ACM 2001 Curricula Tree
Decimal code

001. Discrete Structures

002. Programming Fundamentals

003. Algorithms and Complexity 

004. Programming Languages 

005. Architecture and Organization 

006. Operating Systems 

007. Net-Centric Computing 

008. Human-Computer Interaction

009. Graphics and Visual Computing 

010. Intelligent Systems 

011. Information Management 

012. Software Engineering

013. Social and Professional Issues

014. Computational Science and Numerical Methods 

001.001. Functions, relations, and sets [core]

001.002. Basic logic [core]

001.003. Proof techniques [core]

001.004. Basics of counting [core]

001.005. Graphs and trees [core]

001.006. Discrete probability [core]

002.001. Fundamental programming constructs [core]

002.002. Algorithms and problem-solving [core]

002.003. Fundamental data structures [core]

002.004. Recursion [core]

002.005. Event-driven programming [core]

003.001. Basic algorithmic analysis [core]

003.002. Algorithmic strategies [core]

003.003. Fundamental computing algorithms [core]

003.004. Distributed algorithms [core]

003.005. Basic computability [core]

003.006. The complexity classes P and NP [elective]

003.007. Automata theory [elective]

003.008. Advanced algorithmic analysis [elective]

003.009. Cryptographic algorithms [elective]

003.010. Geometric algorithms [elective]

003.011. Parallel algorithms [elective]

004.001. Overview of programming languages [core]

004.002. Virtual machines [core]

004.003. Introduction to language translation [core]

004.004. Declarations and types [core]

004.005. Abstraction mechanisms [core]

004.006. Object-oriented programming [core]

004.007. Functional programming [elective]

004.008. Language translation systems [elective]

004.009. Type systems [elective]

004.010. Programming language semantics [elective]

004.011. Programming language design [elective]

005.001. Digital logic and digital systems [core]

005.002. Machine level representation of data [core]

005.003. Assembly level machine organization [core]

005.004. Memory system organization and architecture [core]

005.005. Interfacing and communication [core]

005.006. Functional organization [core]

005.007. Multiprocessing and alternative architectures [core]

005.008. Performance enhancements [elective]

005.009. Architecture for networks and distributed systems [elective]

006.001. Overview of operating systems [core]

006.002. Operating system principles [core]

006.003. Concurrency [core]

006.004. Scheduling and dispatch [core]

006.005. Memory management [core]

006.006. Device management [elective]

006.007. Security and protection [elective]

006.008. File systems [elective]

006.009. Real-time and embedded systems [elective]

006.010. Fault tolerance [elective]

006.011. System performance evaluation [elective]

006.012. Scripting [elective]

007.001. Introduction to net-centric computing [core] 

007.002. Communication and networking [core] 

007.003. Network security [core] 

007.004. The web as an example of client-server computing [core] 

007.005. Building web applications [elective] 

007.006. Network management [elective] 

007.007. Compression and decompression [elective] 

007.008. Multimedia data technologies [elective] 

007.009. Wireless and mobile computing [elective]

008.001. Foundations of human-computer interaction [core] 

008.002. Building a simple graphical user interface [core] 

008.003. Human-centered software evaluation [elective] 

008.004. Human-centered software development [elective] 

008.005. Graphical user-interface design [elective] 

008.006. Graphical user-interface programming [elective] 

008.007. HCI aspects of multimedia systems [elective] 

008.008. HCI aspects of collaboration and communication [elective]

009.001. Fundamental techniques in graphics [core] 

009.002. Graphic systems [core] 

009.003. Graphic communication [elective] 

009.004. Geometric modeling [elective] 

009.005. Basic rendering [elective] 

009.006. Advanced rendering [elective] 

009.007. Advanced techniques [elective] 

009.008. Computer animation [elective] 

009.009. Visualization [elective] 

009.010. Virtual reality [elective] 

009.011. Computer vision [elective]

010.001. Fundamental issues in intelligent systems [core] 

010.002. Search and constraint satisfaction [core] 

010.003. Knowledge representation and reasoning [core] 

010.004. Advanced search [elective] 

010.005. Advanced knowledge representation and reasoning [elective] 

010.006. Agents [elective] 

010.007. Natural language processing [elective] 

010.008. Machine learning and neural networks [elective] 

010.009. AI planning systems [elective] 

010.010. Robotics [elective]

011.001. Information models and systems [core] 

011.002. Database systems [core] 

011.003. Data modeling [core] 

011.004. Relational databases [elective] 

011.005. Database query languages [elective] 

011.006. Relational database design [elective] 

011.007. Transaction processing [elective] 

011.008. Distributed databases [elective] 

011.009. Physical database design [elective] 

011.010. Data mining [elective] 

011.011. Information storage and retrieval [elective] 

011.012. Hypertext and hypermedia [elective] 

011.013. Multimedia information and systems [elective] 

011.014. Digital libraries [elective]

012.001. Software design [core] 

012.002. Using APIs [core] 

012.003. Software tools and environments [core] 

012.004. Software processes [core] 

012.005. Software requirements and specifications [core] 

012.006. Software validation [core] 

012.007. Software evolution [core] 

012.008. Software project management [core] 

012.009. Component-based computing [elective] 

012.010. Formal methods [elective] 

012.011. Software reliability [elective] 

012.012. Specialized systems development [elective]

013.001. History of computing [core] 

013.002. Social context of computing [core] 

013.003. Methods and tools of analysis [core] 

013.004. Professional and ethical responsibilities [core] 

013.005. Risks and liabilities of computer-based systems [core] 

013.006. Intellectual property [core] 

013.007. Privacy and civil liberties [core] 

013.008. Computer crime [elective] 

013.009. Economic issues in computing [elective] 

013.010. Philosophical frameworks [elective]

014.001. Numerical analysis [elective] 

014.002. Operations research [elective] 

014.003. Modeling and simulation [elective] 

014.004. High-performance computing [elective]

001.001.001. Functions (surjections, injections, inverses, composition) 

001.001.002. Relations (reflexivity, symmetry, transitivity, equivalence relations) 

001.001.003. Sets (Venn diagrams, complements, Cartesian products, power sets) 

001.001.004. Pigeonhole principle 

001.001.005. Cardinality and countability 

001.001.006. Learning objectives:

001.002.001. Propositional logic 

001.002.002. Logical connectives 

001.002.003. Truth tables 

001.002.004. Normal forms (conjunctive and disjunctive) 

001.002.005. Validity 

001.002.006. Predicate logic 

001.002.007. Universal and existential quantification 

001.002.008. Modus ponens and modus tollens 

001.002.009. Limitations of predicate logic 

001.002.010. Learning objectives:

001.003.001. Notions of implication, converse, inverse, contrapositive, negation, and contradiction 

001.003.002. The structure of formal proofs 

001.003.003. Direct proofs 

001.003.004. Proof by counterexample 

001.003.005. Proof by contraposition 

001.003.006. Proof by contradiction 

001.003.007. Mathematical induction 

001.003.008. Strong induction 

001.003.009. Recursive mathematical definitions 

001.003.010. Well orderings 

001.003.011. Learning objectives:

001.004.001. Counting arguments 

001.004.002. The pigeonhole principle 

001.004.003. Permutations and combinations 

001.004.004. Solving recurrence relations (common examples, the Master Theorem) 

001.004.005. Learning objectives:

001.005.001. Trees 

001.005.002. Undirected graphs 

001.005.003. Directed graphs 

001.005.004. Spanning trees 

001.005.005. Traversal strategies 

001.005.006. Learning objectives:

001.006.001. Finite probability space, probability measure, events 

001.006.002. Conditional probability, independence, Bayes' rule 

001.006.003. Integer random variables, expectation 

001.006.004. Learning objectives:

002.001.001. Basic syntax and semantics of a higher-level language 

002.001.002. Variables, types, expressions, and assignment 

002.001.003. Simple I/O 

002.001.004. Conditional and iterative control structures 

002.001.005. Functions and parameter passing 

002.001.006. Structured decomposition 

002.002.001. Problem-solving strategies 

002.002.002. The role of algorithms in the problem-solving process 

002.002.003. Implementation strategies for algorithms 

002.002.004. Debugging strategies 

002.002.005. The concept and properties of algorithms 

002.003.001. Primitive types 

002.003.002. Arrays 

002.003.003. Records 

002.003.004. Strings and string processing 

002.003.005. Data representation in memory 

002.003.006. Static, stack, and heap allocation 

002.003.007. Runtime storage management 

002.003.008. Pointers and references 

002.003.009. Linked structures 

002.003.010. Implementation strategies for stacks, queues, and hash tables 

002.003.011. Implementation strategies for graphs and trees 

002.003.012. Strategies for choosing the right data structure 

002.004.001. The concept of recursion 

002.004.002. Recursive mathematical functions 

002.004.003. Simple recursive procedures 

002.004.004. Divide-and-conquer strategies 

002.004.005. Recursive backtracking 

002.004.006. Implementation of recursion

002.005.001. Event-handling methods 

002.005.002. Event propagation 

002.005.003. Exception handling 

003.001.001. Asymptotic analysis of upper and average complexity bounds 

003.001.002. Identifying differences among best, average, and worst case behaviors 

003.001.003. Big "O," little "o," omega, and theta notation 

003.001.004. Standard complexity classes 

003.001.005. Empirical measurements of performance 

003.001.006. Time and space tradeoffs in algorithms 

003.001.007. Using recurrence relations to analyze recursive algorithms 

003.002.001. Brute-force algorithms 

003.002.002. Greedy algorithms 

003.002.003. Divide-and-conquer 

003.002.004. Backtracking 

003.002.005. Branch-and-bound 

003.002.006. Heuristics 

003.002.007. Pattern matching and string/text algorithms 

003.002.008. Numerical approximation algorithms 

003.003.001. Simple numerical algorithms 

003.003.002. Sequential and binary search algorithms 

003.003.003. Quadratic sorting algorithms (selection, insertion) 

003.003.004. O(N log N) sorting algorithms (Quicksort, heapsort, mergesort) 

003.003.005. Hash tables, including collision-avoidance strategies 

003.003.006. Binary search trees 

003.003.007. Representations of graphs (adjacency list, adjacency matrix) 

003.003.008. Depth- and breadth-first traversals 

003.003.009. Shortest-path algorithms (Dijkstra's and Floyd's algorithms) 

003.003.010. Transitive closure (Floyd's algorithm) 

003.003.011. Minimum spanning tree (Prim's and Kruskal's algorithms) 

003.003.012. Topological sort 

003.004.001. Consensus and election 

003.004.002. Termination detection 

003.004.003. Fault tolerance 

003.004.004. Stabilization 

003.005.001. Finite-state machines 

003.005.002. Context-free grammars 

003.005.003. Tractable and intractable problems 

003.005.004. Uncomputable functions 

003.005.005. The halting problem 

003.005.006. Implications of uncomputability 

003.006.001. Definition of the classes P and NP 

003.006.002. NP-completeness (Cook's theorem) 

003.006.003. Standard NP-complete problems 

003.006.004. Reduction techniques 

003.007.001. Deterministic finite automata (DFAs) 

003.007.002. Nondeterministic finite automata (NFAs) 

003.007.003. Equivalence of DFAs and NFAs 

003.007.004. Regular expressions 

003.007.005. The pumping lemma for regular expressions 

003.007.006. Push-down automata (PDAs) 

003.007.007. Relationship of PDAs and context-free grammars 

003.007.008. Properties of context-free grammars 

003.007.009. Turing machines 

003.007.010. Nondeterministic Turing machines 

003.007.011. Sets and languages 

003.007.012. Chomsky hierarchy 

003.007.013. The Church-Turing thesis 

003.008.001. Amortized analysis 

003.008.002. Online and offline algorithms 

003.008.003. Randomized algorithms 

003.008.004. Dynamic programming 

003.008.005. Combinatorial optimization 

003.009.001. Historical overview of cryptography 

003.009.002. Private-key cryptography and the key-exchange problem 

003.009.003. Public-key cryptography 

003.009.004. Digital signatures 

003.009.005. Security protocols 

003.009.006. Applications (zero-knowledge proofs, authentication, and so on) 

003.010.001. Line segments: properties, intersections 

003.010.002. Convex hull finding algorithms 

003.011.001. PRAM model 

003.011.002. Exclusive versus concurrent reads and writes 

003.011.003. Pointer jumping 

003.011.004. Brent's theorem and work efficiency 

004.001.001. History of programming languages 

004.001.002. Brief survey of programming paradigms

004.001.003. The effects of scale on programming methodology 

004.002.001. The concept of a virtual machine 

004.002.002. Hierarchy of virtual machines 

004.002.003. Intermediate languages 

004.002.004. Security issues arising from running code on an alien machine 

004.003.001. Comparison of interpreters and compilers 

004.003.002. Language translation phases (lexical analysis, parsing, code generation, optimization) 

004.003.003. Machine-dependent and machine-independent aspects of translation 

004.004.001. The conception of types as a set of values with together with a set of operations 

004.004.002. Declaration models (binding, visibility, scope, and lifetime) 

004.004.003. Overview of type-checking 

004.004.004. Garbage collection 

004.005.001. Procedures, functions, and iterators as abstraction mechanisms 

004.005.002. Parameterization mechanisms (reference vs. value) 

004.005.003. Activation records and storage management 

004.005.004. Type parameters and parameterized types 

004.005.005. Modules in programming languages 

004.006.001. Object-oriented design 

004.006.002. Encapsulation and information-hiding 

004.006.003. Separation of behavior and implementation 

004.006.004. Classes and subclasses 

004.006.005. Inheritance (overloading, dynamic dispatch) 

004.006.006. Polymorphism (subtype polymorphism vs. inheritance) 

004.006.007. Class hierarchies 

004.006.008. Collection classes and iteration protocols 

004.006.009. Internal representations of objects and method tables 

004.007.001. Overview and motivation of functional languages 

004.007.002. Recursion over lists, natural numbers, trees, and other recursively-defined data 

004.007.003. Pragmatics (debugging by divide and conquer; persistency of data structures) 

004.007.004. Amortized efficiency for functional data structures 

004.007.005. Closures and uses of functions as data (infinite sets, streams) 

004.008.001. Application of regular expressions in lexical scanners 

004.008.002. Parsing (concrete and abstract syntax, abstract syntax trees) 

004.008.003. Application of context-free grammars in table-driven and recursive-descent parsing 

004.008.004. Symbol table management 

004.008.005. Code generation by tree walking 

004.008.006. Architecture-specific operations: instruction selection and register allocation 

004.008.007. Optimization techniques 

004.008.008. The use of tools in support of the translation process and the advantages thereof 

004.008.009. Program libraries and separate compilation 

004.008.010. Building syntax-directed tools 

004.009.001. Data type as set of values with set of operations 

004.009.002. Data types

004.009.003. Type-checking models 

004.009.004. Semantic models of user-defined types

004.009.005. Parametric polymorphism 

004.009.006. Subtype polymorphism 

004.009.007. Type-checking algorithms 

004.010.001. Informal semantics 

004.010.002. Overview of formal semantics 

004.010.003. Denotational semantics 

004.010.004. Axiomatic semantics 

004.010.005. Operational semantics 

004.011.001. General principles of language design 

004.011.002. Design goals 

004.011.003. Typing regimes 

004.011.004. Data structure models 

004.011.005. Control structure models 

004.011.006. Abstraction mechanisms 

005.001.001. Overview and history of computer architecture 

005.001.002. Fundamental building blocks (logic gates, flip-flops, counters, registers, PLA) 

005.001.003. Logic expressions, minimization, sum of product forms 

005.001.004. Register transfer notation 

005.001.005. Physical considerations (gate delays, fan-in, fan-out) 

005.002.001. Bits, bytes, and words 

005.002.002. Numeric data representation and number bases 

005.002.003. Fixed- and floating-point systems 

005.002.004. Signed and twos-complement representations 

005.002.005. Representation of nonnumeric data (character codes, graphical data) 

005.002.006. Representation of records and arrays 

005.003.001. Basic organization of the von Neumann machine 

005.003.002. Control unit; instruction fetch, decode, and execution 

005.003.003. Instruction sets and types (data manipulation, control, I/O) 

005.003.004. Assembly/machine language programming 

005.003.005. Instruction formats 

005.003.006. Addressing modes 

005.003.007. Subroutine call and return mechanisms 

005.003.008. I/O and interrupts 

005.004.001. Storage systems and their technology 

005.004.002. Coding, data compression, and data integrity 

005.004.003. Memory hierarchy 

005.004.004. Main memory organization and operations 

005.004.005. Latency, cycle time, bandwidth, and interleaving 

005.004.006. Cache memories (address mapping, block size, replacement and store policy) 

005.004.007. Virtual memory (page table, TLB) 

005.004.008. Fault handling and reliability 

005.005.001. I/O fundamentals: handshaking, buffering, programmed I/O, interrupt-driven I/O 

005.005.002. Interrupt structures: vectored and prioritized, interrupt acknowledgment 

005.005.003. External storage, physical organization, and drives 

005.005.004. Buses: bus protocols, arbitration, direct-memory access (DMA) 

005.005.005. Introduction to networks 

005.005.006. Multimedia support 

005.005.007. RAID architectures 

005.006.001. Implementation of simple datapaths 

005.006.002. Control unit: hardwired realization vs. microprogrammed realization 

005.006.003. Instruction pipelining 

005.006.004. Introduction to instruction-level parallelism (ILP) 

005.007.001. Introduction to SIMD, MIMD, VLIW, EPIC 

005.007.002. Systolic architecture 

005.007.003. Interconnection networks (hypercube, shuffle-exchange, mesh, crossbar) 

005.007.004. Shared memory systems 

005.007.005. Cache coherence 

005.007.006. Memory models and memory consistency 

005.008.001. Superscalar architecture 

005.008.002. Branch prediction 

005.008.003. Prefetching 

005.008.004. Speculative execution 

005.008.005. Multithreading 

005.008.006. Scalability 

005.009.001. Introduction to LANs and WANs 

005.009.002. Layered protocol design, ISO/OSI, IEEE 802 

005.009.003. Impact of architectural issues on distributed algorithms 

005.009.004. Network computing 

005.009.005. Distributed multimedia 

006.001.001. Role and purpose of the operating system 

006.001.002. History of operating system development 

006.001.003. Functionality of a typical operating system 

006.001.004. Mechanisms to support client-server models, hand-held devices 

006.001.005. Design issues (efficiency, robustness, flexibility, portability, security, compatibility) 

006.001.006. Influences of security, networking, multimedia, windows 

006.002.001. Structuring methods (monolithic, layered, modular, micro-kernel models) 

006.002.003. Abstractions, processes, and resources 

006.002.004. Concepts of application program interfaces (APIs) 

006.002.005. Applications needs and the evolution of hardware/software techniques 

006.002.006. Device organization 

006.002.007. Interrupts: methods and implementations 

006.002.008. Concept of user/system state and protection, transition to kernel mode 

006.003.001. States and state diagrams 

006.003.002. Structures (ready list, process control blocks, and so forth) 

006.003.003. Dispatching and context switching 

006.003.004. The role of interrupts 

006.003.005. Concurrent execution: advantages and disadvantages 

006.003.006. The "mutual exclusion" problem and some solutions 

006.003.007. Deadlock: causes, conditions, prevention 

006.003.008. Models and mechanisms (semaphores, monitors, condition variables, rendezvous) 

006.003.009. Producer-consumer problems and synchronization 

006.003.010. Multiprocessor issues (spin-locks, reentrancy) 

006.004.001. Preemptive and nonpreemptive scheduling 

006.004.002. Schedulers and policies 

006.004.003. Processes and threads 

006.004.004. Deadlines and real-time issues 

006.005.001. Review of physical memory and memory management hardware 

006.005.002. Overlays, swapping, and partitions 

006.005.003. Paging and segmentation 

006.005.004. Placement and replacement policies 

006.005.005. Working sets and thrashing 

006.005.006. Caching 

006.006.001. Characteristics of serial and parallel devices 

006.006.002. Abstracting device differences 

006.006.003. Buffering strategies 

006.006.004. Direct memory access 

006.006.005. Recovery from failures 

006.007.001. Overview of system security 

006.007.002. Policy/mechanism separation 

006.007.003. Security methods and devices 

006.007.004. Protection, access, and authentication 

006.007.005. Models of protection 

006.007.006. Memory protection 

006.007.007. Encryption 

006.007.008. Recovery management 

006.008.001. Files: data, metadata, operations, organization, buffering, sequential, nonsequential 

006.008.002. Directories: contents and structure 

006.008.003. File systems: partitioning, mount/unmount, virtual file systems 

006.008.004. Standard implementation techniques 

006.008.005. Memory-mapped files 

006.008.006. Special-purpose file systems 

006.008.007. Naming, searching, access, backups 

006.009.001. Process and task scheduling 

006.009.002. Memory/disk management requirements in a real-time environment 

006.009.003. Failures, risks, and recovery 

006.009.004. Special concerns in real-time systems 

006.010.001. Fundamental concepts: reliable and available systems 

006.010.002. Spatial and temporal redundancy 

006.010.003. Methods used to implement fault tolerance 

006.010.004. Examples of reliable systems 

006.011.001. Why system performance needs to be evaluated 

006.011.002. What is to be evaluated 

006.011.003. Policies for caching, paging, scheduling, memory management, security, and so forth 

006.011.004. Evaluation models: deterministic, analytic, simulation, or implementation-specific 

006.011.005. How to collect evaluation data (profiling and tracing mechanisms) 

006.012.001. Scripting and the role of scripting languages 

006.012.002. Basic system commands 

006.012.003. Creating scripts, parameter passing 

006.012.004. Executing a script 

006.012.005. Influences of scripting on programming 

007.001.001. Background and history of networking and the Internet 

007.001.002. Network architectures 

007.001.003. The range of specializations within net-centric computing

007.002.001. Network standards and standardization bodies 

007.002.002. The ISO 7-layer reference model in general and its instantiation in TCP/IP 

007.002.003. Circuit switching and packet switching 

007.002.004. Streams and datagrams 

007.002.005. Physical layer networking concepts (theoretical basis, transmission media, standards) 

007.002.006. Data link layer concepts (framing, error control, flow control, protocols) 

007.002.007. Internetworking and routing (routing algorithms, internetworking, congestion control) 

007.002.008. Transport layer services (connection establishment, performance issues) 

007.003.001. Fundamentals of cryptography 

007.003.002. Secret-key algorithms 

007.003.003. Public-key algorithms 

007.003.004. Authentication protocols 

007.003.005. Digital signatures 

007.003.006. Examples 

007.004.001. Web technologies

007.004.002. Characteristics of web servers

007.004.003. Role of client computers 

007.004.004. Nature of the client-server relationship 

007.004.005. Web protocols 

007.004.006. Support tools for web site creation and web management 

007.004.007. Developing Internet information servers 

007.004.008. Publishing information and applications 

007.005.001. Protocols at the application layer 

007.005.002. Principles of web engineering 

007.005.003. Database-driven web sites 

007.005.004. Remote procedure calls (RPC) 

007.005.005. Lightweight distributed objects 

007.005.006. The role of middleware 

007.005.007. Support tools 

007.005.008. Security issues in distributed object systems 

007.005.009. Enterprise-wide web-based applications 

007.006.001. Overview of the issues of network management 

007.006.002. Use of passwords and access control mechanisms 

007.006.003. Domain names and name services 

007.006.004. Issues for Internet service providers (ISPs) 

007.006.005. Security issues and firewalls 

007.006.006. Quality of service issues: performance, failure recovery 

007.007.001. Analog and digital representations 

007.007.002. Encoding and decoding algorithms 

007.007.003. Lossless and lossy compression 

007.007.004. Data compression: Huffman coding and the Ziv-Lempel algorithm 

007.007.005. Audio compression and decompression 

007.007.006. Image compression and decompression 

007.007.007. Video compression and decompression 

007.007.008. Performance issues: timing, compression factor, suitability for real-time use 

007.008.001. Sound and audio, image and graphics, animation and video 

007.008.002. Multimedia standards (audio, music, graphics, image, telephony, video, TV) 

007.008.003. Capacity planning and performance issues 

007.008.004. Input and output devices (scanners, digital camera, touch-screens, voice-activated) 

007.008.005. MIDI keyboards, synthesizers 

007.008.006. Storage standards (Magneto Optical disk, CD-ROM, DVD) 

007.008.007. Multimedia servers and file systems 

007.008.008. Tools to support multimedia development 

007.009.001. Overview of the history, evolution, and compatibility of wireless standards 

007.009.002. The special problems of wireless and mobile computing 

007.009.003. Wireless local area networks and satellite-based networks 

007.009.004. Wireless local loops 

007.009.005. Mobile Internet protocol 

007.009.006. Mobile aware adaption 

007.009.007. Extending the client-server model to accommodate mobility 

007.009.008. Mobile data access: server data dissemination and client cache management 

007.009.009. The software packages to support mobile and wireless computing 

007.009.010. The role of middleware and support tools 

007.009.011. Performance issues 

007.009.012. Emerging technologies 

008.001.001. Motivation: Why care about people? 

008.001.002. Contexts for HCI (tools, web hypermedia, communication) 

008.001.003. Human-centered development and evaluation 

008.001.004. Human performance models: perception, movement, and cognition 

008.001.005. Human performance models: culture, communication, and organizations 

008.001.006. Accommodating human diversity 

008.001.007. Principles of good design and good designers; engineering tradeoffs 

008.001.008. Introduction to usability testing 

008.002.001. Principles of graphical user interfaces (GUIs) 

008.002.002. GUI toolkits 

008.003.001. Setting goals for evaluation 

008.003.002. Evaluation without users: walkthroughs, KLM, guidelines, and standards 

008.003.003. Evaluation with users: usability testing, interview, survey, experiment 

008.004.001. Approaches, characteristics, and overview of process 

008.004.002. Functionality and usability: task analysis, interviews, surveys 

008.004.003. Specifying interaction and presentation 

008.004.004. Prototyping techniques and tools

008.005.001. Choosing interaction styles and interaction techniques 

008.005.002. HCI aspects of common widgets 

008.005.003. HCI aspects of screen design: layout, color, fonts, labeling 

008.005.004. Handling human failure 

008.005.005. Beyond simple screen design: visualization, representation, metaphor 

008.005.006. Multi-modal interaction: graphics, sound, and haptics 

008.005.007. 3D interaction and virtual reality 

008.006.001. UIMS, dialogue independence and levels of analysis 

008.006.002. Widget classes 

008.006.003. Event management and user interaction 

008.006.004. Geometry management 

008.006.005. GUI builders and UI programming environments 

008.006.006. Cross-platform design 

008.007.001. Categorization and architectures of information: hierarchies, hypermedia 

008.007.002. Information retrieval and human performance

008.007.003. HCI design of multimedia information systems 

008.007.004. Speech recognition and natural language processing 

008.007.005. Information appliances and mobile computing 

008.008.001. Groupware to support specialized tasks: document preparation, multi-player games 

008.008.002. Asynchronous group communication: e-mail, bulletin boards 

008.008.003. Synchronous group communication: chat rooms, conferencing 

008.008.004. Online communities: MUDs/MOOs 

008.008.005. Software characters and intelligent agents 

009.001.001. Hierarchy of graphics software 

009.001.002. Using a graphics API 

009.001.003. Simple color models (RGB, HSB, CMYK) 

009.001.004. Homogeneous coordinates 

009.001.005. Affine transformations (scaling, rotation, translation) 

009.001.006. Viewing transformation 

009.001.007. Clipping 

009.002.001. Raster and vector graphics systems 

009.002.002. Video display devices 

009.002.003. Physical and logical input devices 

009.002.004. Issues facing the developer of graphical systems 

009.003.001. Psychodynamics of color and interactions among colors 

009.003.002. Modifications of color for vision deficiency 

009.003.003. Cultural meaning of different colors 

009.003.004. Use of effective pseudo-color palettes for images for specific audiences 

009.003.005. Structuring a view for effective understanding 

009.003.006. Image modifications for effective video and hardcopy 

009.003.007. Use of legends to key information to color or other visual data 

009.003.008. Use of text in images to present context and background information 

009.003.009. Visual user feedback on graphical operations 

009.004.001. Polygonal representation of 3D objects 

009.004.002. Parametric polynomial curves and surfaces 

009.004.003. Constructive Solid Geometry (CSG) representation 

009.004.004. Implicit representation of curves and surfaces 

009.004.005. Spatial subdivision techniques 

009.004.006. Procedural models 

009.004.007. Deformable models 

009.004.008. Subdivision surfaces 

009.004.009. Multiresolution modeling 

009.004.010. Reconstruction 

009.005.001. Line generation algorithms (Bresenham) 

009.005.002. Font generation: outline vs. bitmap 

009.005.003. Light-source and material properties 

009.005.004. Ambient, diffuse, and specular reflections 

009.005.005. Phong reflection model 

009.005.006. Rendering of a polygonal surface; flat, Gouraud, and Phong shading 

009.005.007. Texture mapping, bump texture, environment map 

009.005.008. Introduction to ray tracing 

009.005.009. Image synthesis, sampling techniques, and anti-aliasing 

009.006.001. Transport equations 

009.006.002. Ray tracing algorithms 

009.006.003. Photon tracing 

009.006.004. Radiosity for global illumination computation, form factors 

009.006.005. Efficient approaches to global illumination 

009.006.006. Monte Carlo methods for global illumination 

009.006.007. Image-based rendering, panorama viewing, plenoptic function modeling 

009.006.008. Rendering of complex natural phenomenon 

009.006.009. Non-photorealistic rendering 

009.007.001. Color quantization 

009.007.002. Scan conversion of 2D primitive, forward differencing 

009.007.003. Tessellation of curved surfaces 

009.007.004. Hidden surface removal methods 

009.007.005. Z-buffer and frame buffer, color channels (a channel for opacity) 

009.007.006. Advanced geometric modeling techniques 

009.008.001. Key-frame animation 

009.008.002. Camera animation 

009.008.003. Scripting system 

009.008.004. Animation of articulated structures: inverse kinematics 

009.008.005. Motion capture 

009.008.006. Procedural animation 

009.008.007. Deformation 

009.009.001. Basic viewing and interrogation functions for visualization 

009.009.002. Visualization of vector fields, tensors, and flow data 

009.009.003. Visualization of scalar field or height field: isosurface by the marching cube method 

009.009.004. Direct volume data rendering: ray-casting, transfer functions, segmentation, hardware 

009.009.005. Information visualization: projection and parallel-coordinates methods 

009.010.001. Stereoscopic display 

009.010.002. Force feedback simulation, haptic devices 

009.010.003. Viewer tracking 

009.010.004. Collision detection 

009.010.005. Visibility computation 

009.010.006. Time-critical rendering, multiple levels of details (LOD) 

009.010.007. Image-base VR system 

009.010.008. Distributed VR, collaboration over computer network 

009.010.009. Interactive modeling 

009.010.010. User interface issues 

009.010.011. Applications in medicine, simulation, and training 

009.011.001. Image acquisition 

009.011.002. The digital image and its properties 

009.011.003. Image preprocessing 

009.011.004. Segmentation (thresholding, edge- and region-based segmentation) 

009.011.005. Shape representation and object recognition 

009.011.006. Motion analysis 

009.011.007. Case studies (object recognition, object tracking) 

010.001.001. History of artificial intelligence 

010.001.002. Philosophical questions

010.001.003. Fundamental definitions

010.001.004. Philosophical questions 

010.001.005. Modeling the world 

010.001.006. The role of heuristics 

010.002.001. Problem spaces 

010.002.002. Brute-force search (breadth-first, depth-first, depth-first with iterative deepening) 

010.002.003. Best-first search (generic best-first, Dijkstra's algorithm, A*, admissibility of A*) 

010.002.004. Two-player games (minimax search, alpha-beta pruning) 

010.002.005. Constraint satisfaction (backtracking and local search methods) 

010.003.001. Review of propositional and predicate logic 

010.003.002. Resolution and theorem proving 

010.003.003. Nonmonotonic inference 

010.003.004. Probabilistic reasoning 

010.003.005. Bayes theorem 

010.004.001. Genetic algorithms 

010.004.002. Simulated annealing 

010.004.003. Local search 

010.005.001. Structured representation

010.005.002. Nonmonotonic reasoning

010.005.003. Reasoning on action and change

010.005.004. Temporal and spatial reasoning 

010.005.005. Uncertainty

010.005.006. Knowledge representation for diagnosis, qualitative representation 

010.006.001. Definition of agents 

010.006.002. Successful applications and state-of-the-art agent-based systems 

010.006.003. Agent architectures

010.006.004. Agent theory

010.006.005. Software agents, personal assistants, and information access

010.006.006. Believable agents (synthetic characters, modeling emotions in agents) 

010.006.007. Learning agents 

010.006.008. Multi-agent systems

010.006.009. Introduction to robotic agents 

010.006.010. Mobile agents 

010.007.001. Deterministic and stochastic grammars 

010.007.002. Parsing algorithms 

010.007.003. Corpus-based methods 

010.007.004. Information retrieval 

010.007.005. Language translation 

010.007.006. Speech recognition 

010.008.001. Definition and examples of machine learning 

010.008.002. Supervised learning 

010.008.003. Learning decision trees 

010.008.004. Learning neural networks 

010.008.005. Learning belief networks 

010.008.006. The nearest neighbor algorithm 

010.008.007. Learning theory 

010.008.008. The problem of overfitting 

010.008.009. Unsupervised learning 

010.008.010. Reinforcement learning 

010.009.001. Definition and examples of planning systems 

010.009.002. Planning as search 

010.009.003. Operator-based planning 

010.009.004. Propositional planning 

010.009.005. Extending planning systems (case-based, learning, and probabilistic systems) 

010.009.006. Static world planning systems 

010.009.007. Planning and execution 

010.009.008. Planning and robotics 

010.010.001. Overview

010.010.002. Configuration space 

010.010.003. Planning 

010.010.004. Sensing 

010.010.005. Robot programming 

010.010.006. Navigation and control 

011.001.001. History and motivation for information systems 

011.001.002. Information storage and retrieval (IS&R) 

011.001.003. Information management applications 

011.001.004. Information capture and representation 

011.001.005. Analysis and indexing 

011.001.006. Search, retrieval, linking, navigation 

011.001.007. Information privacy, integrity, security, and preservation 

011.001.008. Scalability, efficiency, and effectiveness 

011.002.001. History and motivation for database systems 

011.002.002. Components of database systems 

011.002.003. DBMS functions 

011.002.004. Database architecture and data independence 

011.002.005. Use of a database query language 

011.003.001. Data modeling 

011.003.002. Conceptual models (including entity-relationship and UML) 

011.003.003. Object-oriented model 

011.003.004. Relational data model 

011.004.001. Mapping conceptual schema to a relational schema 

011.004.002. Entity and referential integrity 

011.004.003. Relational algebra and relational calculus 

011.005.001. Overview of database languages 

011.005.002. SQL (data definition, query formulation, update sublanguage, constraints, integrity) 

011.005.003. Query optimization 

011.005.004. QBE and 4th-generation environments 

011.005.005. Embedding non-procedural queries in a procedural language 

011.005.006. Introduction to Object Query Language 

011.006.001. Database design 

011.006.002. Functional dependency 

011.006.003. Normal forms (1NF, 2NF, 3NF, BCNF) 

011.006.004. Multivalued dependency (4NF) 

011.006.005. Join dependency (PJNF, 5NF) 

011.006.006. Representation theory 

011.007.001. Transactions 

011.007.002. Failure and recovery 

011.007.003. Concurrency control 

011.008.001. Distributed data storage 

011.008.002. Distributed query processing 

011.008.003. Distributed transaction model 

011.008.004. Concurrency control 

011.008.005. Homogeneous and heterogeneous solutions 

011.008.006. Client-server 

011.009.001. Storage and file structure 

011.009.002. Indexed files 

011.009.003. Hashed files 

011.009.004. Signature files 

011.009.005. B-trees 

011.009.006. Files with dense index 

011.009.007. Files with variable length records 

011.009.008. Database efficiency and tuning 

011.010.001. The usefulness of data mining 

011.010.002. Associative and sequential patterns 

011.010.003. Data clustering 

011.010.004. Market basket analysis 

011.010.005. Data cleaning 

011.010.006. Data visualization 

011.011.001. Characters, strings, coding, text 

011.011.002. Documents, electronic publishing, markup, and markup languages 

011.011.003. Tries, inverted files, PAT trees, signature files, indexing 

011.011.004. Morphological analysis, stemming, phrases, stop lists 

011.011.005. Term frequency distributions, uncertainty, fuzziness, weighting 

011.011.006. Vector space, probabilistic, logical, and advanced models 

011.011.007. Information needs, relevance, evaluation, effectiveness 

011.011.008. Thesauri, ontologies, classification and categorization, metadata 

011.011.009. Bibliographic information, bibliometrics, citations 

011.011.010. Routing and (community) filtering 

011.011.011. Search and search strategy, information seeking behavior, user modeling, feedback 

011.011.012. Information summarization and visualization 

011.011.013. Integration of citation, keyword, classification scheme, and other terms 

011.011.014. Protocols and systems (including Z39.50, OPACs, WWW engines, research systems) 

011.012.001. Hypertext models (early history, web, Dexter, Amsterdam, HyTime) 

011.012.002. Link services, engines, and (distributed) hypertext architectures 

011.012.003. Nodes, composites, and anchors 

011.012.004. Dimensions, units, locations, spans 

011.012.005. Browsing, navigation, views, zooming 

011.012.006. Automatic link generation 

011.012.007. Presentation, transformations, synchronization 

011.012.008. Authoring, reading, and annotation 

011.012.009. Protocols and systems (including web, HTTP) 

011.013.001. Devices, device drivers, control signals and protocols, DSPs 

011.013.002. Applications, media editors, authoring systems, and authoring 

011.013.003. Streams/structures, capture/represent/transform, spaces/domains, compression/coding 

011.013.004. Content-based analysis, indexing, and retrieval of audio, images, and video 

011.013.005. Presentation, rendering, synchronization, multi-modal integration/interfaces 

011.013.006. Real-time delivery, quality of service, audio/video conferencing, video-on-demand 

011.014.001. Digitization, storage, and interchange 

011.014.002. Digital objects, composites, and packages 

011.014.003. Metadata, cataloging, author submission 

011.014.004. Naming, repositories, archives 

011.014.005. Spaces (conceptual, geographical, 2/3D, VR) 

011.014.006. Architectures (agents, buses, wrappers/mediators), interoperability 

011.014.007. Services (searching, linking, browsing, and so forth) 

011.014.008. Intellectual property rights management, privacy, protection (watermarking) 

011.014.009. Archiving and preservation, integrity 

012.001.001. Fundamental design concepts and principles 

012.001.002. Design patterns 

012.001.003. Software architecture 

012.001.004. Structured design 

012.001.005. Object-oriented analysis and design 

012.001.006. Component-level design 

012.001.007. Design for reuse 

012.002.001. API programming 

012.002.002. Class browsers and related tools 

012.002.003. Programming by example 

012.002.004. Debugging in the API environment 

012.002.005. Introduction to component-based computing 

012.003.001. Programming environments 

012.003.002. Requirements analysis and design modeling tools 

012.003.003. Testing tools 

012.003.004. Configuration management tools 

012.003.005. Tool integration mechanisms 

012.004.001. Software life-cycle and process models 

012.004.002. Process assessment models 

012.004.003. Software process metrics 

012.005.001. Requirements elicitation 

012.005.002. Requirements analysis modeling techniques 

012.005.003. Functional and nonfunctional requirements 

012.005.004. Prototyping 

012.005.005. Basic concepts of formal specification techniques 

012.006.001. Validation planning 

012.006.002. Testing fundamentals, including test plan creation and test case generation 

012.006.003. Black-box and white-box testing techniques 

012.006.004. Unit, integration, validation, and system testing 

012.006.005. Object-oriented testing 

012.006.006. Inspections 

012.007.001. Software maintenance 

012.007.002. Characteristics of maintainable software 

012.007.003. Reengineering 

012.007.004. Legacy systems 

012.007.005. Software reuse 

012.008.001. Team management

012.008.002. Project scheduling 

012.008.003. Software measurement and estimation techniques 

012.008.004. Risk analysis 

012.008.005. Software quality assurance 

012.008.006. Software configuration management 

012.008.007. Project management tools 

012.009.001. Fundamentals

012.009.002. Basic techniques

012.009.003. Applications (including the use of mobile components) 

012.009.004. Architecture of component-based systems 

012.009.005. Component-oriented design 

012.009.006. Event handling: detection, notification, and response 

012.009.007. Middleware

012.010.001. Formal methods concepts 

012.010.002. Formal specification languages 

012.010.003. Executable and non-executable specifications 

012.010.004. Pre and post assertions 

012.010.005. Formal verification 

012.011.001. Software reliability models 

012.011.002. Redundancy and fault tolerance 

012.011.003. Defect classification 

012.011.004. Probabilistic methods of analysis 

012.012.001. Real-time systems 

012.012.002. Client-server systems 

012.012.003. Distributed systems 

012.012.004. Parallel systems 

012.012.005. Web-based systems 

012.012.006. High-integrity systems 

013.001.001. Prehistory -- the world before 1946 

013.001.002. History of computer hardware, software, networking 

013.001.003. Pioneers of computing 

013.002.001. Introduction to the social implications of computing 

013.002.002. Social implications of networked communication 

013.002.003. Growth of, control of, and access to the Internet 

013.002.004. Gender-related issues 

013.002.005. International issues 

013.003.001. Making and evaluating ethical arguments 

013.003.002. Identifying and evaluating ethical choices 

013.003.003. Understanding the social context of design 

013.003.004. Identifying assumptions and values 

013.004.001. Community values and the laws by which we live 

013.004.002. The nature of professionalism 

013.004.003. Various forms of professional credentialing and the advantages and disadvantages 

013.004.004. The role of the professional in public policy 

013.004.005. Maintaining awareness of consequences 

013.004.006. Ethical dissent and whistle-blowing 

013.004.007. Codes of ethics, conduct, and practice (IEEE, ACM, SE, AITP, and so forth) 

013.004.008. Dealing with harassment and discrimination 

013.004.009. 'Acceptable use' policies for computing in the workplace 

013.005.001. Historical examples of software risks (such as the Therac-25 case) 

013.005.002. Implications of software complexity 

013.005.003. Risk assessment and management 

013.006.001. Foundations of intellectual property 

013.006.002. Copyrights, patents, and trade secrets 

013.006.003. Software piracy 

013.006.004. Software patents 

013.006.005. Transnational issues concerning intellectual property 

013.007.001. Ethical and legal basis for privacy protection 

013.007.002. Privacy implications of massive database systems 

013.007.003. Technological strategies for privacy protection 

013.007.004. Freedom of expression in cyberspace 

013.007.005. International and intercultural implications 

013.008.001. History and examples of computer crime 

013.008.002. 'Cracking' ('hacking') and its effects 

013.008.003. Viruses, worms, and Trojan horses 

013.008.004. Crime prevention strategies 

013.009.001. Monopolies and their economic implications 

013.009.002. Effect of skilled labor supply and demand on the quality of computing products 

013.009.003. Pricing strategies in the computing domain 

013.009.004. Differences in access to computing resources and the possible effects thereof 

013.010.001. Philosophical frameworks, particularly utilitarianism and deontological theories 

013.010.002. Problems of ethical relativism 

013.010.003. Scientific ethics in historical perspective 

013.010.004. Differences in scientific and philosophical approaches 

014.001.001. Floating-point arithmetic 

014.001.002. Error, stability, convergence 

014.001.003. Taylor's series 

014.001.004. Iterative solutions for finding roots (Newton's Method) 

014.001.005. Curve fitting; function approximation 

014.001.006. Numerical differentiation and integration (Simpson's Rule) 

014.001.007. Explicit and implicit methods 

014.001.008. Differential equations (Euler's Method) 

014.001.009. Linear algebra 

014.001.010. Finite differences 

014.002.001. Linear programming

014.002.002. Probablistic modeling 

014.002.003. Queueing theory

014.002.004. Optimization 

014.002.005. Network analysis and routing algorithms 

014.002.006. Prediction and estimation

014.002.007. Dynamic programming 

014.002.008. Sample applications 

014.002.009. Software tools 

014.003.001. Random numbers

014.003.002. Simulation modeling

014.003.003. Verification and validation of simulation models

014.003.004. Queueing theory models 

014.003.005. Sample applications 

014.004.001. Introduction to high-performance computing

014.004.002. High-performance computing

014.004.003. Scientific visualization

014.004.004. Sample problems

004.001.002.001. Procedural languages 

004.001.002.002. Object-oriented languages 

004.001.002.003. Functional languages 

004.001.002.004. Declarative, non-algorithmic languages 

004.001.002.005. Scripting languages 

004.009.002.001. Elementary types 

004.009.002.002. Product and coproduct types 

004.009.002.003. Algebraic types 

004.009.002.004. Recursive types 

004.009.002.005. Arrow (function) types 

004.009.002.006. Parameterized types 

004.009.004.001. Type abbreviations 

004.009.004.002. Abstract data types 

004.009.004.003. Type equality 

007.001.003.001. Networks and protocols 

007.001.003.002. Networked multimedia systems 

007.001.003.003. Distributed computing 

007.001.003.004. Mobile and wireless computing 

007.004.001.001. Server-side programs 

007.004.001.002. Common gateway interface (CGI) programs 

007.004.001.003. Client-side scripts 

007.004.001.004. The applet concept 

007.004.002.001. Handling permissions 

007.004.002.002. File management 

007.004.002.003. Capabilities of common server architectures 

008.004.004.001. Paper storyboards 

008.004.004.002. Inheritance and dynamic dispatch 

008.004.004.003. Prototyping languages and GUI builders (Visual Basic, Tcl/Tk, Director) 

008.007.002.001. Web search 

008.007.002.002. Usability of database query languages 

008.007.002.003. Graphics 

008.007.002.004. Sound 

010.002.001.001. The Turing test 

010.002.001.002. Searle's "Chinese Room" thought experiment 

010.002.001.003. Ethical issues in AI 

010.003.001.001. Optimal vs. human-like reasoning 

010.003.001.002. Optimal vs. human-like behavior 

010.005.001.001. Frames and objects 

010.005.001.002. Description logics 

010.005.001.003. Inheritance systems 

010.005.002.001. Nonclassical logics 

010.005.002.002. Default reasoning 

010.005.002.003. Belief revision 

010.005.002.004. Preference logics 

010.005.002.005. Integration of knowledge sources 

010.005.002.006. Aggregation of conflicting belief 

010.005.003.001. Situation calculus 

010.005.003.002. Event calculus 

010.005.003.003. Ramification problems 

010.005.005.001. Probabilistic reasoning 

010.005.005.002. Bayesian nets 

010.005.005.003. Fuzzy sets and possibility theory 

010.005.005.004. Decision theory 

010.006.003.001. Simple reactive agents 

010.006.003.002. Reactive planners 

010.006.003.003. Layered architectures 

010.006.003.004. Example architectures and applications 

010.006.004.001. Commitments 

010.006.004.002. Intentions 

010.006.004.003. Decision-theoretic agents 

010.006.004.004. Markov decision processes (MDP) 

010.006.005.001. Collaborative agents 

010.006.005.002. Information-gathering agents 

010.006.008.001. Economically inspired multi-agent systems 

010.006.008.002. Collaborating agents 

010.006.008.003. Agent teams 

010.006.008.004. Agent modeling 

010.006.008.005. Multi-agent learning 

010.010.001.001. State-of-the-art robot systems 

010.010.001.002. Planning vs. reactive control 

010.010.001.003. Uncertainty in control 

010.010.001.004. Sensing 

010.010.001.005. World models 

012.008.001.001. Team processes 

012.008.001.002. Team organization and decision-making 

012.008.001.003. Roles and responsibilities in a software team 

012.008.001.004. Role identification and assignment 

012.008.001.005. Project tracking 

012.008.001.006. Team problem resolution 

012.009.001.001. The definition and nature of components 

012.009.001.002. Components and interfaces 

012.009.001.003. Interfaces as contracts 

012.009.001.004. The benefits of components 

012.009.002.001. Component design and assembly 

012.009.002.002. Relationship with the client-server model and with patterns 

012.009.002.003. Use of objects and object lifecycle services 

012.009.002.004. Use of object brokers 

012.009.002.005. Marshalling 

012.009.007.001. The object-oriented paradigm within middleware 

012.009.007.002. Object request brokers 

012.009.007.003. Transaction processing monitors 

012.009.007.004. Workflow systems 

012.009.007.005. State-of-the-art tools 

014.002.001.001. Integer programming 

014.002.001.002. The Simplex method 

014.002.003.001. Petri nets 

014.002.003.002. Markov models and chains 

014.002.006.001. Decision analysis 

014.002.006.002. Forecasting 

014.002.006.003. Risk management 

014.002.006.004. Econometrics, microeconomics 

014.002.006.005. Sensitivity analysis 

014.003.001.001. Pseudorandom number generation and testing 

014.003.001.002. Monte Carlo methods 

014.003.001.003. Introduction to distribution functions 

014.003.002.001. Discrete-event simulation 

014.003.002.002. Continuous simulation 

014.003.003.001. Input analysis 

014.003.003.002. Output analysis 

014.004.001.001. History and importance of computational science 

014.004.001.002. Overview of application areas 

014.004.001.003. Review of required skills 

014.004.002.001. Processor architectures 

014.004.002.002. Memory systems for high performance 

014.004.002.003. Input/output devices 

014.004.002.004. Pipelining 

014.004.002.005. Parallel languages and architectures 

014.004.003.001. Presentation of results 

014.004.003.002. Data formats 

014.004.003.003. Visualization tools and packages 

014.004.004.001. Ocean and atmosphere models 

014.004.004.002. Seismic wave propagation 

014.004.004.003. N-body systems (the Barnes-Hut algorithm) 

014.004.004.004. Chemical reactions 

014.004.004.005. Phase transitions 

014.004.004.006. Fluid flow 

