om2iVsee)
15 iuminated by a high photon energy laser {each photon having 4 ¢V of energy) such
that most all of the light is absorbed in 4 thin layer near the surface approximated as a two
dimensional sheet. If the continuous, time independent light results in a steady state hole
concentration at the illuminated surface (Le. at x=() of tel2 cmn-3, solve the minority

carrier diffusion equation (showing your work) to result in an equation deseribing the
hole concentration at al pnsitié) 15 X,

4 . koo E:} wian f
'}hdf“}%\f C’of(”f‘ré’t' ‘j' Wh 'w A CHR,

2
"Mﬁ_ﬂ@ﬁzﬂf ff—

For X» o0 + (Ul i:jA,ﬂc

6:5*\6_‘1"5{( gdf[wﬁ:gv\ X ﬁf /X) - /{7) e Je%’;, . 5@*#%,,,
N i
B (S0 (x=0)= 0% enr
fourd?l Ap (i=a0) =0 ==> 83;;7 i ]
Ag) CK) -w:éé? “ﬂﬂ)é’-" 4 € ay
Lpt = VE2p Dp- KL My = Eingiela

_ i = {'{E‘l‘aﬁan;}éff
=} 1295 (15D

00353 {520 )
= &, 0113 gom = |1} A5

1
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Problem 12 (Core: Microsystems-ECE3080) Code-Number:
SOLUTION:

(a) Yes, equilibrium conditions prevail inside the semiconductor, because the Fermi
level inside the semiconductor is position independent.

1
(b) From the graph, we obtain ¢, = l[Ez btk — EF]= —[0.30 eV]= 03V
q- " q

1 1
(c) Again, from the graph, we obtain ¢, = —[E itk — £t surface ]: —[0.30 eV]= 03V
gt ’ q

(d) Again, from the graph, we obtain with
E EF,semi = “q VG

Fometal —

1
VG = E[EF,semi - EF,meral]: 0.6V

(e) Based on the delta-depletion approximation, we have

K. x fqu
V — + S™e A
o= ¥s K, VK, 2

Using the known Fermi potential, we can calculate the doping concentration NA

N,=mn, Cosn B AT _ n, ' =1.0710" em™
vielding the oxide thickness
VG‘ — ¢S

x,=—3% 5 __—0.1lum
Ka KSEO 5

0 C A
N

---------------------------

¢ low-frequency ‘
: x in depletion region !

ooooooooooooooooooooooooo
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Problem 13 (Core: DSP-ECE2025) Code Number:

POSSIBLE QUESTIONS and CLARIFICATIONS:

1. The areas of the impalses age written with 2 factor of 2 1o call attention (o the fact that the FT of a
camplex exponential, ¢/™  is 27 times an impulse located af o = g, L.e., 2ad{e — wo).

. The symbol e is for radian frequency in radfs, but note that the sampling frequency is given in hertz.
. The system choices can be used more than once,
. The answer for each part is unigue.

. There are 110 spectium compozents outside of the region [ —3m, 57 Jradfs.

oy G e L Bl

. The nmbers are correct—some ire quile close o one another {o provide confusion.

PROBLEM SOLUTION:
For the first two parts, we map the continuons-lime frequency & to the disereto-time frequency & via

é}=3+2m€3 where £ =0,41,+2, ...

fs
; . ‘ s . . ey S
{a} For f; = 6 Hz there is no alissing because f; i more than the Nyguisi rate, o e 2.5Hz. Thus
the discrete-lime frequencies we
@ W ) )
=== = {0, %xf6. /2, £5x/6}
VA
Tha complex amplitudes for the spectrum of x [ir] are the impulse areas divided by 2.
E
_1 i i _1
1 3 Ef 1
I I I
I 3 — ; =
27 in Ly 0 g d Lo &

{b) For f; = 4 Hz there will be aliasing because f; Is less than the Nyquist rate of 2.5 Hz. The discrete-fime

frequencies are

4] .
6=222 o {0, dape. 23074, 25774}

S 4
bt when aliasing is taken info account, the frequency & = 5 /4 aliases to & = —3z/4. Thus, the spectrom
of x{n] contains the following frequencies: {0, £ /4, £3m/4}. The complex amplitudes for the spectrum
of x{n] are the tmpulse areas divided by 2z, but the complex amplitude for & = 3x/4 comes fromow = —3x

amtwr = 5. Thus, we must add the compler amplitudes for @ = —3x andw = 5=,
2 2 -
C5F+F)_ 2
2z 15
k.
2 H 1 2

|

)

i

| —
|

-

: B

st
&7

——IH

2ol fe—
B
|
3
S
{
4
B
P
£
i
H
i
H
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PROBLEM SOLUTION:

The approach to solving the matching problem will be fo treal the two sampling frequencies 44 separate
cases, and generate the oulputs For a1l seven systemns. Then, from those fourteen results for ¥(r}, the matched
answers can be picked.

For f; = &6Hz we can use the spectrum of x[n] fo write the cuiput of the C-to-D converter a8 2 sum of
sinsoids

x[n] = w + 2cos{znf6) — -_i—cos(l%xn,fﬁ_) + %mx(ﬁm,fﬁ)
and we pote that the spectrunt of xfr] contains the following frequencies: {0, £x/6, £n/2, 57/6}. Thus

we nead to evaluate the frequency responses of the digital filters at these frequencies, and we summarize the
resuits in @ table:

=0 |d=wi6lOo=r/2|©=35n/6] y[u]
1 0 1 i i 2cos{mn 6} — % cos(3mn/6) + % cos(Smu/6)
2. 1 g6 | gl | = JI0AE | Detay by two, so vjr] = x]n —2]
3. 1 g i3ie | pmi3ni2 | HSEE | Datay by three, so v[a] = x[r — 3]
4, ] 0 s 0 —& cos{3an/6)
5 1 1 ¢ & 7+ 2cos{zn/6)
6 i g} g2 | mISEE | Delay by one for the four fregs., s y[n] = x[z — 1}
7. ¢ 0 ¢ i 2 cos(Smn/6)
xfa} w 2 ~2/3 2/5 + sinusoidal smplitudes

The mapping from # back oz isa = [fo)r = 647 and the mapping from & back ow s = (fr)d = 64.
1n acktition, a delay of one sample in the discrate-time systen is equivalent to & delay of 1/f; for y{r), ie.,
v} =xl{r — é_}, Now we can make a 1able with aH the ontpuss:

1. | 2cos(ze)— 2 cbs(Sm} + Zcos(Sme) = x(t) — =
2. | Delay by two, sa y{£) = x{t —2/6) = y{t — %

3. | Delay by three, so y(1) = x(r — 3/6) = y{t — 1)
4. | —F cos(3a1)

5. | @ + 2cos(xwt)

6. | Delay by one, so y(r) = x(t — 1}

7. % cos{37¢)

Thus, patt (o) is System #1 and part {e} is System #2.
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PROBLEM SOLUTION:
For f; = 4Hz we again use the spectrum of xfs] to wiite the output of the C-to-D converter as 2 swm of
sinusoids i
xjp] = ® + 2ecos{mn/4) — 3 cos{3ma/4)
Recall that the spectrum of x[] contsins only the following frequencies: {0, to/4, :f:B-rr /4 }. Thus we need

0 evaluate the frequency responses of the digital filters af these frequencies, and we simmarize the resulls in
a table:

G=0|oH=ald|d=>723%/4] v}
i 0 1 1 2eostan/d)-- 1—‘45— cos{3wnf4)
2, ! /4 | i8R | Dalay by two, 50 ¥jn] = x[n —2]
3 1 g8 | %4 | Delay by thiee, so v[r] = xfr — 3}
4, 0 0 g ¢
5 1 v 0 "
& 1 g% | g3 Dalay by one for the theee fregs., so yir] = xfn — 1]
T 0 0 I - cos(3mn/4)
xin} 4 2 —4/413 + strmgoidal amplitndes

The mapping from n back tos isn = { £}t = 47, and the mapping from & back towisw = (f5}@ = 4.
1n wddition, a delay of one sample in the discrete-time system is equivalent 1© & delay of 1/ £y for ¥, Le.,
31} = x{r — £). Now we can make a table with 4} the omiputs:

1. | 2costne) — £ cos(3ae)

Delay by one, s0 p{t) =x(f — é

2. | Delay by two, 50 () = x{t =2/ =x(r — 4y
3, | Delay by three, so ¥(r) = x{t — %)

4, | 0

S (=

6.

1

3
— 15 cos{3xt)

Thus, part (d) is System 4 and pat () is System #7.
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Problem 14 (Core: DSP-ECE3075) Code Number:_

(a) Find the marginal densities of X and Y. ‘

/Mrjm/» Jg‘dam th G G amase i Kondom meéf@f
Jéﬁvi)ﬁfﬁéﬁaémmm e x o T 90" 1

£ 1= 2,_.7
XN 9) J0(3,4) i b 8

(b} Find the correlation coefficient, g, beMX and Y. ’
T T T
7 7, Gy

& J..

{c} Find the probability that —1 < X < 1. Express this in terros of $(e), the cnmulative
distribution fanction of & zero mean, wnit variance Gaussian random variable. A table

ot ;ﬁmg(‘fﬁ-x‘f /)
" 3(3)-#3)
= = 230)-4

] .
Bot e Hble onhy Linds He s o 1o ryif
O. Fly)e S+13 2 43— gl 20
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Problem 15 (Core: S&C-ECE3085) Code
Number:

Systems and Controls Preliminary Solution
Spring 2008

Consider a ity feedback system m the figure.

R(sY, E(S)— 20 Yis)
G’; Hit) = ceeereeeee———— e

where G.{s) represents the compensator. The specifications on the closed loop system are to have zero steady-state
error for a set point command and no more than 30% steady-state exror for sinusoidal inputs up to 10 Hz, where a set
point command can be considered ag a steg input.

a) Skeich the frequency response of the closed loop system that satisfies these condifions. Use linear seales.
b) Sketch the Bode plot of the open loop system without the compensator.
¢) Select a simple compensator that will satisfy these condttions.

a) The desired closed loop frequency response is a lowpass filter with bandwidth 10Hz.

.
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€} AP controlleris needed. A simple one would cancel the pole closest to the angin, so G (s)= KD .
5

———— and the closed loop system 15
s(s+10)

With this control, the open loop systemis G {s)G(s) =

K20

G ()=
1 10s+ K20

Let oy, =10(2r)rad/sec.
o, =+K30 = 201> K = 20n% =197
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Problem 16 (Core: S&C-ECE3085) Code Number:

Solution
a
We have
Yis) = Cu(sV(s) +Cu)U(E)
= Gafs)Vis) - Ca(S)C(Y(s)
(1 4+ Cplsi(s3¥ () = Ga{a)Vi(s)
- _ Gals) ;
Y = 5@ @
a1kl hence _—
s} = —=2l8)

! 1+ Cals)Cs)
I

We note that Oy and £ are P-regulators, while Oy and € are Plregulators.

In the Pl-case, we get

dis+2)
52435+ 24 8HKp
with rocts to the characteristic squation giver by

s = —1L5 = 1/0.25 — BK p.

Vis) = Vs,

And hence the system is asymptotically stable for all p = 0.
The fingl value theorem gives that

. N e E s 2) _ 4
Jm G = i s Ry~ TT AR
In other words, the disturbance is not perfectly suppressed. Bus, a higher galn gives a smaller steady
atate value.
In the Plcase, we get
ds{s +2)

AT —
¥ia) = 8543524 (248K p)s+ BKr

Vis).

Routh’s criterinm gives

1 24+ 8Kp
3 8Ky

| (24K - 6 — BR}1}/3 It]

‘ 8[{; 0

Henee we see that the stability condition is that Ky > 0 snd 24K p 6 - 8K > 0, whieh is satisfied by
Cy buk not by Cy.

If the systern is stable, the final value theorem gives

1 ds(s+2
Jm w(t} = Hm — s(s+2)

0§ 83 4 332 2+ Sff_p)ﬁ + 8 =0

We ean thus draw the conelusion that

Step Response 3

gy -  Step Response 1
% —  Step Response 2
Cy ~— Step Response 4




Problem 17 (Specialized: Comp Science-CS3210) Code Number:
Consider a virtual memory system for a 64-bit processor with a 40 bit virtual address
space and a 1 GByte real address space with 16 Kbyte pages and a 16 entry fully
associative TLB.

a) Provide a definition of the working set of a program.
The working set of a process in an interval is the set of pages referenced by the process in
that interval.
b) With a 64-bit page table entry, what is the size in bytes of the flat page table?
512Mbytes = 2% entries * 2° bytes/entry
c) What is the function of the TLB and what is the difference between a TLB miss
and a page fault.
The TLB is a cache of page table entries for translating virtual addresses to physical

addresses. A TLB miss simply means that a page table entry is not in the TLB. A page
fault on the other hand occurs when the requested page is not in memory.
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d) With the preceding memory system we have four processes operating in a time
shared manner and requesting physical memory in units of 64 pages. The current
allocation in Mbytes and the maximum amount that can be requested by each
process is shown in the table below. Deadlock occurs when processes block
indefinitely waiting for sufficient memory to become available to complete

execution.
Process Allocated Maximum
A 192 512
B 320 384
C 128 192
D 128 384

Define an algorithm for memory allocation that will avoid deadlock while having
processes continue executing in a time-shared manner, if the sequence of memory
requests permits. Using your algorithm, if C makes a request for 64 Mbytes can it be
allocated?

Solution:
This is one of several possible solutions.

The criterion for deadlock freedom is that at least one process can request and be
allocated enough memory for completion. When this process completes and de-allocates
memory, another process will be able to complete and so on where all processes can
complete execution. The following algorithm checks for deadlock freedom where Max; is
the maximum request process i can make in the future (Allocated — Maximum)

Deadlock-free ().

1. Set free to be the total available space in Mbytes (assuming this request is granted)

2. If there exists a process for which Max; <= free, free = free + Allocated; and the pro-
cess is marked as safe. Repeat this step until no more safe processes are found.

3. If all processes are safe then, commit the allocation and return true, else return false.

Based on this allocation, C’s request can be granted.
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Problem 18 (Specialized: Software Sys- ECE3035) Code Number:

Solution to Prelim Question: Computer Science Specialized Area (Blough)

Using C-like psendo-code, write a routine insert(x, head) that inserts an tureger into a singly-
Linked list in sorted order {from least to preatest), where head is a poinesr to the first item on
the st (or NULL if the list is empty). Make sure to include code to allorate memory for a
new item when inserting. Assume that the list contains no duplicate valuves, i.¢. if x ia already
m the hist, then the insert routine should not insert anything.

struct node {
inf o i
struet node ® next;

¥

struct node * 1nsert {int x, struct node * head)

{

struct node ¥ temp, last;

ternp=last=head;
if (head = NULL} head = insertnode(x, head);
else {
while {temp = NULL) {
if ({temp->num > x} AND (last->mum < x}) last = insertnode(x, last);
last = temp;
temp = temp-~next;

if flast->num < x) last = insertnode(x, lasty

return head;

}

stroet node * ingsertnode (int X, struet node ¥ here)

{

struct node * temp;

temp = (struet node *) malloe(sizeof{struct node));
temp-nwn = X; .
temp-~next = NULL;
if there =NULL} {

temp->next = here->next;

here->next = temyp;

else here = temp;
. return here;
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Problem 19 (Specialized: Telecom-ECE3076) Code Number:

Solution:

What four items of information are needed by a host before it can operate normally on the
network:

1. Assigned TP address

2. _Network mask

3. Gateway router IP address
4. DNSserverIP

If these are not configured manually, what protocol can be used to get them over the
network?

5. DHCP

Before sending an IP datagram, what protocol is used to find the right Ethernet address?
6. ARP

What Ethernet address is used for a host not on the local network?

7. Gateway router address

If a host knows its own IP address, what does it need to calculate its Network IP and
Broadcast IP? -

8. Network mask

How does (9) CIDR and (10) NAT lead to much more efficient use of the available IP
address space?

9. CIDR allows the assigned network TP-address range to be tailored to
fit the need.
10. NAT allows use of a single external address for private networks.
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Problem 20 (Specialized: Opties — ECE 4500) Code Number:

Waves
For a wave with free space wavelength 1500nm and propagating in a material with index

of refraction as.shown

a) Calculate the wave parameters v, A, and k of a wave propagating in the medium

b) Determine the phase and group velocities at 1550nm
c¢) Sketch the group velocity vs wavelength over the range of data shown
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Problem 21 (Specialized: Optics-ECE4501) Code Number:

Longitudinal Modes of Quanturi Well Laser

Laser
B gpeer = G
A= 1850nm £ 3rn = 1547 wm to 1803nm
Ff=e¢fd —  fmim= 193.0409THz  fonae = 1937306 TH
| Afgine = 0.748TTHz
Resonant cavity
L =250 um
n=3.2771
TLongitudinal mode spacing of cavity

Af =

c

= 2962 GH 2
anl 18

Number of longitudinal modes at minimum and maximum of frequency range

Tmin/A F = 1055.087 nm
Fmaa /A F = 1069.179 nwn

Frecuendies of the cavity
f=NAS
and so
N Ff(THz) Almn)
1056 193.2079 1351.657
i 1057 193.3008 1551180
! 1068 1935738 1548724
10590 193.7568 1547.262

are the wodes within the lasing range.
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Problem 22 (Specialized: Microsystems-ECE4451 Code Number:

Solution
Carrier density statistics

a) Accurately plot the carrier density vs. inverse temperature for a GaAs (Ne=4.7x10" em?,
Nv=9x10"® cm™) sample with a donor concentration of 10"cm™ and activation energy of

25 meV.

b) Identify the three primary regions of carrier density and explain the various regions of

(140"%) w0

101017

1e10'¢

0 eg

behavior.

We know GaAs E, = 1.424 eV. Also the intrinsic carrier density is given by: =N, exp(

Intrinsic

Slope=-3.6

1

X

(1000)
T,
1

10
10

—£, ) so the behavior in

E
2k, T

the intrinsic region is described by a straight line with a slope given by -Eg/(2kg) (this slope is apparent on a natural
log plot, the plot above is Log base 10 so a constant factor must be applied =Log(e). At very high temperatures the
material is intrinsic. Very high is defined as when the carrier density is larger than the dopant density. Try T=1000.
Then Mi=Sqri(9*4.7)x10"® exp(-8.3) = 6.5x10™ x 0.248x10°°= 1.6x10"cm™ =y and x=1 is one point and the line has a
slope given by -Eg/(2k) or the slope is -8.3x10° or -8.3xLog(e) =-8.3x.434= 3.6 for an x-axis units of 1000/T. Or you

can simply calculate another point.

The extrinsic region is dominated by the ionization of the dopants and is described by a constant carrier density of

10" em™
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The carrier freeze-out region occurs when the temperature (kT) is less than the activation energy ie. when
kT<Eac:ivation
For Ea=10meV, the transition temp is near 300K(10meV/25.9meV)=115K or 1000/TT=8.7

This is seen directly in the expression for carrier density N, f NN, exp[_AED ]
"= ]
1+ 80 o BB ) Vg0 26T
N, kT

The slope can be found in the same way as before and is 10meV/1.424=0.007 times 3.6
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Problem 23 (Specialized: Bio Eng-ECE4781 Code Number:
A.(2 pts) Why do Action Potentials normally travel along a human axon in only one
direction? '

The Absolute Refractory Period makes the axon nonresponsive for a short period of time
after each Action Potential firing. Hence the Action Potential cannot travel along the
- axon backwards.

B.(3 pts) What would happen to an Action Potential if the extracellular
concentration of Potassium becomes 20% higher than normal?

A higher concentration of K+ outside the cell would reduce the K+ concentration
gradient that pulls K+ ions out of the cell at the end of the Action Potential; therefore, a
smaller number of K+ ions would leave the cell. The higher extracellular K+
concentration would also increase the electrical gradient that opposes the transport of K+
to the outside. The affect on Sodium transport would be more complicated. The imitial
electrical gradient pushing Na+ into the cell would be larger than normal; therefore the
initial positive slope of the Action Potential curve would increase and the amount of Na+
entering the cell would also increase.

C.(2 pts) What would happen to the resting potential of the above neuron if the
_temperature is increased by a factor of 2 times the normal temperature?

The Nernst Equation claims that the Resting Membrane Potential would also double.

D.(3 pts) How is the Nerve Conduction Velocity measured for diagnoses of Carpal
Tunnel Syndrome? '

The nerve going to the hand is electrically stimulated and muscle potentials in the hand

are measured to determine the delay caused by calcification of the foramen in the wrist.
All of the above answers could be more quantitative.
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Problem 24 (Specialized: Bio Eng-ECE4781) Code Number:

Pacallel  Conductonce ode|
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Problem 25 (Specialized: BioEng — ECE 4782) Code Number:

A. (4 points) Draw a box diagram of a model showing the large muscle groups (e.g.
back muscles, arm muscles, etc) and sensory modalities {(e.g. tactile cells on fingers,
muscle spindle cells in back, etc) required for a healthy adult to lean over from a
chair to tie a shoe. '

The CNS box receives important sensory inputs from the retina, GTO’s, muscle spindle
cells, tactile cells on fingers and tactile cells on the butt. And don’t forget that the
cerebellum is involved with coordinated movements. The CNS controls the motor
neurons which innervate skeletal muscle groups which then produces different “body
mechanics,” 1.e. a separate box between each muscle group and the resulting motion. The
important skeletal muscle groups are in the arms, hands, fingers, back and legs.

B. (3 points) Assume that all of the boxes in your model are linear and time
invariant. Suggest experiments that would allow you to define the input-output
characteristics of each box.

For cach box, we would like to block all of the feedback paths that affect the box and

_control all of the inputs, e.g. providing a pulse stimulus to each box. The pulse input to
tactile cells could be a pulse of pressure on the skin. The pulse input to GTO’s and
spindle cells could be a pulse of deformation. The stimulus to a muscle group could be a
pulse of electrical current. The retina is way too complicated to characterize via a pulse
stimulus, and it is also very nonlinear.

C. (3 points) Explain how 3lfou would “cut” some of the feedback loops when
characterizing your model.

You could simply turn off the lights to block the retina feedback to the CNS. A topical
anesthetic could block each group of tactile cells. Blocking the GTO’s and muscle
spindle cells would be more difficult, requiring an injection of an anesthetic near the
ascending nerve fibers or physically cutting the nerve fibers.
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