DatapathFeb 22, 1996Topics¥datapath building blocks¥simple datapath design

CS 347 S�96— 2 —MIPS architecture subset0rsrtrdshamtfunct31-2625-2120-1615-1110-65-0R-type instructions (add, sub, and, or, slt): rd <-- rs funct rt31-2625-2120-1615-0Load: rt <-- Mem[rs + address] Store: Mem[rs + address] <-- rt31-2625-2120-1615-0Branch equal: PC <-- ((rs - rt) == 0) ? PC + 4 + address : PC + 435 or 43rsrtaddress35 or 43rsrtaddress

CS 347 S�96— 3 —Abstract View of DatapathRegistersdatareg #reg #reg #DataMemoryaddrdataPCInstructionMemory ALU

CS 347 S�96— 4 —Instruction fetch and PC incrementPCInstructionMemory

4Read addressInstruction Add

CS 347 S�96— 5 —R-type instructionsR-type instructions (add, sub, and, or, slt)Read operands from register fileCompute valueWrite back to register fileRegistersread reg 1read reg 2write regwrite data ALU

Instruction read data 1read data 2zeroALUresult

CS 347 S�96— 6 —Load and store logicLoadCompute addressRead from memoryWrite to registerRegistersread reg 1read reg 2write regwrite data ALU

Instructionread data 1read data 2zeroALUresult

Data memoryread addrwrite datawrite addr

read dataSignextend\\1632StoreCompute addressRead from registerWrite to memory

CS 347 S�96— 7 —Branch on equal logicfetch argumentssubractcompute targetselect new PCRegistersread reg 1read reg 2write regwrite data

ALUInstructionread data 1read data 2zeroALUresult

Signextend\\1632Addshiftleft 2PC+4 from instruction datapath

to branch control logicbranch target

CS 347 S�96— 8 —DatapathPCInstructionmemory 4

Read addressInstruction

AddData memoryread addrwrite datawrite addr

read dataRegistersread reg 1read reg 2write regwrite data

ALUread data 1read data 2zeroALUresult

Signextend\\1632Addshiftleft 2MUX

[31-0]Instr [25-21]Instr [20-16]Instr [15-11]Instr [15-0]Instr [5-0]MUXIFinstruction fetchIDinstruction decode/register fetchMEMmemory accessEXexecute/address calculationWBwrite back

CS 347 S�96— 9 —R-type instructionsIF: Instruction fetch¥IR <-- IMemory[PC]¥PC <-- PC + 4ID: Instruction decode/register fetch¥A <-- Register[IR[25:21]]¥B <-- Register[IR[20-16]]Ex: Execute¥ALUOutput <-- A op BMEM: Memory¥nopWB: Write back¥Register[IR[15:11]] <-- ALUOutput

CS 347 S�96— 10 —Load instructionIF: Instruction fetch¥IR <-- IMemory[PC]¥PC <-- PC + 4ID: Instruction decode/register fetch¥A <-- Register[IR[25:21]]¥B <-- Register[IR[20:16]]Ex: Execute¥ALUOutput <-- A + <IR[15]^17 # IR[14:0]>MEM: Memory¥Mem-Data <-- DMemory[ALUOutput]WB: Write back¥Register[IR[20:16]] <-- Mem-Data(note: # -> concatenate, ^ -> sign extend)

4Read addressInstruction

AddData memread addrwrite datawrite addr

read dataRegistersread reg 1read reg 2write regwrite data

ALUread data 1read data 2zeroALUresult

Signext\\1632AddMUXMUXMUXALUctl

[31-0]Instr [25-21]Instr [20-16]Instr [15-11]Instr [15-0]Instr [5-0]

MUXshiftleft 2IF/IDID/EXEX/MEMMEM/WB