Chapter Five

The Processor: Datapath and Control
(Parte C: microprogramacao)
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Another Implementation Style

« Complex instructions: the "next state” is often current state + 1
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Visao geral
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controle

Dispatch ROM 1 Dispatch ROM 2
Op Opcode name Value Op Opcode name Value
000000 R-format 0110 100011 1w 0011
000010 Jmp 1001 101011 SwW 0101
000100 beq 1000
100011 1w 0010
101011 SwW 0010
Instruction registeri
opcode field
State number Address-control action Value of AddrCtl
0 Use incremented state 3
1 Use dispatch ROM 1 1
2 Use dispatch ROM 2 2
3 Use incremented state 3
4 Replace state number by 0 0
5 Replace state number by 0 0
6 Use incremented state 3
7 Replace state number by 0 0
8 Replace state number by 0 0
9 Replace state number by 0 0
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Microprogramming

Control unit
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« What are the “microinstructions” ?
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Diagrama de transicao de estados
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Um microprograma horizontal

Estado| Address-control action seq
0 Use incremented state 3
1 Use dispatch ROM 1 1
2 Use dispatch ROM 2 2
3 Use incremented state 3
4 Replace state number by 0 0
5 Replace state number by 0 0
6 Use incremented state 3
7 Replace state number by 0 0
8 Replace state number by 0 0
9 Replace state number by 0 0
°
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O K| S| S| a|la| S| | | | <| <| a|Desvio |Obs
Fetch| 0 | 1 1 1 0 | 01| 00| 00 |Seq Lé instrucao; PC <- PC+4
0|11 |00 Dispatch1 |ALUout<- end de desvio
LWSW1 1110 | 00 Dispatch2 |end efetivo
LwW2| 1 1 Seq Lé memoria
110 1 Fetch Write Back
SW2| 1 1 Fetch Escreve na Mem.
RFormat1 1]100|10 Seq Executa ALU
o| 1|1 Fetch Write Back
Beq1 1 1 { 00| 01| 01 |Fetch Desvio condicional
Jump1 1 10 |Fetch Desvio incondicional
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Microprogramming

« A specification methodology
— appropriate if hundreds of opcodes, modes, cycles, etc.
— signals specified symbolically using microinstructions

ALU Register PCWrite
Label control |SRC1| SRC2 | control Memory control Sequencing
Fetch Add PC 4 Read PC  |ALU Seq
Add PC Extshft |Read (nada) Dispatch 1
Memf Add A Extend Dispatch 2
LW2 Read ALU Seq
Write MDR Fetch
SwW2 Write ALU Fetch
Rformat1 |Func code |A B Seq
Write ALU Fetch
BEQ1 Subt A B ALUOut-cond |Fetch
JUMPH1 Jump address |Fetch

e  Will two implementations of the same architecture have the same microcode?
 What would a microassembler do?
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Microinstruction format

Field name Value Signals active Comment
Add ALUOp =00 Cause the ALU to add.
ALU control Subt ALUOp =01 Cause the ALU to subtract; this implements the compare for
branches.
Func code ALUOp =10 Use the instruction’s function code to determine ALU control.
SRCH1 PC ALUSIcA =0 Use the PC as the first ALU input.
A ALUSIcA = 1 Reqister A is the first ALU input.
B ALUSrcB = 00 Register B is the second ALU input.
SRC2 4 ALUSrcB = 01 Use 4 as the second ALU input.
Extend ALUSIrcB = 10 Use output of the sign extension unit as the second ALU input.
Extshft ALUSrcB = 11 Use the output of the shift-by-two unit as the second ALU input.
Read Read two registers using the rs and rt fields of the IR as the register
numbers and putting the data into reqgisters A and B.
Write ALU RegWrite, Write a register using the rd field of the IR as the register number and
Register RegDst =1, the contents of the ALUOut as the data.
control MemtoReqg = 0
Write MDR RegWrite, Write a register using the rt field of the IR as the register number and
RegDst = 0, the contents of the MDR as the data.
MemtoReg = 1
Read PC MemRead, Read memory using the PC as address; write result into IR (and
lorD =0 the MDR).
Memory Read ALU MemRead, Read memory using the ALUOut as address; write result into MDR.
lorD =1
Write ALU MemWrite, Write memory using the ALUOut as address, contents of B as the
lorD =1 data.
ALU PCSource = 00 Write the output of the ALU into the PC.
PCWrite
PC write control ALUOut-cond PCSource = 01, If the Zero output of the ALU is active, write the PC with the contents
PCWriteCond of the register ALUOQut.
jump address PCSource = 10, Write the PC with the jump address from the instruction.
PCWrite
Seq AddrCtl = 11 Choose the next microinstruction sequentially.
Sequencing Fetch AddrCtl = 00 Go to the first microinstruction to begin a new instruction.
Dispatch 1 AddrCtl = 01 Dispatch using the ROM 1.
Dispatch 2 AddrCtl = 10 Dispatch using the ROM 2.




Maximally vs. Minimally Encoded

 No encoding:
— 1 bit for each datapath operation
— faster, requires more memory (logic)
— used for Vax 780 — an astonishing 400K of memory!
* Lots of encoding:
— send the microinstructions through logic to get control signals
— uses less memory, slower
« Historical context of CISC:
— Too much logic to put on a single chip with everything else
— Use a ROM (or even RAM) to hold the microcode
— It’s easy to add new instructions
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Microcode: Trade-offs

e Distinction between specification and implementation is sometimes blurred

« Specification Advantages:
— Easy to design and write
— Design architecture and microcode in parallel
* Implementation (off-chip ROM) Advantages
— Easy to change since values are in memory
— Can emulate other architectures
— Can make use of internal registers
 Implementation Disadvantages, SLOWER now that:
— Control is implemented on same chip as processor
— ROM is no longer faster than RAM

— No need to go back and make changes
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The Big Picture

Initial Finite state ,
, . Microprogram
representation diagram
Ye— = vV
Sequencing Explicit next Microprogram counter
control state function + dispatch ROMS
Logic Logic Truth
representation equations tables
Ve— v
Implementation Programmable Read only
technique logic array memory

* Ler “Historical perspective and further reading”
* RISC x CISC
» Controle

* hardwired

» microprogramado (firmware)
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