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3 FU®IC (Introduction)

DY INZADERHEMIE, IRD 2 DTH5.
This Syllabus has two main purposes.

1 2HI, BEGEEVNERE®RA Y > ¥y 2 (International Olympiad in Informatics, IOI) (Z5#E Y] 722 % D
THLEPERETHEOHRHZRIETH I L TH L. BEAREZEIERICIE, EERFZES (International
Scientific Committee, ISC) &, ZODXHFIZHED SRE I N-fE 2 s 5.

The first purpose is to provide a set of guidelines that help decide whether a task is suitable for
the International Olympiad in Informatics (IOI). Based on this document, the International Scientific
Committee (ISC) evaluates the task proposals when selecting the competition tasks.

2 OHIE, 1 DHEBEME U ZZ 2720, SHEOA) ¥y 7 OFEMEENZ OHIZD EREZE TOT (2T
ST IBEOFHIT LRI THS.

The second and closely related purpose is to help the organizers of national olympiads prepare their
students for the I0I.

INSDHMDZHIZ, TDYINATIRBERHERBTZOEHA - ez 28T 5. BLVEEDS H
DWW DML TEEND (included)) (ZHFEI NG, —F, SERGEEPEROEBENGEED S HDO VWL D
1 TERREICBRAN SN D (explicitly excluded)] 2RI N5, KODEMIZES &, TOYINATIRIEEZIR
D 5 DOFEFHDNTNAITHET B

The Syllabus aims to achieve these goals by providing a classification of topics and concepts from
mathematics and computer science. In particular, some of the easy topics are classified as included; and
on the other end, some hard topics and some unrelated topics are explicitly excluded. More precisely,
this Syllabus classifies each topic into one of five categories:

O aFEN3 (FIRFEL) (Included, unlimited)
IS DHBIFXFMAGRE ARIND. BEESMNEICE, IhozloTwas I enifiansg. 2
o QEE IR EZ D TISREOHBROFIZHND Z e H 5.
Topics in this category are considered to be prerequisite knowledge. Contestants are expected to
know them. These topics can appear in task descriptions without further clarification.
%l (Example): BE (Integer) in §4.1

A BEND (FREDGMRAP THMICT N E) (Included, to be clarified)
BESMBEXINSOHBZA > TWEIRETHS. LrL, INoPHEOGROFIZEHND & &
1%, FHIEHICHBEIZ LR niER S,
Contestants should know this topic, but when it appears in a task description, the author must
always clarify it sufficiently.
# (Example): BM%Y > 7 (Directed graph) in §4.2 DS2

o BFENs (FREDERHPICIFIRNALY) (Included, not for task description)
IHhoDHBIFREDOFG RO IZEHNERE TRV, UL, MET0 I L%2ERT 5L &P,
ETIVRIEERBET 2B0Z, INSOHEEORFABERILEH 5.
Topics that belong to this category should not appear in tasks descriptions. However, developing
solutions and understanding model solutions may require the knowledge of these topics.
#l (Example): EtE = LR OBLEEMN (Asymptotic analysis of upper complexity bounds) in
§5.2 ALl

CHETFI7ANNDORETHS (ZNIFVINANZADBUFETON—V a v e 138 R3). 2OV I NADH



CHIREIZ RN S NTWAWIEHEIR, £ TIOMEIZOHINS.
As opposed to previous versions of the Syllabus, this is now the default category. Any topic
that is not explicitly addressed by the Syllabus should be considered to belong to this category.

BHESMENZOHEICHET2H#MER > TWA Z L IFfFINTVRY. 1T A COBREEIL,
ZOHBEIZET VWA BIHE & R,

Contestants are not expected to have knowledge of these topics. Most competition tasks will not
be related to any topics from this category.

UL, Thid, ZORHEICETHE CBEROD DEEGREZEIT ENETH D L0 D ER T,
101 OIEENHIPH %2 L 57212, TD &S REHAEEN ISC LV EEhdZ e hdr b Lk
W,

However, note that this is not intended to prevent the inclusion of a competition task that is
related to a particular topic from this category. The ISC may wish to include such a competition
task in order to broaden the scope of the I0I.

HL, D& REEEDN 101 THETI N5 & ZiX, ISC I, FERFEDHHE TS 2 Pk
DS T HHREIIMIBZ L, TUT, ENFO - A OBE&E HWTIER - iR - BIHRISRR S
N5ZLztENPD5.

If such a task is considered for the IOI, the ISC will make sure that the task can reasonably be
solved without prior knowledge of the particular topic, and that the task can be stated in terms
of © and A concepts in a precise, concise, and clear way.

BoL® IO I I N7zl & LTk, T0I 2010 777 XKD Languages (Hl4: Wikipedia) %, 101
2012 1 &Y 7 R&® Odometer (Jil44: robot with pebbles) 3% 5.
Examples of such tasks being used at recent 10Is include Languages (a.k.a. Wikipedia) from 101
2010 in Canada, and Odometer (a.k.a. robot with pebbles) from IOI 2012 in Italy.

BRREICBRA =D (Explicitly excluded)
LTIV XLDQEHAD S HbDWL D FHREIZERA S NG, BRSNEICE, Ths0nEHD
MFABRINDZFFEIHEI NN EBMMRIEI NS, T4bb, RTOHEGREICE, Inhod
HH O CTHAERAT R RENFET 5. 2 2ITiE, Fig, #LWEREDO 7 LT Y X
LG END.
Some of the harder algorithmic topics are explicitly marked as excluded. It is guaranteed that
there will not be a competition task that requires the contestants to know these areas. In other
words, each competition task will have a perfect solution that can be produced without the
knowledge of these topics. This category mainly contains hard textbook algorithms.
772U, ZOYINAN, BESINESREICH O MOEICEA R R M EZ, Wk EKIZEW
THHIRL TWE LRI RETIERLW.
Still, note that the Syllabus must not be interpreted to restrict in any way the techniques that
contestants are allowed to apply in solving the competition tasks.
Z 2T, I0I o#ifH»SH oI EBLZHEBEE0 5.
Additionally, this category is used for topics that clearly fall outside the scope of the I0I.
#l (Examples): AR T7ITY XL (Mazimum flow algorithms) in §5.2 AL3 / &% (Calculus)
in §4.3

INSOVTNORBHIZOWTSE, RTEHNLELSINFET LI LBIMSNIATETHS. OV FNA
IZETBY AN, B EOHEZRLZEDTHS. [B8FEND (Included)] \[ZHHEINZHEHEIODES UL
WHRRREDOIHH X, THEhs] LR L. 72, TBRREICRASND (Explicitly excluded)] (Z/3¥EE
NEEHE O BHUWPRIREDIHEIX, THIREIZERINEI NG LEIRE &,



Obviously, none of the categories can ever be exhaustively enumerated. Instead, the list given in the
following Sections should serve as examples that map out the boundary: anything easier or similar to
Included topics is to be considered Included as well, and anything similar or harder than the Ezxplicitly
excluded topics is Excluded, too.

LU, AEVRHBEREEYR D 256818, HHEIZTRETHD L WHIKEEZ, BIIEDOY I NAOEMHEIC
EHILEEHD 5.

If there is a particular topic for which you are not sure how it should be classified, we invite you to
submit a clarification request to the current Syllabus maintainer.

BEGREIZ WS NS HEE - REAEOMYIMEICE T 25581, K INZADHPNTH S (T. Verhoeft:
Concepts, Terminology, and Notations for IOI Competition Tasks, http://scienceolympiads.org/
ioi/sc/documents/terminology.pdf % ZMf).

Note that issues related to the usage of suitable terminology and notations in competition tasks are
beyond the scope of this document.*”

DROFICHEHDO S ¥ A2 525, IEEE-CS V¥ 27 4055[HULZEEIEY YY) 74F (sans serif
font) T& 9 (ACM/IEEE-CS Joint Curriculum Task Force: Computing Curricula 2001: Computer
Science Volumehttp://www.acm.org/sigcse/cc2001/ % S ).

The rest of this document contains the classification of topics. Topics literally copied from the IEEE-
CS Curriculum*® are typeset in sans serif font.

4 ¥ (Mathematics)

4.1 BEH L UM (Arithmetics and Geometry)

O EBH (integers), A (operations) (A % &L (incl. exponentiation)), ik (comparison

O BEOHEAME (basic properties of integers) (f7%5 (sign), fi#@ (parity), *JBrME (divisibility)

© FRE (prime numbers), FIRIZEH Y 5 EAE (basic modular arithmetic) — flli& (addition),
I8 (subtraction), F& (multiplication)

QO 2 (fractions), H2# (percentages)

© EAR (line), #£4> (line segment), M (angle), =M (triangle), AT (rectangle), IEE
(square), F (circle)

Q& (point), N7 ML (vector), MR (coordinates in the plane)

O %M (polygon) (IHM (vertex), i (side/edge), Hi#f (simple), i (convex), W (inside), #H
I8 (area))

A 2—2Y v N (Euclidean distances)

o E¥xI7ADEH (Pythagorean theorem)

BRREICPRAN S B (Explicitly excluded): FIRIZE S 2 BR%E - #50 (modular division and inverse

elements), A% (complex numbers), —f& D “IXHH#R (general conics) (IR (parabolas), A HH

#* (hyperbolas), #M (ellipses)), =A% (trigonometric functions)

——

4.2 BEBUEE (Discrete Structures) (DS)

DS1. BI#K - B%k - && (Functions, relations, and sets)

*7 See T. Verhoeff: Concepts, Terminology, and Notations for I0I Competition Tasks, http://scienceolympiads.
org/ioi/sc/documents/terminology.pdf

*8 ACM/IEEE-CS Joint Curriculum Task Force: Computing Curricula 2001: Computer Science Volume, http://
www.acm.org/sigcse/cc2001/



DS2.

DS3.

DS4.

DS5.

BBEL (functions) (257 (surjections), B4t (injections), B & (inverses), &M (composition))
Bf% (relations) (REIEE (reflexivity), XI#RE (symmetry), #RE (transitivity), FERIfR (equiva-

lence relations), £/EFFBE% - SR/ IEFEER (total/linear order relations), F# & IEF (lexicographic

order))
O &S (sets) (RVE (Venn diagrams), fi& & (complements), BEF& (Cartesian products), NF &

& (power sets))
BRREICBRAN SN D (Euxplicitly excluded): JREE - TEM (cardinality and countability) (#EBREE A2
355D (of infinite sets))
975w (Basic logic)
EEMIE (propositional logic)
FmIEFES (logical connectives) (B &, Zh o DFEAMEE (incl. their basic properties))
E{&Z (truth tables)
—BEREEERIE (predicate logic)
LMELS - F1EES (universal and existential quantification) (JEE: &MFLS - FIERL S VAN T
IR o2 ERIITELMOMITERETHS. (Note: statements should avoid definitions with
nested quantifiers whenever possible.))
o E—YRRRVR (B#MAREMEE) (modus ponens), E—4 X hL ¥R (FHBIC & B EEBA) (modus
tollens)
AR 2o RBFRFLKICET LB DTII AWV, MEOBEBETIE, A, V,V, IREOHELT ZMHE
HFIZHRASHETHEATHI N TV,

N.B. This article is not concerned with notation. In past task descriptions, logic has been ex-

> >

ABABABA

pressed in natural language rather than mathematical symbols, such as A, V, ¥V, 3.

ERDOATHD (Out of focus): BHER (normal forms)

BAREICBRA SN B (Eaplicitly excluded): % ZHM% (validity), —FERERE DRSS (limitations of

predicate logic)

SEBA D% (Proof techniques)

A BE-Y-RME - BE - FEREDEER (notions of implication, converse, inverse, contrapositive,
negation, and contradiction)

o BEEDFEA (direct proofs), RHI - xHB - FEFIC & DEERR (proofs by: counterexample, contrapo-
sition, contradiction)

o  HWEREWE (mathematical induction)

© BBIFWUE (strong induction) (SERKEIEL £ 5 (also known as complete induction))

O BIRMIEZS (recursive mathematical definitions) (HHE.D fIRHIEF 2 &8 (incl. mutually recur-
sive definitions))

WA LT DEME (Basics of counting)

O WX EIFDFE (counting arguments) (1 - FDRA (sum and product rule), BEAMTHREL - A{THK

# (arithmetic and geometric progressions), 7 4 3 v F# (Fibonacci numbers))

B - A A (permutations and combinations) (EABEZ (basic definitions))

PSR REEL (factorial function), —IHREX (binomial coefficients)

SBIRIRIE (inclusion-exclusion principle)

1§/ B[R (pigeonhole principle)

NRZAINDIEFR (Pascal’s identity), ZIHE (binomial theorem)

BRREICRRA SN D (Explicitly excluded): JRHREIBEIFRZ A < T & (Solving of recurrence relations)

227 - A (Graphs and trees)

A K (Trees) & ZDHAME (and their basic properties), HfF E K (rooted trees)

A f&FAZ 57 (undirected graphs) (WX%X (degree), i#& (path), B (cycle), #f5H: (connectedness),
FAT—# - AT —FEE, NIV VBNV VEE (Euler/Hamilton path/cycle), #2F
i@ (handshaking lemma))

A BREYZ 7 (directed graphs) (AIRE (in-degree), HIRE (out-degree), A A& - 4 1Al B %
(directed path/cycle), &1 7 —#& - &1 7 —FE&, /N IV b - NIV b UEEE (Euler/Hamil-

ONORONIS



ton path/cycle))

213G (spanning trees)

EEHE (traversal strategies)

WXRTERA TRV - B - 4o T [%fli] 7225 7 (‘decorated’ graphs with edge/node
labels, weights, colors)

A %EZZ 7 (multigraphs), BV — 7% &8 25 7 (graphs with self-loops)

A #2777 (bipartite graphs)

> D> >

DS6. BtEIHE=R (Discrete probability)

4.3

5

5.1

PF1.

PF2.

AR D DREIZE T BHER (ZDGEOMRIIMERIRTRD) FERDATH S (Out of focus).
& DML DX TBRREICIRA SN D (Explicitly excluded).

Applications where everything is finite (and thus arguments about probability can be easily
turned into combinatorial arguments) are OQut of focus, everything more complicated is Explicitly
excluded.

HZ2DZDMDSE (Other Areas in Mathematics)

ERDOATHS (Out of focus): 3 IRTGZEM DA (geometry in 3D space), #RIE AR (systems
of linear equations)

BRFEICERA SN D (Explicitly excluded): ##IEAREL (Linear algebra) (ZIHA - /75112 BI9 2 IEH AR
HAZ2TEE (incl. all non-trivial operations on polynomials and matrices)), f#fH43 (Calculus),
#iats (Statistics)

ETERRFE (Computing Science)
70723 DREE (Programming Fundamentals) (PF)

70033V EEDEM (Fundamental programming constructs) (HIREIHEBICET 2+ D (for

abstract machines))

O BKRKETOVZIVEROERMEE BRI (Basic syntax and semantics of a higher-level
language) (IOl O HEEHAITED Sz 10l THAMRER T 07 I I 750 kL E 1
DIZDWT (at least one of the specific languages available at an I0I, as announced in the

Competition Rules for that I0I))

©  Z#¥ (variables), & (types), & - XA (expressions, and assignment)

O B A7 (Simple 1/0)

O RN E REFIEEE (conditional and iterative control structures)

O B - /85 X —% (functions and parameter passing)

o HElbEN/DE (structured decomposition)

7T X s - FERERRR (Algorithms and problem-solving)

o EEMRYEE (Problem-solving strategies (i L Tt L T-517 L T i3 & (understand-
plan—do—check), B FIHD /3 # (separation of concerns), —f%1t (generalization), ¥5kAk
(specialization), %3443 1) (case distinction), Wi 2% X % (working backwards), etc.)*?

o MERRBRICEIFTZ 7T ZLD%E (the role of algorithms in the problem-solving process)

o 73 XLEZEZDERE (implementation strategies for algorithms) (§6 SE1 % £ (also see
§6 SE1))

o TNy UM (debugging strategies) (§6 SE1 %2 (also see §6 SE3))

*9 See G. Polya: How to Solve It: A New Aspect of Mathematical Method, Princeton Univ. Press, 1948

6



A TIT) LD - $51% (the concept and properties of algorithms) (IEL & (correctness), i
# (efficiency))
PF3. 7— 9 #iEDEHM (Fundamental data structures)
O BEAXT—4E (primitive types) (7 —J)VH (boolean), fF 5] & - K5k L BEH (signed /unsigned
integer), XF# (character))

Q  EBF (arrays) (£ &S % 4T (incl. multidimensional arrays))

O #EE&K (records)

Q  XFF - XFFHIIE (strings and string processing)

A BREIYHT - R v JICEBEIY HT (static and stack allocation) (HE) A €Y EH D)4
(elementary automatic memory management))

A EFERIE (linked structures) (‘i‘?ﬂﬁ/ I (linear and branching))

A EAEREEICE T B HIN A £ ) RS (Static memory implementation strategies for linked
structures)

AN RE VY - FEITIIORKER (implementation strategies for stacks and queues)
AN TZ7 - ROREEB (implementation strategies for graphs and trees)
A ELWT—9HEE%RIRT 2B (strategies for choosing the right data structure)

EROATHS (Out of focus): *EYADT—4 DKRI (data representation in memory), £—7F
Z1Y) H T (heap allocation), EITRFDEERMEILEIE (runtime storage management), R4 ~ % - SR
(pointers and references)*!0, $UfE I 2 5E 7 3REIZ B 1 2 EBOWFHHH (elementary use of real
numbers in numerically stable tasks).

BRFEICRRA SN D (Explicitly excluded): EBDIFEI/NS IR (the floating-point representation
of real numbers), FEI/NEILEH A DFEEFRE (precision errors when computing with floating-
point numbers)

IO 128 \WT, —fiz, FE/NBUGRRIZ B AR ETH LAV I ASNT WS (G. Horvath and
T. Verhoeff: Numerical Difficulties in Pre-University Education and Competitions, Informatics
in Education 2:21-38, 2003 #£&Md). L2 L, BfEEHI N TWE S Y2 —T7 2 —ZIZkD, Tho
DERDO WL DFfRRI NG, SHTI, HLHMOBHEGE (2—2V v FEE#EZ MR U s/IME
EBEZDHERE) IZOVWTE, BFE/NMUERELZRIZHVS LN TEDIRXTTH 5.

Regarding floating point numbers, there are well-known reasons why they should be, in general,
avoided at the IOL*!'! However, the currently used interface removes some of those issues. In
particular, it should now be safe to use floating point numbers in some types of tasks — e.g., to
compute some Euclidean distances and return the smallest one.

PF4. BJ% (Recursion)

O BJROBER (the concept of recursion)

O BRILHFRE (recursive mathematical functions)

O BiiABR IO —I+ (simple recursive procedures) (FHAE D FH IR % &€ (incl. mutual recur-
sion))

o DERAE (divide-and-conquer strategies)

o BIRDOELE (implementation of recursion)

o BRIy I ~F v (recursive backtracking)

PF5. 41 XY NEEENBL T 045 X >4 (Event-driven programming)
IRERIRBETOX D L 0ICEAT AHBEGEENHEI NS Z 255, RS NAZRELDOPH LD %
T DGR, A TIN5,

Some competition tasks may involve a dialog with a reactive environment. Implementing such

*10 HEZR D WIME X HTEERME X £ U ROABEM TR WHIEZ B 5. 101 OBEREITHIA T ) ZETMITERETHS. (The
inessential advantage of scalable memory efficiency is outweighed by the increased complexity in reasoning. Static
memory implementations should suffice to solve IOI tasks.)

*11 See G. Horvéth and T. Verhoeff: Numerical Difficulties in Pre-University Education and Competitions, Informatics
in Education 2:21-38, 2003



an interaction with the provided environment is A.

I E R DL L HEEROMND DI, 2 TERDHATH S (Out of focus).
Everything not d1rectly related to the implementation of reactive tasks is Out of focus

52 73 XL - HEE (Algorithms and Complexity) (AL)

IEEE-CS #V a5 AL & 08IHT 5:
We quote from the IEEE-CS Curriculum:

TIILTY) X LEEREIE (computer science) ¥V 7 b = 7 L% (software engineering) DEHETH 5. 7
ICBFBY IR TIRATLDOMEEEIE, RD 2 ROIFMKET Z: (1) 7IT) TLDREIR, (2) REOHK~A
BLAY—ICBF2BEM - K, LD ST, PLITVILORVEERETOY I NI TPV RT LDMERE
IKBWTBHTEETHS. £k, PLVTVILDFEBICLY, TAVSIVIEE - TRISIVTORMEH -
FEBON—RY 7P ZOMOEEDOAEICET LRVEEERARMAEONZZ T TR, BBEOAREEZR
RARDBELSNS.

Algorithms are fundamental to computer science and software engineering. The real-world performance of any
software system depends only on two things: (1) the algorithms chosen and (2) the suitability and efficiency
of the various layers of implementation. Good algorithm design is therefore crucial for the performance of all
software systems. Moreover, the study of algorithms provides insight into the intrinsic nature of the problem as
well as possible solution techniques independent of programming language, programming paradigm, computer
hardware, or any other implementation aspect.

ALL. 73V X LEEHFTOERE (Basic algorithmic analysis)
A T TY XLDRE (algorithm specification), FHiligef}: (precondition), FH#ZA: (postcondi-

tion), IEL & (correctness), A2 (invariants)

o FHEELROERMAN (Asymptotic analysis of upper complexity bounds) (T & XA RXIZ
(informally if possible))

© K& O &% (Big O notation)

o IEEMMRETEEY T X (Standard complexity classes) (€% (constant), X% (logarithmic), /¥

(linear), O(nlogn), —3 (quadratic), =3 (cubic), f&%% (exponential))
& TIIVILICETZREGFESRZ - ZEFEED ML — RZ 7 (time and space tradeoffs in
algorithms)
EROATH S (Out of focus): R - T - RRBOFZBEDIRDIFEVDEWVDRE (identifying
differences among best, average, and worst case behaviors), /NS L o 5Bi% (little o), Q 58J% - © FEi&
(Omega, and Theta notation), MEEDFEEREVAITE (empirical measurements of performance)
BRFEICIRA SN D (Eaplicitly excluded): FIIEtEE LR OEIAAENT (asymptotic analysis of average
complexity bounds), BIRHIBERICK 2BIEHN7ILT ) X LBEHT (using recurrence relations to analyze
recursive algorithms)
AL2. 7)Y X LHIEEE (Algorithmic strategies)

o HffiZL — TGN (simple loop design strategies)

o AFTLKDTILTY XL (brute-force algorithms) (2R (exhaustive search))

© B#E (greedy algorithms)

e DERAE (divide-and-conquer)

e Ny U ~Zv Uik (backtracking) (FRH - IEFHIRINZ2H D (recursive and non-recursive)), 43
KRFREE (branch-and-bound)

o NRI—=—UvFVY, XFH - FFZAMTITY XL (pattern matching and string/text algo-
rithms)*12

12 HARMR T NI ) XLDAED O ICHEE NS, #lxiF, Knuth-Morris-Pratt 7V I XAIXESRDHTH S (Out of focus).

(Only basic algorithms are ©: for instance, the Knuth-Morris-Pratt algorithm should already be considered Out of



S

ENRYETELE (dynamic programming)*!3

ERDONTH S (Out of focus): FRMIARE (heuristics), MEFGEM 7L 3 X L (discrete approxi-

mation algorithms), FLIR7 )V TV X L (randomized algorithms)

BRREICERA SN D (Explicitly excluded): BT )L T X Ls (numerical approximation algorithms)
AL3a. 7J)L3") XL (Algorithms)

S)

(ORONO)

S
S

BTS2 Bl 28GR 7 )V TV X L (simple number theory algorithms involving integers):
FRE W (radix conversion), T—2 VY v KO 7L 3V XA (Euclid’s algorithm), O(y/n) [EIDFR
FEDRITIZ & B FRBCHIE (primality test by O(y/n) trial division), T 7 b A7 3 XD (Sieve of
Eratosthenes), &R (FRIEDFRIT £ 72138) (factorization (by trial division or a sieve)),
DR WARFHE (efficient exponentiation)

LRSS O Hifli 72 B A (simple operations on arbitrary precision integers) (M5 - ik
& #2287k (addition, subtraction, simple multiplication))*!4

Bl 72 fid 41 #F (simple array manipulation) (783 (filling), ¥ &) (shifting), [Flfiz (rotating),
[z (reversal), ¥ RAZH (resizing), HME « KM (minimum /maximum), EEEEHHT (prefix
sums), B A~ 2" J A4 (histogram), /N7 v » Y — |k (bucket sort))

&R (sequential) MLHE - BEZZ (processing/search), 43R5 (and binary search)
ZRY—KM7)3Y) XL (Quadratic sorting algorithms) (1R (selection), A (insertion))
Ry MZ X 5005147 #] (Partitioning an array according to a pivot), 74 v 7Y — b (Quick-
sort), 714 v 7L 7 b (Quickselect) (k #HIZ/INZTWIIHDERER (to find the k-th smallest
element))

BEFIEED O(nlogn) £725 (O(nlogn) worst-case) ¥ — k 7JLT) X L (sorting algorithms)
(E—7Y— b (heap sort), ¥—< YV — k (merge sort))

AIHIARDER (traversals of ordered trees) (HilE - [ENE - #£MH (pre-, in-, and post-order))

757 DRI BIIRR - 1BELIRFE (Depth- and breadth-first traversals of graphs), #1275 7
DEAE R DPE (determining connected components of an undirected graph)

R 7) 31 X Ls (shortest-path algorithms) (¥4 2 & b Zi% (Dijkstra), RIb< -7 #— K
/% (Bellman-Ford), 704 K-7—< v L% (Floyd-Warshall))

HREAS (transitive closure) (784 RD 7L XL (Floyd's algorithm))

&/N2EAR (minimum spanning tree) (VIL=—2-F ) L&, U5 A HAIiE (Jarnik-Prim and
Kruskal algorithms))

MROT ALY — K (topological sort)

FAT— - A A7 - (DFE) 2HET L7V TY XL (algorithms to determine the

(existence of an) Euler path/cycle)

BRREICERA SN D (Explicitly excluded): T KFE7 VTV XL (maximum flow algorithms), 2" 7
73y F 77 )NTY XL (bipartite matching algorithms), A2 7 7 OERHEAE 5> 72 (strongly
connected components in directed graphs)

AL3b. 7
S
S
S

— % 1&i& (Data structures)

“e— 77— XHiE (binary heap data structure)
Z R (Binary search trees) (/N7 Y ZADENTWARWSH D (unbalanced))
Mg T — 28 & OBfR (interaction with abstract data types): #EEAT & ¥ 2 — (priority

queues); HP AT E8EE - HFHLUES - G (ordered and unordered sets and maps)

focus.)

*13 IEEE-CS 7V %25 ATIRZIDEHZ ALS IZAMLTWAED, ZZIHFHENERETHS 5. (The IEEE-CS Curriculum
puts this under AL8, but we believe it belongs here.)

A Z 0o OEBOFEENRERZ L1E, BEOLERD S5 T BRETHS. (The necessity to implement these operations
should be obvious from the problem statement.)



AL4.

ALS5.

ALSG.

AL7.

o XMA (interval trees)*1®*16 7 x> 1 v 7K (and Fenwick trees)*!”
6 U757 DRI (representations of graphs) (B ') R b (adjacency lists), B#17% (adjacency

matrix))
o FELHDRIY (representation of disjoint sets): Union-Find 7 — X fi& (the Union-Find data
structure)

BRREICFRA SN D (Explicitly excluded): B/ e — THEE (ZHe —7 - 74 R F v Fre—T7RY)
(Complex heap variants such as binomial and Fibonacci heaps), —f#®FfiARDIFEEE (implemen-
tation of any general balanced tree) (AVL K, YU —7, A7 VL —KQ¥ (e.g., AVL, treaps, splay
trees)), /\v ¥ a7 —7 IV & 55% (Using and implementing hash tables) (22D f#iH kg % & &
(incl. strategies to resolve collisions))

S8 7L 3" X L (Distributed algorithms)

ERDONATH S (Out of focus)

STEATREME D ERE (Basic computability)

FHEFBEMEICBEE U 72 H I3 2 TR ICRRA SN B (Explicitly excluded).

All topics related to computability are Explicitly excluded

BIZIZIRDE DH3EEF 545 (This includes the following): £ L WERE - 8 L B (tractable and
intractable problems), FtE R AEMIRE (uncomputable functions), 21L& (the halting problem), 58
THeMEDIEHE (implications of uncomputability)

FEETVOREMIZOWTIX, AL7T 2208,

However, see ALT for basic computational models.

FTEEMM Y 5 X P & NP (The complexity classes P and NP)

FEPENE, NP WEHMEOIEH (&) XIS ICBE LU 22 TOIEE IXBREICHRA SN D (Explicitly
excluded).

Topics related to non-determinism, proofs of NP-hardness (reductions), and everything related

is Explicitly excluded.

ZZToRdX, - REREVANVOIRAETE - SHREEMEORETHRONLINEICET DT

H5H. INSDIEHED TBAEICRHA S NS (Explicitly excluded)] 75 &\Wo> T, NP KELRHED

IOl IZHET E RV WS DI TR,

Note that this section only covers the results usually contained in undergraduate and graduate

courses on formal languages and computational complexity. The classification of these topics as

Ezxplicitly excluded does not mean that an NP-hard problem cannot appear at an 10I.

ZF— k< b - X% (Automata and grammars)

N Ny A-F YT EIEIC K BB SGEDHfE (Understanding a simple grammar in Backus-
Naur form)

*15

*17

AN SR END RN RERL (7T V)2 Y R—-175. SERLEBOEHZHHRRTITS). 07— Xkt

J AV A (segment tree), A (range tree), b—7 2> FAK (tournament tree) & £IE(X# 5. (This is the data
structure that contains a complete binary tree built on top of an array; supporting queries and updates on individual
elements and intervals in logarithmic time. Sometimes this data structure is called a segment tree, a range tree, or
a tournament tree.)

FEBMONETIE, PAHONOT - X HELHVNONTWEDOTEREE X (ENSIEXIDHEONEHTH ). (Note
that in computational geometry there are different data structures with similar names. Those are not covered by
this item.)

TV 4y KON A New Data Structure for Cumulative Frequency Tables THIH THE A X7z, BIT (binary
indexed tree) £HW\ 5. 7z VU1 v ZARD 2 WIehRIE TOI 2001 OFEE Mobiles THW SN2, AT Y HHARIHRD BV [X[H
RKD1D2DN=VaredhadlebTES. (First introduced in P. Fenwick: A New Data Structure for Cumulative
Frequency Tables, Software — Practice And Experience 24(3):327-336, 1994. Also known as binary indexed trees.
A 2D version of a Fenwick tree was used in the IOI 2001 task Mobiles. This can be seen as a more space-efficient

version of an interval tree.)
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ERDOHATH S (Out of focus): BIRIREHEM (finite-state machines), XAk B B XL (context-
free grammars), B U 72 32 H & S 2 5R (and related rewriting systems), IE#RZFRIF (regular
expressions)

BRREICBRA SN D (Explicitly excluded): BRIFIZE PN T WS & 5 43E0H - MigE. #lzX, S3ED

ROYIZETEA— b~ b v OFMNK, NFA 725 DFA ~OZH#, DFA m/Mb, SQEOREHER 2 &,

All textbook proofs and constructions — e.g., the product construction of an automaton for the

intersection of languages, the conversion of a NFA to a DFA, DFA minimization, grammar normal

forms.
AL8. BEATILTY X LfEHT (Advanced algorithmic analysis)

o MAALET — LHEHOIERE (basics of combinatorial game theory), Bf] - b RY > a v
(winning and losing positions), fi#7 —AD I =< v 7 A7)V T Y X (minimax algorithm
for optimal game playing)

ERDOATH B (Out of focus): > Z4 > T7ITY XL (online algorithms), #AHEHHE &KRi#EL

(combinatorial optimization), ELIR7JL T X L (randomized algorithms)

BRFEICRRA SN D (Explicitly excluded): 725 LEEHT (amortized analysis), 7V 7 7-~— &% (alpha-

beta pruning), A 7L A 7-7"5 > 7 « By (Sprague-Grundy theory)

AL9. 55 7))L 3" X Ls (Cryptographic algorithms)

ERDONATH S (Out of focus)

AL10. I 7)L 3" XL (Geometric algorithms) (2 RIGDEE. BEUERAE E L\ (in two dimensions,
preferably with integer coordinates))

o  mOZFB (representing points), N2 ML (vectors), EAR (lines), #%43 (line segments).
o [H—EAREDRDHE (checking for colinear points), EAT - ER X2 k)L (parallel /orthogonal

vectors), RfEHE D DAL (clockwise turns).

o 2 EMDR A (intersection of two lines).

o %M (polygons): HifEH L CEHOLDEHAE (computing area and center of mass).

o (=D - ZMEPHZREE0 T L DOHE (checking whether a (general /convex) polygon
contains a point).

©  JEFEJEHME (coordinates compression).

o MBFET7IITY XL (convex hull finding algorithms)

© CEmEREE (sweeping line method)

AL11. 65 77)L ") X L (Parallel algorithms)
ERDHNTH S (Out of focus)

5.3 FEEBZDZDOMDIE (Other Areas in Computing Science)

(UATFIZidR2) GV 2lRrE, ThoDHEIZRTHREICHRASIND (Explicitly excluded).
Except for GV (specified below), all areas are Explicitly excluded.

AR. EARGZEHER - #88 (Architecture and Organization)

OS. #A&Y 7 b (Operating Systems)

NC. *v b7 —2%milh& L7=FHE (Net-Centric Computing) (Bl#: 277 Fava—7+1 v (aka.
cloud computing))

PL. 7R 453> E35E (Programming Languages)

HC. AE&EtE#DOEEER (Human-Computer Interaction)

GV. 7374w ¥ - HEEHE (Graphics and Visual Computing)
T — Z AL O FAM M IER DA TH S (Out of focus). TNUNDE DIE4T (OpenGL D
I3 T T4 v 7747 VDMHALEDT) BRICKRA SN S (Explicitly excluded).
Basic aspects of processing graphical data are Out of focus, everything else (including the use of

11



graphics libraries such as OpenGL) is Explicitly excluded.
IS. K18 27 L (Intelligent Systems)
IM. 53R DEIE (Information Management)
SP. 1t =#) - BiZE8972F 4 (Social and Professional Issues)
CN. §&#% (Computational Science)

EE: AR BTYRNVRG - TRV TIVEGE - @R A TI74Y - FyvYarEYREICEHIs30T
HB. OS 1FEAKY 7 N DFKET (design) 12T 25D TH Y, TOMHHIZETLEDTIERW. PLIE7
77 IV SEBOMN - BET (analysis and design) (BT AL DTH Y, TOMHIZETEED TR,
HC iZa—¥ 1 v &7 = —ZADE&Et (design) (BT 55D TH 5.

Notes: AR is about digital systems, assembly language, instruction pipelining, cache memories, etc.
OS is about the design of operating systems, not their usage. PL is about the analysis and design of
programming languages, not their usage. HC is about the design of user interfaces.

OS OfERE (Usage) - GUL - 7025 I V7 S5EI, §7 LU §5.1 227,
Usage of the operating system, GUIs and programming languages is covered in §7 and §5.1.

6 V7 hUxF7IZF (Software Engineering) (SE)

IEEE-CS 7V ¥ a5 0 565[HT5%:
We quote from the IEEE-CS Curriculum:

VIRMDITIZRE, - PEEOEREA TV I NIV I TIRT LZMRE - PERMICHAITHER -
M - MBOISAICET 28liETH 5.

Software engineering is the discipline concerned with the application of theory, knowledge, and practice for
effectively and efficiently building software systems that satisfy the requirements of users and customers.

IOl OBFIZH T2 Y 7 b v =7 LEOSHIZ, KENZHEFIORT, BMORBEIZISNI W, B
DTVY 7 bDDIZ, BNMEHiZHNWE Z LIBT3 THE. TNIZEENDIHHRET o 0
IN5.

In the IOI competition, the application of software engineering concerns the use of light-weight tech-
niques for small, one-off, single-developer projects under time pressure. All included topics are © .

SE1l. V7 bv = 755t (Software design)

o EMERFTOME - [R¥E (fundamental design concepts and principles)
©  REMHRI (design patterns)
o fE#{b = N7=F&ET (structured design)

FHZ, BESINE IO Z e fFEn 5.
In particular, contestants may be expected to
- [APFINEZTRIIIVIEFED 1 DEHWT, MRNAET IV TV X L% BRI TR %
DRWTO T I LIERmT I (BES A 77V RHEHORED I A 77V E2HNEZ
LbHd).
Transform an abstract algorithm into a concrete, efficient program expressed in one
of the allowed programming languages, possibly using standard or competition-specific
libraries.
— FREDT A=Y MW TFAN T 7 ANPOS AN T —REGAAAETT -2 2 EEH
TSI LTSI L.
Make their programs read data from and write data to text files according to a prescribed

simple format

12



(3 <#%D SE2 £ 2 (See also SE2 immediately below))

BAREICBRAA SN D (Explicitly excluded): V¥ 7 8D 277 —FF U F+ (software architecture), FBff

A D7z DE&ET (design for reuse), 7 = ¥ MBI -

AVKR—xY LRI DEEEE (component-level design)
SE2. APl f#F (Using APIs)

5% &t (object-oriented analysis and design),

o AP (77U —>av7ads3vi4vy4—27z—R) #AVWELETOSZ3IV 5 (AP
(Application Programming Interface) programming)

Rz, BESIE RO Z P fFEn 5.

In particular, contestants may be expected to

ARG 2 o NZBBEAT AT ) 2HWS Z L.

Use competition-specific libraries according to the provided specification.

BHERICERA SN D (Explicitly excluded): FARICK ST O S X V4 (programming by example),

APl BRIZICH 17 2T /8 v ¥ (debugging in the APl environment), ¥ S X 75 D H#PEEL LY —

JU (class browsers and related tools), A v KR—x > FETEDEA (introduction to component-based
computing)

SE3. V7 bz 7RHFEY—IL - IR (Software tools and environments)

© 7RYZIVIJ’RIE (programming environments), (IDE (#& B EBE) % &€ (incl. IDE
(Integrated Development Environment)))

Rz, BESIE RO Z P fFEn 5.
In particular, contestants may be expected to

REINZTOTIIVITT 4D 1 D2HWT, TR I7L62EHE, RETHI L.
Write and edit program texts using one of the provided program editors.
EPNEE10PA=D AN 2= IDVAE O A VR 5o SR

Compile and execute their own programs.
HABESGDO 70T I LDOT Ny TE2ITS T L.
Debug their own programs.

BATEICERA SN B (Explicitly excluded): &Y —IU (testing tools), FREEHRIL—JL (configuration
management tools), X2 - & D E T IL{EY —JL (requirements analysis and design modeling
tools), Y —ILfEEH#E (tool integration mechanisms)

SE4. V7 b = 7EEBRE (Software processes)

© YIMITTDZIA 7540 - £EBRBDET I (software life-cycle and process models)
Rz, BESNEICIERO Z e HfFEIns.

In particular, contestants may be expected to
a7 0 7T L ORFEFE DR % 7B 2 PR L C, YR GIEREIRT 5 Z L.

Understand the various phases in the solution development process and select appropriate
approaches.

BREEICERA SN D (Explicitly excluded): FAFBEFRDFEME 7 )L (process assessment models), ¥ 7
MY = TEEBROEAE (software process metrics)
SE5. V7 b T 7 DEX - f£#k (Software requirements and specification)
o ERAMEX - EAMTHRUVWER (functional and nonfunctional requirements)

o WHARERMICEAT 2 BRI (basic concepts of formal specification techniques)
FHZ, BESIMEITITRO Z x5,
In particular, contestants may be expected to
— BERINDIMEZHMEL, HRSFHICL D EMLER (BrMmicEMbshTnwaBad %
ITHRVWEGEH D) 2HBEETVICLSMEICERT L Z L.
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Transform a precise natural-language description (with or without mathematical formal-
ism) into a problem in terms of a computational model, including an understanding of
the efficiency requirements.
BRREICRRA S 1D (Explicitly excluded): 70 b4 4 TDYER (prototyping), ZKFEH (requirements
elicitation), EXX2#7E 7L (requirements analysis modeling techniques)
SE6. ¥V 7 b = 7HREE (Software validation)
o HEEDIRE (testing fundamentals), REEFTEDIENR P TR M —XDEKZZE (including test
plan creation and test case generation)
o TIVvIRYIRFAN-EKT4 bRy I ZXFR N (black-box and white-box testing techniques)

© =v b (unit), $i& (integration), #REL (validation), ¥ X7 LAMRE (and system testing)
© MRE (inspections)

Bz, BESINEICIIRO Z e hlifFEns.
In particular, contestants may be expected to
- KL< HLHY Mt T oaERARMT oEM (MdElhEnza—Fz2@d, I2— NORMK,
MAAAT AN, TANET) Z#EHETEZ L.
Apply techniques that maximize the the opportunity to detect common errors (e.g.
through well-structured code, code review, built-in tests, test execution).
- HuoBEHOTOII L (O—8) 2METLHI L.
Test (parts of) their own programs.
BRREICBRA SN D (Explicitly excluded): REEETE (validation planning), 7Y =7 MMEARE
(object-oriented testing)
SE7. V7 bz 71t (Software evolution)

BAEEICRRA SN D (Explicitly excluded): V 7 b = 7 #FFER (software maintenance), &
BAlgEY 7 MU = 7 D% (characteristics of maintainable software), Y T =71 ¥ o (re-
engineering), L A —> 27 L (legacy systems), ¥ 7 b D = 7 DEFIA (software reuse)

SE8. Y7 hwxz77OY ¥ MNEHE (Software project management)
o 7OV MDRTYa—ILEE (project scheduling) (FRIZHFE DO E L (especially time man-

agement))

e R I2H (risk analysis)
© YI7hUITHEEDER (software configuration management)
FHZ, BESMNFIIIRO Z e fifEns.
In particular, contestants may be expected to

BRA RIEENC BRI NS R EEH TS Z L.

Manage time spent on various activities.

BEOHERD 25612, VA7 2 HEBRGT5Z L.

Weigh risks when choosing between alternative approaches.

a7 v o T MMERHIZ, BREpNN—Ya v ZOREEEET S Z L.

Keep track of various versions and their status while developing solutions.
BR#EICERAN SN D (Explicitly excluded): ) 7 = = 7 mBIREE (software quality assurance), F—
LETE (team management), ¥V 7 b T 7RIE - #ERKM (software measurement and estimation
techniques), 7O = 7 NEHEY —JL (project management tools)

SE9. OV iR—x v hEtE (Component-based computing)
BRFEICBRA SN B (Eaplicitly excluded)

SE10. ¥ Fix (Formal methods)
ERAFEZDOBE (Formal methods concepts) (IE LU & DFEHD#EE (notion of correctness proof), A
20 (invariant))

AMI7Y—>3 Y - £7H—2 32 (Pre and post assertions)
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R, BB ITIZRD Z PRI 5.
In particular, contestants may be expected to
— TNTYVALRTUTILDOELE - R OWTHRIENIZE RS Z L.
Reason about the correctness and efficiency of algorithms and programs.
BRFEICRRA SN D (Explicitly excluded): TSNBIMREE (formal verification), XL #kEC B EEE (formal
specification languages), R1TAIAES % WMIRITATAE T4 WERREEH (executable and non-executable
specifications)
SE11. Vv 7 b x 7{EFEM (Software reliability)
BAREICRRA SN D (Eaplicitly excluded)
SE12. ¥Ry AT LDEFE (Specialized systems development)
BRFEICBRA SN D (Explicitly excluded)

7 EtE#') 752 — (Computer Literacy)

ZOHONRIZ & THA.
The text of this section is © .

BESME X, 32— XOIEBHREEREMEIZODVWTORBEZRS, ML Wil sk
W (CPU, A€V, 1/0 28). BESNEE, 7774 hNiga—PA v -7z — A&k DRI
Ca—&%, M7 7V —ya U EEAY 7 R (0S), SIS N BIREE 2 T X 5 2 LAt
s, Kz, 77 A VIEMEORREIRZIZED (7 ANVEDIER, 77400 —, BEIRY).

Contestants should know and understand the basic structure and operation of a computer (CPU,
memory, I/O). They are expected to be able to use a standard computer with graphical user interface,
its operating system with supporting applications, and the provided program development tools for
the purpose of solving the competition tasks. In particular, some skill in file management is helpful
(creating folders, copying and moving files).

B OFEMIE TOI OFEFIRA (Competition Rules) \ZFk I 5. l@E, WL DDDY — B R IIFEHER) 722
D777V ECHAMRETH L. BEAY -V ([N OFHAHDOMEL2HD) BRI nd e b b
ARESH X ¢ AN

Details of these facilities will be stated in the Competition Rules of the particular 101. Typically,
some services are available through a standard web browser. Possibly, some competition-specific tools
are made available, with separate documentation.

FFEEDBREZ R DB DY — VBRI Z LK< BB, BHESBIMHFIZE, £2TOY - LVOR#HE
HoTwa Zi3iffshTuwiawn. BESNER, BOESDPEEZEES D2 EOMATIE L.

It is often the case that a number of equivalent tools are made available. The contestants are not
expected to know all the features of all these tools. They can make their own choice based on what
they find most appropriate.

EHDOHNTH S (Out of focus): B (calculator), 7 — K 7B+ v ¥ (word-processors), KitH Y 7
7 =7 (spreadsheet applications), 7 — X RX—ZAEH T X 7 L (database management systems),
BWFA—INVTI747 b (e-mail clients), 77 7 1 v 2 —)b (graphics tools) (#ii (drawing), ¥
% (painting))
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