GxX2649

OLLSCOIL NA hEIREANN, GAILLIMH
THE NATIONAL UNIVERSITY OF IRELAND, GALWAY

AUTUMN EXAMINATIONS 1999

THIRD YEAR ELECTRONIC ENGINEERING EXAMINATION

COMPUTER SYSTEMS ENGINEERING I
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Duration of Examination: 3'hours

Instructions to candidates: Answer FIVE questions.
All questions carry equal marks.

1. (a) Explain what is meant by the terms “open-collector output” and “Tri-State output”. Describe two
application areas where gates with open-collector outputs are useful. What are the advantages and
disadvantages of such gates ? Describe one application where gates with Tri-State outputs are useful.

. [10 marks]

(b) For the circuit shown in Fig. 1 (overleaf), calculate the range in which the value of the pull-up
resistor Ry should fall. The following values may be used for the relevant electrical characteristics of
the logic gates: Iox = 220 pA, In =45 pA, Vougmin = 2.4 V, Vormey = 0.4 V, Ligmay = 16 mA, I = -
1.6 mA). You may assume that only one gate is “on” in the low output state.

: : [10 marks]

2. (@ Using Karnaugh mapping, find a minimal Sum of Products expression for the following function:

F(A,B,C,D,E)=ZXZ (5,7, 13, 15, 16, 20, 25, 27, 29, 31).
. : : [10 marks]

(b)  Design a one-out-of-four checker with four inputs, A, B,CandD, and a single output, ERR. The
output should be high if two or more inputs are high, and low if only one, or none, of the inputs is
high. .

‘ [10 marks]

3. Design a 3-bit Odd/Even Up-Counter, that will count in the sequence 1, 3, 5, 7, 1, 3 etc. if the value of a
MODE control input is high, and will count in the sequence 0, 2, 4, 6, 0, 2 etc. if this control input is low.
Represent the system using using an ASM chart, and implement the system using your own choice of D
or J-K flip-flops. Justify your choice of flip-flop type.

[20 marks]

[cont’d ...]
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Fig. 1. Open-collector configuration (Q. 1)

(a) Explain how single-precision floating point numbers are stored according to IEEE Standard 754.
Show how the following numbers would be stored according to this standard (single-precision):

@) 1001.001, x 25;
(i) -2113.625,,.
[10 marks]

(b) The source data word 1001 is to be transmitted using a Hy 4 Hamming code. Show how the check
bits are calculated before transmission. If data bit D, is changed from a 0 to a 1 during
transmission, show how the receiver carries out error detection and correction.

[10 marks]

An 8086-based PC is used in an alarm system to monitor the SO7 emissions from a chemical plant (see

Fig. 5). The SO detector outputs an analogue voltage which is proportional to the SO2 concentration. An

analogue to digital converter (ADC) converts this voltage (0 - 255 mV) into an 8-bit unsigned binary
number. A separate timing circuit provides a start convert pulse (SC) to the ADC at regular intervals,

and, on receipt of an end-of-conversion signal (EOC) from the ADC, enables the INTR input of the 8086.

The Interrupt Service Routine (ISR) for this interrupt (vector number 50) reads the 8-bit number from

Port A of the 8255, and, if the voltage is greater than or equal to 100 mV, sounds an alarm by outputting

a square wave (frequency 5 kHz and duty cycle 50%) continually on PCp. A human operator must then

intervene to manually reset the computer and attend to the alarm. Write an Assembly language program

and Interrupt Service Routine to accomplish this.

The following points should be noted:
(i) The ISR for the interrupt is stored at location 20000H in memory.
(ii) The control word required to configure the 8255 is 90H; the base address of the 8255 is 0300H.

[20 marks]

[cont’d ...]
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Fig. 5. Block diagram of SO, alarm system (Q.5).

6. An 8086-based PC equipped with an 8255 Programmable Peripheral Interface (PPI) is to be used to test
“the logical behaviour of 7400 TTL quad 2-input NAND gates on a production line. The configuration is

shown in Fig. 2. Write an Assembly language program which will logically test all four gates for all input

combinations. The program should print out a message (using INT 21H, function 9) indicating whether
the chip is functioning correctly or not.

Note the following:

(i  ForINT 21H, function 9, the offset of the address of the string to be printed on the screen must
be placed in DX. The function number is placed in AH.

(ii) The control word required to configure the 8255 PPI is 82H, and the base address is 0300H

(i) Your program should be adequately commented.

- _ , [20 marks]
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Fig. 6. Block diagram of TTL test configuration (Q.6)



A simple digital control system is to be implemented using an 8086-based embedded system that includes
an 8255 PPL The control system is required to monitor an externally-generated signal from a sensor, and
filter it using a first-order digital filter with the following difference equation:

y(n) = 0.5x(n) + 0.25y(n-1)

The input signal x(n) is available in binary form from an Analogue to Digital converter (ADC) connected
to Port A of the 8255, while the output of the low-pass filter should be sent to a Digital to Analogue
converter (DAC) connected to Port B. Timing is controlled by means of an external clock generation
circuit connected to Bit 0 of Port C; when a low-to-high transition is detected on this bit, the PC should
read in the input sample, process it using the digital filter, then send the filtered output to the DAC. It
should then return and repeat the procedure indefinitely (or until a human operator manually resets the
system).

The following points should be noted:

(i) The control word required to configure the 8255 is 91H; the base address of the 8255 is 0400H.
(i) You may assume that overflow will not occur during computational operations.

[20 marks]




" 8086 INSTRUCTIONS ST H 37

1. The aystem clock 18 20HHz =3 1 clock cycle = 50ns -

2. Por example 8(7) reyresenta four clocks for an 8-b;|.t operat:l.on and seven
clocks for a 16-bit operation. ;

3. Por- example 8/4 representa eight clock cycles if jump 418 taken and four
clock cycles is Jump 18 not taken . .

. B, You may assume an execution time of 10 clock cycles for any memory reference
ingtruction. i.e.. reg., o mem. or mem. to reg. (d;Lrect indexed, etc.)
Syntax Abbreviationsa
Abbreviation Mun!ng

-
accum One ol' tlxe accumulators: AX or AL M
Teg One of the byte or word registers B
| Byte: AL, AN BL, BY, CL, CH, DL, DR .
Word: AX, BX C'X DX Sl DI, BP, SspP "
segreg One of the segment registers: CS, DS, SS, ES
t/m One of the general operands: register, memory address,
_ indexed operand, based operand, based-indexed operand

immed 8: or 16-bit irnmediate value: constant or symbol

mem : One of thie meémary operands: label, vamble, symbiol

label .Insf.ruchon labiel

sre Scurce in string operations

dest Destination in string qperzﬁons
Syntax . Actxon . ' Clock Cycles
AAA ’ ASCI! adjust for addition : )
AAD  ASCHI adj just for division ‘ 60
AAM ASCI! adjust for mulﬁﬁﬁcation 83
AAS - AscCll édjixst for subtraction = )

- ADC aecym,immed Add immediate with carry to -1 S
. ~ accumulator -

ADC r/mimmed Add immediate with carry lo operand
ADC r/myreg ' 'Add_regxsbervmth carry to operand
ADC reg,r/m  Add operand with carry toregister | .

VTR AR " . Homed. to reg. = 4
ADD qccu_m,@mc{ Add immediate to accumulator reg. toreg. = 3
ADD r/m,immed Add immediate to operand ' — ' —
ADD r/myreg Add register to operand
ADD reg,r/m Add operand toregister. . | ©
A.ND aécum,x’mmgi Bitwise AND immediate mlh

' accumulator : .
AND r/m,lmmed Blb\xse AND immediate mlh operand .t
AND r/m,reg . : Bxh&ise A.ND ngxster with operand . g
AND reg,r/m . Bitwi ise AND openpd with register | ° E
® CALL label . . Call instruction at label 19(23)
* CALLt/m - Call instruction indirect
-CBW COnvefvl byte Lo word ‘
CLC . ¢ Clear carry flag . o ,'
CLD . Clear direction flag . .
CLI Clear interrupt flag '

# .Flags not affected. e



-~

X Plags not affected

Syntax -

CMO- L -,
- CMP accur,immed

T CME r/myinmed -,

CMP t/m,reg
CMP reg,r/m
CMI’S arcdest
CMPSB
C\fI'SW
*owp

.. DAA

DAS
liEC,r/m
DEC reg
DIV t/m

¥ ESC immed,r/m

N :#eeum, DX
INO o
INC reg
INT3

INT inmed
INTO
IRET

JA lebel ,
JAE label

B, label
J BE label
IC lakel
ICXZ tabet
JE label

3G label
JGE labdel.
‘-ll,v-“ldcl

JLE lebel
J_MP Tabel
IMP ofm
INA label
JINAE ladel .

INBElabel
) JNC ladel

© INElabel

ING! ldd
INGE (dbel.
INL ladel

.« JNLE labet

JNO label
INP label
“INS lsbel
JINT labed

JO label

JP labed

JPE label
JPO label  °

Action

Complewmcnt carry flag

Cormnpare linmediate with sccumulator
Compare linmediate with aperand
Compare register with operand

Compare aperand with register

Compare wmgs o
Campnr: ltrmgs by Q.e l’or byle
Ccmpnrc strings word for wurd
Converl word o doubleword
Decimal adjust for additicn
Decimal adjust for. ll_lb'll'l_cﬁo‘uj
Decrement operand. '
Deerement 18-bit register
Dividé dccumulatar br 5pennd

. Esnpe mlh G-Bul immediau and operand

Malg .-

lnlegcr duvpde nceumulatot by opernnd
. Integer. multiply ncumuhlor by opennd
“Input. from part (8-51(. immcdmle)

lmml fraw: part given by DX
lncremg _ opgnnd sl
Inerement 16-bit regnter

byte

Sofiware interrifts 0-255
lnLerrﬁ;:__L on averflow
Return fram interrupt
J‘ugrgip on abave

Juimp on‘ ibgve or equal

Jump on below
Jump on brlow ‘ar equal
Jump on carry -

" Jumip an CX zero

Jump on equal
Jimp-on “g_reatc(
Jump an greater of equal

. Jumpon less than

Jump on hss than or equal
Jump foi mslrucuon at libel
Juitip Lo instruction indirect”
Jump on nol above

. J\mip o0 nol above or equal

Jump on.aol below

“Jump on nol below or cqual ‘

Jump on no carry
Jump on nnt equal

*Jutnp en no(. greater

Jump on'not grester or equal

. Jump of not less than

ngp on not less than or equal

+ Jump on not overflaw

Jump on nat parity
Jurip ni not sign
Jump on niot 1ero
Jutnp on overflow

Jump on parity

Jump on parity even
"

Jump on parity odd

é.:

Saft l_v)g_;:_g interrupt 3.(encaded as one

Clock Cycles

2

immed. to reg., = §
reg. to reg. - 3

NWE s

»
-
w—
-
-

2 '

98 (128)

8 (12)

3
2
52 (72)

. 32 (44)

Jump is taken = §

Juxnp is not taken = 4

e
-

781338 not affected



Syntax
® IS labe
® 32 faid
LAHF
LDS r/m
LEA t/m
LES t/m
LOCK
LODS ¢re
LODSB -
LODSW .
* LOOP lidel
~ * LOOPE latdl
# LOOPNE label
# LOOPNZ label
* LOOPZ label
' MOV sceum,mem
MOV mem,gccum
* Mmov t/iyimmed
* MOV ¢/myreg
* MoV r/m,ugrcy
* MoV teg,imrmed
® MOV reg,r/m
* MOV segreg,t/m
* Movs destyare
* Movsa
* Movsw
MUL r/m
NEG r/m
* NoP

* NoT r/m
OR lcnm,tmmed
OR r/mimmed
OR r/miteg
OR regr/m
v OU‘I‘ nx,.mm
*
- POP t/m
' ,': POP+y
® POPacyrey -
/POPF-"
* PUSH r/m .
® PUSH e
® PUSH segrey .-
» PUSHI" .
. RCL.r/mCL
“ROR r/m,1
RCR r/m;CL
* REP
® REPE
"% REPNE
® REPNZ
# REPZ.
® RET [immed]
ROL r/m,1
ROL r/m,CL
ROR r/m,1
ROR r/m,CL

* Plags not affected

OUT mmd,unm i

. Push: laga
» Rohtt Teft U:tou;h u.rty by l bt

. Repeatif equal 5

Acticn Clock Cycles

Jump on sign ) 8/4
Jump on zero- 8/4
Load AH with flags . . B
Load operand into DS T
Loud eflective addreis of eperand .
Load operand ints ES
Lock bus' . LR 2
Load string i
Load byte from string inte AL
Load word lrom string into AX . XA
Laop . ' Y 04
Laop while equd . L 18 /.6 i
Loop while nat equal 1975
Loop whilenot tero: '19/5

. Loap while gero 18 /6-
Move memory to le:umuhl.ar 10 (14)
Move' ac:umnh(nr {a memory 10 (13)
Mave immtdute to-operand - : -
Move ngtsler to opennd |
Move ' gmeut segister Lo operand o ‘
Move immediate Lo register reg. to z'ieg. = 2
Mave operindta. re;mu immed. to r eg. = §
Move operand ta segment register | seg. to r 33 .= 2
Move mm; reg. to seg. = 2

Move string byte by byte
Mdve__ string word by lqg_d
Multiply iécmiiulalnr‘by'opeund s

Neglle opeund (2 's complement) reg. = 3
No openuon ' « 3
Invert opmnd bnl.s [(1's complement, reg - =3

Bm\ue OR unmeduu with accumulalor
Bitwise OR_u_nmeduLe with operand .
- Bitwise OR.. register with operand
Bi twise OR. opennd wilh register
Output u ;ou given by X . -8
Qutput to port (B:bit Immediate) ) ‘10
Pop T8hiL optnnd '

immed,. to

Pop l&bu Fegister from stack . . N -

Pop u;mtnl register ’ B 12

;P ush u-w. opmnd S
Push ls-blt" u‘xsur onloatagk
Pualuegmcnt lt;x:tg:

s
(€]

& o

GNEN ONNNNNGONON

r  through: eafry. 5: CL:
Rauk righl. thirough arty’ by 1'bit
Rotate right ﬁmmgh erry by CL
Repnl

" Repeatif not equal
Repeat if not iero

. Repeal il sero —
Return alter, popping byles from stack : -2
Rotate left by 1 bit -
Rotateleft by CL

Rotate right by 1 bit )

Raotate right by CL . » '

¢
PRL T ;_

»

3

'reg. to reg. = 3

Teg. = 4

(12)
(1%)

+ 4 per bit

‘4 % per bit

+ 3 per bit

+ 4 per bit

L



Syntax
SAHF
SAL r/m,1
SAL r/n;,CL .
SAR r/m,1
SAR r/m,CL
SBB accum,immed
SBB r/m,immed
SBB r/myreg
SBB res/m
SCAS dest
SCASB
SCASW
SHL r/m,1
SHL r/m,CL '
SHR r/m,l
'SHR r/m,CL
*STC
STD
STI
STOS dest
- STOSB
STOSW
SUB accum,zmmed
= SUB r/m,xmmcd
"~ 8UB r/m,rcg o
SUB reg,r/m '

TEST accum.,tmmcd o

TEST r/ m_,-t'm,med

TEST r/myreg -

TEST rey,r/m
'WAIT ‘
*XCHG dccum,rcg
 *XCHG r/myreg’

g 'XCHG reg,uccum '
*XCHG regyr/m

XLAT mem

XOR accum,immed

XOR r/m,immed
XOR r/m,reg
XOR reg,r/m

® plags not affected’

© Sublract regxster from operand.

‘Comp

" 'Exchange register with. operand ]
Translate TR .
Bitwise XOR immediale with
accumulator

Action ‘ .
Store AH into flags '
Shift arithmetic left by 1 bxt
Shift ar,lthmehc left by CL
Shift arithmetic right by 1 bit
Shift arithmetic right by CL
Subtract immediale and carry flag -
Sublract immediale and earry Aag ”
Subtract register and carry fag '

S u'i:‘(iéé.i d';i‘ér.d"r'xd and carty flag =~ -
Scan string o o

Sl.ore by em AL at stnng

. Store wurd in AX at string
' Subtracf; 1mmedxate from accumulabor T

.Subtract xmmcdxate from o_perand

Subtract operand from regxster ]

upmedlale bxts with -
accumula "’rf. g

Compare oP ,ana-_bxl.s with ,eg;;tgr

,‘Wall

Exchange a """umulator mth regxster v

Bitwise XOR immediate with operand
Bitwise XOR register with operand

Bitwise XOR o;aérand with register |

© Clock Cyclesg™ -
3"
2 -

8 + 4 per bit
]

2
8 + & per bit

reg‘. to reg.= 3

immed. to reg. = 4§ :

Scan strmg l'or byte in AL -
* Scansiring
 Shift left by 1 bn Ct ey
Shift leftby GL 8 + 4 per bit
P |
; " .8+ 1 per bit
et _
Set. dxrectxon ﬁag o 2
Set, mt_err.upt ﬁ;g 2
Store string

reg. to reg. = 3
immed. to reg. = 4

" veg. to reg. = 3

immed. to reg. = 5.

3
reg. to reg. = A
11

reg. to reg. = 3
immed. to reg. = 3

.
[
H

 —




