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Abstraction

* Abstraction reduces details so that one can
focus on a few concepts at a time

* For example, when we write a C program, we
don’t have to be concerned with the
hardware carries out the instructions

» Un-abstraction is the ability to go from the
abstraction back to the underlying details



I Abstract Model of the Computer




The Abstract Levels of
Modern Computing Systems




I Levels of Abstraction

» User level: applications
I * High level language: C, Java
* Assembly language
* Operating system
» Machine Language: ISA
» Control level: micro-code or hardwired

 Digital logic: circuits, gates



IGap between the User and the Gates

I  How can you get the electrons to solve your
problem suchas 1+ 2 + ...+100 = ?

* There is a gap between what the user wants
and what the electrons can do

* Answer: you must go through levels of
transformations



Levels of Transformations

Problem

Algorithm

Program

Instr Set
Architecture

Software Design:
choose algorithms and data structures

Programming:
use language to express design

Compiling/Interpreting:
convert language to
machine instructions



Instr Set
Architecture

Microarch

Circuits

Devices

Lower Layers

Processor Design:
choose structures to implement ISA

Logic/Circuit Design:
gates and low-level circuits to
Implement components

Process Engineering & Fabrication:
develop and manufacture
lowest-level components



Layers of Transformations
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I The Program Level

I * Problem: What you want to do

* Algorithm: step-by-step procedure to solve
problem

* Programming Languages and interfaces: We
get a program in this layer



The Machine Level

Instruction Set Architecture (ISA):
instructions that a CPU can do

Microarchitecture: implementation of ISA
Circuits: Details of electrical circuits

Devices (transistors): Circuits are built by
Interconnecting transistors

Bits: Transistors operate on bits (“0” or “17)



Hardware vs Software
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I Principle of Equivalence of
I Hardware and Software

also be done with hardware

* And anything that can be done with hardware
can also be done with software

* Modern computers are implementations of
algorithms that execute other algorithms

e Special-purpose hardware implementations
are always faster

* But software implementations are more
flexible

I * Anything that can be done with software can



Many Choices at Each Level

Solve a system of equations

T

Red-black SOR CELEEIEN el Multigrid
elimination iteration
FORTRAN C C++ Java
Sun SPARC Intel x86 Compaq Alpha Tradeoff:
cost,
Pentium Il Pentium Il AMD Athlon performance,

/\ flexibility
(etc.)

Ripple-carry adder Carry-lookahead adder

CMOS Bipolar GaAs



What's Next in this Course

We start with the bottom level: bits

Problems
Algorithms
Prog. Lang & Interfaces
Hiw —slw interface | “Instruction Set Architecture
Microarchitecture (Organization)
Circuits

‘ Devices (Transistors) ‘

software

hardware




