ECE 366—Fall 2001 Instructor: Prof. ShantanuDutt

ProcessorDesignProject 2
Duedate: Fri Nov 9

Note: You needto do this projectin the sameteamof two asthe onefor Projectl, unlessyour partnerhas
droppedoutin which caseyou canchooseanothempartnerwho is available. Teamsof morethan2 students
arenot permitted.

Add statedor thefollowing instructiongto the C.U. (for the myth8)thatyou designedor Projectl.:

1. [add.ext blankblankblank ]
Semanticsrirg = rirg + rar> whereriro meanghe 16-bitnumberformedby concatenating;'s data
to ro’'s datawith thelatterbeingthe LS-byteandthe formerthe MS-byte. (ror3 is similarly defined).
addext opcode= 001111

2. (a) Designthe format of a 24-bit instructionto performaload word | w+ usingthe auto-increment
register-indirect addressingnodewith thesemantics; «— Mem[r;];r; < rj+ X. Notetheinitial (non-
incrementedyalueof r; is to be usedfor the addresof the dataword to be obtainedfrom memory
Clearly explain the format and what it means. Next, designthe CU statesfor executingthe lw+
instruction.

Iw+ opcode= 010000

Hint: Justlike in the swinstructionfrom Projectl, the 1stor leastsignificant2 byteswill have the
opcodeandotherinformationthatthe CU needammediatelyto startprocessinghefirst partof the
instruction(r; < Mem(r;]). Thelast(mostsignificant)8 bits of the instructioncanbe fetchedafter
theinitial partis doneandloadedinto anappropriateegister(mdr, ir0, irl, etc.) sothatit enableghe

2ndpartof theinstruction(r; < rj + X) to becompleted.

(b) Commenbnthespeecefficieng of usingthe24-bitlw+ instructionabove versususingtwo 16-bit
instructiondoad ind andaddimm (you did thesen Projectl) to accomplisithe sameeffect asthelw+

instruction.

3. [mulslow rirj ry] —typel
Semanticsr; < rj x ri usingthe slov multiplicationtechniquegiven belov (repeatedgdditionwith
no shifting). Notethateitherof r;, r couldbe negative.

mul_slow opcode= 010001



4. [div_slowrirjre] —typel

Semanticsr; « [rj/ry] usingtheslow division techniquegivenbelav (repeatedubtractiorwith no
shifting). Notethateitherof r;, r, couldbenegative.

div_slow opcode= 010010

. [div_fastrj rj r] —typel

Semanticsr; < |r;/r¢] usingthefastnon-restoringlivisiontechniqugseelecturenoteson “Iterative

Division”).

div_fastopcode= 010011

For division, alsoassumehatthe D andV specifiedin rj, ry areunsignedntegersrepresentee 7

bits (MSB—bit 7—is 0, while thenumbersarerepresenteth bits 6 to 0). Thisis neededn orderto get
thenggatve V (for subtractionjn 2’s complementhatis representabla 8 bits (thisis automatically
doneby choosingalu_sel = SJB soyoudont have to worry aboutit).

For the (slow) multiplicationinstructionusethefollowing methodfor performingc = ax b:

1.
2.

c=0;sign=0
If b< Othen{ b= —b/* convertbtoa+ve#*/
sign= not(sign)}

. if (b ==0) thengotostep5 /* final resultis in c */

elsec=c+a

b=b—1; gotostep3.

5. if (sign=1)thenc = —c /* restorecorrectsignto theresult*/

For theslow divisioninstructionusethefollowing methodfor performingc = |a/b| (weassumd # 0):

1.
2.

c=0;sign=0
If b< Othen{ b= —b/* convertbtoa+ve#*/
sign= not(sign)}

. If a<O0then{a=—b/* convertatoa+ve#*/

sign= not(sign)}

a=a-—b

If (a< 0)thengotostep6 /* quotientisin c*/
else{ c=c+1; gotostep4 }



5. if (sign=1)thenc = —c /* restorecorrectsignto theresult*/

Important Note: Youshouldnotchangehevaluesin theuserregisters(particularlythosespecifiedby the
rj andry fields)specifiedoy theinstruction.You canfirst copy theminto the scratch-padegisters(r4 to re)
if their valuesneedchangingduringthe processingf theinstruction.

Also, delhug your designusingsamplenstructionghatyou putin a.memfile.

Onthedatesubmityour deluggedandtestectontrolprogramalongwith the.memfileswith yourformat
of thelw+ instructioninsertedn the 24-bit placeholdersin the.memfile thewe will provide you.

Theoreticallyanalyzethe maximum andthe average# of cc’s for executingeachinstruction(assume
memoryread/writetakes3 cc’s). Shov yourwork clearly andsubmitin atatular form.

Youwill begivenoneor two machindanguaggrogramg.memfiles) to testyour C.U. design.Report
theinitial andfinal statesof the mythsimgraphicalinterfaceby printingit out (with all registervaluesetc.)
andthe numberof clock cyclesrequiredto executeeachprogram.

The grading criterion will be similar to that in Project 1 60% of project weight



