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This examhasfour (4) questions.Themarksfor eachquestionareasindicated.Therearea total of 40
marks.Answerall questions.Write your answersin theexambookprovided. Show your work. You may
answerthequestionsin any order. Books,notesandcalculatorsareallowed.Youmaykeepthisexampaper.

Question 1 (10marks)

A defibrillator deliversshock(s)to a personexperiencinga heart-attackto stop the heart-
attack.Thisquestionasksyou to designa controllerfor anautomaticdefibrillator.

Thedevicehastwo one-bitactive-highinputs:astart signalfrom apush-buttonswitchand
a beat signalfrom a heartbeatdetector. Thedevice hastwo one-bitactive-highoutputs:a
shock signalwhichappliestheshockwhenit is assertedandanactive signalthatturnson
a warningLED to inform theoperatorthatthedevice is active. Thedevicealsohasa1 kHz
clock input.

Thedevicehasthefollowing VHDL entitydeclaration:

library ieee ;
use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all ;

entity defib is
port (

start, beat, clk : in std_logic ;
shock, active : out std_logic ) ;

end defib ;

Whenthedevice is first turnedon it is “safe” andneitheroutputis asserted.

After theoperatorhasconnectedtheelectrodes,he/shepushesthestart buttonmomentarily
andthe device begins a two-second“listen” period. If the beat signal is assertedat any
timewithin thetwo-second“listen” periodthenthedevice immediatelyrevertsto the“safe”
condition. If thetwo-second“listen” periodexpiresbeforethebeat signalis asserted,then
thedevice assertstheshock signalfor 1 millisecondandbeginsa new two-second“listen”
period.
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Thestart buttonhasno effect unlessthedevice is in a “safe” condition. Thebeat signal
is ignoredwhile the shockis beingdelivered. You may assumethe start button will be
pushedfor morethan1ms.

Theactive outputis assertedwhenever thedevice is not in a “safe” condition.

Write anarchitecturethatimplementsthis device. Your designshouldbesynthesizeableby
MaxPlus+II.You neednot includecomments,library or use statements.You neednot
designthepower-onresetcircuit.

Hint: Selectan appropriatenumberof statesand draw a statetransitiondiagram(and/or
write thestatetransitiontable).Use“-” or “+”.

Question 2 (10marks)

Write a subroutine,copyin:, in 8086assemblylanguagethat readsa string from an input
port andstoresit in a buffer buf. Theparallelinput port consistsof an8-bit dataregisterat
I/O (port) address300H,andan8-bit statusregisterat I/O (port) address301H.Thestatus
registerhastwo one-bitstatusflags:

� bit 0 (theleast-significantbit) is ‘1’ only if thereis anunreadbytein thedataregister,
� bit 7 (themost-significantbit) is ‘1’ only if thereis anunreadbytein thedataregister

andtherewasaparityerrorwhile receiving thecharacterin thedataregister.

andtheotherbits in thestatusregisterarealwayszero.

Your subroutineshouldcopy all the charactersfrom the I/O port the buffer. The copying
shouldendwhena null character(value00H) is read. This null charactershouldalsobe
copiedto thebuffer. Whenyour subroutinereturns,it shouldsetthevalueof AX to a non-
zerovalueif anyof thecharactershadparity errorsin them,otherwiseAX shouldbesetto
0.

Your functionmustsave andrestoreany registersit modifies(exceptAX, of course)before
returningcontrolto thecalling functionwith aRET instruction.Youmustdeclarestoragefor
any temporaryvariablesyou use.You mayassumea buffer buf of theappropriatesizehas
beendeclaredelsewhereandis in thesamedatasegmentasusedby your function.Youneed
not includecommentsor assemblerdirectivessuchassegment, assume or org.

Hints:

Question 3 (12marks)

The following diagramshows the interfacebetweenanAnalogDevicesAD2101DSPmi-
croprocessorandaSamsungKM62256DSRAM.
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Themicroprocessor’sDMS (datamemoryselect)signaldrivestheRAM’s chipselect(CS).
The RAM’s write enable(WE) is drivenby the CPU’s write strobe(WR) andthe RAM’s
outputenable(OE) is drivenby theCPU’s readstrobe(RD). TheRAM’s addressanddata
busesareconnectedto thecorrespondingCPUbuses.

Thefollowing timing diagramandtableprovidetheCPU’s read-cycle timing specifications.

Characteristic Symbol Min Max Unit
RD Low to DataValid tRDD 0 � 5tCK � 13

�
w ns

A0–A13,DMS to DataValid tAA 0 � 75tCK � 18
�

w ns
DataHold from RD High tRDH 0 ns
RD PulseWidth tRP 0 � 5tCK � 8

�
w ns

A0–A13,DMS SetupbeforeRD Low tASR 0 � 25tCK � 10 ns
A0–A13,DMS Hold beforeRD Deasserted tRDA 0 � 25tCK � 9 ns
RD High to RD or WR Low tRWR 0 � 5tCK � 5 ns
instructioncycle time tCK

�
w tCK

�
w ns

wheretCK is theclockperiodandw is thenumberof wait statestimestCK. AssumetCK � 40ns
w � 1 � 40 � 40ns.
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Thefollowing timing diagramandtablegive theSRAM read-cycle timing specifications.

Characteristic Symbol Min Max Unit
Readcycle time tRC 55 ns
Addressaccesstime tAA 55 ns
Chipselectto output tCO 55 ns
Outputenableto valid output tOE 25 ns
Outputhold from addresschange tOH 10 ns

Determinewhich of the above timing specificationsareTiming Requirements.Obtainex-
pressionsfor theserequirementsin termsof GuaranteedTiming Responses.Obtainvalues
for theseexpressionsin nanoseconds.Find theamountby which eachrequirementis or is
not exceeded(in nanoseconds)andstatewhetherthe requirementis met or not (Y[es] or
N[o]). Summarizeyouranswerin theform of a tableasshown below.

Requirement Guaranteed Margin Met
Symbol Min. (ns) Expression Value (ns) (Y/N)
ReadCycleRequirements

Question 5 (10marks)

You neednot justify your answersto the following questions.For multiple-choiceques-
tionschoosethe bestanswer. For True/False(T/F) questionswrite your answeras“True”
or “False.” For numericquestionsshow your calculations.Makesureyouransweris unam-
biguous.

(a) Give theassemblylanguagecodethatwould forcetheexecutionof (andallow a return
from) thestandardinterruptserviceroutinefor thesecondserialport (serialport 2) on
anIBM PC.

(b) Givenacircuit with asynchronousinputs:

(i) We canavoid all metastabilityproblemsby registeringall inputs.(T/F)

(ii) Wecanavoid all outputglitchesby registeringall outputs(T/F).
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(c) During therefreshinterval a refreshcircuit usingCAS-before-RAS(CBR) refreshmust
generateaddressesfor:

(i) eachrow in a DRAM array

(ii) eachcolumnin aDRAM array

(iii) both(i) and(ii)

(iv) noneof theabove

(d) A registermustbeusedto implementaparallelinputport (T/F).

(e) An RS-232serialinterfaceisconfiguredtosendat9600bps,eightdatabitsandnoparity.
If charactersaresentquickly aspossible,exactly how long will it take to transmit960
characters?

(f) To ensurereliablecommunicationsa DCE shouldalwaysbeconnectedto a DCE anda
DTE shouldalwaysbeconnectedto a DTE (T/F).

(g) During a transferof datafrom a peripheralto memorythe8237DMA controllerreads
onebyteat a time from theperipheralinto its dataregisterandthenwritesthatbyteto
thememory(T/F).

(h) No CPUtimeis usedby aninterrupt-driveninput interfacewhile thedeviceis not in use
(T/F).

(i) In what directiondoescurrentflow whenthe output-enableof a tri-stateoutput is not
asserted(usingstandardconventionsfor currentdirection):

(i) into theoutput

(ii) outof theoutput

(iii) either(i) or (ii) dependingon theoutputvalue

(iv) noneof theabove

(j) Whatminimumnumberof bytesmustbeleft freeon anapplicationprogram’s stackon
anIBM PCto allow interruptsto executeandreturnproperly?You mayassumeonly
oneinterruptserviceroutinewill beactiveatany time.
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