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M11:

Major elements of theory In the ares of algorithms and
data structures are:

1. Computability theory, which defines what machines
can and cannot do.

2. Computational complexity theory, which tells how
lo measure the time and space requirements ol com.
putable funclions and relstes a problem’s size with
the best- or worst-case performance of algorithms
thal solve that problem, and provides methods for
praving lower bounds on any possible solution toa
problem.

3. Time and space bounds for algarithms and classes of

algorithms.

. Levels of intractability: for example. classes af prob-
fems solvable deterministically in polynomially
bounded lime (P-problems]; those solvable nondeter.
ministically in polynomially bounded time (NP-
problems}; and those solvable efficiently by parallof
machines (NC-problems). .

. Parallcl computation, lower bounds, and mappings

from dataflow requirements of algorithms into com.

munication paths of machines.

Probabilistic algorithms, which give resuils cosrect

with sufficiently high probabilitics much more effi-

ciently (in tima and space) than determinate algo-
sithms thal guarantce their results. Monte Catlo
methods,

Cryplography.

. The supporting sreas of graph theory, recursive
fuaclions, recurrence relations. cembinatorics, cal-
culus. induction. predicate and temporal logic. se-
mantics. probability. and statistics.

M21:

Major elements of theory In the asea of programming
languages are:

>~

=~

1. Formal languages and automala, including thearics
of parsing and language translation.

. Turing machines {base {or procedural languages)
Post Systems (base for string pracessing languages).
A-calculus (base for functional languages).

. Formal semantics: methods for defining mathemati-
cal ' models of computers and the relationships
among the modols, language syntax. and Implemen-
tation. Primary mothods include denotational, alge-
braic, operational. and exiomatic semantics.

. As supporting arcas: predicate logic. temporal logic,
modern algebra and mathematical Induction.

~

-

-

M31:

Major elements of theory in the area of architecture
are:

1. Boolean algebra.
2, Swilching theory.

3. Coding theory.

4. Finite state machine theory,

S. The supporting areas of stalistics, probability,
qusueing. reliability theory, discrete mathematics,

— M AE AT BT 5 oKL

M12

. Major elements of abstraction in the area of algorithms

and dala structures ace -

1. Elfficient. optimal algorithms for important classes of

«

problems and analyses for best, worst, and averago
pecformance. .

. Classifications of the effects of control and data
structure on time and space requirements lor var-
{ous classes of problems.

. Important classes of techniques such as divids-and-
conquer, Greedy algorithms, dynamic programming
finite stale machine interpreters, and stack machins
interpreters.

4. Parallel and distributed algosithms: methods of parti-

tioning problams inta tasks that can be executed in
separale processors.

Major elements of absiraction in the atea of program-
ming languages include:

-

Ll

-

. Classification of languages based on thair syntaclic

and dynamic semantic models; ».g., slatic lyping.
dynsmic typing. functional, procedural, object-
orlented, logic. specification. message passing. and
dataflow.,
Classification of langusges according to intended
application srea: ¢.g.. business data processing. sim-
ulation, Hist processing. and graphics.
Classification of major syntactic and semantjc ’
dels for prog ¢: 0.8., proced
chies, functional composition. sbstract data
and communicating parallel processes.

@ hierar.
lypes,

. Abstract implementation models for each major type

of language.

. Methods for parsing. compiling, inlerpretation, and

code oplimization. .
Methods for automatic generation of parsers, scan-
ness, compiler components, and compilers.

M32:

Major elements of abstraction in the area of architec-
ture are:

1.

2.

X

del

Finile state hine and Boolean algebraic
of circuits that relate function to behavior.
Other general methods of synthesizing systems from
basic components,

. Models of circuits and finile state machines for com-

" puting arithmetic functions over finite fields.

-

. Models for data path and control structures.

number theory, and arithmetic in different b
systems.

#4-2] ACM Curriculum 8802 b Y v 7 XEFE,
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Oplimizing instruction sets for various models and
workloads.

. Hardware rellability: redundancy, ercor detection,

recovery, and lesling.

. Spaca, llme. and organizational tradeolls in the

design of VLS| devices.

..Qrganizatlon of machines for various computationa!

madels: sequential, datallow. list processing. array
pr ing. vector ps ing. and ge-passing.
|dentification of design levels: e.g.. configuralion,
progeam. instruction sel, register, and gate.

M13 :

Major elements of design and experimentation in the
area of algorithms and dala structures are:

-

4.

o

. Selection, implementation. and lesting of algorithms

for important classes of problems such as searching.
sorling. random-number generation, and textual
pattern matching.

. Implementation and testing of general methods

spplicable across many classes of problems, such os
hashing. graphs. and trees!

. tmplamentation and testing of distributed algorithms

such as nelwork protocols, distributed data updates.
semaphores, desdlock delectors, and synchroniza-
tion methods.

Implementation and testing of storage managess such
as garbage collection, buddy system, lists, tables, and

paging.

. Extensive experimental testing of heuristic algo-

rithms for combinatorial problems.

. Cryplographic protocols that permit secure authen-

\lcalion and secrel communicatlion.

M23 :

Major elements of design and experimentation in the
area of programming languages are:

1. Specific tanguages that bring together a particular

~N

' and interprelers, syst

- W

(2]

. Applications of progr

abstract machine {semantics) and syntax lo form a
coherent imp table whole. Examples: proce-
dural [COBOL, FORTRAN, ALCOL. Pascal, Ada.C},
functional (LISP), dataflow (SISAL. VAL), object-
oriented (Smalltalk, CLUJ, logic {Prolog), strings
(SNOBOL), and concurrency {CSP, Occam, Concur.
rent Pascal, Maduts 2).

Specific Implementation methods for particular
classes of languages: run-time models, static and dy-
namic execulion methods, lyping checking. storage
and register allocati ilers, cross compilérs,
for finding parallelism in

programs.

. Programming environments.
. Passer and scanner gonerators (e.3.. YACC. LEX).

compller generators.

. Programs for syntaciic and semantic ecror checking.

profiling, debugging. and tracing.
1 8 (] 8 8 had. 'o
dacument-processing functions such as creating
tables, graphs, chemical formulas, spreadsheets
equations, Input and output. and data handling.

Otker applications such as statistical processing.

M33 :

Major elements of design and experimentation In the
area of architecturo are:

1.

2.

L

-

w

~

Hardware units for fast computation: c.g., arithmetic
function units, cache.:

The so0-called von Neumann machine {the single-
Instruction sequence stored program computer):
RISC and CISC implementations.

Efficlent methods of storing snd recording informa-
tion, and detecting and correcling errors.

. Specific approaches to responding ta errors: recav-

and backup proce-

ery. di des. 1 :
. diag 8
dures,

. Compuler aided design (CAD) systems and logic sim-

ulations for the design of VLS! clrcuits. Production
programs for layout, fault diagnosis. Silicon compi-
lers. :

. Implementing machines in various compulational

models; e.g.. dataflow, tree, LISP, hypercube, vector,
and multiprocessor.

. Supercomputers, such as the Cray and Cyber ma-

chines.

1~3%7



Major elements of theory in the area of numerical and
symbolic computation are:

R R N

. Number theory.

. Linear algebra.

. Numerical analysis.

. Nonlinear dynamilcs.

. The supporting areas of calculus, real analysis, com-

plex analysis, and algebra.

M51 :

Major elements of theory in the ares of aperating sys:
lems aro:

1.

“ o~

@ >

Concurrency theory: syachronization, determinacy.
and deadlocks.

. Scheduling theory, especially processor scheduling.
. Program behavior and memory management theory,

Including optimal policies for slorage 3ilocation.

. Performance modcling and analysis.
. The supporting arcas of bin packing. probability,

queueing theory. queueing aelworks. communica-
tlon and information theory, lemporal logic, and
cryptography.

Major slements of theoty in the ares of software meth-
odology and tools are:

1.
2. Temporal logic.

3

4. The supporiing areas of predicate calculus, axio-

Program verificalion and prool.
Reliability theory.

matic semantics. and cognitive psychology.

Major elements of theory in the area of databases and
information retricval systems are:

1.
2,
3

~ A

Relational algebra and relationa! calculus.
Dependency theory.

Cancurrency theory, especially serializable transac.
tions, deadlocks, and synchranized updates of multi-
ple coples.

. Statistical inference.

. Sorting and searching.

. Performance analysis

. As supporling theory: cryptography.

H4-3X
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M42 :

Major elements of abstraction in the area of numerical
and symbolic compulalion are:

1.

2.

4,

Formulations of physical problems as models in con-
tinuous (and sometimes discretc) mathematics.
Discrele approximations ta continuous problems. In
this context, backward esror analysis. error propaga-
tion and stabilily in the solution of linear and non-
linear sysicms. Special mothods in special cases.
such as Fast Foutier Transform and Poisson solvers.

. The finite clement modcl for a large class of prob-

lems specifiable by rcgular meshes and boundary
values. Associated iterative methods and conver-
gence theory: direct. implicit, multigrids. rates of
convergence. Parallel solution methods. Automatic
grid refinement during numerical [ntegration.
Symbolic integration and differentiation.

M52 .

Major olements of abstraction in the area of operaling
syslems are:

~

-

S

bl

o

. Abstraction principles that permil users lo operate

on idealized versions of resources without concern
for physical details (e.g.. process rather than proces-
sor. virtual memory rather than main-secondary
hierarchy, files rather than disks). -

Binding of objects perceived al the user interface lo
internal computational structuces.

. Models for important subproblems such as process

management, memory managemenl. job scheduling.
dary storage ma t, and performance
analysis.

. Models for distributed computation: o.g., clients and

servess, cooperaling sequential processes, message-
passing. and remote procedure calls.
Madels for secure computirig: e.g., access controls,
suthentication. and communication.

Networking. Including layered protocols. naming,
temote resource usage, help services. and local ney.
work protocols such as token-passing and shared
buses.

M62 :

Major elements of abstraction in the srea of software
methodology and lools are:

1.

2.

3.

4.

S.
8.

1.

Specification methads. such as predicate trans-
formers. programming calculi, abstract data types.
and Floyd-Hoare axiomatic notations. R
Methodologies such as stepwise refinement, modulaf

design, madules, separate compllation. information-
hiding. dataflow, and layers of abstraction.

Methods for automating program development: e.g..
text edilors. syntax-directed edilors, and screen edi-
tors. -

Methodologies for dependable computing: e.g.. fault
tolerance, security, reliability, recovery, N-version
programming. multiple-way redundancy, and check-
polnting.

Soltwars tools and programming environments.

M t and svaluation of programs and sys-
tems.

Matching problem domains through software sys-
tems to particular machine architectutes.

Life cycle models of software projects.

Major elements of abstraction in the area of databases
and information retriaval systems are:

1. Models far representing the logical structure of data
and relations among the data elements. including
the relational and entity-relationship models.

2. Representations of files for fast retcieval, such as
indexcs. trees, inversions, and associative stores.

3. Methods for assuring integrily {consistency) of the
database under updates, including concurrent up-
dates of multiple copies.

4. Methads for preventing unauthorized disclosure or
alteration and for minimizing statistical inference.

5. Languages for posing quaries over dalabases of dif-
ferant kinds {e.g., hypertext. text. spatial. pictures,

images. rule-sets). Similacly for information retsieval

syslems.

6. Models, such as hypertext, which allow documents
to conlain text at multiple levels and to include
video, graphics, and voice.

7. Human factors and intetface issues.

9% 1991 F
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M43 :

“w

Major elements of design and experimentation in the
area of numerical and symbolic computation are:

1. High-level problem formulation systems such as
CHEM and WEB.

2. Specific libraries and packages lor linear algebra,
ordinary dillerential equations. statistics. nonlinear
equalions. and oplimizations: e.g.. LINPACK,
EISPACK, ELLPACK.

. Methods of mapping finile element algorithms to
sp:,ciﬂ: architectures—e.g.. mulligrids on hyper-
cubes.

4. Symbolic manipulators, such as MACSYMA and RE-

DUCE. capable of power{ul and nonobvious manipu-
{ations, notably diflerentiations. integrations, and
reductions of expressions lo minimal terms.

M53 :

Major elements of design and experimentation in the

n o

~

rea of operaling systems are:

Pratotypes of time sharing systems, automatic stoz.

age allocators, multilevel schedulers, memory man.

sgers, hierarchical file systems and other important
system components that have served as bases for
commercial systems.

. Techniques (or building operating systems such as
UNIX. Multics, Mach, VMS, and MS-DOS.

. Techniques {or building libraries of utilities; o.3..
editors. document formatters, compiless, linkers, and
device drivers.

. Files and file systems.

. Queueing network madeling and simulation pack-
ages 1o evaluate performance of real systems.

. Network architectures such as ethernet, FDOI, token
ring nets, SNA, and DECNET.

. Pratocol techniques embodied in the fepariment of

Defense protocal suite {TCP/IP), virtual circuit pro-

locols. internet, real time conferencing. and X.25.

MB3 :

Major elements of design and experimentation in the
area of software methodology and tools are:

1. Specification languages (e.g., PSL 2. IMA JO). config-
uralion management systems (e.g., in Ada APSE),
and revision control systems {e.g.. RCS, SCCS}.

2. Syntax directed cditors, line editors, screen editors,
and word processing systems,

3. Specific methodologies advocated and used in prac-
tce for softwars development; e.g., HOM and those
advocatoed by Dijkstra. Jackson. Mills, or Yourdoa.

4. Procedures and practices for testing {e.g.. walk-

through. hand simulation. checking of interfaces be-
{ween modules, ptogram path enumerations for test
sets, and event tracing), quality assurancs, and proj-
ect management.

. Sofiware tools for program development and debug-

ging. profiling. 1oxt formatting, and database manip-

ulation. *

Specification of criteria levels and validation proce-

dures for secure computing systems, s.g., Depart-

mant of Defense.

.- Design of user inlerfaces.

. Methods for designing very largs systems that are

teliable, fault tolesant. and depsndable.

“

o

@~

M73 :

Major slements of design In the area of database and
information retrieval systems ace:

1.

Techniques for deslgning databases lor relationsl.
hierarchical, network, and distributed implementa.
tions.

2. Techniques for designing database systems such as

INGRES, System R, dBase M. and DB-2.

' 3. Techniques for designing infosmation retrieval sys-

tems such as LEXIS, Osiris, and Medlins.

4. Design of secure databasa systems.
s. Hypertext systems such ss NLS, NoteCatds, Interme-

o

dia, and Xanadu.
. Techniques o map large databases to magnetic disk
stores.

7. Techniques for mapping large, read-only databases

onto optical storage media—e.g.. CD/ROM and
WORMS. :

ACM Curriculum '88D< + Y v 2 XRER, 4~117
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M8t

Major slements of theory in the area of artificial Intelli-
gence and robotics are: .

1. Logic: e.g., monolonic. nonmonotonic, and fuzzy.

2. Conceplual dependency.

3. Cognition,

4. Syntsctic and semaniic models for natural language
undersianding.

Kinematics and dynamics of robol motion and world
models used by robots.

The supporting oreas ol:lruclural mzchlnics. gruph
theoty, lormal g ! il

8 P phy,

L

and psychology

M1

Major slements of theory in human-computer commu.
nication are:

-

. Geomelry of iwo and higher dimensions including
analytic, projective. alline. and compulational
geomelries,

. Color theory.

3. Cognilive psychology.

4. The supporting areas of Fourier analysis, linear alge-

bra, graph theory, automata, physics, and anaiysis.

$4-4x] ACM
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M3

Major elements of design and experimentation in srtifi-
clal intelligence and robotics include:

m82

Major elements of absiraction in the area of artificial
intelligence and robotics are:

. Knowledge representation {e.g.. rules, l’mmm logic)
and methods of 1 g them fe.g..
inference).

2. Models of natural hngu:gn nndeulandlng and natu-

f !

1. Techniques for desig y for logic
Programming, theorem proving, and rule evaluation.

2. Techniques for expert systems In narrow domains

ral language rep: 8 p (e.g.. Mycin, Xcon) and expert system shells that cap
p i hi 1ati be prog ned for new domal
3. Speech recognition and synthesis, transiation of text . impl ions of logic p ing (0.5
1o speech. PROLOG).

-

. Reasoning and learning models: e.g.. uncertainty,
nonmonotonic logic. Bayesian inference. beliels.

. Heuristic search methods. branch and bound. con-

trol search.

Machine architectures that imiltate biological sys-

tems, e.g.. neural networks. connectionism, sparse

distributed memory.

Models of human memory. autonomous learning,

and other elements of robot sysiems.

N

M3z :

Major elements of abstraction in the area of human-
computer communication are:

-

. Algorithms for displaying pictures including meth-

ods for smoothing, shading, hidden llnes n\ !ncina.
hidden surfaces, transp
lighting, edges. color maps. representalions by
splmcs. rendenng. texturing. anliahmng. coherence,
g pictures as hierar-

reps

chies of objects.

Ical studies of modes of interaction thal reduce hu-
man error and increase human productivily.

4. Natural language understanding systems (e.g.. Mar-
gie. SHRDLU. and prelerence semantics).

5. implementations of neural networks and sparse dis-
tributed memories.

6. Programs thel play checkets. chess, and other games
of strategy.

7. Working speech synthesizers, recognizers.

8. Working robotic machines, static and mabile.

M83

Major elements of design and experimentation in the
area ol h P ication are:

1.

N

(7]

impl fon of graphics algorithms on various
graphics devices. Including vector and rasier dis.

plays and a range of hardcopy devices.

. Design and implementation of experimental graphics

algorithms for » growing range of models and phe-
nomena.

. Proper use of color graphics for displays; accurate

reptaduction of colors on displays and hardeopy

2. Models for compuler-aided design (CAD). d

3. Compuler representalions of physical objects. evices.

4. fmage p g and enh methods.

5. Man ication. including psycholog- 4. Graphics standsrds (e.g.. GKS, PHIGS, VDI), graphics

languages {e.g., PostScript), end special graphics
packages (e.g., MOGLI for chemistry).

. Implementation of various user interface techniques

including direct on bitmapped devices

C %5 ) k;u‘/‘ij- erP
N E3H, TEBETHEEIZ, » O

and screen techniques for character devices.
Implementalion of various standard file interchange
formats for informetion transfer betwean differing
systems and machines.

Working CAD systems.

Working image enhancement systems {(e.g.. at JPL for
pictures received from space probes).

L4
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