Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Computer Or ganizations

Page 132

October 12, 1997

Computer Or ganizations

Register s

ALU

FPU

Contr ol

Unit

Central Pr ocessing Unit (CPU) Cac he

Memor y

Displa y

Ethernet

Disk

Printer

Adapter

MBus

I/O Bus

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Storage Hierarch y

Page 133

October 12, 1997

Stora g e Hierar c h y

¥ Registers fastest stor age (as f ast as CPU cycle time), b ut often v er y f e w (<128)

¥ Cac hes

�small� b ut f aster than main memor y with 1 to 3 le v els (1K-4Mb ytes)

¥ Memor y

fair ly f ast (200ns) and quite large (1-1000Mb ytes)

an arr a y of cells made of dynamic r andom-access memor y (DRAM)

each cell is usually a b yte and has an ad dress

most machines oper ate most ef� ciently on one data type called a w or d

w ords are typically composed of se v er al cells

, e .g., 4 b ytes in 1 w ord

Address siz e ma y be unrelated to the amount of allo w ab le memor y

¥ Disk long latency (10ms to � nd a b loc k), b ut large (200M-10Gb ytes)

¥ T ape V er y long latency (seconds to � nd a b loc k), v er y lo w-cost and large (Gb ytes)

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Compilation to Machine Code

Page 134

October 12, 1997

Compilation to Mac hine Code

¥ Compiler

:

S o u r c e c o d e

A s s e m b l y l a n g u a g e c o d e

x = a + b ;

l d a , % r 1

l d b , % r 2

a d d % r 1 , % r 2 , % r 3

s t % r 3 , x

¥ Assemb ler

con v er ts each assemb ly lang.

instr uction into a bit patter n that hardw are understands

these bit patter ns constitute machine code

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Machine Language

Page 135

October 12, 1997

Mac hine Langua g e

¥ Mac hine langua g e is the bit patter ns that specify CPU instr uctions

¥ Understanding machine languages helps b uild intuition about the cost of high-le v el functionality

lear n about lo w-le v el oper ating system suppor t;

understand ho w oper ating systems implement secur ity

understand what compilers do and ho w to implement code gener ators

understand procedure call mechanisms

lear n ho w to wr ite ver y fast code

, when � and only when � it� s necessar y

design a better instr uction set and f aster processor

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Instruction F ormats

Page 136

October 12, 1997

Instruction Formats

¥ Instructions are composed of

opcode

� speci� es function to be perf or med

operands

� data that is oper ated on

¥ Most machines ha v e only a f e w f or mats

¥ T ypical 0, 1, 2, 3-oper and instr uction f or mat:

opcode opcode dst opcode sr c dst

opcode sr c1 sr c2 dst

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Instruction Ex ecution

Page 137

October 12, 1997

Instruction Ex ecution

¥ CPU� s algorithm f or e x ecuting a pr ogram:

P C < - m e m o r y l o c a t i o n o f t h e 1 s t i n s t r u c t i o n

w h i l e ( P C ! = l a s t I n s t r u c t i o n L o c a t i o n ) { e x e c u t e ( M E M [ P C ] ;

} ;

¥ Each machine instr uction has se v er al phases

F etch -- Instr uction f etch, increment PC

Decode -- Instr uction decode

Oper and F etch -- F etch registers

Ex ecute --Instr uction e x ecution

Store -- Store results