' 1996 LS All Rights ReservedContinue ISA Generalization1Three different instruction set architectures are being studied. These three -- L/S, R/M, R+M -- differ in the kinds of operand reference allowed in the primitive instructions.

' 1996 LS All Rights ReservedConventions for Mnemonics2ADD AdditionSUB SubtractionMPY MultiplicationDIV DivisionINC IncrementDEC DecrementCMP CompareCLR ClearLD LoadST StoreLDA Load AddressMOVE Move reg or memSHL Shift leftSHR Shift rightBR Branch UnconditionallyBC Conditinal BranchBAL Branch and LinkBALR Branch to Reg and LinkB Byte (8 bits)UB Unsigned byteH Half word (16 bits)UH Unsigned half wordW Word (32 bits)UW Unsigned wordF Floating point (32 bits)D Double precision fp (64 bits)C Character or Decimal (8 bits)P Packed Decimal (4-bit)Adopt conventions: <op>.<data_type>

' 1996 LS All Rights ReservedConventions on Branching3BR TARGET Unconditional branch to targetBC TARGET Conditional branch w/o condition specifiedBC.CC TARGET Conditional branch w/o condition specifiedBC.NE TARGET Conditional branch to target with CC givenBCT.NE R1,TARGET Decrement R1 & branch to target if result „ 0BAL TARGET Save PC in implied reg & unconditional branchBALR R1,TARGET Save PC in implied reg & branch addr in R1CC ConditionT True (always)F False (never)V OverflowC Carry or BorrowPE Even parityPO Odd parity

CC ConditionLE Less than or equalLT Less thanEQ EqualNE Not equalGE Greater than or equalGT Greater than

' 1996 LS All Rights ReservedConventions on Operands4#vald The decimal value val#valh The hexadecimal value val#valb The binary value val#valq The octal value val’char’ The value of the character charMode Spec MeaningRegister Rx Register xMemory ADDR Address specified by ADDRIndirect [Rx] Address specified by contents of RxIndexed OFFSET[Rx] Address give by OFFSET + contents of RxImmediate #val The value val

ADD.x Rd, Rs1, Rs20[Rx] = [Rx]X = X[0]

' 1996 LS All Rights ReservedThe critical state and control information for an executing program is collected together in the program status word -- its usually quite a bit larger than a word.Typical ContentsCondition codeProgram Counter (PC)Current instruction lengthEnable/disable for arith overflowOdd/even parity informationUser IDProtection informationWait/run stateMachine check mask enable -- diagnosticI/O channel masksProgram Status Word5Positive result --> set 1000Negative result --> set 0100Zero result --> set 0010Overflow --> set 0001PSW

CCTo test greater than or equal, Mask =1010

' 1996 LS All Rights ReservedAssembly Code6fact: MOVE.W R8,R0 ; Clear upper 1/2 of reg. pair LDA R9, #1 ; Initialize lower 1/2 to 1 LD.W R10,N ; Fetch nloop: MPY.W R8,R9,R10 ; Compute product SUB.W R10,#1 ; Decrement count BC.GT loop ; Iterate ST.W NFACT ; Save result ENDCompute N! using different architectural styles.fact: ST.W NFACT,#1 ; Initialize result LD.W R8,N ; Fetch nloop MPY.W NFACT,R8 ; Compute product BCT.NE loop ; Iterate END

' 1996 LS All Rights ReservedMachine FormatsDifferent operand types require different size encoding. 7

OPAddrRd

OPRd

Rs1Rs23216486432OP

Rds1Rs2

OPAddr32Rds1

OPAddr1

Addr2MMMOP

RRROP

RAddrOP

RAddr1Addr2OP

Addr1Addr2

Addr3L/SOtherRRRMMMRR, RRRRM, RRM, RMR, MRRMM,RMM, MRM, MMR163248Rd <-- Mem[Addr]Rd <-- Rs1 OP Rs2Rds1 <-- Rds1 OP Rs2Rds1 <-- Rds1 OP Mem[Addr]Mem[Addr1] <-- Mem[Addr1] OP Mem[Addr2]