Ev olution of ISA’s

ISA has c hanged o v er computer \generations"

A traditional w a y to lo ok at ISA complexit y encompasses

� Num b er of addresses p er instruction

� Regularit y of instruction formats

� Num b er of addressing t yp es

Num b er of addresses p er instruction

� Started with one address and \implied" accum ulator

� Then 1 address + index registers

� F ollo w ed b y 1 address + general registers

� Then 2 or 3 addresses and general registers

� Then N addresses (V AX)

� Also stac k computers (0-address)

Addresses p er instruction

In RISC mac hines:

� 3 addresses but the op erands are registers (or 2 registers and 1

immediate)

� 2 addresses for load-store with 1 b eing a register

In CISC mac hines lik e IBM System/360 family and In tel x86 family

� 2 addresses (source source op. destination)

� 1 op erand is a register the other can b e either register, memory

adress, or immediate

� Some instructions (manipulating strings) can ha v e 2 memory ad-

dresses as op erands

Regularit y of instruction formats

� Started with �xed format (ease of programming)

� Then more exibilit y (assem bly language/compiler) Three or four

instruction formats not necessarily the same length.

� Then striv e for memory compactness. Enco ding of v ariable length

instructions.

� Bac k to regular instruction sets (memory is c heap; enco ding m ust

b e simple for instructions to b e executed fast)

Num b er of instruction formats

In RISC mac hines, all instructions ha v e the same length. V ery few

instruction formats (3 or 4)

In CISC mac hines, instructions of v arious lengths

� In System 360, instructions can b e 2,4, or 6 b ytes long

� In In tel x86, they can b e from 1 to 17 b ytes

In CISC mac hines, larger n um b er of instruction formats:

� In System 360, 5 instruction formats

� In In tel x86, ...man y .... with lots of v ariations due to sp eci�ers.

Example: IBM 360, 370, 30xx, 43yy

ISA de�ned mid-60’s.

Tw o-address; 4+ instruction formats of length either 2,4, or 6 b ytes.

OPC R1 R2

RR format

OPC R1 RX format

X2 B2 displacement

R1 <- R1 op. R2 R1 <- R1 op. mem[X2 + R2 + displ]

OPC R1 B2 displacement R3 RS format mem[B2 + displ] <- [R1-R3] OPC value B2 displacement mem[B2 + displ] <- mem[B2+displ] op. value

OPC count R1 R2 address 2 address 1

SI format mem[address2 + R2 + i] <- mem [address 1 + r1 +i], 0<=i<count

SS format

Addressing mo des

� Start with immediate, direct, indirect

� Then index registers

� Then index + base (i.e., w the sum of 2 registers to b e an

address. Some RISC hines, e.g., IBM erPC e this

feature)

� CISC’s e all kinds of addressing

7

Example: V

AX-11, the ultimate CISC

ISA de�ned late 70’s.

er 200 instructions

� V ariable length instructions

� erful" instructions: e.g., p olynomial ev aluation, \add, com-

pare, and h", pro cedure call with register ving and frame

set-up etc.

Complex addressing mo des

8

V AX addressing mo des: a sample

1. Immediate (with en some small f-p ts) VL con-

t, register]

2. Direct (register) [CLRL register] (one for h data yp e)

3. Indirect (or deferred) [CLRL (register)] Clear the memory lo ca-

tion whose address in the register

4. t [CLRL (register)+] as ab e but after the CLRL

the register is ted y 4 (or 1 if CLRB etc...)

5. Auto t as ab e but the register is ted b efore

access

6. t deferred [CLRL @(register)+] w register p ts

to the address of the address

7. t [CLRL t(register)] the t has a mo d-

i�er for ytes, ords, ords etc.

8. t deferred [CLRL t(register)]

9. Index mo de (see next slide)

9

V AX indexing mo de

The index register [Rx] is ultiplied y the size of the op erand in

ytes to yield the t index". Then the t index

is added to the address computed according to the other mo des.

Example:

CLRL A[R1] #Clear the ord at address A + 4*R1

CLRL (R4)+[R1] #Clear the ord at address R4 + 4*R1

t R4 y 4 after the address

#is computed

CLRL 12(R4)[R1] #Clear the ord at address R4 +12*4 +R1*4

10

In tel x86: the largest n um b er of CPU’s in the w orld

y urts! Only 8 general registers.

Has an ISA for 16-bit and an extended one for 32 bits

Addressing relies on ts (co de, k and 4 data ts)

Lots of t addressing mo des (but er than in V AX)

11

Instruction enco ding in In tel x86

Quite complex.

Op co de 1 or 2 ytes. One bit in op co de for size of op erand.

First yte wing op co de is op erand sp eci�er (can sp ecify 2 reg-

isters, or one register and the next yte sp eci�es base and address

register, and p ossibly next (1,2,4) yte is a t etc...)

No y in instruction set.

But .. more than 300 millions x86 in the orld to y (ab out 85%

of the et for computers; less if ou t b edded pro cessors

where Motorola has a t share)

12

MIPS is not the only RISC

RISC trend for general-purp ose computing started in early 80’s as a

reaction to er more complex CISC’s.

� h at IBM for the IBM 801 that b ecame R

T/PC that led

to RS6000 and w to erPC

� h at eley for the RISC I and I I that led to SUN

SP C pro cessors

� h at Stanford for the MIPS that led to MIPS Co., w

b t y SGI, MIPS Rxxxx

� HP Precision hitecture

� DEC Alpha (the fastest {clo k-wise{ micropro cessor to y)

13

Ho w ab out the new In tel IA-64 arc hitecture?

Co de name Merced

tel-HP collab oration

ard compatible with x86?

Details of the ISA e not et b een disclosed.

14

A review of basic RISC ideas

� Fixed length, easy to deco de (regular), instructions

� Load-store hitecture

� F ew addressing mo des

with the consequences:

� Deco ding and trol hardwired

� Striving for small cycle time and small (equal for all instructions)

b er of cycles p er instruction (CPI)

� \Exp ose" the hitecture to the compiler/programmer

15

Curren t RISC are not \that restricted" !!

� sp ecial instructions for graphics, ultimedia, managing some

are resources (but these instructions are still \simple")

� sup er-scalar hines

� sp e execution

� out-of-order issue

� etc..

er, the Ultimate driving force is Sp eed!

E xec:time = N umber of instr

C P I cl ock cy e time

(cf. Chapter 2)

16