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ECE 366—Fall 2001, Instructor: Prof. ShantanuDutt

ProcessorDesignProject I
Duedate: Fri Oct. 12

Note: You needto do this projectin teamsof two. Pleasesubmitby Wed. Oct. 3 thenameandID of your
teamto theTA (crangasw@ece.uic.edu).

1. DesignaC.U. for themyth8usinga controlprogramthatimplementsthefollowing instructions:

1. [nop]

Semantics:wasteacc andgobackto thefetchstate

nopopcode= 000000(all otherinstructionsfieldsarealso0).

2. [addri r j rk] – thiswill betype1

Semantics:ri
� r j

�
rk

addopcode= 000001

3. [add imm ri r j blank4-bit constant] – type1 (rk field is blank)

Semantics:ri
� r j

�
4-bit constant

add imm opcode= 000011

4. [subri r j rk] – type1

Semantics:ri
� r j � rk

subopcode= 000100

5. [rolm ri ri ri 4-bit constant] – type1

Semantics:ri is rotatedleft (notethatMSB goesintyo LSB) asmany timesasspecifiedin the

4-bit constant field. Assumethatthis4-bit constant is � 0.

rolm opcode= 000101

6. [bgeblankr j rk rel addr] – type1 (ri field is blank)

Semantics:if r j � rk, r7 � r7
�

rel addr

blt opcode= 000110

7. [rorm ri ri ri 4-bit constant] – type1

Semantics:ri is rotatedright (notethatLSB goesinto MSB) asmany timesasspecifiedin the

4-bit constant field. Assumethatthis4-bit constant is � 0.

rolm opcode= 000111

Hint : For n-bit regitsters,a k-bit rotateright is thesameasan � n � k � -bit rotateleft, k � n.

8. [jmp 8-bit address] – type2
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Semantics:r7 � 8-bit address

jmp opcode= 001000

9. [load imm ri 8-bit constant] – thiswill bea type2 instruction.

Semantics:ri
� 8-bit constant

load imm opcode= 001001

10. [load ri 8-bit address] – type2

Semantics:ri
� MEM[8-bit address]

loadopcode= 001010

11. [load ind ri (r j)] – type1. This is a load word instructionusingtheregister-indirect addressing

mode.

Semantics:ri
� Mem � r j �

load ind opcode= 001011

12. store is a24-bit instructionof theform

1st16bits (leastsignificant2 bytes):[storeblankr j r j]

3rd (mostsignificant)byte: [8-bit address]

Semantics:MEM[8-bit address] � r j. Note that this instructiondoesnot fall into eithertype

1 or type2 asdescribedin themyth 8 manual.However, thatdoesnot meanthatwe cannot

designtheCU for otherinstructionformats.We cando it aslong asthehardwareallows usto

processsuchinstructions.Thereareno hardandfastrulesin achitecturedesignandin digital

designin general;therearelotsof designoptionsandflavors!

storeopcode= 001100

13. [sw+ r j r j rk 4-bit-offsetX ] –type1.This is a store word instructionusingtheauto-increment

register-indirect addressingmode.Semantics:Mem � r j � � rk; r j
� r j

�
X . Notethatr j appears

in boththeri andr j fieldsof theinstruction.

sw+opcode= 001101

14. [halt]

Semantics:Stoptheprogram.

haltopcode= 001110

Important Note: The C.U. shouldnot usethe the userregisters(thosespecifiedby the r j and rk

fields)specifiedby theinstructionandthePC(r7) asscratch-padregisters.Only r4 to r6 canbeused

asscratch-padregisters.

Also, debug yourdesignusingsampleinstructionsthatyouput in a .memfile.
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2. Onthedatesubmityourdebuggedandtestedcontrolprogram.Theoreticallyanalyzethe# of cc’s for

executingeachinstruction(assumememoryread/writetakes3 cc’s). (show yourwork clearly)andin

a tabular form.

You will be given one or two machinelanguageprograms(.memfiles) to test your C.U. design.

Reporttheinitial andfinal statesof themythsimgraphicalinterface(with all registervaluesetc.)and

thenumberof clockcyclesrequiredto executeeachprogram.

3. Grading criteria :

(a) Correctness: 60% of theprojectpoints. Your CU designshouldbeableto executethegiven

programsaswell asa “blind” program(thatyou will not have accessto) correctly to getany-

wherenearfull points.Somake surethatyou have debuggedtheexecutionof eachinstruction

carefully with relevant different valuesin the “variable” fields (ri 	 r j 	 rk, 4-bit constant,8-bit

constant,etc.). You cannotof courseexhautively debug for all possiblevaluesin the variable

fields,but usedifferentclassesof values(e.g.,in the rolm instruction,testit for two different

valueof ri, for a few differentvaluesstoredin theregisters(e.g,valuesthatwill not change:0,

-128,andvaluesthat will change127,64, -40, etc.),andfor the following valuesof the 4-bit

const.: positive boundaryvalues0000,0111,oneor two interior valueslike 0100). Relevant

valuesof thevariablefieldsfor debugginginstructionsgenerallydependon theinstruction.

Thebulk of thepoints(60%) will befor correctness,i.e., if your designis correct(determined

by runningprogramscorrectly[40%] and by manualcheckingof your .ucodefile [20%] you

get60% of thepoints.However, if your designis incorrect (i.e., the .memprogramsdo not

run correctly) you will getno more that 10% of the points for this project.

(b) Speed: A smallerportion(20%) of thepointswill bereservedfor how fasttheprogramsrunfor

yourCU design(mattersonly if they runcorectly!).

(c) Number of states: An evensmallerportion(10%) will bereservedfor totalnumberof states—

this representshardwarecost(mattersonly if designis correct!).

(d) Clock cycleanalysisof instructions: 10% of projectpoints.

4. Whatto submit(only onesetperteam):

(a) Electronicsubmissionof your .ucodefile usingthe turnin command(will give detailson web

pagelater).

(b) Hardcopy of: (i) clock cycle analysis;(ii) Initial andfinal statesof the mythsimgraphicalin-

terface(with all registervaluesetc.) andthe numberof clock cyclesrequiredto executeeach

program—usescreencapturefor this; (iii) .ucodefile;
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5. Totalpointsfor thisproject: 40% of total project weight


