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INSTRUCTIONS TO CANDIDATES

You should have the following for this examination:
Angwer booklet;
BOBINES microprocessor instruction set:
8051 microcontroller instriction set;
Non-programmable scientific calculator,
This paper consists of EIGHT questions in TWO sections; A and B,
Answer amy THREE questions from section A and any TWO questions from section B in the answer
bocklet provided,
All guestions carry equal marks,
Maximum marks for each part of a question are as indicated.
Candidates should answer the questions in English.

This paper consists of 11 printed pages.

Candidates should check the question paper to ascertain that all the
pages are printed as indicated and that no questions are missing,
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SECTION A: MICROPROCESS0OR SYSTEMS
Answer THREE questions from this section.
State two defining features of each of the following input/ostput (T/0) technigues:

(i},  memory mapped;
{11} L0 mapped. (4 muarks)

Table I shows part of a microprocessor instroction set.

Table 1
Instruction Th.-'[-t:m'ling
ADD A T AS— A4D
MUL D A axD
MUL A AE— AXA
MOV DA Pt—X
MOV A DATA | A - DATA
END Halt program

Use the given instructions to write an sssembly language program (0 perform each of
the following:

(i) y=x'+z’
{11} z— 8 (8 marks)

Write Intel B0E5 microprocesser assembly language program segments 1o perform each
of the following:

(i) 2780+ 3273
(i) = (11010011) NAND(11101100),
(i) (00O000110) > (1100) (B marks)

Describe each of the following microprocessor addressing modes, using an example in
gach case:

(i) immediate;
{ii)  stacks
(i) register indirect. (6 marks)

With aid of an example. distinguish between an opoode and an operand with respect
to & MICTOProcessor instruction. {3 marks)
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Write an assembly language program, vsing stack operations, to exchange data between
register pairs BC and DE.

{4 marks)

With aid of & Towchart, wite an assembly langage program to search for a byte
‘BTEY from a block of consecutive memory locations, which 15 256 byles long and
report the number of occurrences of the byte. The starting address of the memory block

15 2000H,

{7 marks)

Figure 1 shows a pin diagram of a microprocessor system device.

B
WA [
Bo [
07
1
25 [
DL [
D3 [
Vi ki
Bf O
00 O
Caso
CaASY 1
GND: L[]

T b
2 17 [ AD
3 16 T INTA
L 3 O IRT
5 24 [1IRG
6 23 O 1RsS
1 22 1R
8 LI IRS
3 20 MR
1@ 1 1R
17 18 [ IRG
12 1T O INT
13 16 1 SP/EN
14 151 cas2

(L} Identify the device.
(1) Explamthe puIposc of the device,
(i) For signals TNTA . INT, IR(-IRT:

L

11.
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State the function of cach:
List a device each signal wouald typically be connected [o1n & system.

L

(9 marks)
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¢ Figure 2 shows a block diagram of a printer connected via a parallel interface o o

nricroprocessor using two 8-bit ports. Port A address 15 40 H; port B address is 411 and
port  address is 42H.

Bus Port a) PAs Printer
c’ pu =~ ﬂ LOH '
G i L}
5 F'.m!r L
Memory -
PH'J’ '
Fort B PB:
[ ]
LiH "
-._FH“ ks DsTH
""_Pf;r
Part C &
i PES BUSY
L__Fﬂ-u. iy

Fig.2

With aid of a flowchart, write an assembly language program to transfer five ASCI
characters from the CPLU memory to.the printer. The characters are stored in

consecutive memory locations, stading from 4000H. {11 marks)

4. ()  State two Lests that can be camied ont on a microprocessor system using each of the
following equipment: '
il mulfimeter;
i)  oscilloscope;
{iii). logic analyser. {6 marks)
(b) (i} Chutline the checksum method of testing a microcompater random access
memory (ROM).
{n Explain the shortcoming of the method in (B){(i). {6 marks)
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Table 2 shows an 8085 assembly lanpuage program listing. Draw a trace table of the

pProgram execution,

Table 2

LX1 5P, FOOOH
LX1 H, 8040H
MVIA 35H
ADI 18H
MOV M. A
ADD M

LX1 B, 8050H
STAX B
NRA A

INX B

STAX B
ADDE
MOV C A
HLT

(% marks)

With aid of a diagram, explain the nsesof in-circuit emulator (ICE) in developmicnt

of a microprocestor-hased system.

{6 marks)

Explain the activities in each of'the following microprocessor-system development

stages:

{i) schematic capiure;

(i1}  simulation and oming verification;
(i)  components libraries and packages;
{iv)  printed circuit board (PCB) lavout. (8 marks)

Diescribe typical features of each of the following types of operating systems:

i) real time;
(i1} network;
{iii}  batch.
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SECTION B: MICROCONTROLLER TECHNOLOGY
Answer TWO questions from this section.

State three advantages of programmable logic controllers (PLCs) over relays in
mdustrial control. (3 Tiarks)

Draw circait diagrams for each of the following PLC interfaces:

i) apto-1solator mput;

(11}  darlington putpui;

(i)  TRIAC output. (6 marks)

Figure 5 shows a ladder diagram for controlling a drilling machine wsing a PLC,

X0 X000 Y403

- ,|Et J H {. )— Dritt retatron
pera tion grart
BUK oy Step button
| ?iJltII
Self held
App2 1903 X003 YO
i 1 T ‘l’ﬂﬂl}_ oridl fajl
Fall srary Oritl retation Fallend Inferieck
butten in pragrers  limit swilch
't'(itl'| 72}
LelF hald
X003 1o
—iE = )-—
Fall end I{mitswitch Kah
TDI_ X004 Yoo ¥YoQo
14
_L : 'FT H Orill #ize
£|:|: god Interlock
Yooo Timit Ewilch
_H_
Eglf held
= EHD

Fig.3
(1) Write dowil the program listing for the control.

§TY) [dentify two physical contacts for each for the following:

I. Inputs;

I- outptls. {11 marks)
26027302 L
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Drctine each of the following with respect to process control:

(i} runsient response;
()  offset
(fii) measured variable. (3 marks)

(i State two ments of hydraolic actuators.
{in)  Figore 4 shows a disgram of a hydraulic gear motor. Describe its'operation,
(5 marks)

Figid

A spring-loaded spring-acting cﬁjnder has a diameter of 4 cm and a siroke of
3 cm. The return Spring has a spring constant of & kg/cm. The available pressure is
2% 10°N/m* . Determine the:

(L] piston surface area;
() torce on the piston;
(i} force from the cylinder. (B marks)

Explain the Ziegler-Nichols closed-loop method of tuning a PID controller.

(4 marks)
With aid of a diagram, describe each of the following robot-arm motions:
1) VAW,
{11} ikl
{iii}  pitch. (6 mirks)
2602/302 o Turn over
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Describe each-of the following elements of a robotic system:

(i}  actuator;
{11} SETISOT,
{1 drive, {6 marks}
Table 3(a) shows the commands of a robot programming language while lable Jib)is

a program o control the movement of the robot. Sketch a trace of the robot path under
the program control, indicating the distanees. (8 marks)

Table 3(a)

No. | Command
Open
Close
Move (x, y)

Description

Opens the Robot Gripper Jaws

Closes the Robot Gripper Jaws

Robot moves x-metres eastwards, v-meters northwards
Node:

=KX= move westwards

-y=move southwards

End of program

Robot stops moving

Robot starts to move

e e

4. | End
Stop
6. | Sttt

e

Table 3ib)

= Open

o Close

) Start

= Move (300}
= Stop

*  Start

= Move (0,-15
= Swop

*  Start

*  Move (-23,-10)
= Stop

= Siart

*  Move (B, -6)
= Stop

=  Open

* End
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Appendix A: Instruction Set of 8051 Microcontroiler

Mnemonics, Arranged Alphabetically

[ MNEMONIC DESCRIBTION BYTES | CYCLES | FLAGE
ACALL  addrt] PQw 3w MP) addrll —= B0 = Z
A00 o diensl A+ el e A 2 ¥ C oY AC
AL A, SR A+ TR A I 1 oo oAz
ARG 2, Edstn A+ Rriein A z 1 Coaw AT
ADD A, B AFHn—n | i T Ow AG
ADDE A diregt Ao fdieect] & O i, 2 | C OV AL
ADDT A BRI A4 (Al Tk 1 I oo A
ADDE & Kosta ArRiab+ T — A z 1 ooV AC
SO A RN AEsBnrC -k 1 1 T oW AC
AIMFE AT ATt 1 - P z - |
AML A, dipot A AND {dineg) = A 2 1
AL AL @RI ADND R} = A 1 1
AML R, mists ABND ¥iiota -+ & 2 1
ARE A Rn A AT B e 4 1 !
AHLsirpcd, A (deact) AN A - pheec a T
AN itivect, kelnls Adirech AN Fdala — fdirsct) 3 z
Al L, B CANCIbi— Z 2 i3
AHL C B CANDEL— 2 7 s
CME A dfirect mad TR == {gireciyl PC = 3% rf - PC 3 2 t:
CINE A, idaly el 1A o dotnl PO+ 3 v e 2 & 2 =

3 | GME @R adala rel BREF s> falak 80 # 3« .l PO 3 2 [
© | CANE Rn, fdats rar [Fin o= dats} PS8 T+ re o PO 3 t I

GiR & T e 1, i i
GLRE B 0 =s bk 7 1
CLR-C ew 1 1 (i
G A A f 1 i
P ba Dil - Bt i |
CRL T 1 I &
oA A | Al — Adec | 1 i

EDEG A A—-T-+A 1 ]
DEC dvoct et —1 = [cirast) 7 1 |
TG R (Rij—1 (P} 1 1
DEC mn Br—1 —.An 1 A
o &R W - A3 1 W oA
DUNE direct, mal [fofrecl) — 1 <= O] P +.3 4 ppl i po 3 2
Oz R, el (R —1 2= 0OF PC % 2 &l oy BE 2 2

L Avtaa | ;
IR et oirecy] v 1 - [dvaclh z 1
NG DPTA OFTR « 1 — BRETH 1 i
e R} = 1 — (Rl i 1
INE: Fn R+ 1—+Rn 1 i
JB B s [B=1): PC o+ 3+ pal — P 3 i
Lo T [EmiE Pl 3w rel o PO O —e i) 3 i
IO e C=iEPT v 2+ g — P 7 3
AP A+ DFTR OFTR & A P I 2
SNE B, e (EmC PG+ Tl s P E | i
JEE e SCm PO # 2= rad — b ks 2
AR i [P0 PO+ 2 4 rpl - PO z 2
1F [4=008 PC F 2 + mel oa PPE g 2 g
LCALL addmg P+ 3y [EB ) mixdk g L Pr i -] f

LI g { BB P 3 z
SEOAT B dicec (e} — & 4 1 |
MOY A SR (R} —a ¥ 1
MDY AL Bdate Rdats -0, 2 §
L N T 0 § i
MO einc, 8 Ao foanezl] 7 |
ML direc, dinecs {denct) e Jdvee) 5 | ]
M o, e A BT T E- X T z
MOV deriel, Bdata FORim - {ikrpc) ! 2
IO chepcd, A Fa s frlinncy) 2 i
e Coxim z . c
KD O, il Bl — z 1
MOy 5, A s i 1 E

| MOV IR, dreed | parch — i 2 2

i = I 2
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MHNHEMOMEIC OESCRIPTICH BYTES | CYCLES | FLAGS
MOV fn, scaln | #eet s RN &1 3 1 =
M A LA RO TR [ADPFTA] == & 1 7
MG A, e rEs Ry = A, . =
BTV A FOPTR IGFTR]Y = & K a
BECIVE A IR FHIP — A r 2
BTN BOETR, A A | BFET R ' 2
KB ERA, & # i r 2
ol PO 1 PO i 1
AL A Ay B — B 1 a 0 o
oARL A dirl AQR ginocsh - A 2 i i
QRL AR ACH (R e & | 1 |
CIRL AL aday AOR Edata = 2 i |
| o &, & A OF s A | e |
| ORL drnet, A [drect) OF A —s {dvact) 5 '
DRE firesl, ¥oota precth QA Fdaka — (ditect) ;i 2
GRL © b CORBE—C % : C
QR CORBIC 7 7 C
| PR gt [P}~ ddinaci) 3 | o
| PLESH ditect (el - [5F) 2 7
=ET [E21 =2 1 .
RETi (581 PELEL 1 7
AL A ElefT At A Al | |
RLC- A 1 G AT Al Al 1 | C
A Ty B ey Y l .
| ARG A CaAT =wali a0 : H C
SETA o1 1 -+ o 2 = .
AETR g 1 I |
S10eE ol PZ 8 3 e mla B0 7 2 I
SR A fhips A BT e 2 I PR o
ALEE A g | A {RT — A ( i i | =
GURE A Mlals ;M — Rolpln— . A > 7 1 | T O& AC
FUESE A B AP A X 1 i C 0N &
SWAF A Alps w5 A *Q‘O—’ i 1
MIGH A chrps 5 e fHiNECI] ) \s\v 3 1
XEH A, Rl A e [RY ) | .
| WGH A, Fin ©Ara i 2° | 3
| XCHD A S Aksn we (Hilisn 3 -
[ ®AL A drea A RTH pdiect] -+ A 2 ¢
ARL & @& & TR (RN A, 1 1
XEL A Rpat AXDE Pamn o A ¥ |
HEL A, Fn A AT R+ A, y 1
XEL- diract, A § (et KOR A - tveel) =0 R
MAL direcl. oAt | irecy) XOR #haln - (et 3 2
et L il -l
"
ACRONYMS
pefde] ¥ Page sddress of 11 Bk, width iy oo same 2k page 55 tha adoress ol e 4taaing metmucion
adde 16 Addiess (o any kesaben in Lhe $4K mEmEry apace
b Thit pedafreess ol o bk e e nleinpl FAM GH ofdress fme or 8 Bile an 65
2 The e g
Hglaky B BTl Binary mmibier Irom N0 20 FFL
Saalada A E-Bad hisary Aurser from 300 m FFFER.
direeq A indernal AN aoldimss o an BFR Byle addneas,
Ism) Lzt apmHheann paloim
TS Mot Sgnikssal tbdle.
i feanbarinal i acded o ine RoCradn ol Tha el attrecton o o e aeshesy o L2710 128 T e
addmss o dhir Nl Satneeion.
En fawy ol resiatnae R o AT of tho oemest segeaine hank
R Indire sedne s usng tha conbanis of F or 7Y

7 the pandion nsida Merack s & s, THEN S sclnn Ssiod wi) tocsr FLEE go ho the nool sz
£ fiREI0L: mannoy ek o
Coreqrin (7 e 3Ciann it igh Re oo el avtes,

[r
Ly

HEi badl g aBecler ea st el i e ane dhiowee ahere dpprhanle any
=en afect e R

CRarmonsg witch iec M SV alidressmay
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o0 HIp M |cx - H i 5B MOV O ai nRR ©
- ] kX1 0 E A lmE L |_ T SO DA B2 annD o
02 STAKE 0 |och L | =8 | ™MoV ER A% | apn E
1.5 I i 2L |wwy Lpeop 59 MON EC 4 ADD H
o T I T S 25 hoMa, y BAL | Moy B 65 | ADG L
i) OB A 3 |5 | &A MM EE 1) ADD M
R 5 s B [ Sﬂmag BE | M EH B ADD A
ar AL 37 |5TA Adr | LK} M E L L] apc M
oA = a2z X -GP 5E MO E M By ADC C
i) AN 1 H IHR M EF MO E B BHA ald: O
Qi LOAK R J5 O IDER. M Bl | MDY HE BE. | amg E
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