' 1996 LS All Rights ReservedSub-events of Instruction InterpretationInstruction FetchGenerate physical address from PCAccess cache or memory, if cache missIR ‹ SRInstruction DecodeDetermine instruction type and addressing modesFetch register operandsData FetchGenerate physical address for operandAccess cache or memory if cache missExecuteMove SR to ALU, compute resultUpdate RegistersAdjust PC to point to next instructionStore result in register2

' 1996 LS All Rights ReservedThe Datapath3

GPRFPRALUALUDecoderMainMemoryCacheMemoryCacheDirectoryMARPSWIRSR TLB

+Cache access = 2~Cache miss = 6~Addr. formation & TLB lookup = 2~

' 1996 LS All Rights ReservedSample program4TNP1 LD.W R4,N ; Get operand LDA R5,3[R0,R0] ; Load 3Conv: MOVE R6,R4 ; Put in temp CMP.W R6,One ; Converged? BC.EQ Done ; If yes, quitEOtest: AND.W R6,One ; Clear all bits but lsb BCT R6,Halve ; Is number even or oddTriple: MPY.H R4,R5 ; Form product INC R4 ; Bump resultHalve: SHR.W R4,1 ; Divide by 2 BR Conv ; Check for convergenceDone: BR R15 ; Return to callerOne WORD #1d ; Constant 1 End"3N+1" Program -- Given an integer, test if it is 1. If so, stop; else test if its odd. If so, triple it and add 1; if not divide by 2 and start again.

' 1996 LS All Rights ReservedTiming for LD.W5LD.W R4,NI Fetch Load a word from memory PC fi TLB cache miss MM fi SR SR fi IRDecodeAddress GenerateData Fetch cache miss MM fi SRExecute SR fi R4Next Inst PC +4 fi PC

' 1996 LS All Rights ReservedTiming for LDA6LDA R5,3[R0,R0]I Fetch Load address into register PC fi TLB cache fi SR SR fi IRDecodeExecute 3+R0+R0 fi R5Next Inst PC +4 fi PC

LDA R5,3[R0,R0]I Fetch Load a word from memory PC fi TLB cache fi SR SR fi IRDecodeAddress GenerateExecute MAR fi R5Next Inst PC +4 fi PCAlternate

' 1996 LS All Rights ReservedTiming for CMP7 CMP.W R6,OneI Fetch Compare w/ word from memory PC fi TLB cache fi SR SR fi IRDecodeAddress GenerateData Fetch cache fi SRExecute R6 - SR fi CCNext Inst PC +4 fi PC

' 1996 LS All Rights ReservedTiming for MPY.H8 MPY.H R4,R5I Fetch Multiply two registers PC fi TLB cache fi SR SR fi IRDecodeExecute R4[15:0] * R5[15:0] fi R4Next Inst PC +2 fi PC

' 1996 LS All Rights ReservedTiming for BCT9 BCT R6,HalfI Fetch Multiply two registers PC fi TLB cache fi SR SR fi IRDecodeExecute calc branch target addr R6 - 1 fi R6 if R6=0 then PC +4 fi PC else target fi PC