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Abstract

Reverse-engineersome synthesizableVHDL circuit models.
Examinetheir sourceto draw a block diagram. Usea simula-
tor to observetheirbehavior anddraw timing diagrams.Explain
whateachcircuit does.

1 Intr oduction

In thisclass,you'll beusingVHDL (VHSIC HardwareDescrip-
tion Language)to describehardware. It is a fairly verboselan-
guage,but fairly simpleat its core.Youwill wantto consultthe
Writing VHDL for RTLSynthesishandoutavailableon theclass
webpagefor examplesof how to write VHDL. Unfortunately,
the languageis very big andlargepartsof it cannotbedirectly
transatedinto hardware. As such,thingslike the languageref-
erencemanualandthemajorityof VHDL booksareuselessbe-
causethey arevery complicatedandit is dif�cult to determine
whenyoumayactuallyusewhatthey teachto specifyhardware.

Although thesyntaxof VHDL vaguelyresemblesthat of an
imperative languagelike C, do not be deceived: VHDL is not
a programminglanguage. In particular, thesort of imperative,
algorithmicthinkingthatworkswell to solveproblemsin C will
not work in VHDL. A C-like VHDL programwill probablynot
compile,if it doescompile,it probablywill not work, andeven
if it doescompile,you will not like theresult.

VHDL is mostly a structural language. VHDL is useful
mostly for de�ning how componentsconnect. The main idea
is that a systemis composedof hierarchically-arrangedblocks
calledentity/architecturepairs(everythingin VHDL hasaweird
name).For eachblock, you de�ne its interface(a list of wires
that enterand leave it) and its guts, which may consistof in-
stancesof otherblocks,data�ow expressions(e.g.,a particular
signalis thelogicalAND of two others),andprocessesthatap-
pearto containimperativecode.

2 An Example

Figure1 shows a VHDL circuit modelmodelinga simple,and
probablyuseless,ALU-lik e object. De�ned in the entity, its
inputsarea clock, resetandenablesignals,and two eight-bit
numbers. In response,it producesan eight-bit result. The ar-
chitecturede�nes an eight-bit intermediateresultcalledw and
containsasingleclock-triggeredprocessthatrepresentsablock
of combinationallogic feedinga bank of eight edge-sensitive
�ip-�ops (thew signal).

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

entity dumb_alu is
port(clk : in std_logic;

reset : in std_logic;
enable : in std_logic;
x, y : in std_logic_vector(7 downto 0);
z : out std_logic_vector(7 downto 0));

end dumb_alu;

architecture behavioral of dumb_alu is

signal w : std_logic_vector(7 downto 0);

begin
process (clk)
begin

if clk'event and clk='1' then
if reset='1' then

w <= "00000000";
elsif enable='1' then

w <= y - 4;
else

w <= x + y;
end if;

end if;
end process;

z <= w;

end behavioral;

Figure1: A synthesizableVHDL entity/architecture.

The clk'event and clk = '1' idiom (a standard
one)indicatesthattheseareapositive-edge-triggered�ip-�ops.
Insidethisblock is aseriesof if-then-elsestatementsthatassign
to w dependingon whetherresetis true andwhetherenableis
true. Together, theseimply thesteering(multiplexer)andarith-
meticlogic shown in Figure3.

Thesemanticsof VHDL aresuchthattheinputsto this block
arereadjust beforetherising edgeof theclock andtheoutputs
are producedjust after the rising edge,asshown in Figure4.
Notethattheinputsmaychangeat any time duringa clock sig-
nalbut thattheoutputonly changeson therisingedge.

Figure2 showsatestbenchfor theblock in Figure1. Its job is
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library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;

entity testbench is
end testbench;

architecture behavioral of testbench is

signal clk : std_logic := '0';
signal reset, enable : std_logic;
signal x, y, z: std_logic_vector(7 downto 0);

component dumb_alu
port(

clk : in std_logic;
reset : in std_logic;
enable : in std_logic;
x, y : in std_logic_vector(7 downto 0);
z : out std_logic_vector(7 downto 0));

end component;

begin

device_under_test: dumb_alu
port map (

clk => clk,
reset => reset,
enable => enable,
x => x,
y => y,
z => z);

clkgen : process
begin

wait for 10 ns;
clk <= not clk;

end process;

reset <= '1',
'0' after 60 ns;

enable <= '0',
'1' after 120 ns,
'0' after 140 ns,
'1' after 160 ns,
'0' after 180 ns;

datagen : process
begin

wait for 51 ns;
x <= X"04"; y <= X"02"; wait for 20 ns;
x <= X"03"; y <= X"00"; wait for 20 ns;
x <= X"08"; y <= X"01"; wait for 20 ns;
x <= X"07"; y <= X"04"; wait for 20 ns;
x <= X"05"; y <= X"03"; wait for 20 ns;
x <= X"06"; y <= X"05"; wait for 40 ns;
x <= X"07"; y <= X"01";
wait; -- forever

end process;

end behavioral;

Figure2: A testbenchfor Figure1.

Figure3: A blockdiagramfor Figure1.

to providestimulusto theblocksothatasimulationdoessome-
thing interesting. This particulartestbenchappliesthe wave-
formsshown in Figure4 to produceFigure5, ascreenshotfrom
the Cadencewaveform viewer that we will useto observe the
outputof thesemodules.

Thetestbenchusesa differentsubsetof theVHDL language
that is not synthesizable,i.e., cannotautomaticallybe turned
into logic. For example,the clock is generatedby the clkgen
processin Figure2 thattogglesthesignalevery10ns,a behav-
ior thatcannotbeimplementedusingonly logic gates(youneed
a controlledoscillator).

A clockgeneratoris probablythemostcommonpartof atest-
bench.Otherpartsincludeassignmentstatementsusingtheaf-
ter keyword,which providescontrolover thetime at which the
assignmentwill take place(c.f., the statementsgeneratingthe
resetand enablesignals),and processeswith delaysfor gen-
eratingmorecomplex waveforms. The datagen processis an
exampleof this, which �rst waitsuntil slightly after thesecond
clock cycle beforegeneratinga sequenceof assignmentsto the
x andy vectors.Notice the useof a �nal, lone wait statement,
whicheffectively terminatestheprocess(it will otherwiserepeat
inde�nitely).

I have createda Make�le that runs NCVHDL, an excel-
lent VHDL simulatorfrom CadenceDesignSystems.Typing
“make” will invokencvhdl,thesimulatorfront-end;ncelab,sort
of a linker; and ncsim, the actualsimulator that hasquite an
elaborateGUI, aswell asatext mode.Youwill getmostof your
errorsfrom the front end,which will reporton thingssuchas
undeclarednames.Theerror messagesarecryptic, but at least
containtheline numberof theoffendingVHDL code.

Oncethe simulatorwindow comesup, click on the naviga-
tor button(upper-right corner)andthenon thechip with a few
dotsnearto it to seea list of signalsin the design. Selecting
thesesignalsandthenright-clicking will bring up a menuthat,
amongothers,allows you to display thesesignalson a wave-
form viewer. Runandstopthesimulatorby clicking on thebig
trianglein the upper-left cornerandthe waveform viewer will
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Figure4: A timing diagramfor Figure1.

Figure 5: The waveform viewer output from the testbenchin
Figure2.

displaytheresults.Like all GUIs, I �nd it dif�cult to use,but it
will deliver thegoodsin theend.

3 The Assignment

Draw block andtiming diagramsfor the threeVHDL designs
in thelab3tar�le ( sedwards/4840/lab3.tar.gz)andexplainwhat
they do. They arein the directoriesdesign1,design2,andde-
sign3.Thelab-exampledirectorycontainstheexampleandtest
benchin this labhandout.

UsetheNCVHDL simulatorto validateyour analysisof the
circuits.Createatestbenchfor eachthatputsthedesignthrough
its paces,illustratingits operation.

Show theTA thewaveformson thescreen(thewindows are
too ugly to print) andhandin your block andtiming diagrams
for eachof thesethreedesigns.
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