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ECE 366,Fall 2001, Instructor: Prof. ShantanuDutt

Midterm Exam: Fri., Oct. 19,Time: 10-10:50am
Exam Format: ClosedBook, Total Points: 120

Important Note: You needto show all your work clearly in deriving theanswers.Justwriting down the
final answersis notenough.

Suggestion: Begin by readingall questionsanddo thosefirst thatyou think youknow best.

1. [2’scomplementarithmetic] Let � A beann � bit negativenumberin 2’scomplementrepresentation

storedin a registerR. Prove that an arithmeticshift right (ASR) of R, will resultsin R having the

number
� � A � 2� storedin it, where

�
X � is thelargestintegerthatis � X (e.g.,

�
5� 2��� 2,

� � 5� 2���
� 3). You canusein your proof thepropertythata logical shift right (LSR) [in which 0 movesinto

theMSB of thenumber]of apositive numberB resultsin thenumber
�
B � 2� . 20

Hint: Firstprove for thecasewhenA is evenandthenextendtheproof to anoddA.

2. [C.U. Designfor Instruction Processing] (a)Draw aMooreFSMfor thatpartof thecontrolunit of

themyth8 processorthatperformsthegenericrotate(left or right) instructiongivenby:

[ror ri ri ri 4-bit-constantX ].

Semantics:If X � 0 rotateri left by anamountof X bits,else(X � 0) rotateri right by anamountof
	
X
	 � � X bits (

	
X
	
is themagnitudeof X ).

Youneedto only provide thestatesafterthedecode stateof themyth8 controlunit.

With eachstate, provide a description of what is taking place in it using the register-transfer

languagenotation done in class(e.g., ri 
 r6 � 1, mdr 
 mem data bus for writing into regis-

ters ri � mdr, respectively, and r j 
 A Bus � mar 
 mem addr bus for reading/connectingr j � mar,

respectively, to the specifiedbuses.).

If appropriate,youcanshow transitionsfrom thestate(s)youdesignto afetch0 statewithoutgiving

detailsof thefetch0 state.Themyth8 processororganizationis providedon thenext page.

Grading criteria will be basedon correctness,speedin cc’s and number of statesin decreasing

order of importance. 30

(b) Not countingthefetchanddecodetimes,determinethecc’s neededfor your FSM designto per-

form: (i) a rotateleft of 3 bits; (ii) a rotateright of 4 bits. 10
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3. [Add-&-Shift Multiplication ]

Thehardwarealongwith controlsignalsfrom thecontrollerandstatussignalsto thecontrollerfor a

16-bit 2’s complementA&S muitplier to performP � X � Y (X is themultiplier, Y themultiplicand)

is shown below.

ofvl detect: c15 xor cout
and: and’s each bit of M w/ lsb of Q

0-detect: o/p = 1 of Cntr=0, else o/p = 0

xor: xor’s each bit of "and o/p Z" w/ "oper"
      => xor o/p is Z if oper=1 else it is Z

16-bit adder

xor

and

AC Q M Cntr

Controller
     (C.U.)

ovfl
detect

0-detector
cntr_zerolsb_q

oper

16

16
16

16
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ld_cntr

cnt_up
cnt_dn

ld_ac

cnt_dn

cnt_up

ld_cntr

shr_ac_q

ld_ac

c15

cin
cntr_val (value to be loaded in Cntr)

lsb_q = lsb of Q register
cntr_zero = 1 means Cntr = 0

Description of status signals:

Description of cominational logic units:Description of control signals:

cnt_dn = 1 means Cntr <- Cntr - 1
cnt_up = 1 means Cntr <- Cntr +1

cntr_val  is the value to be stored
              in Cntr

cout

ls
r_

ac
_q

as
r_

ac
_q

ovfl

ovfl

ld_ac = 1 means load/write AC

oper = 0/1 means ADD/SUB resp.
ld_cntr = 1 means load/write Cntr

asr_ac_q=1 means asr of AC-Q
lsr_ac_q=1 means lsr of AC-Q
               w/ cout into msb of AC

ovfl  is the overflow indicator

NOTE: All write/shift/cnt up/cnt dn operations complete only at the +ve edge of the next cc (since they all load new values into regs)

NOTE: Signal lines without any specified width are 1-bit wide

Thealgorithmfor n-bit 2’s complementmultiplicationis specifiedbelow:

Initialize AC = 0; Q = Multiplier (X); M = Multiplicand(Y ).
Do thefollowing stepsn � 1 times�
If LSB of Q is 1 thenAC = AC+M elseAC = AC;
If (nooverflow in theaddition)then

Performanarithmeticshift right (ASR)of AC-Qregistercombinationby 1 bit
else

Shift rightCout -AC-Qregistercombinationby 1 bit�
If LSB of Q is 1 thenAC = AC - M elseAC = AC; /* theLSB of Q now is thesignbit of X */
If (nooverflow in thesubtraction)then

Performanarithmeticshift right (ASR)of AC-Qregistercombinationby 1 bit
else

Shift rightCout -AC-Qregistercombinationby 1 bit;
Finalproductis in AC-Qregister.
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(a) As far as the controller FSM is concerned,assumethat initially AC � 0 � Q � X � M � Y (you

don’t needto designa stateto do this, but assumethis is donein a LOAD state).Also assumethat

addition/subtraction takes3 cc’s and shift right of any variety takes1 cc. DesigntheFSMof the

controllerin theabove figurestartingfrom aftertheLOAD state(justshow this statetransitingto the

first stateof your FSM design)for the 16-bit multiplication to be performed.Assumethat this is a

positive edgetriggeredsystem.

With eachstate, provide a description of what is taking place in it using the register-transfer

languagenotation mentionedearlier.

Grading criteria will be basedon correctness,speedin cc’s and number of statesin decreasing

order of importance. 50

CorrectnessHints:

� Thecontrollerdoesnotneedto determineif theinput to thexor unit isY or 0 basedon theLSB

of Q in a particulariteration.This is determinedby theAnd combinationalunit. However, the

controllerdoesneedto figureoutwhetherto performanaddor subtractwhentheLSB of Q is 1

(it canthendoaddor subtractby forcing theappropriatevalueon theoper controlsignal).
� Thecnt up or cnt dn signalto thecounterwill resultin thecounterincrementingor decre-

menting,respectively, by 1 on thenext positive edgeof theclockcycle (cc),sinceincrementing

or decrementingthecounteris equivalentto writing to thecounterregister(i.e.,to its FFs).Thus

thecontrollercanonly checkthecntr zero statussignalin astateafter thestatein whichthe

cnt up or cnt dn control signalis set. Notealsothat it doesnot necessarilyhave to be the

very next statein which thecntr zero signalis checked; it canbecheckedin any stateafter

thestatein which thecnt up or cnt dn controlsignalis set,aslong asthereareno statesin

betweenin which thecountervalueis changed.
� Similarly, the AC-Q registercombinationis shiftedright only at the beginning of the next cc

after thestatein which eithertheasr ac q or lsr ac q controlsignalis set,againbecause

a shift right (or any otherregisterchangingfunction)writesto theregister. Thus,thecontroller

canonly checktheLSB of the AC-Q register(statussignallsb q) in a stateafter thestatein

whicheitherof theabove two shift right controlsignalsis set.Again,asin thecountercase,the

LSB checkingstateneednot necessarilybe thestateright after thestatein which eitherof the

abovetwo shift right controlsignalsis set,but canbeany stateafterit, aslongasnointermediate

stateschangethecontentof theQ register.
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SpeedHint : In orderto increasethespeedof your design,in thecontrollerFSM skip the3ccaddor

subtractportionwhenthelsb q statussignalis 0 (i.e.,LSB of Q is 0).

(b) Analyzethenumberof cc’s it will taketo performthe16-bitmultiplicationusingyourFSMdesign

assumingthatX has8 1’s and8 0’s. 10
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