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5.2 — Discrete Structures v v 4 v
AFINANAASTNUGIU AITOUNATING KAZAITINAIAIINDI
ATINANANSOUAUNTIY AUUSUeu forall/exists wag modus ponens/modus A v
tollens
wwm M3tuduion Aeunaluud nagumsidou uaz power set R A S
WeanduuazAUFUNUS U84 inverse, composition, equivalence wag v v v/
order relations
implication, converse, inverse, contrapositive, negation wag v A v
contradiction
msﬁqau"lmama counterexample contraposition contradiction LLaquﬁa v A v
LAUAANERNS
strong induction waglgnuBasengmieptindans A v
WANN5UY: rule of sum/product, a1AULaYANIRN/LSVIALR LAz Fibonacci v v v v
permutations, combinations, factorial & binomial coefficients v Ve v v
NANUIN-AU NaN3IUANIIU Pascal identity wag Binomial theorem A v
nslainAN1e nssiAenne nsnaledmiln degree adjacency uag v v
labels
multigraph wagnsannd self-loop A4
path, cycle, tour, walk, Euler tour, Hamiltonian path/cycle wag Ve
reachability
connected component, shortest distance, biconnected graph wag v v
strongly connected graph
tree, rooted tree, binary tree, forest, spanning tree wag subgraph v v
traversal strategies, bipartite graph, DAG, complete graph wag star v v
center/centroid Y84 tree uazanUANUgIUTITANYVOINTIN 19U A/
handshaking lemma
planar graph wag Euler characteristic LUs4Au v
6.1 — Programming Fundamentals v v v v
29AUSZNIUYBIABUNILADS LUSUATUABNNILADS LazUTELANVDINIEN
ADUNIUADS
Tassasaneuagnsideulusunsuale Python v
Tassadremeuaznsilsulisunsuaie C/C++ A S A
syntax wag semantics NugIUVRINIWIUsHASUTEAUZIRE N Enlan 1w v o v v/
Toya viiaveya AuUs A1AIA AdALTuATs Tnatl assignment wagAIA A
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primitive types: boolean, integer, character

simple 1/0 n1s5udayaud uagn1suaninatoyadiann
IassasnanuRuuasluswnsy wu if/else, while wag for

I = |4 14 L%
As@sulUsunsuuLuuiilaseade N1919uKulUsUASU N159NLUUAITRGIUY

Larsaney

Wendu parameter passing nM1sAuA1NAIAYY wag structured
decomposition

YBULINVDIAILUS NITHENITUNYINGT LALNISINIASIASITUSASY

recursion: WuIAR WeAFUISng1 mutual recursion wagns implement
recursion

recursive backtracking wag divide-and-conquer strategies

woauwmas references Aad wag struct

A5 real numbers Tulandiadasideasia wag precision issues

6.1PF3 / 6.2 AL3b — Fundamental Data Structures
91515In AR LLaumsﬂiumaNa'i'wm'i%&lawu%'lu

215159naaNR

strings wag string processing ‘ﬁugm

static allocation, stack allocation wag linked structures
NoITOULATILAIABY (Stack and queue)

519115184 (linked list)

asununsluasaulsl 1y adjacency list wag adjacency matrix

nagnsidenldlassairedoyaiivnzay

n1sldlassadiedoyauuu associative 1w map wag unordered_map
nsltualreuaInuANUEIATY (priority queue) wag binary heap
disjoint set union / Union-Find

Fenwick tree ag segment tree

tries

balanced/augmented binary search trees

LCA &3 static rooted tree

heavy-light decomposition wag centroid decomposition &#3U static
trees

persistent data structures wuUNug
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nesting data structures i sequence of sets v
6.1PF2 /6.2 — Problem Solving, Algorithms, and Complexity v v v
fednlanduasnisneassunlandgmenisilsulusunsy
nagnsn1sunUsyun: understand-plan-do-check, separation of v v/ v
concerns, generalization, specialization, case distinction, working
backwards
UNUIMVBITANDINN NAgNSN1s implement waznagnsdnis debug Tu R S
nszUIUNSUAUYM
algorithm specification, precondition, postcondition, correctness wag A v

invariants

a « a a 4’4’ ¥ . . . .
N15ATIENUTLANTNINLUBIRY asymptotic analysis wag Big O notation
standard complexity classes wag time-space tradeoffs
empirical performance measurements

NN DD S
NSNS NS

simple loop design strategies wag brute force / exhaustive search v

N15138909YA KATNMSITENAIANULI4IY LW bubble/selection/insertion v

sort

N15UsENIANARSISENUFIU U 81udayat 11U 594 ARy wayn min/ A

max

simple array manipulation % fill, shift, rotate, reverse, prefix sums, Ve v v

histogram, bucket sort

N1sAUMIYBYALUUAIAU simple string algorithms wag naive substring Y A

search

binary search wag sequential search v v v

simple integer algorithms: radix conversion, Euclid algorithm, primality v v

test, sieve, factorization, fast exponentiation

quicksort, quickselect, heap sort wag merge sort

tree traversals: preorder, inorder, postorder, DFS way BFS v

applications of DFS tree wju topological ordering, Euler paths/cycles, v

connected components wag transitive closures

shortest path algorithms: Dijkstra, Bellman-Ford, Floyd-Warshall v v

minimum spanning tree: Prim/Jarnik wag Kruskal v v

bridges, articulation points wag strongly connected components AN v

greedy algorithms, divide and conquer, backtracking, v v

branch-and-bound wag dynamic programming

simple arbitrary precision integer operations A v
fontnenly
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maximum bipartite matching wag maximum network flow
combinatorial game basics, winning/losing positions wag minimax

simple grammar in Backus-Naur Form

amortized analysis lUa4AU

6.2 AL10 — Geometric Algorithms
representing points, vectors, lines kag line segments

area of polygon from coordinates wag coordinate compression

collinearity, parallel/orthogonal vectors wuag clockwise turns aag dot/
cross products

intersection of two lines ag point in polygon / convex polygon
O(n log n) convex hull wag sweeping line method

7 SE3 / 8 — Development Tools and Environments

AsisuAusulusensy n1sldaunstlniass wasiasasliodmsunmun
TUsunsy 1wu IDE wsasunlulan

nslalausisuinsgiuees C++ (C++ STL)
write/edit code, compile and execute programs, debug own programs

use GUI, OS, supporting applications, program development tools, web
browser and file management

TOIl-Zero | 7 SE6 — Grader and Validation

124 . U v 1 = L4 ]
ANsM9U TOI National Grader: nnsaias QUEMGEANT A1staanlang n1sag
AINBU LAZNITDIUNARNSTID

AnswUanaan Grader kazn15USULALUSLASUIINKNANSID

nsgulusunsuivenndam msasiaasulusunsy n1siana mMslaszuuy
MTIVOALUNR LAZANINLINADUVDINTITUYITU

testing fundamentals, test plan and test case generation
black-box/white-box testing, unit/integration/validation/system testing
inspections / code review / built-in tests

7 — Software Engineering Practices
fundamental design concepts, structured design wag transform
abstract algorithm into efficient program

read/write text files in prescribed simple format
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5.1 Arithmetic and Geometry
SVIRAINANTAVSoNRZINTN
ASAATISTAUATINNAU LN UEI1VBINTSAUIN floating-point
N1SMITUBNAITHALBUIDTATIR
FUIUTITOU

= aa
3 INeudR
Aafansenaly wiu wasiluan lawesluan uazass

5.2 Discrete Structures
ANsAUNARLazN1sTUl v LR alius

normal forms

validity waguedninves predicate logic
ASWA recurrence relations

Burnside lemma

hypergraph, perfect graph, treewidth/expansion, planarity testing, planar separator

Aauunazidunuulisedeslunsal finite

5.3 Other Mathematics
linear algebra ifuqa U matrix multiplication/exponentiation/inversion, Gaussian elimination,
polynomial interpolation, FFT

calculus

combinatorial game theory 9ug4 11 Sprague-Grundy
statistics

6.1 Programming Fundamentals
data representation in memory, heap allocation, runtime storage management, exact fractions

6.2 Algorithms and Complexity
best/average/worst case, little-o/Omega/Theta, tuning parameters, average-case analysis,
recurrence analysis

heuristics, approximation, randomized algorithms, ML feature finding
matroid-based optimization, lexicographic BFS, advanced matching/flow, alpha-beta pruning

fonnaniu
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KMP, Rabin-Karp hashing, suffix arrays/trees/automata, Aho-Corasick

complex heaps, hash tables, 2D tree-like structures, advanced persistence, dynamic tree data
structures

distributed algorithms

computability: tractable/intractable, uncomputable functions, halting problem
P/NP, nondeterminism, NP-hardness reductions

finite-state machines, context-free grammars, regular expressions
online/randomized algorithm analysis

cryptographic algorithms

point-line duality, halfspace intersection, Voronoi, Delaunay, circle intersections,
high-dimensional LP, center of mass, transformation composition

parallel algorithms

6.3 Other Areas in Computing Science
architecture/organization, OS, cloud, programming-language theory, HCI, intelligent systems,
information management, social issues, computational science

basic processing of graphical data
graphics libraries 191 OpenGL

7-8 Software Engineering and Computer Literacy
software architecture, design for reuse, OO analysis/design, component-level design

programming by example, APl debugging environment, class browsers, component-based intro
testing/configuration/requirements/design modeling tools and tool integration

process assessment models and software metrics

prototyping and requirements analysis modeling

validation planning and object-oriented testing

software maintenance, maintainability, re-engineering, legacy systems, reuse

SQA, team management, measurement/estimation, project management tools
component-based computing

formal verification/specification languages/executable specifications

software reliability and specialized systems development

calculator, word processor, spreadsheet, DBMS, e-mail, graphics tools
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