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Lab5 - PAL-basedGame

Intr oduction

You will design, assembleand test an electronic
gamebasedon a programmablelogic device (PLD).
The device must operateaccordingto the specifi-
cationsgiven below. You will be suppliedwith a
GAL16V8 PAL that you will useto build the sys-
temon a prototypingboardin the lab. You will use
theCUPL logic designlanguageto generatethefuse
mapfor the PAL andprogramthe device usingthe
samedevice programmeryou usedin Lab 4. You
will demonstrateyour device to theTA andhandin
a listing of theCUPLcode.

Specifications

The purposeof thegameis to guessa hiddennum-
berin asfew guessesaspossible.For eachguessthe
gamewill show you the numberof differencesbe-
tweenthebits in thehiddennumberandthenumber
youenter.

Inputs and Outputs

The gamehasthreeslide switchesto allow you to
entera guess(in binary), onepushbutton switch to
computea new hiddennumberandonepushbutton
to displaythenumberof differencesbetweenthehid-
dennumberandtheguess.

Thegamehastwo LED outputswhichareusedto
displaythenumberof bit positionsin errorbetween
thetwo numbers.

Behaviour

Each time the first pushbutton (“randomize”) is
pressedthegamecomputesanew 3-bit number. The
numbersaregeneratedby a pseudo-randomnumber
generatorimplementedasa 3-bit shift register. Each
time thebutton is pushedtheshift registeris shifted
right anda new bit is shiftedin on left which is the
exclusive-orof thepreviousleft-mostandright-most

bits in theregister. As long astheregisteris initial-
izedwith anon-zerovalue,thisprocedurewill gener-
ateaperiodicpseudo-random(“hardfor mostpeople
to predict”)sequenceof period7.

Eachtime the secondpushbutton (“show differ-
ences”)is pushedthegamewill computethenumber
of bits thataredifferentbetweenthehiddennumber
andtheguessanddisplaythatnumber(in binary)on
two outputs(to drive LEDs).

The GAL16V8

You will be suppliedwith a GAL16V8 PAL which
mustbereturnedto theTA in thelabat theendof the
labperiod(therearen’t enoughdevicesfor thewhole
class). This device’s configurationis storedin EE
(electricallyerasable)programmablememory.

This PAL is an example of simple PLD. It has
8 outputscapableof computing8 sum-of-product
functions from 8 inputs, the 8 outputsand either
complements(a maximumof 32 variablesin each
productterm). Theequationfor eachoutputis lim-
itedto amaximumof eightproductterms(i.e. only 8
of the216 possibleinputscanresultin a ’1’ output).
Eachof the 8 outputscan be configuredas a flip-
flop if desired(clockedfromanexternalclockinput).
This PAL’s outputsaresetto 1’s whenthedevice is
first poweredup. Youmaywantto usesomeunused
outputsas “temporaryvariables”to get aroundthe
limit on thenumberof producttermsperoutput.

Cir cuit Description

YoushouldconnecttheswitchandLEDs to thepins
indicatedbelow.

Youwill wire upyourinterfacecircuit onthesame
“DigiDesigner” prototypingunit usedfor the previ-
ouslab.

Pleaseobserve thewarningsgivenin theprevious
labconcerningthesusceptibilityof thedevicesto in-
correctvoltagesandstatic.
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Assemblingthe Cir cuit

A
�

schematicof thecircuit is givenbelow:

CLK 1

SHOW 2
�

S2 3
�

S1 4
�

S0 5
�

GND 10
�

20 +5V
�

19 Q2

18 Q1

17 Q0

13 N1

12 N0

+5

+5
0

�

ground (0V)

  t
o

LE
D

s

16
V

8

� Plugthechip into thebreadboard.

� Connectpin10to theground(0V) powersupply
output.

� Connectpin 20to the+5 volt powersupplyout-
put.

� Connectthe first (“randomize”)pushbutton to
pin 1 (theclock input).

� Connectthesecond(“countdifferences”)push-
buttonto pin 2.

� Connect the slide switch outputs to pins 3
through5.

� ConnecttheLEDs to pins12 through13.

� Make sure the chip is properly connectedto
both+5 V andgroundrails. Reversebiasingthe
chipor it’s inputswill destroy thechip. Double
checkyourconnectionsbeforeapplyingpower.

Compiling your Design

You will usea free versionof a CUPL “compiler”
that runsunderWindows 3.1 on the PCsin the lab.
If want to run CUPL on anotherPCyou candown-
load the file from the Logical Devices Web page
(http://logicaldevices.com/cupl/startkit.html)
and install it. A tutorial manual is available at
(http://logicaldevices.com/cupl/starter.htm)
although the lecture notes and on-line help will
probablybeenough.

Enter the Design

Run WinCUPL anduseFile—New to createa tem-
platefile. Fill in thecommentssectionat thebegin-
ning with appropriatevalues. Fill in the pin defini-
tion sectionwith mnemonicpin namesfor the sig-
nalslisted above. Enterthe appropriatelogic equa-
tions into thesectionfor logic equations.Save your
designfile usingFile—Save.

“Compile”

ChecktheOptionsdialogboxto makesureaJEDEC
file andalisting file will begenerated.UsetheRun—
Device SpecificCompile to generatethe file into a
fuse map in “JEDEC” format that can be usedby
thedevice programmer. Copy theresultingfile (e.g.
lab4.jed) to afloppy anduseit to programthechip
asdescribedbelow.

Programming the PLD

You will usethe samedevice programmerasin the
previous lab. Pleaseusethis computeronly for pro-
grammingthe devices. TypeACCESS to run the de-
vice programmersoftware. Thedevice programmer
software is menu-driven. Selectthe following op-
tions:

Device PAL
MFR Lattice
Type GAL16V8A

This will startasecondprogramthatis specificto
PAL devices. First selecttheoption to “Load File”.
Enterthe nameof your file (e.g. lab4.jed). Then
selecttheoptionto automaticallyerase,blankcheck,
programandverify.

It will take a few secondsfor thedevice to bepro-
grammed. You may remove the device when the
LED on theprogrammergoeson.

Submitting The Lab

Onceyour device is working properly print a pro-
gramlisting (e.g.lab4.lst) anddemonstrateits op-
erationto the TA. Returnthe chip to the TA at the
endof thelab. Youmustreturnthepartto getamark
for theassignment.

2


