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The Y86 Processor

•• A A theorictheoric ProcessorProcessor basedbased onon IA32.IA32.
•• FewerFewer Data Data TypesTypes, , InstructionsInstructions andand AddressAddress

ModesModes
•• StillStill sufficientlysufficiently complete to complete to writewrite almostalmost anyany IA32 IA32 

programprogram
•• VeryVery goodgood to to understandunderstand thethe basisbasis ofof a a ProcessorProcessor

ArchitectureArchitecture
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Y86 Architecture
•• InstructionsInstructions

–– MovMov
–– OPlOPl –– IntegerInteger operationsoperations
–– jXXjXX –– BranchBranch ConditionsConditions
–– CallCall
–– RetRet
–– PushlPushl
–– PoplPopl
–– HaltHalt

•• RegistersRegisters
–– 8 8 RegistersRegisters –– numberednumbered formform 0 to 80 to 8

•• %%eaxeax %%ecxecx %%edxedx %%ebxebx %%esiesi %%ediedi %%espesp %%ebpebp

•• ConditionCondition CodesCodes
–– ZF, SF, OFZF, SF, OF
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Algebras & Coalgebras and Functors

•• AlgebraAlgebra
–– SetsSets withwith prepre--determineddetermined rulesrules
–– MainMain issueissue isis to to ConstructConstruct newnew ElementsElements to to includeinclude inin thethe AlgebraAlgebra

F X = 1 + A * X * XF X = 1 + A * X * X

•• CoalgebraCoalgebra
–– MainMain issueissue isis to to DestructDestruct/Observe /Observe thethe ElementsElements insideinside thethe CoalgebraCoalgebra
–– WeWe are are notnot concernedconcerned aboutabout thethe internalinternal SetSet XX

F X = 1 + A * X * XF X = 1 + A * X * X
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Y86 Formal Model

•• ConceptsConcepts to Formalizeto Formalize

–– Y86 Y86 InstructionsInstructions

–– Y86 Y86 StateState

–– Y86 Y86 ProgramProgram

–– Y86 Y86 FunctionalFunctional SimulatorSimulator
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Y86 Instruction

•• S          SS          S

•• A          SA          SSS

•• AA11 * A* A22 * .... * * .... * AAnn SSSS

AnAn InstructionInstruction IsIs JustJust a a StateState modifiermodifier

Haskell definitionHaskell definition

data Y86Operation s v = Op (s data Y86Operation s v = Op (s --> (v, s))> (v, s))

F X = G X             G XF X = G X             G X
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Y86 State

•• WeWe justjust formalize formalize whatwhat wewe reallyreally needneed to to knowknow
aboutabout......

G X = AG X = A88 = A * A * A * A * A * A * A * A= A * A * A * A * A * A * A * A

G X = AG X = A88 * [F X]* [F X]

Haskell definitionHaskell definition

data Y86State = St { regs :: [Double], data Y86State = St { regs :: [Double], 

mach :: [Y86Operation Y86State ()] mach :: [Y86Operation Y86State ()] 

} } 
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Y86 Program

•• A Y86 A Y86 ProgramProgram isis a a SequenceSequence ofof InstructionsInstructions

–– H X = 1 + F X * H X = [ F X ]H X = 1 + F X * H X = [ F X ]

Haskell definitionHaskell definition

type Y86Program = [ Y86Operation Y86State () ]type Y86Program = [ Y86Operation Y86State () ]
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Y86 Functional Simulator

•• BasedBased onon thethe MathematicalMathematical ConceptConcept ofof MonadMonad

[ S          S, S          S, S          S, S          S, .[ S          S, S          S, S          S, S          S, ... ].. ]

S          SS          S

[ S          S, S          S, S          S, S          S, ... ][ S          S, S          S, S          S, S          S, ... ]

S          S S          S 
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Haskell Simulator
instance Monad (Y86Operation s) instance Monad (Y86Operation s) 

where return a     = Op (where return a     = Op (\\x x --> (a, x))> (a, x))

(Op f) >>= g = Op ((Op f) >>= g = Op (\\s s --> let (a, s2) = f s> let (a, s2) = f s

Op fun  = g aOp fun  = g a

in fun s2)in fun s2)

initSt = St (replicate 8 0)initSt = St (replicate 8 0)

prog2 :: [Y86Operation Y86State ()]prog2 :: [Y86Operation Y86State ()]

prog2 = [opIRMovl 1.0 1, opIRMovl 5.0 2, opIRMovl 8.0 3,        prog2 = [opIRMovl 1.0 1, opIRMovl 5.0 2, opIRMovl 8.0 3,        
opAddl 1 2, opJne 4 2 3]opAddl 1 2, opJne 4 2 3]

exec2 = snd  (exec (sequence prog2) (initSt prog2))exec2 = snd  (exec (sequence prog2) (initSt prog2))

Result = [1, 8, 8, 0, 0, 0, 0, 0]Result = [1, 8, 8, 0, 0, 0, 0, 0]
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Conclusions and Future Work

•• Formal Formal MethodsMethods isis a precise a precise tooltool to capture a to capture a 
ProcessorProcessor architecturearchitecture..

•• OtherOther MathematicMathematic approachesapproaches couldcould havehave beenbeen
usedused..

•• Base Base modelmodel to to startstart reasoningreasoning aboutabout thethe Y86 Y86 
ProcessorProcessor. . SeveralSeveral simplificationssimplifications tooktook placeplace..

•• BissimulationBissimulation relationrelation betweenbetween Y86 Y86 programsprograms
•• Y86 Y86 ProgramProgram calculuscalculus
•• IntroduceIntroduce weightweight inin thethe instructionsinstructions arrowsarrows


