
1ECE 366—Fall 2001, Instructor: Prof. ShantanuDutt

Homework 2 : DueWedSept.26

1. For theEdu32 processororganizationandcontrolsignalsgivenin LectureNotes#6b,designtheCU
FSMafter theDECODE-&-INCR.-PCphaseto executethefollowing instructions,and calculatethe
numberof cc’s takento executeeachinstructionnot counting theINSTR.FETCHandDECODE-&-
INCR.-PCphases:

(a) [ADD ri r j rk]. Semantics:ri
� r j

�
rk. 20

(b) [JMP 24-bit-offset Y ]. Semantics:PC � PC
�

Y . 20
(c) [DEC BPL r j 16-bit-offset X ]. Semantics:Performr j

� r j � 1 andbranchto address
PC

�
X (i.e., PC � PC

�
X ) if theresultof thesubtractionis non-negative (i.e., if r j � 1 � 0).

Note that the sign of the result is indicatedby the m31 statussignal going to the C.U., and
if r j is non-negative beforethe decrementthen m31 is a correctindicationof the sign of the
decrementedr j sincetherecould not have beenany overflow (overflow causesthesign of the
resultto beincorrect). 40

(d) [LI ri 16-bit-constant Z]. Semantics:ri
� Z. 20

(e) [LW+ ri (r j) 16-bit-offset X ]. This is a load word instruction using the auto-
increment register-indirect addressingmode.Semantics:ri

� Mem � r j � ;r j
� r j

�
X . 40

(f) [SW+ (r j) rk 16-bit-offset X ]. This is a store word instruction using the auto-
increment register-indirect addressingmode.Semantics:Mem � r j � � rk; r j

� r j
�

X . 40

Assumethefollowing: (1) thememoryis byteaddressable;(2) all instructionsare32bits; (3) all data
are32 bits; (4) theALU hasthefollowing FUs: ADD, ADDA (incrementfor BusA operand),SUB,
SUBA (decrementfor BusA operand),OR,AND, NOPA, (passthroughtheALU unchangedfor Bus
A operand),NOPB ((passthroughthe ALU unchangedfor Bus B operand)(you canassignthese
symbolsto the alu sel control signalsto performthe correspondingALU operations);(5) all ALU
FUstake1 cc; (6) theregisterfile has16registers.r0 to r11 areaddressableby theassemblylanguage
programmer(i.e., the ri, r j, rk fieldshave 4 bit addressesthat rangefrom only 0000to 1011),while
r12 to r15 arefor scratch-paduseof theCU).

Pleasesubmit a copyof Edu32 with control signalsfr om LectureNotes#6bwith your homework .

2. (a) Using the instructionsof problem(1) aswell asthe instruction[LW ri 16-bit-offset X ]
discussedin class,write anassemblylanguageprogramwith commentsto performthefollowing task
givenbelow in a structuredhigh-level code: 50

integer a � 0 ��� 99�	� b � 0 ��� 99�	� c � 0 �
� 99� /* declarationof 3 integerarrays,eachwith 100integers*/
for i � 0 to 99begin
c � i � � a � i � � b � i � ;
end

Assumethatyourprogramstartsfrom address0 andthatthea, b andc arraysarestoredstartingfrom
addresses100,500and900(in decimal),respectively.

(b) AssumingthattheINSTR.FETCHphasetakes4 cc’s andthattheDECODE-&-INCR.-PCphase
takes1cc, calculatethe total numberof cc’s taken to executeyour assemblylanguagecode. If the
clockspeedis 250MHz, how muchtimedoesyourprogramtake to execute? 20


