CDA 4101 Computer Organization
e 143 Bellamy Building, MW 3:35 PM — 4:50PM

e Instructor: K. A. Gallivan
— phone: 4-6410
— office: 214 Love Building
— email: gallivan@cs.fsu.edu

e Office Hours: 1:15 PM — 3:15 PM Mon-
days and Wednesdays in 214 Love Build-

ing.

e Appointments for meetings at other times
should be arranged in advance via email.



e Teaching Assistant: Amit Karwande
— phone: 5-0125

— office: 016 Love Building

o Text: Computer Organization and Design:
The Hardware Software Interface, D. Pat-
terson and J. Hennessy, Second Edition,
Morgan Kaufmann Publishers.

e Prerequisites:

— Digital Design: Chapter 4 and Appendix
B are worthwhile reviews. Class notes
also available.

— High-level language programming fluency

— MIPS assembler language fluency: Chap-
ter 3 and Appendix A are worthwhile re-
views



Course Webpage

A course webpage will be maintained to
disseminate information. Follow the teach-
ing link from http://www.cs.fsu.edu/~gallivan
to CDA-4101.

Postscript versions of the class notes will
be available on the page.

An electronic registry to enable you to re-
view your grades. Please register ASAP.

Assignments and all other class announce-
ments will be made via the class webpage.



Exams, Homework and Grading

Weekly (approximately) homework will be
assigned.

Homework will have two types of problems:those
that are graded based on correctness of the
solution and those that are graded based

on effort.

There will be three programming assign-
ments. Each will be given a weight equiv-
alent to three homework assignments and
included in the overall homework grade.

There will be a midterm exam and a com-
prehensive final exam.

Grades: Homework 30%, midterm exam
30% and final exam 40 %.



Course Goals

e Build on the knowledge of digital design
and assembler level programming to inves-
tigate the hardware/software interface of a
computer system.

e Provide an introduction to computer orga-
nization and architecure for uni- and multi-
ProCcessors.

e Present basic design approaches for the
— processor
— memory system
— I/O system

— interconnection networks for multi-processors



e Present strategies for assessing the cost ef-
fectiveness of an architectural implementa-
tion.

e Discuss cost vs. performance tradeoffs of
implementation strategies.

e Provide the knowledge base to pursue more
advanced study in computer architecture.
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Hierarchy of Abstractions

e Computer systems can be viewed in terms
of many different taxonomies.

e [ hey usual involve concentrating on one
particular level of a hierarchy of hardware
and software abstractions.

e T his class will assume a particular hierarchy
and cosider in detail the interface between
the hardware and software hierarchies.



Hardware/ Software Hierarchy




Problem Solving Environments (Highest SW
level)

High Level Languages and Application Li-
braries

Assembler Language (Lowest SW level)

Digital Design (Highest HW level)

Circuit Design

Device Design (Lowest HW level)



Problem Solving Environments

Architectural choices and performance have
exploded in number in recent years.

Application ambition and algorithm choices
have followed.

Managing the use or development com-
puter systems to solve (at all points in
the performance spectrum has become the
subject of PSEs.

Users specify the problem to be solved, the
methods used and the form of the I/O via
application-specific language.



Examples: ELLPACK for elliptic partial dif-
ferential equations, spreadsheets, CAD sys-
tems.

More recent PSEs generate code from application-
specific languages.

CTADEL: given a method to solve partial
differential equations expressed in abstract
mathematical form it generates high-performance
parallel code.

Research in this area is expanding.



Standard Software Hierarchy
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High Level Languages

High level languages such as C++, For-
tran, C allow the use of abstract data struc-
tures and operations to simplify the devel-
opment of implementations of complex al-
gorithms.

No detailed machine model assumed for
UNipProcessors.

Currently HLLs for multiprocessors make
some architetural model assumptions: shared
vs distributed memory programming paradim.

Portability often at the price of performance.



Assembler Level

Software closest to the actual hardware that
iS available to the user.

Defines a virtual architecture.

Assembler instructions are a symbolic rep-
resentation of an operation that must be
implemented via one or more machine in-
structions.

careful instruction set design is critical and
must take into account possible implemen-
tations for performance and longevity rea-
sons.



Instruction Set Design Goals

Make HW easy (or at least efficient) to
build (possibly in multiple ways to support
a family of products)

Make the compiler easy to construct, i.e.,
the compiler must be able to generate ef-
ficient assembler code from a HLL.

Maximize performance.

Minimize cost.



Design Principles

Simplicity favors regularity.

Smaller is faster.

Good design demands good compromise.

Make the common case fast.

Choose the appropriate level of abstraction
for the intended user. (RISC vs. CISC
debate is often overstated.)



Understanding the assembler level is crucial:

e to understanding computer organization

e tOo understanding compilation and the im-
plications of HLL constructs

e to understand performance tradeoffs



Device Design

lowest level of the HW hierarchy.

the simplest building blocks are designed,
analyzed and implemented, e.g.,

— transistors

— interconnections etc.

materials science

solid state physics

determines the upper bound on performance
of any system



Device Design Issues

e Performance
— time to complete a state change
— rate of multiple state changes
— reliability of function

— durability of device

e Cost
— fabrication process complexity
— material cost

— vield of fabrication



Device Design Issues

e Analysis

— operation and fabrication are complex
processes to model.

— partial differential equations must be de-
fined and evaluated to model time evo-
lution, i.e., equations relating time deriva-
tives to spatial derivatives and function
values.

— results vield operational characteristics
of devices that must be used by the next
level of the hierarchy, circuit design.

— characteristics such as current and volt-
age profiles given device parameters, op-
erational conditions etc. are expressed
in terms of functions that describe the



results of evaluating the models to avoid
the requirement of performing device sim-
ulation during circuit simulation



Circuit Design

e Given descriptions of basic devices such as
transistors, resistors, capacitors, inductors,
diodes, etc. implement more powerful ba-
Sic components via networks of the devices.

e Design requires evaluation of models of op-
eration of the circuit.

e models are ordinary differential equations
based on Kirchoffs current and voltage laws.



e evaluation of the models vields detailed tim-
ing information and profiles of voltages and
currents at various points in the network as
a function of time.

e the reliable operating regimes and response
times of the network are determined this
way.

e the operation must be a reliable approxi-
mation of a higher level abstraction of the
operation, e.dg., a circuit implementing an
AND gate must produce an output wave
form whose steady state is achieved quickly
and is a good representation of a logical
AND of the information represented by the
steady state wave forms on the inputs to
the circuit.



Digital Design

e Assumes that basic components such as
gates or switches have been reliably imple-
mented in the circuit design level.

e Requires a complete gate set to implement
all single or multiple output switching func-
tions

— (AND, OR, NOT) is complete
— (AND, NOT) is complete
— (NAND) is complete

— many others possible

e combinational and sequential networks re-
quired to implement the basic functional
blocks needed to build the various parts of
a computer.



e Uses switching theory (a special case of
Boolean algebra) to

— represent, store and retrieve digital in-
formation

— process digital informaton via switching
networks

— handle some timing problems (hazards
and races)

— handle some error detection and correc-
tion

— detect and avoid certain faults

— design optimal or near optimal networks



Given a single or multiple output switch-
ing function there are many switching net-
WOrks possible.

the canonical sum of products or product
of sums is the easiest to produce.

optimization of two-level single output net-
works is well developed theoretically and is
tractable for circuits with moderate inputs.

generalizations to handle two-level multiple
output networks exist.

large network optimization and multilevel
network optimization are heuristic in na-
ture and many packages exist.

Examples of this follow.



A 1-bit Adder

a|b| Cin| Cout | Sum
O|0| O 0 0
O|0] 1 0 1
O|1| O 0 1
O|1| 1 1 0
110 O 0 1
1,0 1 1 0
111 O 1 0
111] 1 1 1

Canonical sum of products: Cout = (bxCin) +
(axCin) + (a*xb) + (a*xbx Cin)

Optimal sum of products: Cout = (b* Cin) +
(a x Cin) + (a * b)

The optimal switching expression for the sum
is left as an exercise. It can be added to the
following circuit to give a 1-bit adder.
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Two-bit Multiplexor
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the output of a combinational network is a
function of its inputs only.

sequential networks have memory

done with feedback loops

latches can be combined to get flip-flops
which are memory elements with special
updating properties.

registers can be implemented with flip-flops
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Pulse mode networks are a special case of
sequential networks that can be “clocked”

Finite state machines are a special case of
Pulse mode networks that are the basis for
much of the rest of the computer architec-
ture.

maintain internal state which changes as a
function of the inputs and itself.

the output also depends on the internal
state and (possibly) the output.






Hardware Software Interface

We have the instruction set architecture
given by the lowest SW level.

We have the components from the Digital
Design level.

Must enumerate and design the basic com-
ponents of the computer.

Must link the two by the generation of ma-
chine instructions.

Must characterize performance.

Must analyze the cost vs. performance of
various implemetation strategies.



asic Components of the Architecture

Memory — stores the state of the compu-
tation and the code

Data path — updates the state of the com-
putation by performing specified operations

I/O — gets initial data and code, returns
portion of final state of computation de-
sired.

Control — coordinates all of the above.



