
ELEC 379 : DESIGN OF DIGITAL AND M ICROCOMPUTER SYSTEMS

1998/99 WINTER SESSION, TERM 2

Assignment3
RTL Design

Part 1 due Monday, February 22 1999
8:30 AM

Part 2 due Monday, March 1 1999
8:30 AM

Specifications

Overview

In thistwo-partassignmentyouwill design,program
andtestasimplemicrocontroller.

TheCPUdatapathhasthreeregisters:a program
counter(PC),aninstructionregister(I) andanaccu-
mulatorregister(A).

The device alsohasa 32-bytememory. The first
16bytesof thememoryareROM to storeaprogram
andconstants.Thesecond16bytesareRAM to store
variables.

TheCPUcontroller(instructiondecoder)executes
eachinstructionin two clock cycles. TheCPUcon-
troller loadsthe instructionfrom memoryinto the I
register in the first clock cycle (the fetch state)and
executesoneof theeightpossibleinstructionsin the
secondcycle.

All instructionsareonebyte long. Eachinstruc-
tion is encodedasa 3-bit instructiontypein theMS
3 bits anda 5-bit operandaddressfield in the LS 5
bits.

Themicrocontrollerhasbeendividedinto 5 com-
ponents:

� 32-bytememory

� A datapath

� I datapath

� PCdatapath

� controller

Youareto designandtestthefivecomponentsinde-
pendentlybeforecombiningtheminto thefinal top-
level design.

Data Types

Createtwo subtypes,of the std logic vector data
type,an8-bit word type,anda 5-bit address type.
Put thesetype definitionsin a package.Use these
datatypesthroughoutyour designso that you can
changetheCPU andmemorywidths relatively eas-
ily.

Memory

Define an entity and architecturefor the memory.
Use a selectedassignmentstatementto implement
the ROM portion and an array to implement the
RAM portion.

The memoryinputsare: datain (typeword), ad-
dress(typeaddress), write enable,andclock.

Theoutputis: dataout (typeword).
Thememoryinterfaceis:
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A Datapath

The A (accumulator)datapathupdatesA as in-
structedby thecontroller. A canbeloadedwith: (1)
A, (2) the datamemoryoutput(duringa LOAD in-
struction),(3) theresultof addingor subtractingthe
datamemoryoutputandA.
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The A datapathinputs are: the memoryoutput
(word), a signal to control the A input multiplexer,
the

�
clock.

Theoutputsare: A (word), a signalthat indicates
A is zero,a signalthat indicatestheMS bit of A is
set(A is negative).

Thestructureof theA datapathis:
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I Datapath

The I (instructionregister)datapathupdatesI asin-
structedby thecontroller. I canbe loadedwith: (1)
I, (2) thedatamemoryoutput(duringa fetchcycle).

The I datapathinputs are: the memory output
(word), a signal to control the I input multiplexer,
theclock.

Theoutputis: I (word).
Thestructureof theI datapathis:
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PC Datapath

The PC (programcounter)datapathupdatesPC as
instructedby thecontroller. PCcanbeloadedwith:
(1) PC, (2) PC+1(to point to the next instruction),
(3) the currentinstruction’s addressfield (to branch
to anotherinstruction),or (4) zero(to resetthecom-
puter).

The PC datapathinputsare: the addressfield of
I (type address), a signal to control the PC input
multiplexer, a resetsignal,theclock.

Theoutputis: PC(5 bits).
Thestructureof thePCdatapathis :
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Controller (Instruction Decoder)

Theinstructiondecoderis statemachinewhoseout-
putscontrolthedatapathmultiplexers.

It’s inputsare:theMS 3 bitsof I, thezeroandneg-
ativestatussignalsfrom theA datapath,theclock.

It’s outputsare: thesignalsto control theA data-
path,thesignalsto controltheI datapath,thesignals
to controlthePCdatapath,thememorywrite enable
signal.

Design the controller by choosing controller
states,controlleroutputsfor eachstate,andthestate
machinestatetransitionconditionsso that the CPU
fetchesandexecutesthefollowing instructions:

code description
LOAD 000 load - loadA from themem-

ory locationaddressedby the
instructionaddressfield

STORE 001 store- storeA in thememory
locationaddressedby the in-
structionaddressfield

ADD 010 add- loadA with thesumof
A and the memory location
addressedby the instruction
addressfield

SUB 011 subtract- loadA with thedif-
ferenceof A andthememory
locationaddressedby the in-
structionaddressfield

JMP 100 jump - load PC with the cur-
rentinstruction’saddressfield

JNZ 101 jump on zero - if A is non-
zeroloadPCwith thecurrent
instruction’s addressfield

JN 110 jumponnegative- if A is neg-
ative loadPCwith thecurrent
instruction’s addressfield

Theinterfaceof thecontrolleris:
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Assignment

Write VHDL descriptionsfor eachof the five com-
ponents.

Thefirst 8 bytesof memoryshouldcontainthefol-
lowing program.This testprogramsetsmemorylo-
cation16to 1, loadsA with 3 anddecrementsA until
it reacheszero.Thenit goesinto aninfinite loop.

Assembled
Instruction Mnemonic 80x86 syntax

0 000 00101 LOAD 7 MOVE A,[7]
1 001 10000 STORE 16 MOVE [16],A
2 000 00110 LOAD 6 MOVE A,[6]
3 011 10000 SUB 16 L1: SUB A,[16]
4 101 00011 JNZ 3 JNZ L1
5 100 00101 JMP 5 L2: JMP L2
6 000 00011 3 DB 3
7 000 00001 1 DB 1

Assembletheabove programinto theCPU’s ma-
chine languageand useit to designthe instruction
memory. Unusedlocationsshouldbesetto zero.

Testeachpartof yourdesignseparately. Asamin-
imum,demonstratethat:

� the memorygives the correctoutput for each
programaddressinput

� you can write 1, 0FFH 0EEH in memoryloca-
tions16,17and31andreadthesevaluesback

� A canhold, load,add,andsubtract

� I canholdandload

� PCcanhold, increment,loadandreset

� thecontrollergeneratesthecorrectsequenceof
outputsfor eachof the7 instructions,including
the fetchstateandthe two possibleoutputsfor
eachconditionaljump instruction

Write a top-level entity that combinesthe five
components.This entity shouldhave two inputs: re-
set and clock, and threeoutputs: PC, the memory

output,A. Simulatethe operationof your computer
from resetuntil it executestwo iterationsof theinfi-
nite loop(11 instructions,22clockcycles).

For Part 1 of this assignmentsubmit the VHDL
codeandsimulationresultsfor thememory, A datap-
athandI datapath.For Part2 youwill submitVHDL
codeandsimulationresultsfor thecompletedesign
(a totalof 6 parts).

Hints

If you are using the Sun workstations to do
this assignmentyou will need to ask Rob Ross
(robr@ee.ubc.ca) to createanew directoryfor you
whereyoucancompiletheprojectsinceyourdefault
disk quotais not large enough. This directorywill
notbebackedupsoyouwill beresponsiblefor back-
ing upthecontentsontoafloppy or yourhomedirec-
tory.

The compiler’s error messageare sometimes
vagueasto thecauseandlocationof theerror. If the
built-in helpdoesnot explain thecauseof theprob-
lemyouwill have to remove (commentout)sections
of thecodeto identify theerrorlocationandthentry
differentalternatives until the error messagedisap-
pears.
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