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Olympiad —

The 2013 British Informatics Olympiad Marking Scheme

Instructions for setting the 2013 British Informatics Olympiad
Students should each have a computer with their chosen programming language installed.

They should also each have a calculator, pen and paper, and an empty USB stick (or other storage device) on
which to back up their work and save their solution programs.

If possible, please disable any network to prevent students from communicating.

Please allow the students a few minutes to carefully read the rubric; during this time they must not turn over the
page and look at the questions. Please also encourage the students to read the questions first before attempting
any answers.

The 3 hour time limit should start once you allow them to turn the page and begin the exam.

Marking instructions

For each competitor you should have a set of programs and a written paper. The programs for parts 1(a), 2(a)
and 3(a) are to be tested by running them with data specified in this marks scheme — you do not need to look at
their program code. The written answers can also be marked as specified here, without needing any specialist
knowledge.

The program names used by competitors should be clearly marked on their papers. Failure to do this, or to
compile programs where necessary, should not prevent programs being marked, but deduct [2] marks for every
such program. Programs produced by the competitors to help in the written questions may be used in selecting
the BIO 2013 finalists.

If a student gets a negative number of marks on any question, score that question as a 0.

Programs written for 1(a), 2(a) and 3(a) are to be ‘black-box’ tested: you should run the program, enter the given
data and verify the solution. For each of these tests the data to be entered is given in bold text. The output
format is flexible (there is no penalty for extra spaces etc.), but the solutions must be correct for marks to be
scored. Input and output may appear in different windows.

Note that, if a program does not complete a test in 2 seconds of processing time, it should be interrupted and
the rest of that test ignored. The other questions should be marked from the competitors’ written answers.

All marks are given in square brackets by the test/answer they relate to. Answers not covered under the mark
scheme should get no marks. In some cases details are given on how marks may be given for partial answers,
as well as alternative answers which merit marks.

Accompanying this marks scheme are two forms to help you in grading the paper. The script cover sheet is
designed to assist you with marking each student’s answers and the marks submission sheet is to list the marks
for all students.

Please submit all your marks to us electronically using the form at
http://www.olympiad.org.uk/2013/2013-results-submission.html

Marks that are received after 31 December 2012 will not be considered for the final.

Certificates will be sent out for all participating students whose marks are returned, including those who
submitted no solutions or left early, and for marks that are received before 31 December 2012.

All programs and student scripts should be retained by you until at least 1 February as we may require them for
moderation; you do not need to send us student’s programs unless requested. After this date, you are free to
return scripts to the students and distribute copies of the BIO 2013 exam paper.

Finally, thank you very much for participating in BIO 2013.

Microsoft Studios Logo are trademarks of the Microsoft group of companies and are used under license from Microsoft.
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Marks Scheme

OISINEl@ [ 25 marks available ]

For each test of the program for 1(a) you need to
type two integers, with a single space between
them. The response should be a 24 hour clock time.

The question specifies that both the hour and
minutes in a time should be displayed with two
digits. If a student fails to output two digits but is
otherwise correct (e.g. displaying the hour 01 as 1)
only award [1] mark for that test.

[1] 131 00:48
[2] 00 01:00
[2] 18 18 01:18
[2] 67 1507 02:07
[2] 0 15 00:00
[2] 07 00:00
[2] 17 26 13:20
[2] 17 215 06:40
[2] 5779 5864 19:12
[2] 21923 26268 14:24

Additional marks are available for general program
behaviour:

[2] Program inputs two numbers.

[2] For each a test a time is output.
[2] Program terminates without crashing / hanging.

Question 1(b) [ 3 marks available ]

[1] ©;
[2] 8,9, 16 and 18.

(Supplementary: If a student has missed out at most
one of the numbers 8, 9, 16 and 18, and / or has
added at most one additional erroneous number,
award [1] mark.)

Question 1(c) [ 4 marks available ]

[4] 1440 hours
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Marks Scheme

OISINPI@ [ 26 marks available ]

There are 5 tests used to check program 2(a). For
each test you will need to type in two lines, each
containing the digits 1, ..., 5 in some order; separate
the digit with spaces.

For each test three grids should be output. Marks for
each grid are independent. A grid must be entirely
correct to receive marks.

(Supplementary: If all of a student’s grids are upside-
down then deduct [4] marks in total but otherwise treat
the grids as though they had the correct orientation.)

If the proiram crashes / hangs part way through a

test, or takes longer than 2 seconds, the rest of that
test should be discarded.

Test 1

Test 2 5 2
14

Question 2(b) [ 3 marks available ]

[3] 65

Test 3

Test 4

Test 5

Question 2(c)

(4]
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Marks Scheme

OISINE (@ [ 24 marks available ]

Each test for 3(a) consists of an input string of up to
12 distinct letters, and either an alphabetical output
string or the word IMPOSSIBLE. The case of the
letters for input and output is important.

Each test, other than those that are IMPOSSIBLE
has multiple solutions. These have been listed in
alphabetical order. A student is only required to
give one solutions. Since some of these solutions
are long, it is acceptable to only verify the
underlined characters.

There are no marks for incorrect answers (this
includes any letter with an incorrect case), and tests
must terminate in 2 seconds to receive marks.

Test 1
mnogRTwxy

abCDefGhiK1NoPgrsTuw
ABCdEFgHIKLNnOpQTUW
aBCdeghIjkLnOQrtwy
AbcDEGH1iJK1NogsWY
ABCAFhJK1NoprSVwxy
abcDfHjkLnOPStvIWXY
AbCDghIjQrtuvVwx
aBcdGHiJgsUvIWX
ABdeFGijpgRstuvXyY
abDEfgTIJPQRUVXY
AbDekLnORSTUVXy
aBdEK1NoRSTuVxY
aCeFhJprSuUwY

[1] AcCEfHiPStuWy
ACfGhikLnOPgrsTUVwxY
acFgHIKINopQTuviWXy
aEFGijkLnOpgRstVx
AefgIJK1INoPQRVX
BCAEfGhiPgrsTvwXy
bcDeFgHIPpQTVWXY
PCDEFhJkLnOprSuvwX
BcdefHjK1NoPStUVIWx
bDFGiiK1NopgRstUy
BdfgIJkLnOPQRuY
CEghIjK1NoQrtUvwXY
ceGHiJkLnOgsuVWxy
RST

Test 2
N
[2] IMPOSSIBLE
Test 3
abcdef
[2] IMPOSSIBLE

See overleaf for additional tests.

Question 3(b) [ 2 marks available ]

[2] abcdghi]Not

Question 3(c) [ 4 marks available ]

(4] 598

Question 3(d) [ 5 marks available ]
[11 No

The following pieces of justification are worth at most
[4] marks. Where two points are separated by an or
only one of the points can be awarded a mark.

[11 A button press changes the state of the lights by a
procedure that does not depend on those lights.
or
[11 A button press leaves some lights alone and
changes the state of the surrounding lights to
their next state — whatever their current state.
or
[11 A sequence of button presses changes the state
of the lights in a procedure that does not
depend on those lights.

[11 If two systems have different lighting there must
be at least one light (L) that is in a different state
in the two systems.

[11 A sequence of button presses will change the
state of light L in a consistent manner.
or
[11 If Lis in a different starting state, a sequence of
button presses will leave it in a different final
state.

[1] If a sequence of button presses unlocks a
system, it leaves light L off. If L finishes in a
different state, the system is not unlocked.
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Test 4 [2 marks]

ABF

a
AbCDefGhiK1NoPgRSuw
aBCdEfGhiPgRSvwXy
abcDeFgHIpQrsVWxY
aBcdefHjK1INoPrTUVWx
abCDEFhJkLnOpRtuvwX
ABCdeghIjkLnOQRsSTwy
AbcDfHJkLnOPrTvWXY
ABcdGH1JgrStUVINX
AbDEfgIJPQstUVxy
ABdJEKI1NouVxY
aBdfgIJkLnOPQstuY
abDFGijK1NopgSTUy
ACeFhJpRtUwY
aCEghTjKINoQRsTUvVWXY
aceGHiJkLnOgrStuvVWxy
AcFgHIKINopQrsuvWXy
AEFGijkLnOpgSTVx
BcdEFgHIKLNOpQrsUW
bcDEGH1JK1NogqrStWY
BCAFhJK1NOPpRtVwWxy
bCDghIjQRsTuVwx
BdeFGijpgSTuvXY
bDekLnOUVXy
cEfHjPrTuWy
CfGhikLnOPgRSUVwWXY
efgIJKINoPQstvX

Test 5 [2 marks]

gklmg

L
ceGHiJk1lnOgrStuViWxy
CEghTIjKNoQRsTUvwXY
bDFG1ijKNopgSTUy
bcDeFgHILPpQrsVWxY
PCDEFhJk1nOpRtuvwX
BdfgIJklnOPQstuY
BcdefHjKNoPrTUVIWx
BCAEfGhiLPgRSvwXy
acFgHIKNopQrsuvWXy
aCeFhJLpRtUwY
aEFGijklnOpgSTVx
abcDfHjk1nOPrTvWXY
abCDefGhiKNoPgRSuw
abDEfgIJLPQstUVxy
aBcdGHi1JLgrStUvWX
aBCdeghIjklnOQRsTwy
aBdEKNouVxY
ACfGhik1nOPgRSUVwWxY
AefgIJKNoPQstvX
AcEfHjLPrTuWy
AbCDghIjLORsTuVwx
AbDekl1nOUVXy
AbcDEGH1JKNogrStWY
ABCAFhJKNopRtVwxy
ABdeFGijLpgSTuvXY
ABcdEFgHIk1nOpQrsUW

Test 6 [3 marks]

ghkLNQSTwXy

ABCdEFgHIk1MnOpQUWY
abCDefGhiKMNoPgrsuwY
aBCdeghIjk1MnOQrTw
AbcDEGH1JKMNogstWy
abcDfH k1IMNOPSTVIXY
ABCAFhJKMNoprStVwx
AbCDghIjLMQrTuVwxY
aBcdGHi JLMgstUVWXY
ABdeFGijLMpgRsTuvXy
abDEfgTJLMPQRtUVx
AbDek1MnORSUVX
aBdEKMNoORSuUVxy
aCeFhJIMprStUwy
AcEfHjILMPSTuW
ACfGhik1MnOPqrsUVwxy
acFgHIKMNopQuvWX
aEFGijk1MnOpgRsTVxY
AefgIJKMNOPQRtVXY
BCAEfGhiLMPgrsvwX
bcDeFgHILMpQVWx Y
PCDEFhJk1MnOprStuvwXyY
BcdefHjKMNOPSTUVIWXY
BdfgIJk1MnOPQRtuy
bDFGijKMNopgRsTU
ceGHiJk1MnOgstuVWx
CEghIjKMNoQrTUvwXy
LMRSY

Test 7 [3 marks]

ghkLmNrTWXy

ABcdEFGHIk1MnOpQRUWY
abCDefGhiKMNoPgsuwY
aBCdeghIjk1MnOQTw
AbcDEGHIJKMNOGRS tWy
abcDfH) k1MNOPRSTVIHXY
ABCAFhJKMNopStVwx
aBcdGHi JLMgRstUVWXY
AbCDghIjLMQTuVwxY
ABdeFGijLMpgrsTuvXy
abDEfgIJLMPQrtUVx
AbDek1MnOrSUvX
aBdEKMNorSuVxy
AcCEfHjILMPRSTuW
aCeFhJIMpStUwy
ACfGhik1MnOPgsUVwxy
acFgHIKMNopQRuviX
aEFGijklMnOpgrsTVxY
AefgIJKMNOPQrtvXyY
bcDeFgHILMpQRVWXY
BCAEfGhiLMPgsvwX
PCDEFhJk1MnOpStuvwXY
BcdefHjKMNOPRSTUVIWXY
BdfgIJklMnOPQrtuy
bDFGijKMNopgrsTU
ceGHiJk1MnOgRstuVWx
CEghIjKMNoQTUvwXy
LMrSY

End of BIO 2013 marks scheme
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Test 8 [4 marks]

abrs

AbcdEFGIKLMOpRtuvwX
abCdegHIjkLMOUVXyY
AbCAFHJIK1MnopgSTUy
abcdGiIMNQRsTuVwx
aBCeFHIMNpgSTuvXY
ABCEfjMNPgRSvwXy
ABCfGHikLMOPQstuY
aBcFgIKIMnopRtVwxy
AbdeFGhijMNpQrsVWxY
abdEhK1MnogrStWY
ABefghIJK1IMnoPrTUVIWx
aBEFGhijkLMOpQrsUW
aCDefGHiK1MnoPQstvX
AcDEGiJKIMNnoQRsTUvwWXY
acDf{kLMOPQRSUVwWXY
ACDgHI jMN
aDEfghTIJMNPrTuWy
ADehkIMOQrStuVWxy
bCAEfGHiMNPQstUVxY
bcdefjK1MnoPgRSuw
BCEgHIjK1MnouVxY
BceGiJkLMOQRsSTwy
bdfghIJkILMOPrTvWXY
BhMNgrStUvWX
cDeFgIMNpRtUwY
CDEFHJkKLMOpQSTVx
DFGhijKI1MnopQrsuvWXy

Marks Scheme

Test 9 [5 marks]

deHi

abCdefGHiKnoQtUvwxy
AbcdEG1iJKnopQRTuUvIWx
abcdfjkl10OgRsuvW
AbCdgHIjLNpSUwWXy
ABcEFgTk1OPRStvWxy
aBCegHIjk1l0OpSuvwxY
ABCFHJKnoPgsTuwXY
aBcGiJLNPQRTVWY
abdEfghTJLNrSTXY
Abdehk1O0pgrstVy
ABeFGhijLNPQrUVvV
aBEhKnopqrstUX
aCDeFHJLNPgsTvwx
AcCDEfJLNgRsUVWxY
ACDfGHik10QtwX
acDFgIKnoPRStUVIWY
aDEFGhijklOPQruXy
ADefghIJKnorSTuVy
bcdeFgILNPRStuWX
bCAEFHJIk10PgsTUVwWY
BCEfGHiLNQtuVwY
BcefiKnogRsWXy
bdFGhijKnoPQrvxY
BfghIJklOrSTUvVx
CDEGHIjKnopSvw
cDeGiJk10OpQRTUWXY

DhINpgrstuvxy
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Olympiad

Please use this sheet, with reference to the marks scheme, to assist you with marking each student’s script.

As it summarises the solutions to many questions, do not distribute or show this sheet to any contestant
before 31 December 2012.

Name of Student: Age: School Year:
5779 5864
input 1 31 00 18 18 67 1507 0 15 07 17 26 17 215 I 21923 .26268
1@)
(1) (2) (2) (2) (2) (2) (2) (2) (2) (2)
output 00:48 01:00 01:18 02:07 00:00 00:00 13:20 06:40 19:12 14:24
Inputs data?
V/;'d tput? — 1(b) 1(c) TOTAL
alld ou pU ¢ (2) Ans: 0 1
Ans: 1440 4 @
Exits okay? o 8916818 (142) = (25)
. 12345 52413 14352
Input 12345 14235 23415
2@@) (1) (1) (1) (1) (1) (3) (1) 2) 3)
SSSSS SSSS SSS SSSSS SSSS FF.F SSSSS S.SSS FFSSF
F.x.. F...* FEF... LLRLUF .. *F SS F.x.. F ..
output  ..... Lo Looos Ll e F ....S
..... .S .SS .. F. c...S S..F.
FFEFF FEFFF FFEF FFFF. FEFFFS SS*.F .FFFF .FFFF *.F.S
inbut 13542 34152
P 41253 34152 TOTAL
2(a
2@ (1) (1) (4) 2) (1) (3) @ (26)
SSSSS SSS.S ..S.. SSSSS SS.SS ..SL.F
F.x.. F...* F.FSF LR el x .S.F.
output  ..... ..... . .SF* ..F.. ..F.S ..FSS 2(b) 2(c)
..... ...S. .S.SF ..... SF..F Ans: 65 Ans: 21
.FFFF .FFFF ..... FF.FF FF.FF ....F (3) (4)
ghkLmNrTWXy
input ~ MNOQRTwWXy N abcdef ABF gklmg ghkLNQSTwXy I abrs deHi
3@
@ (1) (2) (2) (2) (2) (3) (3) (4) (5)
output RST IMPOSSIBLE I a L LMRSY LMrSY ACDgHIjMN
IMPOSSIBLE DhLNpgrstuvxy
Shortest answers shown. See Mark scheme for alternative answers.
3(b) 3(c) 3(d) TOTAL
Ans: abcdghi/Not 2) Ans: 598 (4 (see marks scheme) (5) 3(a) (24)
Deduct [2] marks for every part (a) program name that is not TOTAL TOTAL TOTAL
clearly marked on the script, or where the student has failed Q1 Q2 Q3

to compile the program for languages that require compiling.

Marked By:

(32) (33) (35)
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lnformatics Marks Submission Sheet
Olympiad

Please use BLOCK CAPITALS

This sheet is provided for your convenience and records.

Please submit all your marks to us electronically using the form at
http://www.olympiad.org.uk/2013/2013-results-submission.html

Please retain all student programs and scripts until 1 February.

Marks that are received after 31 December 2012 will not be considered for the final.

Please fill in details of the school/college and each pupil’s name as they should appear on certificates. There is
room for 10 entrants in the marks submission table, so duplicate this page if more space is required. It would
also be very helpful for us to know what hardware, operating system and programming language(s) each entrant
used; please list the different combinations you used in the computer summary table.

School / College: Date exam taken:
Name of marker: Date exam marked:
Name of Entrant Marks for each section (maximum in brackets)| Total | PC/ |School| Age | M/F

(as it should appear on certificate) 1al1blicl2al2b]2c13al3b]13c]3d](100) ] Lang | Year
253 |@ jee|G) | @ jea| @G| T * §

t Write N/S (no submission) in this column if the student produced no answers.

¥ Give the number of the machine and language type in the computer / language type table below

§ Please indicate the type of enumeration used, e.g. year band / curriculum level:
Type Hardware Processor Operating System Programming Language
Number e.g. PC/Mac e.g. Pentium 4 (2 Ghz) e.g. Mac OS X e.g. Visual C++

)

2
3
4
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