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 shaw all your work clearly in deriving the answers.Justwriting down the
final answersgs notenough.

Suggestion Begin by readingall questionsanddo thosefirst thatyou think you know best.

1. [2'scomplementarithmetic] Let —A beann— bit negative numberin 2'scomplementepresentation
storedin a registerR. Prove thatan 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 proofthe propertythata logical shift right (LSR) [in which O movesinto
the MSB of the number]of a positve numberB resultsin thenumber|B/2]. 20

Hint: Firstprove for the casewhenA is evenandthenextendthe proofto anoddA.

2. [C.U. Designfor Instruction Processingj(a) Draw a Moore FSM for thatpartof the controlunit of
themnyt h8 processothatperformsthe genericrotate(left or right) instructiongivenby:
[ror r; ri rj 4-bit-constani].
Semanticsif X > 0 rotater; left by anamountof X bits, else(X < 0) rotater; right by anamountof
|X| = —X bits (|X| is themagnitudeof X).
You needto only provide the statesafterthedecode stateof themyt h8 controlunit.

With eachstate, provide a description of what is taking placein it using the registertransfer
languagenotation donein class(e.g, rj < re+ 1, mdr < mem.data_bus for writing into regis-
ters rj,mdr, respectvely, and r; — A_Bus,mar — mem_.addr _bus for reading/connectingr;, mar,

respectvely, to the specifiedbuses).

If appropriateyoucanshaw transitionsrom thestate(syoudesigrto af et ch0 statewithoutgiving

detailsof thef et chO state.Themyt h8 processoprganizations providedonthenext page.

Grading criteria will be basedon correctnessspeedin cc’'s and number of statesin decreasing

order of importance. 30

(b) Not countingthe fetchanddecoddimes,determinghe cc’s neededor your FSM designto per
form: (i) arotateleft of 3 bits; (ii) arotateright of 4 bits. 10



3. [Add-&-Shift Multiplication ]
The hardwarealongwith controlsignalsfrom the controllerandstatussignalsto the controllerfor a
16-bit2's complemen®A&S muitplierto performP = X x Y (X is themultiplier, Y the multiplicand)

is shavn below.
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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
NOTE: Signal lines without any specified width are 1-bit wide

Thealgorithmfor n-bit 2's complemenmultiplicationis specifiedbelow:

Initialize AC = 0; Q = Multiplier (X); M = Multiplicand (Y).
Do thefollowing stepsn — 1 times
{
If LSBof Qis1thenAC =AC+M elseAC = AC;
If (nooverflow in theaddition)then

Performanarithmeticshift right (ASR) of AC-Q registercombinatiorby 1 bit
else

Shift right Cot-AC-Q registercombinatiorby 1 bit

}
If LSB of Qis 1thenAC =AC- M elseAC = AC; /* theLSB of Q now is the signbit of X */

If (nooverflow in the subtractionthen

Performanarithmeticshift right (ASR) of AC-Q registercombinatiorby 1 bit
else

Shift right Cot-AC-Q registercombinatiorby 1 bit;
Final productis in AC-Qregister




(a) As far as the controller FSM is concernedassumethat initially AC = 0,Q = X,M =Y (you
dont needto designa stateto do this, but assumehisis donein a LOAD state).Also assumethat
addition/subtraction takes3 cc’s and shift right of any variety takes1 cc. Designthe FSM of the
controllerin theabove figure startingfrom afterthe LOAD state(justshaw this statetransitingto the
first stateof your FSM design)for the 16-bit multiplicationto be performed. Assumethatthis is a

positive edgetriggeredsystem.

With eachstate, provide a description of what is taking placein it using the registertransfer

languagenotation mentionedearlier.

Grading criteria will be basedon correctnessspeedin cc’'s and number of statesin decreasing

order of importance. 50

CorrectnesdHints:

e Thecontrollerdoesnot needto determindf theinputto thexor unitisY or 0 basednthelLSB
of Q in a particulariteration. This is determinedy the And combinationalinit. However, the
controllerdoesneedto figureout whetherto performanaddor subtractwwhenthe LSB of Q is 1
(it canthendo addor subtracthy forcing theappropriatezalueontheoper controlsignal).

e Thecnt _up orcnt _dn signalto the counterwill resultin the counterincrementingor decre-
menting,respectrely, by 1 onthenext positive edgeof the clock cycle (cc), sinceincrementing
or decrementinghe counteris equivalentto writing to the counteregister(i.e.,to its FFs). Thus
thecontrollercanonly checkthecnt r _zer o statussignalin a stateafter the statein whichthe
cnt _up or cnt _dn controlsignalis set. Note alsothatit doesnot necessarilyhave to bethe
very next statein whichthecnt r zer o signalis checled;it canbe checledin ary stateafter
thestatein whichthecnt _up or cnt _dn controlsignalis set,aslong asthereareno statesn
betweenn which the countervalueis changed.

e Similarly, the AC-Q registercombinationis shiftedright only at the beginning of the next cc
afterthe statein which eithertheasr _.ac_q or | sr _ac_q controlsignalis set,againbecause
a shift right (or ary otherregisterchangingfunction)writesto theregister Thus,the controller
canonly checkthe LSB of the AC-Q register(statussignall sb_q) in a stateafterthe statein
which eitherof the above two shift right controlsignalsis set. Again, asin the countercasethe
LSB checkingstateneednot necessarilyoe the stateright after the statein which eitherof the
above two shiftright controlsignalsis set,but canbeary stateafterit, aslongasnointermediate

stateschangehe contentof the Q register



SpeedHint: In orderto increasahe speedf your design,in the controllerFSM skip the 3ccaddor

subtractportionwhenthel sb_qg statussignalis O (i.e.,LSB of Q is 0).

(b) Analyzethenumberof cc’sit will take to performthe 16-bitmultiplicationusingyour FSM design

assuminghatX has8 1'sand8 0’s.
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