What is Computer Arc hitecture?

� Structure: static arrangemen ts of the parts

� Organization: dynamic in teraction of the parts and their con-

trol

� Implemen tation: design of sp eci�c building blo c ks

� P erformance: b eha vioral study of the system or of some of its

comp onen ts.

Alternate de�nition: Instruction Set Arc hitecture

(ISA)

Arc hitecture is an in terface b et w een la y ers.

ISA is the in terface b et w een hardw are and soft w are.

ISA is what is visible to the programmer (and ISA migh t b e di�eren t

for O.S. and applications)

ISA consists of:

� instructions (op erations, ho w are they enco ded?)

� information units (what is their size, ho w are they addressed)

� registers (general or sp ecial-purp ose?)

� input-output con trol

Computer Structure

V on Neumann mo del

Registers I/O Hierarchy Memory

Control ALU

PC Status

CPU

I/O Bus Bus Memory

Computer Organization

Organization and hitecture often used as yms

Organization (in this course) refers to:

� what are the basic blo ks of a computer system?

� more sp eci�cally

{ what are the basic blo ks of the CPU

{ what are the basic blo ks of the memory y

� w are the basic blo ks designed, trolled, connected?

Organization used to b e t to the programmer. This is b e-

coming less true; w the hitecture is exp osed" to the user/compiler.

4

Computer Generations

1st 2nd 3rd 4th 5th ...

cessor V acuum transis. tegrated LSI VLSI V ery

T hn.

es circuits VLSI cessor single ultiple micros orkstat. 32-bit 64-b + MP

structure c. funct. units and minis and PC’s micros micros

Memory V acuum core semi- semicond. semicond. semicond.

es conductor 64KB 512KB 64MB +

5

Computer F amilies

Sequence of hines that e the same ISA (binary compatible).

F or example:

1. IBM 704, 709, 70xx

2. IBM 360, 370, 43xx, 33xx etc..

3. IBM er PC

4. DEC PDP-11, V AX

5. DEC Alpha

6. tel x86 tium, tium Pro)

7. MIPS Rx000, SGI

8. SUN SP C

With p ortable are, is \binary compatible" imp t?

6

MIPS is a RISC

RISC = Restricted Instruction Set Computer

R could also stand for Regular. All arithmetic op erations are of the

form:

R

a

R

b op R

c

MIPS is a Load-Store hitecture. ALU op erates only on registers

7

Registers

Bricks of the CPU. Visible to are and to programmer.

1. High-sp eed storage for op erands. F or example, Assume that v ari-

ables a, b, c are in registers 8, 9, 10 resp ely

add $8,$9,$ 10 # a = b + c

2. Easy to name. Most t computers e 32 or 64 registers;

So their names are 0, 1, 2 , etc.

3. Also used for addressing memory (see later)

Not all registers are \equal".

� Some are sp ecial purp ose (e.g., register $0 in MIPS is hardwired

to 0).

� Some are used for teger and some for oating-p t

� Some are restricted y tion (see App endix A page A-22)

y no more than 32 or 64?

� W ell ... sometime there is (SP

C, CRA

Y, T era)

� Smaller is faster

� Instruction enco ding (the names e to b e short)

� In fact there could b e more registers but they are hidden from

the programmer, hence not part of the ISA.

8

The Memory System

Memory is a hier ar chy of devices with faster and more exp e

ones closer to CPU

1. Registers

2. hes (one or more els)

3. Primary (or main) memory

4. Secondary memory (disks)

Memory el ytes) Sp eed e sp eed

Registers 100’s to 1000’s nanoseconds 1

he 8-128K hip nanoseconds 1-2

1-4MB hip 10’s of nanoseconds 5-10

Primary memory 10MB-1GB 10’s to 100,s nano. 10-100

Secondary memory 1G-10G 10’s of milliseconds 1,000,000

9

Information Units

Basic unit is the bit (stores a 0 or a 1)

Bits are group ed together in information units:

� ytes = 8 bits

� ords = 4 ytes

� double ords = 2 ords etc...

10

Memory

Memory is an y of information units

� h unit has the same size

� h unit has a unique address

� Address and ts are t vious!)

address I-units

-17 123

2 1 0 n

11

Addressing

The addr ess sp ac e is the set of all I-units that a program can refer-

ence.

Most hines to y are byte addr essable

� on a 16-bit pro cessor, the address space is 64K ytes (to o small)

� on a 32-bit pro cessor, the address space is 4G ytes (b eginning

to b e to o small)

� on a 64-bit pro cessor, the address space is enormous (should last

for a while!)

12

Addressing w ords

ery ord starts at an address divisible y 4.

address 0 n

Words

4 8

h yte is yte 0 within a ord? Big Endian vs. Little Endian

(The bly language e will use { SPIM { is Little Endian)

13

The CPU { Instruction Execution Cycle

The CPU executes the program y rep eatedly wing this cycle:

1. F h the next instruction

2. Execute next instruction

3. Compute address of next instruction

4. k to item 1

14

Instructions

An instruction tells the CPU

� the op eration to b e p erformed { OPCODE

� The op erands (zero or more) on h to p erform the op eration

F or a en instruction, the ISA sp eci�es

� what the op co de means

� w y op erands it requires (and the yp e of the op erands)

Op erand is either

� a register

� a memory address

� a t

15