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ECE 366—Fall 2001, Instructor: Prof. ShantanuDutt

ProcessorDesignProject 2
Duedate: Fri Nov 9

Note: You needto do this projectin thesameteamof two astheonefor Project1, unlessyour partnerhas

droppedout in which caseyoucanchooseanotherpartnerwho is available.Teamsof morethan2 students

arenotpermitted.

Add statesfor thefollowing instructionsto theC.U. (for themyth8)thatyoudesignedfor Project1:

1. [add ext blankblankblank ]

Semantics:r1r0
� r1r0

�
r3r2 wherer1r0 meansthe16-bitnumberformedby concatenatingr1’s data

to r0’s datawith thelatterbeingtheLS-byteandtheformertheMS-byte.(r2r3 is similarly defined).

addext opcode= 001111

2. (a) Designthe formatof a 24-bit instructionto performa load word lw+ usingthe auto-increment

register-indirect addressingmodewith thesemanticsri � Mem � r j � ;r j � r j
�

X . Notetheinitial (non-

incremented)valueof r j is to beusedfor theaddressof thedataword to beobtainedfrom memory.

Clearly explain the format and what it means. Next, designthe CU statesfor executingthe lw+

instruction.

lw+ opcode= 010000

Hint : Justlike in thesw instructionfrom Project1, the1stor leastsignificant2 byteswill have the

opcodeandotherinformationthat theCU needsimmediatelyto startprocessingthefirst partof the

instruction(ri � Mem � r j � ). The last (mostsignificant)8 bits of the instructioncanbe fetchedafter

theinitial partis doneandloadedinto anappropriateregister(mdr, ir0, ir1, etc.)sothatit enablesthe

2ndpartof theinstruction(r j � r j
�

X ) to becompleted.

(b) Commentonthespeedefficiency of usingthe24-bit lw+ instructionaboveversususingtwo 16-bit

instructionsload ind andadd imm (youdid thesein Project1) to accomplishthesameeffectasthelw+

instruction.

3. [mul slow ri r j rk] – type1

Semantics:ri � r j � rk usingtheslow multiplicationtechniquegivenbelow (repeatedadditionwith

noshifting). Notethateitherof r j, rk couldbenegative.

mul slow opcode= 010001
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4. [div slow ri r j rk] – type1

Semantics:ri ��� r j � rk 	 usingtheslow division techniquegivenbelow (repeatedsubtractionwith no

shifting). Notethateitherof r j, rk couldbenegative.

div slow opcode= 010010

5. [div fastri r j rk] – type1

Semantics:ri �
� r j � rk 	 usingthefastnon-restoringdivisiontechnique(seelecturenoteson“Iterative

Division”).

div fastopcode= 010011

For division, alsoassumethat the D andV specifiedin r j, rk areunsignedintegersrepresentedin 7

bits (MSB–bit7– is 0, while thenumbersarerepresentedin bits6 to 0). This is neededin orderto get

thenegativeV (for subtraction)in 2’scomplementthatis representablein 8 bits (this is automatically

doneby choosingalu sel � SUB soyoudon’t have to worry aboutit).

For the(slow) multiplicationinstructionusethefollowing methodfor performingc � a � b:

1. c � 0; sign � 0

2. If b � 0 then � b ��
 b /* convert b to a +ve# */

sign= not(sign) �
3. if (b == 0) thengotostep5 /* final resultis in c */

elsec � c
�

a

4. b � b 
 1; gotostep3.

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

For theslow divisioninstructionusethefollowing methodfor performingc � � a � b 	 (weassumeb �� 0):

1. c � 0; sign � 0

2. If b � 0 then � b ��
 b /* convert b to a +ve# */

sign= not(sign) �
3. If a � 0 then � a ��
 b /* convert a to a +ve# */

sign= not(sign) �
4. a � a 
 b

If (a � 0) thengotostep6 /* quotientis in c */

else � c � c
�

1; gotostep4 �
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5. if (sign=1)thenc ��
 c /* restorecorrectsignto theresult*/

Important Note: Youshouldnotchangethevaluesin theuserregisters(particularlythosespecifiedby the

r j andrk fields)specifiedby theinstruction.Youcanfirst copy theminto thescratch-padregisters(r4 to r6)

if their valuesneedchangingduringtheprocessingof theinstruction.

Also, debug yourdesignusingsampleinstructionsthatyouput in a .memfile.

Onthedatesubmityourdebuggedandtestedcontrolprogramalongwith the.memfileswith yourformat

of the lw+ instructioninsertedin the24-bitplaceholdersin the.memfile thewewill provide you.

Theoreticallyanalyzethemaximum andtheaverage# of cc’s for executingeachinstruction(assume

memoryread/writetakes3 cc’s). Show yourwork clearly, andsubmitin a tabular form.

Youwill begivenoneor two machinelanguageprograms(.memfiles) to testyourC.U.design.Report

theinitial andfinal statesof themythsimgraphicalinterfaceby printing it out (with all registervaluesetc.)

andthenumberof clockcyclesrequiredto executeeachprogram.

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


