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ECE 366—Fall 2001, Instructor: Prof. ShantanuDutt

Homework 1 : DueWedSept.5

Someproblemsbelow areFSM designproblems,andareintendedto helpyou reviseyour backgroundon

this topic from EECS265. You canrefer to any of severalLogic Designtexts for this including thoseby

Mano,Katz,Hayes,etc.A solidbackgroundin sequentialcircuitsis very importantfor this course.For the

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

“information” thestaterepresentsand/orwhatit does.

1. (Instruction Flow) Using the basefiguresof a datapathand control in LectureNotes# 3, and a

schemesimilar to thatshown in thenotesfor theADD instruction,illustrate(usingPowerPointgen-

eratedfigures)the sequenceof microinstructionsthat the processorwill executefor the following

instructions:

(a) [lw ri 16-bit offset addr] — Semantics:ri
� MEM[PC+ 16-bit offset addr].

Notethat16-bit offset addr is a16-bit immediatefield in theinstruction. 40

(b) [jump 24-bit offset addr] — Semantics:PC � PC+24-bit offset addr. 40

Assumethat thememorydataandaddressbusesare32 bits; henceall registersincluding thePC is

also32 bits. Add any necessaryconnectionsandlogic (registers,FUs,Muxes,etc.) at a high level

(just likein thecurrentfigures)overandabovethosein theLectureNotes# 3 figurein orderto execute

this loadinstruction.

Hint: Youneedanotherregisterfor storingtheaddressof awordto beloadedfrommemory(generally

calledthememory address register or MAR). TheMAR is thenconnectedto themem. addressbus

for gettingthe desiredword into the registerfile. Note that the PC andIR areusedfor instruction

fetchpurposesonly, not for fetchingdata.

2. (RegisterFile Design)In classwe saw thedesignof a registerfile with only onewrite port. In some

advancedprocessors,two differentregistersin theregisterfile mayneedto bewrittensimultaneously

from different sources.Thus registerfiles with two write portsaredesirable. Note that the write

ports are only ports are the register file level not at the register/FFlevel (registers/FFShave only

one input line or one input “port”). Assumefor this designthat the two destinationregisterswill

alwaysbedifferent(it doesnotmakesenseto write thesamedest.registerfrom two differentsources

simultaneously!).
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Designa registerfile with postive edge-triggeredclocking,with 4 registersin it (you canshow each

registerasa rectangle;no needto show FFsin it) with two write portsconnectedto two writesbuses

W BA andWBB, so that two different registerscanbe written simultaneously, one from from each

bus. Show all componentsthatyou need(Muxes,Tristatelogic, Decodersetc)clearlyandshow all

relevantcontrolsignalsusedto controlthewriting into theregisters.Explainclearlyyourdesignand

thefunctionsof thecontrolsignals. 60.

NOTE & Hint : Eachregister is composedof D-FFs,which have only one input each;thuseach

registerhasoneinput finally cominginto it. You cannotassumethat eachFF has2 datainputsfor

theconvenienceof you designtask. Theideais to beableto steeroneof thewrite bus inputsto the

desiredregisterusingsuitablelogic units.Foee.g.,if weneedto performr2
� W BA;r5

� W BB, then

your designshouldsimultaneouslysteerthe dataon W BA to r2’s input andhe dataon W BB to r5’s

input (plusdoothetthingssothatthesedatagetwritten to r2 andr5, etc.).

3. (Review material: FSM)

A sequentialcircuit hasoneinput (X ) andoneoutput(Z). Draw a Mealy FSM’sSTD if Z � 1 if and

only if thetotalnumberof 1’s receivedonX is divisibleby 3 or 5 (e.g.,0, 3, 5, 6, 10, . . . ).
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4. (Review material: FSM)

A sequentialcircuit hastwo inputsandtwo outputs.TheinputsX1 � X2 representa2-bit binarynumber,

N. If thepresentvalueof N is lessthanthepreviousvalue,thenZ1 � 1. If thepresentvalueof N is

lessthanthepreviousvalue,thenZ2 � 1. Otherwise,Z1 andZ2 are0. Derive:

(a)A MealymachineSTD(Hint: Only 5 statesareneeded). 30

(b) A MooreFSM’sSTD(Hint: At least11statesareneeded).

NOTE: In contrastto a Mealy FSM, in a MooreFSM, theoutputdependsonly on thecurrentstate,

andthustheoutputin theSTDis NOT associatedwith transitionarcs,but is associatedwith thestates.
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