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Thisexamhasthree(3) questions.Themarksfor eachquestionareasindicated.Therearea total of 30
marks.Answerall questions.Write your answersin theexambookprovided. Show your work. You may
answerthequestionsin any order. Books,notesandcalculatorsareallowed.Youmaykeepthisexampaper.

Question 1 (10marks)

Designa “ones-counter”logic device thatcountsthenumberof bits thataresetto ’1’ in a
3-bit inputword. Thedeviceshouldhaveathree-bitinputandatwo-bit output.If theoutput
is viewedasabinarynumberthenits valueshouldbethenumberof bits in theinput thatare
setto ’1’. For example,if theinput is “010” thentheoutputshouldbe“01” (1), if theinput
is “111” theoutputshouldbe“11” (3), if the input is “000” theoutputshouldbe“00” (0),
etc.

(a) Write out thetruth tablefor thisdevice.

(b) Given the following VHDL entity, write an architecturethat implementsthis device.
Yourdesignshouldbesynthesizeableby SynopsysDesignCompiler.

entity nbits is
port (

bits : in bit_vector (2 downto 0) ;
n : out bit_vector (1 downto 0) ) ;

end nbits ;

Youneednot includecomments,library 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 (clk), andoneoutput(Q).

Theoutputchangesonly ontherisingedgeof theclock. If bothinputsare’0’ thentheoutput
doesnotchange;if only J is ’1’ theoutputis setto ’1’; if only K is ’1’ theoutputis setto ’0’
andif J andK areboth’1’ thenthevalueof theoutputis flipped(’0’ to ’1’ or ’1’ to ’0’).

Giventhe following VHDL entity, write anarchitecturethat implementsthis device. Your
designshouldbesynthesizeableby SynopsysDesignCompiler.
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entity jkff is
port (

j, k, clk : in std_logic ;
q : out std_logic ) ;

end jkff ;

Youneednot includecomments,library or use statements.

Question 3 (11marks)

Draw the schematicof a memorysystemfor an 8-bit CPU using two 32k by 4 ROMs.
Assumethe CPUhasa 24-bit addressbus (A0 to A23), an 8-bit databus (D0 to D7). Each
memorychip hasdataout pins (Q0 to Q3), addressinputs(A0, A1, ...), an active-low chip-
selectsignal(CS*). TheCS* pinsshouldbedrivenfrom anaddressdecodingcircuit. You
mayassumeall memorychips’outputsaretri-statedwhentheCS* is not asserted.

(a) Show the connectionsbetweenthe CPU, the decoderandthe memorychip pins. The
connectionsmustbeunambiguous.Youmayusethebusnotationdescribedin Assign-
ment4. Thedetailsof theaddressdecoderneednotbeshown.

(b) Thedecoderis designedto placetheRAM startingat location220000(hex). Show the
addressbit patternsthatthememorywill respondto (use’1’, ’0’ and’X’).
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