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This examhasthree(3) questions.The marksfor eachquestiorareasindicated.Therearea total of 30
marks. Answerall questions.Write your answersn the exambook provided. Shav your work. You may
answetthe questionsn ary order Books,notesandcalculatorsareallowed. You maykeepthis exampaper

Question 1 (10 marks)

Designa “ones-counter’logic device that countsthe numberof bits thataresetto'1’ in a
3-bitinputword. Thedevice shouldhave athree-bitinput andatwo-bit output. If theoutput
is viewedasa binarynumberthenits valueshouldbethenumberof bitsin theinputthatare
setto’1’. For example,if theinputis “010” thenthe outputshouldbe“01” (1), if theinput
is “111” the outputshouldbe“11” (3), if theinputis “000” the outputshouldbe“00” (0),
etc.

(&) Write outthetruthtablefor thisdevice.

(b) Giventhe following VHDL entity, write an architecturethatimplementsthis device.
Your designshouldbe synthesizeablby Synopsy®esignCompilet

entity nbits is
port (
bits : in bit_vector (2 downto 0) ;
n: out bit_vector (1 downto 0) ) ;
end nbits ;

You neednotincludecomments| i br ary or use statements.

Question 2 (8 marks)

This questionasksyou to write a VHDL descriptionfor a JK flip-flop. This device hastwo
inputs(J andK), aclock (cl k), andoneoutput(Q).

Theoutputchange®nly ontherising edgeof theclock. If bothinputsare’0’ thentheoutput
doesnotchangeijf only J is’1’ theoutputis setto '1’; if onlyKis’1’ theoutputis setto’0’
andif J andK areboth’1l’ thenthevalueof theoutputis flipped('0’ to'1’ or’1l’ to’0’).

Giventhefollowing VHDL entity, write an architecturghatimplementshis device. Your
designshouldbe synthesizeablby Synopsy®esignCompiler



entity jkff is
port (
j, k, clk : instd_logic ;
q: out std logic) ;
end jkff ;

You neednotincludecomments| i br ary or use statements.

Question 3 (11 marks)

Draw the schematicof a memory systemfor an 8-bit CPU using two 32k by 4 ROMs.
Assumethe CPU hasa 24-bit addresdus (A0 to A23), an 8-bit databus (DO to D7). Each
memorychip hasdataout pins (Q0 to @), addressnputs (A0, Al, ...), an active-low chip-
selectsignal (CS*). The CS* pins shouldbe drivenfrom anaddresslecodingcircuit. You
mayassumall memorychips’ outputsaretri-statedwhenthe CS* is notasserted.

(8) Shaw the connectiondetweenthe CPU, the decoderandthe memorychip pins. The
connectionsnustbeunambiguousYou mayusethe busnotationdescribedn Assign-
ment4. Thedetailsof theaddresslecodemneednotbeshavn.

(b) Thedecodeis designedo placethe RAM startingat location220000(hex). Shav the
addresdit patternghatthe memorywill respondo (use’l’, '0’ and’X’).



