Lev els in pro cessor design

Circuit design: the k ey w ords here are transistors, resistors etc. The

result is in terms of gates, ip- ops and so on.

Logical design: putting gates (AND, OR, NAND , NOR, etc.) and

ip- ops together to build blo c ks suc h as registers, adders, memory

etc. (cf. CSE 370)

Register transfer lev el: describ es the execution of instructions b y

sho wing ho w information is transferred and manipulated b et w een

adders, registers etc.

Pro cessor description: the ISA (as w e ha v e seen it)

System description: includes memory hierarc h y , I/O, n um b er of pro-

cessors etc.

Pro cessor design or register transfer lev el

Tw o t yp es of comp onen ts:

� Com binational: the output is a function of the inputs (e.g.,

adder)

� Sequen tial: state is remem b ered (e.g., register)

Sync hronous design

Use of a p erio dic clo c k. Edge-trigger e d clo c king metho dology deter-

mines when signals can b e read and when they can b e written.

V alues in storage elemen ts can only b e up dated at clo c k edges.

The clo c k tells when ev en ts can o ccur, i.e., when signals sen t b y the

con trol unit are ob ey ed in the data path.

St. Element 1 St. Element Comb.

logic 2

Clock Cycle

Events occur in one cycle.

The same storage t can b e read and then written in the

St. Element 1 Comb.

logic St. Element 2

Write signal Write signal

Logic needs several cycles to propagate values

Clock Cycle

Pro cessor design: data path and con trol

Registers

Control ALU

PC Status

CPU memory

Data � binational (ALU) + tial (Registers + PC + � w do es data w b een these comp � What op erations can b e p erformed when data � What ork can b e done in one trol � Sends signals to data path � tells what data to e, where to e it, what op erations b e p 4

Data path building blo c ks. Storage elemen

The basic building blo k is a In our mini-MIPS tation, a register will store 32 A register can b e read or

Input bus Output bus

Register Write enable signal

5

Data path building blo c ks. Register Register �le is an y of registers (32 in ISA tells us that e should b e able to read 2 registers and write register in a en instruction (and t w e t one p er W e need to w h registers to

Register file input bus

Write data Read output Read output bus 0 bus 1

Write enable Read register # bus 0

Read register # bus 1

Write register # bus

6

Memory is e a register �le but h Can only read one lo cation or write one lo cation p er

Write data Read data

Write enable

Write memory address Read memory address

Read control signal

Memory bus bus

7

Com binational elemen ts { MultipleMultiplexor ux) selects the v alue of one of its inputs to b e to the

Output bus

signal Select control

Input busses

Multiplexor

8

Com binational elemen ts { Dem ultiplexor (or selector) routes its input to one of its

signal Select control

Demultiplexor

Input bus

Output busses

9

Arithmetic and Logic Unit ALU computes binational) output from its o As its name implies do es arithmetic and logic

ALU

input bus 0 input bus 1 output (result) bus

Zero result bit

ALU control (opcode/function)

10

Putting basic elemen ts Sk eleton of data path for arithmetic op

Register file Write data

Write enable Write register # Read register # bus 0

Read register # bus 1 output (result) bus

ALU

Zero result bit

ALU control (opcode/function)

input bus

Read data #0

Read data #1

11

In tro ducing the instruction fetc

output (result) bus

ALU

Zero result bit

ALU control

Read Reg #1

Read Reg #0

Write data

Write Reg

Read data 0

Read data 1

Instruction

PC Instruction

(Control signals omitted)

Register file

Inst. memory

Inst. address

12

PC has to b e incremen

PC Instruction

(Control signals omitted)

ALU 4

Incrementing the PC (assume no branch)

Inst. memory

Inst. address

13

Load-Store

ALU

ALU control

Read Reg #1

Read Reg #0

Write data

Write Reg

Read data 0 Zero result bit

16-bit 32-bit offset

sign ext.

write data

R/W address

Write signal

Read signal

Read data

Data

Memory Instruction

Register file

14

Datapath for straigh t co Register-register, immediate and

ALU Read Reg #1

Read Reg #0

Write data

Write Reg

Read data 0 Instruction Zero result bit

16-bit 32-bit offset

sign ext.

write data

R/W address

Write signal

Read signal

Read data

Data

Memory or imm. U M X

Read M U X data 1

ALU control

Register file

15

Branc h

PC Instruction

ALU 4

ALU shlf 2

16 32 sign ext

branch control signal

X U M

Inst. memory Inst. address

16