ECE 366—Fall 2001 Instructor: Prof. ShantanuDutt 1

Homework 2: Due Wed Sept. 26

1. FortheEdu32 processoprganizationandcontrolsignalsgivenin LectureNotes#6b,designthe CU
FSM after the DECODE-&-INCR.-PCphasédo executethefollowing instructionsand calculatethe
numberof cc’stakento executeeachinstructionnot counting theINSTR. FETCHandDECODE-&-
INCR.-PCphases:

(@) [ADD ri rj r¢]. Semanticsri < rj+r. 20

(b) [JMP 24-bit-offset Y]. SemanticsPC«+ PC+Y. 20

(c) [DECBPL rj 16-bit-of fset X]. SemanticsPerformr; < r; —1andbranchto address
PC+ X (i.e., PC <~ PC+ X) if theresultof the subtractioris non-ngatve (i.e.,if rj —1 > 0).
Note that the sign of the resultis indicatedby the mg; statussignal going to the C.U., and
if r; is non-ngative beforethe decrementhenmg; is a correctindicationof the sign of the
decremented; sincetherecould not have beenary overflov (overflov causeghe sign of the

resultto beincorrect). 40
(d) [LI r; 16-Dbit-constant Z]. Semanticsri + Z. 20
(e) [LW+ r; (rj) 16-bit-offset X]. Thisis aload word instruction using the auto-
increment register-indirect addressingnode.Semanticsr; «— Mem[r;];rj < rj+X. 40
(f) [SW+ (rj) rc 16-bit-of fset X]. Thisis a store word instruction using the auto-
increment register-indirect addressingnode.SemanticsMem(r;] <—ry; rj < rj+ X. 40

Assumehefollowing: (1) thememoryis byteaddressablg?) all instructionsare32 bits; (3) all data
are32 bits; (4) the ALU hasthefollowing FUs: ADD, ADDA (incrementfor BusA operand) SUB,
SUBA (decrementor BusA operand)OR,AND, NOPA, (pasghroughthe ALU unchangedor Bus
A operand) NOPB ((passthroughthe ALU unchangedor Bus B operand)(you canassignthese
symbolsto the alu_sel control signalsto performthe correspondingALU operations)(5) all ALU
FUstake 1 cc; (6) theregisterfile hasl6registers.ro to r; areaddressablby theassemblyanguage
programme(i.e., ther;, rj, r¢ fieldshave 4 bit addressethatrangefrom only 0000to 1011),while
ri» to r15 arefor scratch-padiseof the CU).

Pleasesubmit a copy of Edu32 with control signalsfrom Lecture Notes#6b with your homework.

2. (a) Using the instructionsof problem(1) aswell asthe instruction[LW r; 16- bi t - of f set X]
discussedh classwrite anassemblyanguaggrogramwith commentgo performthefollowing task
givenbelow in astructurechigh-level code: 50

i nt eger aJ0..99,b[0..99,c[0..99] /* declaratiorof 3 integerarrays eachwith 100integers*/

for i=0to99begi n

cli] = a[i] + b[i];

end

Assumehatyour programstartsfrom addres® andthatthea, b andc arraysarestoredstartingfrom
addresse$00,500and900(in decimal) respectiely.

(b) Assumingthatthe INSTR. FETCH phasdakes4 cc's andthatthe DECODE-&-INCR.-PCphase
takes 1cc, calculatethe total numberof cc’s takento executeyour assemblyjlanguagecode. If the
clock speeds 250 MHz, how muchtime doesyour programtake to execute? 20



