
ELEC 379 : DESIGN OF DIGITAL AND M ICROCOMPUTER SYSTEMS

1999/2000 WINTER SESSION, TERM 2

Assignment3
RTL Design

Part 1 due Monday, February 28 2000
Part 2 due Monday, March 6 2000

In this two-part assignmentyou will designand
testa simplestack-basedcomputer. Eachpart will
bemarkedandcountedasoneassignment.

Specifications

ProcessorAr chitecture

The CPU has a 4-elementLIFO (last-in first-out,
or “push-down”) stack,a programcounterregister
(PC), andan outputport register (O). Thereis also
aninputport (I), a resetinput andclock input.

Thestack’s registersarelabelledfrom top to bot-
tomas:X, Y, A andB.

All registers,theinputportandtheprogrammem-
ory are8 bitswide.
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The processorhas a 32-byte program memory
whosecontentsarefixed(it is aROM).

Instruction Set

TheCPUretrievesan instructionfrom theROM lo-
cationaddressedby PCandexecutesit in oneclock
cycle.

Eachinstructioncausesthestackcontentsto move
up(pop),movedown (push)or neither(none).Many
instructionsloadX with adifferentvaluethanwould
be given by the stackmovement. One instruction
(SWAP) resultsin no stackmovementbut loadsY
with thecontentsof X.

The following table summarizesthe instruction
set. It gives the instructionmnemonics,the corre-
spondingstackmovementdirection,andtheregisters
loadedby eachinstructionare:

Opcode Mne- Stack Instruction
monic Movement Effect

0–127 PUSH down X = instruction
129+n POP up -
130+n INP down X = I
131+n OUTP up O = X
132+n DUP down X = X
133+n SWAP none X = Y, Y = X
134+n ADD up X = Y+X
135+n SUBT up X = Y-X
136+n JNZ up if Y is non-zero

PC= X
137+n CALL none PC= X, X = PC+1
138+n RET up PC= X

The new stackcontentsare computedusing the
stackcontentsbefore the stackis changed. Regis-
tersnotshown abovewill takeonthevaluesresulting
from thenormalstackmovement.Moving thestack
upcopiesB into B.

Opcodevaluesfrom 0 to 127(thosewith themost
significantbit equal to 0) are all PUSH instructions
and result in the instruction being pushedon the
stack.Otheropcodesshouldbeassignedvaluescor-
respondingto the numberin the list above plus the
last digit of your studentnumber. For example, if
yourstudentnumberwas43211234,thentheopcode
for theDUP instructionshouldbe132� 4 	 136.Un-
definedopcodesshouldhave no effect.

EachinstructioncausesthePCto be incremented
unlesstheinstructionexplicitly loadsit (JNZ,CALL,
RET).
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Datapath Diagrams

Thefollowing (incomplete)diagramsshow possible
implementationsfor:
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Assignment- Part 1

Data Types

Createa subtypeof the unsigned datatype, an 8-
bit byte type. Use this datatype throughoutyour
design.

Define a constantfor eachmnemonicusing the
byte valuesappropriatefor yourstudentnumber.

Define a 2-bit subtypeof std_logic_vector,
direction, anddefinedirection constantsfor the
three possiblestack movement directions: down,
none, up1.

Placeall typeandconstantdeclarationsin a pack-
agefile, cpu_package.vhd.

Components

Designandtesttwo components:astackregisterand
aprogrammemory.

Thestackregistershouldbedeclaredas:

component stack_register is
port ( reg_out : out byte ;
if_down, if_hold, if_up : in byte ;
dir : in direction ;
clk : in std_logic ) ;

end component ;

which loadsthe register with the input selectedby
thedir input on therising edgeof clk.

TheROM componentshouldbedeclaredas:

component rom is
port ( address : in byte ; data : out byte ) ;

end component ;

Write architecturesfor eachof thesecomponents.
Thesecomponentswill beusedin Part2.

Testeachpartof yourdesignseparately. Asamin-
imum,demonstratethat:


 the memorygives the correctoutput for each
programaddressinput


 stackregisterloadsthecorrectvaluefor eachof
thepossiblestackmovementdirections.

1Normally this would bedonewith anenumeratedtype,but
MaxPlus+II seemsto have somebugs relatedto enumerated
types.
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The initial bytes of memory should contain the
following program. This programgenerateson/off
pulses� whosedutycycle is controlledby thevalueon
theinputport.

Program

;
; asg3.asm: assignment 3 assembly code for
; microcontroller
;
; EECE 379 1999/2000 Winter Session Term 2,
; Assignment 3
;
; Ed Casas, 2000/2/18
;
;
; Converts the value on the input port into a
; pulse-width modulated output on the LS bit
; of the output port. The input value should
; be between 1 and 4. If the input value is
; N, the output is on for approximately
; 12+4*(N-1) clock cycles and off for
; 15+4*(4-N) clock cycles. The duty cycle of
; the output thus varies from 12/39 to 24/39
; and the period is always 39 clock cycles.

START PUSH 1 ; turn the output on
OUTP
INP ; read PWM value: ’ON’ duration
PUSH DELAY ; delay for ’ON’ duration
CALL
PUSH 0 ; turn the output off
OUTP
PUSH 5 ; compute ’OFF’ duration
INP
SUBT
PUSH DELAY ; delay for ’OFF’ duration
CALL
PUSH START ; repeat forever
RET

; Time delay routine. On entry expects N and
; the return address on the stack. Both are
; popped. Returns after 7+4*(N-1) cycles
; where N is the value on top of the stack.
; N must be >=1.

DELAY SWAP ; swap return address and count
DELAY1 PUSH 1 ; subtract 1 from count

SUB
PUSH DELAY1 ; loop back if not done
JNZ
POP ; pop (zero) count
RET

Assembletheaboveprograminto yourCPU’sma-
chine languageand useit to designthe instruction
memory. Unusedmemorylocationsshouldbesetto
zero.Youmayusetheopcodesymbolicconstantsin
yourcode.

For Part 1 of this assignmentsubmit the VHDL
code (3 files: cpu_package.vhd, rom.vhd, and
stack_register.vhd) and the simulation results
for theROM memoryandstackregister(compileand
testeachoneindependently).

Assignment- Part 2

Write a top-level entity that instantiatesthecompo-
nentsyou designedand testedin Part 1 and com-
pletesthe designby addingstack,PC andO datap-
athsandassociatedlogic (e.g.to computethevalues
loadedinto the X andY registers,decodePUSH in-
structions,branch-decisionlogic andstackdirection
movementlogic).

Your top-level entity shouldhave threeinputs: I,
resetandclock,andthreeoutputsdisplayingthecur-
rentvaluesof theO, PCandX registers.ThePCand
X outputswill allow you to monitortheexecutionof
yourprogram.

For Part 2 submittheVHDL codefor all partsof
yourdesignandfour pagesof simulationresultswith
a clock frequency of 1 MHz. Submit four pagesof
simulationresults: two pagesfor the I input set to
1 andtwo for I= 4. The first pageshouldshow the
outputover the first 8 clock cycles and the second
overall 50clock cycles.

Hints

The MaxPlus+II synthesizeroccasionally issues
“Unknown Error” messagesdue to compiler bugs.
In this caseyou will have to remove (commentout)
sectionsof thecodeto identify theerrorlocationand
thentry differentalternativesuntil theerrormessage
disappears.

The compilerhasotherbugs. If a particularlan-
guagefeaturedoesnot seemto work asyou expect,
youmayhave to resortto asimpleralternative.
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