ECE 366—Fall 2001 Instructor: Prof. ShantanuDutt

Homework 1: Due Wed Sept.5

Someproblemsbelonr are FSM designproblemsandareintendedto help you revise your backgroundn

this topic from EECS265. You canreferto ary of several Logic Designtexts for this including thoseby

Mano,Katz, Hayes.etc. A solid backgroundn sequentiatircuitsis very importantfor this course.For the

FSMdesignproblemsalways (1) Indicatethereset state;(2) Labeleachstatesymbolicalyto indicatewhat

“information” the staterepresentand/orwhatit does.

1. (Instruction Flow) Using the basefiguresof a datapathand controlin Lecture Notes# 3, and a

schemesimilar to thatshavn in the notesfor the ADD instruction,illustrate (usingPaverPointgen-
eratedfigures)the sequencef microinstructionghat the processomill executefor the following

instructions:

(@) [l wr; 16-bit _offset _addr] — Semanticsrj + MEM[PC+ 16- bi t _of f set _addr].
Notethat16- bi t _of f set _addr isal6-bitimmediatefield in theinstruction. 40
(b) [j ump 24-bit of f set _addr] — SemanticsPC« PC+24-bit of fset _addr. 40

Assumethatthe memorydataand addressusesare 32 bits; henceall registersincludingthe PCis

also32 bits. Add ary necessargonnectionsandlogic (registers,FUs, Muxes, etc.) at a high level

(justlikein thecurrentfigures)over andabove thosein theLectureNotes# 3 figurein orderto execute
thisloadinstruction.

Hint: Youneedanotherregisterfor storingtheaddres®f awordto beloadedrom memory(generally
calledthe memory address register or MAR). The MAR is thenconnectedo the mem. addressus
for gettingthe desiredword into the registerfile. Notethatthe PC andIR areusedfor instruction

fetchpurpose®nly, notfor fetchingdata.

. (RegisterFile Design)In classwe sav the designof aregisterfile with only onewrite port. In some
adwancedprocessorgwo differentregistersin theregisterfile mayneedto bewritten simultaneously
from differentsources. Thusregisterfiles with two write ports are desirable. Note that the write
ports are only ports are the registerfile level not at the register/FFlevel (registers/FFShave only
oneinput line or oneinput “port”). Assumefor this designthat the two destinationregisterswill
alwaysbedifferent(it doesnot make sensdo write the samedest.registerfrom two differentsources

simultaneously!).



Designaregisterfile with postive edge-triggeredalocking, with 4 registersin it (you canshav each
registerasarectangleno needto shav FFsin it) with two write portsconnectedo two writesbuses
WBa andWBg, so thattwo differentregisterscan be written simultaneouslyone from from each
bus. Shav all componentshatyou need(Muxes, Tristatelogic, Decodersetc) clearly andshaw all
relevantcontrolsignalsusedto controlthewriting into theregisters.Explainclearlyyour designand
thefunctionsof thecontrolsignals. 60.
NOTE & Hint: Eachregisteris composeddf D-FFs, which have only oneinput each;thuseach
registerhasoneinput finally cominginto it. You cannotassumehateachFF has2 datainputsfor
the corvenienceof you designtask. Theideais to be ableto steeroneof the write businputsto the
desiredregisterusingsuitablelogic units. Foee.q.,if we needto performr, «+ WBA;rs < WBg, then
your designshouldsimultaneoushsteerthe dataon WBA to r,'s input and he dataon WBg to r5's

input (plusdo othetthingssothatthesedatagetwrittento r, andrs, etc.).

. (Review material: FSM)

A sequentiatircuit hasoneinput (X) andoneoutput(Z). Draw aMealy FSM'sSTDif Z=1if and
only if thetotalnumberof 1’'srecevedon X is divisibleby 3 or 5 (e.g.,0, 3,5, 6, 10,...).

40

. (Review material: FSM)

A sequentiatircuit hastwo inputsandtwo outputs.TheinputsXz, X, represena 2-bit binarynumbey

N. If the presentalueof N is lessthanthe previousvalue,thenz; = 1. If the presenwalueof N is

lessthanthe previousvalue,thenZ, = 1. OtherwiseZ; andZ, are0. Derive:

(a) A Mealy machineSTD (Hint: Only 5 statesareneeded). 30

(b) A MooreFSM’s STD (Hint: At leastll statesareneeded).

NOTE: In contrastto a Mealy FSM, in a Moore FSM, the outputdepend®nly on the currentstate,
andthustheoutputin the STDis NOT associatewvith transitionarcs,butis associatewith thestates.
40



