Solution of problem «Secret — MAX»

Topic: dynamic programming (!), string searching (?).

AFAIK, there is no special property in the given digits’ names; algorithm can work even reading the
names as input data.

Overall this text, let’s compare long numbers in such way: if lengths are different, longer is greater; for
equal length, perform lexicographical compare. This may contradict standard integer comparison in case
of leading zeros, f. e. 007 > 8.

For good performance in main stage of algorithm, we need table endsAt[][][], where the leftmost index
0<lang<3 is one of four languages, the middle 0 <dig<9 is decimal digit, and the rightmost
0 < pos <N< 100000 is position in input string. The element endsAt[/ang][dig][pos] means “if we’ll
search digit dig’s name in language lang, starting from position pos, what will be the leftmost possible
position just after end of the name?”. If this name cannot be found till end of data,
endsAt[lang][dig][pos] = MYNULL (special value, f. e. 0x7FFFFFFF).

Let’s apply dynamic programming (DP) 5 times: for language #1, language #2, language #3,
language #4 and for all four languages. For each of the 5 cases, we build 7y[] and 7)[] tables, where To())
means “what maximal (in described above sense) number (including numbers with leading zeroes) can be
found in substring from position j till the end” and 7(j) means “what maximal number with non-zero first
digit can be found in substring from position ; till the end”.

T,() = [nax, (concat(dig,T,(endsAt{lang][dig][i])))
lan
endvAz[/ang][digg][i];cMmULL

INOE max (concat(dig,T,(endsAt[lang][dig][i])))

1=dig<9
lang
endsAt[lang][dig][i]# MYNULL

where “concat” means string concatenation; “/ang” 4 times mean “only the selected language” and once
mean “over all 4 languages”. T1(0) is answer of the whole DP (the 1* answer of the whole problem is
maximum of four 77(0) found for different languages, and the 2™ is 7}(0) found for all four languages
together).

It’s important to not store 71(i) and Ty(i) as ready sequences in i-th cell of DP array. Instead, we store
for each T'(i) and each Ty(i) three values: its length, its first (eldest) digit and the position in 7p[] where
the optimal sequence continues — it is endsAt[lang]|[dig][i] for that dig and lang where maximum was
reached.

One comparison of Ty(Z) or 7T'(i) with concat(dig, To(endsAt[lang][dig][i])) can be performed in 0(1)
time. We can quickly get either “lengths are different” or “whole sequences are the same” (not because
“equal”, but because “consisting of the elements located at the same places”). To ensure the last property,
we need, after finding 7o(i+1) and 7)(i+1), initialize To(7) := To(i+1) and 7:(i) := T1(i+1), and, comparing
them with all possible values concat(dig, To(endsAt[lang][dig][i])), change the triple “length, first digit,
continue pos” only when got strictly greater result (do not change the triple when got equal).



Solution of problem «Choosing a camera»

Topic: data structures (augmenting standard map / TreeMap, priority queue).

The main thing we need to solve the problem is to implement data structure allowing efficiently
maintaining set of non-outdated cameras.

Suppose temporarily that there are no different offers with the same pixels and the same zoom.
Consider mapping (using “map” of C++ STL or “TreeMap” of Java collections) from integers
representing pixels to structures representing zoom, cost and offer’s number. The items are sorted by
pixels (that’s provided by “map”/ “TreeMap”). When the map contains only non-outdated cameras, it
becomes also sorted (in reverse order) by zoom. Processing each “P” action, we firstly look at
“lower_bound” / “ceilingKey”. If it doesn’t exist, the new camera is non-outdated because have the
greatest pixels number. If lower bound exists and its zoom is greater-equal than new camera’s zoom, then
the new camera is outdated (and will remain outdated forever), so we can forget about it. Else, the new
camera is non-outdated. When we found that new camera is not outdated, we should not only insert it to
the set, but also to check whether it made outdated some other cameras. If it did, the cameras just became
outdated are some consecutive previous elements of the map, so we can move lower and erase elements
until have erased begin or until see an element with strictly greater zoom.

Coming back to case when different offers may describe cameras with the same pixels number and the
same zoom, we see that we cannot easily store all of them in the map. But we don’t need this. It’s more

useful to compare costs, and replace old offer by new if and only if new cost is strictly less.

Strictly speaking, it means that the maintained set contains not all non-outdated camera but only non-outdated cameras
which have hypothetical chance to be chosen (after appearing new offers, which are too expensive and make outdated other
cameras non-outdated now). But, for shortness, let’s continue using term “set of non-outdated”.

The data structure described above maintains set of non-outdated, but cannot find quickly the minimal
cost. So let’s store not only the map, but also Boolean array isOptimal, where isOptimal[i] means
“camera, introduced in action #i, is not outdated now”. We change the isOptimal[i] when deciding not to
include the camera into the set of non-outdated, or when deciding to include and when deciding to
exclude. At last, let’s store priority queue (binary heap) byCost, sorted by cost, and, for equal costs, by
offer indice (root contains minimal cost; if there are different offers with equal minimal cost, the oldest
among them).

Processing action “C”, we don’t deal directly with the set of non-outdated. If byCost’s root contains
non-outdated camera (we check it in isOptimal array), its index is the current choice. Otherwise, we

extract elements from the priority queue until reach a non-outdated.

(Of course, clever programmer doesn’t push to byCost any camera, which is already outdated when just had been proposed
by shop. But it’s typical that cameras may become outdated while storing in the priority queue...)

By the way, answer “~1” is possible if and only if “C” action is the first, without any “P” actions before.

Note that processing some concrete actions may be rather long (erasing from the map many elements
just became outdated, or extracting from priority queue many cheap but now outdated elements). But each
offer is included into the set of non-outdated at most once and is excluded at most once. Similarly, each
offer is pushed to priority queue at most once and is extracted from priority queue at most once. So
overall run time is in range Q(n), O(n log n).



Po3B'A3aHHA 3apaui «Cekper — MakKCUMMyM»

Temu. ounamiune npoepanmyeanns (!),nouyk psoxis (7).

Hackineku BinoMo arTOpy 3ajadvi, y BKa3aHWX Ha3Bax HUQp Hema OCOCNHMBHX BIACTHBOCTEW;
aNTOPHUTM MOXe€ TpalBaTH HABITh YUTAIOYH IIi HA3BH B SIKOCTi BXiIHUX NaHUX.

Bynemo mopiBHIOBATH JOBTi YKHCla TAKUM YHHOM: SKIIO JORXKKWHY Pi3Hi, JOBINE BBAXKAETHCS OiNbIINM;
JJIs 9ucel OJHAKOBOi JOBXWHH, 3aCTOCOBYEMO Nekcukorpadiune nopiBHsaeHA. Ile Moxe cynepeunTtu
CTaHJapTHOMY MOPIBHAHHIO IIUTMX YKHCET B pa3i MOYaTkOBUX ByNiB, Hamp. 007> 8.

JIns 3aCe3neuenHs edeKTUBHOCTI OCHOBHOTO €Talmy anroputMmy, notpiCer macur endsAt[][][], ne
nieui#i inaekc 0 < lang < 3 BiAMORinae 0aRil 3 YOTHPHOX MOB, cepenniit 0 < dig <9 — necarkoriit mudpi,
a mpaenit 0 < pos <N< 100000 — mo3unii y Bxinnomy paaxy. Enement endsAt[lang][dig][pos] o3nauae
«IKmO mykaty iM'a nudpu dig MOBOIO /ang, MOYKBAIOYM 3 TO3MIIT pos, A0 Oyje HalniBima MoXIHUBa
MO3UIIisA Biapasy MHiCNs 3akiHYeHHS ObOTO iMeHi?». SIKmo Iie iM's He MOXKHa 3HAWTH N0 KiHIA NaHUuX,
endsAt[lang][dig][pos] = MYNULL (oco€nuse 3nauenss, nanp. 0x7FFFFFFF).

3acrocyemo aunamiune nporpamyBanss ([I1) 5 pas3is: pyis Ne 1, moBu Ne 2, moBu Ne 3, moBu Ne 4 i
JJIS BCiX 9YOTHPBOX MOB. J[71s1 K0kHOTO 3 5 BUnaakiB, Oynyemo tatnuii 7o[] ta 71[], ae 7o(j) 03nauae «ike
MakcuManbHe (B OMHWCAaHOMY BUIIE CEHCi) Yucno (BKJIIOYAKOYM YKcha 3 BEAyYHMH HYISIMH) MOXKHA
3HAlTH B MAPAAKY Bif MO3UIiij 10 KiHNA», a 71(j) O3Hauae «sIke MakCHUMallbHe YHCJO0 3 HEHYIEOBOIO
nepmoo MU PO MOXHA 3HAWTH B MIIPAAKY BiJ MO3HUIIIi j 10 KiHISY.

T,() = Jnax, (concat(dig,T,(endsAt{lang][dig][i])))
lan
endsAt[lang][digg][i];tMYNULL
INOE [max (concat(dig,T,(endsAt[lang][dig][i])))
<dig<

lang
endsAt[lang ][ dig][i]# MYNULL

Je “concat” o3Haua€ KOHKaTeHalil0 pAAKiB; “lang” 4 pa3u o3Hauae «Jume BuCpana MOBa» i OJUH pa3
o3navae «cepex ycix 4 moB». I'onoBroro Bimmosiamo JII € 7'(0) (mepma BimmoBias yciei 3anadi —
MakcuMyM 3 gotupbox 77(0), 3Balinenux Ay pisHUX MOB; apyra — 77(0), 3nalinene A BCiX YOTHPBOX
MOB pa3cM).

Baxnuso ne 3Cepiratu 7)(i) Ta Ty(i) y BUTNSA1 TOTORUX NOCNifOBBOCTEH B i-it KoMipni macury JI1.
3amicTe nboro, 36epiraemo ans koxkuvoro 77(i) Ta koxuvoro 7y(i) TpM 3HaueHHS: HOTO JOBXMHY, HOTO
nepmy (crapmy) nudpy, Ta no3unitoo B 7y[], 3riAkM ONTHManbHa NOCNINOBHICTS NPOJOBKYEThCA — L€
endsAt[lang][dig][i] nns Tux dig Ta lang, ne OyB AOCATHYTUH MakCUMYyM.

Ongne nopirnsnns Ty(i) ao 71(i) 3 concat(dig, To(endsAt[lang][dig][i])) moana Bukonatu 3a vac 0(1).
Moxna meuako orpumard a€o «IOBXWHU pi3Hi», a0 «NOCNiNOBHOCTI CNIBNanaKTh» (HE NpPOCTO
«EKBIBAJIEHTHI», @ «CKNaJal0ThCA 3 €IEMEHTIB, PO3TAMORAaHUX Y TUX CaMUX Micnsax»). JIns 3a€e3nevenns
Janoi BnacTurROCTi, NOTpiCHO, 3RadimoBmu 7y(i+1) ta 7i(i+1), iminianisyratu 7o(i) := To(i+1) Ta
T1(Q) .= Th(i+1), i, NOPIiBHKIOYH ix 3 yciMa MOXJHBUMH 3HAYCHHAMU
concat(dig, To(endsAt[lang][dig][i])), MirsaTH TPiliKy «AORXKKHA, Nepma nudpa, NO3uNis NPOJOBKEHHN
TINBKY KONH 3HalJeHO0 cTporo Cinbmuii pe3ynsrar (He 3MIHICKYH, KONH 3HalWJEHO0 PiRHN).



Po3B’'siI3aHHA 3agaui «Bubip ¢poTtoanaparty»

Tema: cmpykmypu oanux (poswupenus cmandapmuozo map / TreeMap, nipamioa).

Tonorne, mo moTpiCHO ANs pO3B’SA3aHHS 3aJaui — peani3amis CTPYKTYpPH JaHUX, IO JO3BOJSE
e(eKTHRHO MIATPUMYBaTH MHOXUHY He 3acCTapiluX anaparis.

TumuacoBo mpumyctuMo, Hi6U He OyRae pi3HMX MpPOMO3UIii, A€ OAHAKOBRI i KiNBKicTh mikceniB, i
KpaTtnicTk 3ymMa. Posrnsnemo rimoCpaxenns (“map” C++ STL aGo “TreeMap” konekniit Java) 3 ninux
YUCENMIKCENIB Y CTPYKTYPH, IO MICTATEH 3yM, BapTicTh 1 HOMep nmpomno3unii. EnemenTtn BincopTopani 3a
TiKCeNnsIMU (1€ TApaHTYEThCSA CTPYKTYpor “map” / “TreeMap”). Konu rimo€paxxenHs MIiCTHTB TiNBKU HE
3acrapini ¢oToanapaTi, BOHO BHSBISETHCS BiICOPTOBAHUM (y 3BOPOTHOMY MOPSIKY) TAKOXK i 32 3yMOM.
OGpobnsrcun koxRy xito “P”, cmouarky mueumocs Ha “lower bound” / “ceilingKey”. Slkmo ¥#oro ne
icHye, HOBHWH (¢oToamapar He 3acTapinuii, TOMy II0 Mae HalOinemy Kinbkicte mikceniB. Sxmo
lower_bound icnye i #ioro 3ym 6inpmuii-piBEUH 3yMy HOBOTO anapary, TO HOBHM anapar 3actapinuii (i ne
Ha3aBXJ¥ ), Tak [0 MU MOKeMo 3a0yTH Ipo HBOTO. [Hakme, HORMI amapat He 3actrapinuii. lllopa3y, konu
3’SCOBYEMO, MO HOBWH amapaTr He 3acTapinuii, Tpe€a He TUIBKM BCTABMTH WOTO y BimoCpaxenns, ane i
NepeBipuTH, YU He 3po0HB BiH 3acTapinuMu Jeski inmi anapard. SIkmio ne Tak, To amapaTH, ki IOHBO
cTanu 3acrapinumu, 30epiral0ThCs y MOCNIIOBHUX TMOMEpPEHIX eneMeHTax Bigolpa)keHHs, Tak MmO MU
MQOXeMO pyxatucs B 0ik #0To movarky i BUIyYaTH eNeMeHTH, JOKH He BUIydrMO T09aTok afo JOKU He
3HaliIeMo eneMenT 3i cTporo CinbmuUM 3yMOM.

Beprawuuce A0 BUMaaKy, KONM pi3HI Npomo3unii MOXYTh ONMKMCYBaTH amapatd 3 OJHAKOBCHO
KiNBKICTIO MiKCeniB 1 OJHaKOBOI KpaTHiCTIO 3yma, GaunMo, MO He MOXHa Jerko 3Cepiratum y
Bimo6paxenHi iXx yci. Ane ne # ne mortpifro. Kpame nopirBiOBaTM BapTOCTi 1 3aMiHICBaTH cTapi
MIPOTIO3U LT HORUMH, SIKIIO 1 TiNBKH SKIIO HOBA BApTICTh CTPOTO MEHINA.

Ctporo xaxyuu, ne 03Havae, OO MiATPUMyBaBui Halip MiCTUTH He BCi He 3actapini ¢oroamnapary, a
JUIIE He 3acTapilli anapatH, sIki MaKTh TIMOTETUYHUHA maHc OyTH oCpanuMHu (Imicns MOSBU HOBUX, HAJITO
JOPOTHX, MPOMO3uNid, sAki 3poCnsATh 3acrapinuMu iHmMi kaMmepu, He 3acrapini 3apa3). Ane, 3amns
CTHUCIIOCTI, MPOJOBXUMO KOPUCTYBAaTUCS TEPMIHOM «MHOXKWHA HE 3acTapinux».

Posrnseyra CTpyKTypa MaHWX MATPEMYE MHOXWHY HE 3aCTapilux, aje He MOXe MBHIAKO MYKAaTH
amapar MinimanbHO1 BapTocTi. ToMy Gymemo 3Cepiratu He TiNbKU BimoCpa)keHHs, ane i NoTiYHNH MacuB
isOptimal, xe isOptimal[i] o3nauae «anapar, Bnepme 3rajanuii y aii Ne i, Ha Jannii MOMEHT He 3acTapiBy.
Bynemo 3minroratu isOptimal[i] mpu npuiiBATTI pilleHHs He BKNKCYaTH amapar y Halip He 3acTapinmux,
afo mpu NpUHBATTI pilleHHs BKIKYHUTH Ta NpPU NPUHBATTI pimenBs Buknwouutd. Hapemrti, Gyaemo
3Cepiratu mipamigy (ROHa X uepra 3 mpioputeramMu, BoHa X Cinapra xyma) byCost, BHOpSAKORaHY 3a
BapTICTIO, a NMPH PIBHUX BAapTOCTAX 32 HOMEpaMHU MpoMNo3unlii (KOpine mipamimTy MIiCTUTH MiHIManbHY
BapTICTh, a AKMIO ICHYKOTh Pi3Hi MPOMO3uUINii 3 OAHAKOBRUMHU MiHIMalbHUMHU BapTOCTAMH, TO HalapHImMY
cepen HUX).

IIpu o€pobni 3amutiB “C”, MHOXKHHA He 3acTapiluX He BUKOPUCTORYEThCS Ce3mocepennbo. SKimo
kopinbk byCost MiCTUTh He 3acTapinuii amapar (meperipsemMo ne 3a macuBoM isOptimal), To iHAEKC, MO
3€epiraeTscsi y KOpeHi, 1 € moTouEMM BHCOpoM. [Hakme, BUNydaeMoO €neMEeHTH 3 MipaMiau, JOKU He
JiiiIeMo JI0 He 3acTapinoro.

(3Buuaiiro, po3ymMHUi nporpamict He 3aHocHTHME y byCost amapaTtu, BXe 3acTapinli Ha MOMEHT
OTOJIOMEHH MPoMo3uLii. Ane amapaTé MOXYTh 3acTapiraTi 3a yac 30epiranns y mipamisi...)

Ho peui, Bignoriae “—1” MOXNWBa TOAI ¥ TiINBKHU TOJMI, KONH mepmoro gicwo € “C”, €e3 monepeanix
It “P”.

Bimnauumo, mo ofpo€ka Jeskux OKpeMHX [iii Moxe Cyrd IOOCHTh JOBrOK (BUIyY4eHHS 3
BimoGpaxenns araThoX MIOKWHO 3acTapinuX eneMeHTiB, afo BUnydeHHs 3 mipamigu €araTboXx AEMeERuX,
are BX€ 3acTapiluxX eleMeHTIB). Ane K0)KHa MPOTO3WIis BKJIKYAEThCH M0 MHOXKWHHU HE 3acTapinux
He OinbIne OXHOTO pa3y i BUKNKYAEThcs He Oinbme OAHOTO pa3ly. AHanoOTiuHO, KOXHA IpONO3UNis
He Oinbme OJHOTO pa3y BCTABNSEThCS Y MmipaMixy i He Oinbme oaHOTO pa3y Bunywaerhes. OTxe,
3arajbHUi yac BUKOHaHHS 3HaXOAUThCA B Jiana3zoni Q(n), O(n log n).



