Randal E. BryantCarnegie Mellon UniversityCS:APP Chapter 4Computer ArchitectureCS:APP Chapter 4CS:APP Chapter 4Computer ArchitectureComputer Architecturecsapp.cs.cmu.edu

Y86 Instruction SetY86 Instruction Set012345pushl rAA0rA8jXX 7popl rAB0rA8call 80 , rB20rArB , 308rBV , D(rB)40rArBDmrmovl ), rA50rArBDOPl , 6rArB90001060616263

70717273747576

Building BlocksBuilding BlocksCombinational LogicCombinational LogicnCompute Boolean functions ofnContinuously respond to inputnOperate on data and implementStorage ElementsStorage ElementsnStore bitsnnNon-addressable registersnABWsrcA

srcBClock ALU AB01=

Hardware Control LanguageHardware Control Languageniption languagenCan only express limited aspects of hardware operationlParts we want to explore and Data TypesData Typesn : Booleanl, , , �n : wordsl, , , �lDoes not specify word size---bytes, 32-bit words, �n a = bool-expr ;n A = int-expr ;

HCL OperationsHCL OperationsnClassify by type of value returnedBoolean ExpressionsBoolean ExpressionsnLogic Operationsl a && b, a || b, nWord ComparisonslA == B, A != B, A < B, A <= B, A >= B, A > BnSet Membershipl A in { B, C, D }¨Same as Word ExpressionsWord Expressionsnl [ a : A; b : B; c : C ]lEvaluate test expressions a, , c, � in sequencelReturn word expression , B, , � for first successful test

nProgram counter register (PC)nCondition code register (CC)nRegister FilenllData: for reading/writing programlInstruction: for readingInstruction FlowInstruction FlownRead instruction at addspecified by PCnProcess through stagesnUpdate program counter tt, rAvalCstersterABMEstersterABME

, srcBdstA

ABra

SEQ StagesSEQ StagesnRead instruction from insnRead program registersnCompute value or addrenRead or write datanWrite program registersnUpdate program counter

tt, rAvalCstersterABMEstersterABME

, srcBdstA

ABra

Instruction DecodingInstruction DecodingInstruction FormatInstruction FormatnInstruction bytenOptional register byterA:rBnOptional constant word50rArBD

Executing Arith./Logical OperationExecuting Arith./Logical OperationnRead 2 bytesnRead operand registersnPerform operationnSet condition codesnDo nothingnUpdate registerPC UpdatePC UpdatenIncrement PC by 26

Stage Computation: Arith/Log. OpsStage Computation: Arith/Log. OpsnFormulate instruction execution as sequence of simplenUse same general form for all instructionsOPl rA, icode:ifun ‹ M1valP ‹ PC+2valE ‹ valB OP valAPerform ALU operationSet condition codPC

Executing Executing nRead 6 bytesnRead operand registersnCompute effective adnWrite to memorynDo nothingPC UpdatePC UpdatenIncrement PC by 6 40D

Stage Computation: Stage Computation: nUse ALU for address computation rAicode:ifun ‹ M1 MvalP ‹ PC+6valE ‹ valB M4] ‹Write value to memoryPC

Executing Executing nRead 2 bytesnRead stack pointernIncrement stack pointer by 4nRead from old stack pnUpdate stack pointernWrite result to registerPC UpdatePC UpdatenIncrement PC by 2b08

Stage Computation: Stage Computation: nUse ALU to increment stack pointernMust update two registerslPopped valuelNew stack pointericode:ifun ‹ M1valP ‹ PC+2]]valE ‹ valB + 4valM M] PC

Executing JumpsExecuting JumpsnRead 5 bytesnIncrement PC by 5nDo nothingnDetermine whether to takebranch based on jumpcondition and conditinDo nothingnDo nothingPC UpdatePC UpdatenSet PC to Dest if branchtaken or to incremented PCif not branch7 fall thru:

Not taken

Stage Computation: JumpsStage Computation: JumpsnCompute both addressesnChoose based on setting of condition codes and branchjXX Desticode:ifun ‹ M1 MvalP ‹ PC+5Fall through add‹ CondPC Bch ? : valP

Executing Executing nRead 5 bytesnIncrement PC by 5nRead stack pointernDecrement stack pointer by4nWrite incremented PC tonew value of stack nUpdate stack pointerPC UpdatePC UpdatenSet PC to 80

Stage Computation: Stage Computation: nUse ALU to decrement stack pointernStore incremented PCicode:ifun ‹ M1 MvalP ‹ PC+5Compute return point]valE ‹ valB 4[] ‹ valP] PC Set PC to destination

Executing Executing nRead 1 bytenRead stack pointernIncrement stack pointer by 4nRead return address fromold stack pointernUpdate stack pointerPC UpdatePC UpdatenSet PC to return address90

Stage Computation: Stage Computation: nUse ALU to increment stack pointernRead return address from memoryicode:ifun ‹ M1]]valE ‹ valB + 4valM M] PC

Computation StepsComputation StepsnAll instructions follow same general patternnDiffer in what gets computed on each stepOPl rA, icode:ifun ‹ M1valP ‹ PC+2valE ‹ valB OP valAPerform ALU operationSet condition codPC icodevalA, valB, Cond

Computation StepsComputation StepsnAll instructions follow same general patternnDiffer in what gets computed on each stepicodevalA, valB, Cond icode:ifun ‹ M1 MvalP ‹ PC+5]valE ‹ valB 4[] ‹ valP] PC Perform ALU operation[Set condition code regWrite back memory result

Computed ValuesComputed ValuesInstruction codeInstruction function. Register A. Register BInstruction constantIncremented PCRegister ID ARegister ID BDestination Register EDestination Register MRegister value ARegister value BnALU resultnBranch flagnValue from

nBlue boxes: hardwarelE.g., memonGray boxes:control logiclnWhite ovals:labels for signalsnThick lines:32-bit word valuesnThin lines:4-8 bit valuesnDotted lines:1-bit values

IrunmoIn

n m e r y m e P e n t C C AL U ALUt

oDam e r y NPCrBtEd A ABM.ntrs

BrdwAfun.FhD EMoryW e b d a r fi g ist e r f ile A B M r g e r f A B M BchtEdMsABif

vDatavPC

Fetch LogicFetch LogicPredefined BlocksPredefined BlocksnPC: Register containing PCnInstruction memory: Read 6 bytes (PC to PC+5)nSplit: Divide instruction byte into icode and nAlign: Get fields for , and valCnyI

rBicoifunrA

PCvC ri NevalC

Bytes Byte 0

Fetch LogicFetch LogicControl LogicControl LogicnInstr. Valid: Is this instruction valid?nNeed regids: Does this instruction have a registernNeed : Does this instruction have a constant word?nyI

rBicoifunrA

PCvC ri NevalC

Bytes Byte 0

Fetch ControlFetch ControlA0rA87t

8 0 t r A, rB 2 0 rA rB V rB r A, D ) 4 0 rA rB D D ) 5 0 rA 6 rA rB t 9 0 p 0 0 1 0 A 0 A 0 rA 8 8 7 t t B 0 rA 8 B 0 B 0 rA 8 8 t 8 0 8 0 t r A, rB 2 0 rA 2 0 2 0 rA rB rB V rB 3 0 8 rB V 3 0 8 8 V r A, D ) 4 0 D 0 4 0 rA rB rB D D ) 5 0 D 5 0 D l , 6 rA rB l , rA rB t 9 0 t 9 0 9 0 p 0 0 0 1 0 1 0 1 0

Decode LogicDecode LogicRegister FileRegister FilenRead ports A, Bnn8 (no access)rB

tMsrcAsrcBABMEdstEdstMsrcAsrcBicorAvalBv

A SourceA SourceOPl rA, rA]jXX Dest]

E DestinationE Destination] OPl rA, rAjXX Dest] ]

Execute LogicExecute LogicnlImplements 4 requilnlRegister with 3 condition cnlControl LogicControl LogicnSet CC: Should condition coderegister be loaded?nALU A: Input A to ALUnALU B: Input B to ALUnALU fun: What function shouldALU compute?

ALUUAUBUfun.

BchicodeivalCvBvAvE^{SetCCd}

ALU A InputALU A InputvalE ‹ valB valE ‹ valB + 4valE ‹ valB valE ‹ valB OP Perform ALU operationOPl rA, rAjXX DestvalE ‹ valB + 4;U

ALU OperationALU OperationvalE ‹ valB + valE ‹ valB + 4valE ‹ valB + valE ‹ valB OP valAPerform ALU operationOPl rA, rAjXX DestvalE ‹ valB + 4

Memory LogicMemory LogicnReads or writes memoryControl LogicControl LogicnMem. read: should word beread?nMem. write: should word benMemnMem. data.: Select data mmM.rdmadade

ut mtavalEvalMvalAvalPM.wr

taico

Memory AddressMemory AddressOPl rA, rAjXX Dest M4[] ‹Write value to memoryvalM M]4[] ‹ valPvalM M]

Memory ReadMemory ReadOPl rA, rAjXX Dest M4] ‹Write value to memoryvalM M4[] ‹ valPvalM M

PC Update LogicPC Update LogicNew PCNew PCn

NewBchicevCvalPvalMPC

OPl rA, rAjXX DestPC PC PC PC Bch ? : valPPC Set PC to destinationPC ;;

SEQ OperationSEQ Operationnn. Code registernData memorynRegister fileCombinational LogicCombinational LogicnnControl logicnlInstruction memorylRegister filelData memory

LmyRr

sW e P o a d W e a d W e

Lmy%ebx=

r%ebx = 0 x 1 0 0 1 0 0 1 0 0 e P o a d W e a d W e 0 a x 0 0 n C : C : x C : x C : 1 e 2 3e 4nstate set according tosecond ncombinational logicstarting to react tostate changes

0al%

0 0 j : C : 0 i C : 0 i C : Clo ck le 1e e 4 nstate set according tosecond ncombinational logicgenerates results for instruction

Lmy%ebx = 0Rr % e b x = 0 x 1 0 0 1 0 0 1 0 0 s W e P o 0 a d W e a d W e%ebx‹0x300

0al%

0 0 j : C : 0 i C : 0 i C : Clo ck le 1e e 4 nstate setaccording to nlogic starting toreact to state

Lmy%ebx= 0 Rr% e b x = 0 x 3 0 0 0 0 0 0 0 0 a W e P o a d W e a d W e

0al%

0 0 j : C : 0 i C : 0 i C : Clo ck le 1e e 4 nstate setaccording to nlogic generatesresults for

Lmy%ebx= 0 Rr% e b x = 0 x 3 0 0 0 0 0 0 0 0 a W e P o Lmy%ebx

300Rr% e b x = 0 x 3 0 0 0 0 0 0 0 s W e P o a d W e a d W e

ntion as series of simple stepsnFollow same general flow for each instruction typenpredesigned nConnect with control logicnToo slow to be practicalnIn one cycle, must propagate through instruction memory,register file, ALU, and data memorynWould need to run clock very slowlynHardware units only active for fraction of clock cycle