Computer Organization & Design
Chapter Five
Sec.5.5-5.11

Microcode for Control

The Processor: Datapath & Control

* We're ready to look at an implementation of the MIPS

« Simplified to contain only:
— memory-reference instructions: |w, sw
— arithmetic-logical instructions: add, sub, and, or, slt
— control flow instructions: beq, j

* Generic Implementation:

— use the program counter (PC) to supply instruction address
— get the instruction from memory
— read registers
— use the instruction to decide exactly what to do
« Allinstructions use the ALU after reading the registers
Why? memory-reference? arithmetic? control flow?

Control

* e.g., what should the ALU do with this instruction
« Example: lw $1, 100($2)

\ 3] 2 [ 1 ] 100 |

‘ op‘ rs ‘ rt ‘ 16 bit offset ‘

* ALU control input

000 AND

001 R

010 add

110 subtract

111 set-on-1| ess-than

* Why is the code for subtract 110 and not 011?




Control

¢ Must describe hardware to compute 3-bit ALU conrol input
— given instruction type

00 = Iw, sw \ ALUOp

01 =beq . .
! computed from instruction type
11 = arithmetic / o vp

— function code for arithmetic

« Describe it using a truth table (can turn into gates):

ALUOp Funct field Operation
ALUOp1|ALUOpPO| F5 F4 F3 F2 F1 FO

0 0 X X X X X X 010

X 1 X X X X X X 110

1 X X X 0 0 0 0 010

1 X X X 0 0 1 0 110

1 X X X 0 1 0 0 000

1 X X X 0 1 0 1 001

1 X X X 1 0 1 0 111 4

Control
Memto-| Reg | Mem | Mem
RegDst | ALUSrc| Reg | Write | Read | Write | Branch |ALUOp1| ALUPO

R-format. 1 0 0 1 [ 0 0 1 0
T 0 1 1 1 1 0 0 0 0
sw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

Implementing the Control

« Value of control signals is dependent upon:
— what instruction is being executed
— which step is being performed

* Use the information we've accumulated to specify a finite state machine
— specify the finite state machine graphically, or
— use microprogramming

* Implementation can be derived from specification




Graphical Specification of FSM
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* How many state bits will we need?

Finite State Machine for Control

* Implementation:

Data

Control
path

Logic

Register Opcode
Field

PLA Implementation

If I picked a horizontal or vertical line could you explain it?
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ROM Implementation

*« ROM ="Read Only Memory"
— values of memory locations are fixed ahead of time

* A ROM can be used to implement a truth table
— if the address is m-bits, we can address 2™ entries in the ROM.
— our outputs are the bits of data that the address points to.

0000011
0011100
m n 010/1100
VA 2 » 0111000
100/{0000
1010001
1100110
11110111

m is the "height", and n is the "width"
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ROM Implementation
* How many inputs are there?
6 bits for opcode, 4 bits for state = 10 address lines
(i.e., 210 = 1024 different addresses)
« How many outputs are there?
16 datapath-control outputs, 4 state bits = 20 outputs
¢ ROMis 219 x 20 = 20K bits (and a rather unusual size)
« Rather wasteful, since for lots of the entries, the outputs are the
same
—i.e., opcode is often ignored
11
ROM vs PLA

* Break up the table into two parts
— 4 state bits tell you the 16 outputs, 24 x 16 bits of ROM
— 10 bits tell you the 4 next state bits, 210 x 4 bits of ROM
— Total: 4.3K bits of ROM

¢ PLAis much smaller
— can share product terms
— only need entries that produce an active output
— can take into account don't cares

* Sizeis (#inputs x #product-terms) + (#outputs x #product-terms)
For this example = (10x17)+(20x17) = 460 PLA cells

* PLA cells usually about the size of a ROM cell (slightly bigger)
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Another Implementation Style

« Complex instructions: the "next state" is often current state + 1

Control
Unit PLA or

Address Sdect L ogic

o

Instruction
Register Opcode
Field 13
— —
Dispaich RO L [ Dispatch ROMZ ]
T Opcode name Value O ] _Opcode name | Value
000000 R-format 0110 o001t | W [ oow
000010 i 001 01011 | S oo
o00100 beq 1000 e
100011 ] 0010
Tot01T o010
1
=
I nsruction Reg st
Opeade Fidd
State number Address-control action Value of AddrCtl
se state 3
se dispatch ROM 1
Use dispatch ROM 2
Use state
Replace state number by 0
Replace state number by 0
Use state
Replace state number by 0
8 Replace state number by 0 0 14
9 Replace state number by 0 0
Control
Unit )
Microcode Data
path

Address Select Logic

Sple]

Instruction
Register Opcode
Field

« What are the “microinstructions” ?
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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 | Memon control
Fetch _|Add PC_[4 Read PC_[ALU Seq
Add PC__|Extshft|Read Dispatch 1
Meml _|Add A |Extend Dispatch 2
Lw2 Read ALU Seq
Write MDR Fetch
sw2 Write ALU Fetch
RformatiFunc code[A  |B Seq
Write ALU Fetch
BEQL _|subt A B ALUOut-cond_|Fetch
JUMPL Jump address [Fetch

*  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 ALUOD = 00 Cause the ALU 0 a
ALU control Subr Cause the ALU 1o sublract; (s Tmplements the compare for
branches.
Func code Tuse the inSiFuciion's funcion code o determine ALU control
G PC [Use the PC as the first ALU input
Register A s the first ALU mput
Reqister B s the second ALU impiL
srez Use 4 s the second ALU input
end Use output of the sign extension unt s The Second ALU Tiput
ashit [Use the output o the shifi-by-two uni as the second ALU input
ead Licad o registers using the rs and r ifds of the IR as he register
numbers and putting the data into registers A and &
Wits ALU Regwite, \Virite a register using the rd fild of the IR a5 the regster rumber and
Register RegDst = 1 he contents of the ALUOL as the data.
control MemioRe = 0
Wiie VOR Virte & register using the L eld of he 1R s 1he register number and
ihe contents of the MOR as the data,
Read PC Read memory using e PC as address; wile resul o 1R (and
the MDR).
Memory Read ALY Read memory using e ALUOUT as address; wite resull into MOR
Wits ALU [Wiite memory using the ALUOU! a5 address. contents of B as (e
ata
A0 TWirs e outputof s ALU o T PC.
PC wite conrol [ ALUGcond TThe Zero output of he ALU s aciive, wite The PC wilh The Gontents
of the register ALUOUL
Tamp adaress Wit the PC wih the Jump address from e Tsiruciion
Seq {oheoee e s el
Sequencing Feich o 10 the firt microinsiruction to begin a new insiructon
Dispatch T Dispatch using the ROM 1
’;Dwspaml\ Z }7msum sing the ROM 2
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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

« 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

The Big Picture
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