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Cast A: Pravidla a organizace

Tento dokument je sbirkou cviceni a komentovanych prikladd zdrojového kédu. KaZda kapitola odpovida
jednomu tydnu semestru a tedy jednomu cviceni. CviCeni v prvnim tydnu semestru (,nulté“) je urceno
k seznameni se s vyukovym prostiedim, studijnimi materialy a zakladnimi nastroji ekosystému.

Kazda tast sbirky (zejména tedy vSechny ukdzky a priklady) jsou také k dispozici jako samostatné
soubory, které miZete upravovat a spoustét. Této rozdélené verzi sbirky fikame zdrojovy balik. Aktudlni
verzi' (ve vSech variantach) mizete ziskat dvéma zpdsoby:

1. Ve studijnich materidlech? predmétu v ISu - soubory PDF ve sloZce text, zdrojovy balik ve slozkéch
00 (organizatni informace), 81 aZ 12 (jednotlivé kapitoly = tydny semestru), déle s1 aZ s3 (sady
Uloh) a konetng ve sloZce sol vzorova i'eSeni. Doporutujeme soubory stahovat davkové pomoci volby
,stéhnout jako ZIP“.

2. Po prihlageni na studentsky server aisa (bud za pomoci ssh nebo putty) zadanim piikazu pb161 update.
VSechny vy8e uvedené slozky pak naleznete ve sloZce ~/pb1671.

Tato kapitola (slozka) déle obsahuje zavazna pravidla a organizatni pokyny. NeZ budete pokratovat,
pozorné si je prosim prectéte.

Pro komunikaci s organizéatory kurzu slouzi diskusni £6rum v ISu (vice informaci naleznete v Gasti T.1).
Nepi§te prosim organizatorim ani cvi¢icim maily ohledné predmétu, nejste-li k tomu specificky vyzvani.
S Z&dostmi o vyjimky ze studijnich povinnosti, omluvenkami, atp., se obracejte vZdy na studijni oddéleni.

A1 Prehled

Tento predmét sestava z cviteni, sad domacich Uloh a zévéretného praktického testu (kolokvia). ProtoZe
se jednd o ,programovaci“ predmét, vétSina prace v prfedmétu - a tedy i jeho hodnoceni - se bude
zamérovat na praktické programovani. Je dulezité, abyste programovali co moZna nejvice, idedlné kazdy
den, ale minimalné nékolikrat kazdy tyden. K tomu Vam budou slouZit priklady v této sbirce (typicky
se bude jednat o velmi malé programy v rozsahu jednotek aZ desitek radkyd, kterych byste méli byt
v praméru schopni vyieit nékolik za hodinu) a domaci Ulohy, kterych budou za semestr 3 sady, a budou
znatelné vétsiho rozsahu (maximalng malé stovky radk0). V obou pripadech bude v probéhu semestru
stoupat narocnost - je tedy dileZité, abyste drZeli krok a préci neodkladali na posledni chvili.

ProtoZe programovani je tézké, bude 1 tento kurz té€zky - je zcela nezbytné vlozit do néj odpovidajici
Usili. Doufame, Ze kurz UspésSné absolvujete, a co je dilezitéjsi, Ze se v ném toho naucite co nejvice. Je
ale nutno podotknout, Ze i pres svou narocnost je tento kurz jen malym krokem na dlouhé cesté.

Predm&t je rozdélen do 4 blokd (&tvrty blok patii do zkouskového obdobi). Do kazdého bloku v semestru
patii 4 kapitoly (témata) a jim odpovidajici 4 cvigeni.

1 Nektere priklady a ukédzky jsou prozatim v anglickém jazyce, nebo zcela chybi. Tyto budeme prekladat a dopliiovat probézné.
2 https://is.muni.cz/auth/el/fi/jarc2024/PB161/un/

1/160



bl. téma

funkce, jednoduché hodnoty, reference

sloZené hodnoty
vlastni metody a operatory
Zivotni cyklus hodnot, vlastnictvi

ukazatele
dédi¢nost, pozdni vazba

vyjimky, princip RAII

)
o N o gl s W o

lexikalni uzévéry, dalsi operatory

w
w

souctové typy

10.  knihovna algoritmg
1. fetézce

12. vstup a vystup

- | 13. bonusy, opakovani

V nasledujicich sekcich naleznete detailnéjsi informace a zavaznd pravidla kurzu: doporucujeme Vam,
abyste se s nimi dikladné seznémili.® Zbytek sbirky je pak rozdélen na ¢asti, které odpovidaji jednotlivym
tydnom semestru. DileZité: béhem prvniho tydne semestru uZ budete resit pripravy z prvni kapitoly,
prestoZe prvni cviceni je ve aZ v tydnu druhém. Nulté cviceni je volitelné a neni nijak hodnoceno.
Kapitoly jsou ¢islovany podle témat z predchozi tabulky: ve druhém tydnu semestru se tedy ve cviceni
budeme zabyvat tématy, ke kterym jste v prvnim tydnu vypracovali a odevzdali pfipravy.

Tento kurz vyZaduje znatnou aktivitu béhem semestru. V této sekci naleznete prehled ddleZitych uda-

v nasledujicich odstaveich tohoto Gvodu):

e H#X“ - ¢islo tydne v semestru,

o cvB* - tento tyden bézi ,nulté* cviteni (kapitola B),

e cv1“ - tento tyden probihaji cviceni ke kapitole 1,

o X/v* - mezivysledek verity testd priprav ke kapitole X,
e X/p“ - posledni termin odevzdani priprav ke kapitole X,
o SX/Y* - Yté kolo verity testd k sadé X,

e sX/z,* - prvni kolo znamek za kvalitu kodu sady X,

o sX/op* - termin pro opravna odevzdani sady X,

e sX/z,* - findlni znamky za kvalitu kodu sady X,

e test” - termin programovaciho testu.

NejdOlezitéjs{ udalosti jsou zvyraznény: terminy odevzdani priprav a posledni termin odevzdani Uloh ze
sad (oboji vZdy o 23:59 uvedeného dne).

Unor
Po | Ut St Ct | Pa | So | Ne
#1119 20 21 22 23 24 25
cv @ 01/v 81/p
#2126 27 28 29
cv 1| s1/1 s1/2 | 82/v
bitezen
Po | Ut St Ct | P& | So | DNe
12 1 2 3
s1/3 | 82/p
#3114 5 6 7 8 9 10
cv 2| s1/4 s1/8 | @3/v |s1/6 |83/p
#4111 12 13 14 15 16 17
cv 3| s1/7 s1/8 | @4/v |s1/9 |04/p
#5118 19 20 21 22 23 24
cv 4| 1/10 s1/11 | 85/v | s1/12 | 65/p
#6125 26 27 28 29 30 3
cv B | s2/1 s2/2 | 0B/v |s2/3 |86/p

% Pravidla Jjsou velmi podobnd tém v kurzu IB111, ale presto si je pozorné prectéte.
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Po Ut St Ct P4 So Ne
#7111 2 3 4 5 6 7
cvB|s2/4 |sl/z, |s2/5 |@7/v |s2/6 |@7/p
188 9 10 " 12 13 14
ov 7|s2/T |st/op |s2/8 |@8/v |s2/9 |@8/p
#9115 16 17 18 19 20 21
cv 8|s2/10 |s1/z, |s2/11 |@9/v |s2/12 |@89/p
#10 | 22 23 24 25 26 27 28
cv 9| s3/1 s3/2 |18/v |s3/3 |18/p
#1111 29 30
cv18 | s3/4 | s2/z,

kvéten
Po Ut St Ct P4 So Ne
111 Tsv |2 3 4 5
s3/5 | 1/v |s3/6 |11/p
1126 7 8sv |9 10 " 12

ovl1 [ s3/7 | s2/op [s3/8 [12/v |s3/9 [12/p
#3113 14 15 16 17 18 19
cv12 | 83/18 | s2/z, |s3/11 s3/12
20 21 22 23 24 25 26

27 28 29 30 3
s3/z,

Cerven

Po Ut St (t P4 So Ne

s3/op

16 11 12 13 14 18 16
s3/z, test

17 18 19 20 21 22 23
test test

24 25 26 21 28 29 30
test test

A.2: Hodnoceni

Abyste predmét Uspésné ukondili, musite v kaZdém bloku? ziskat 68 bod(. Z4dné daléi poZadavky neméme.
Vyslednd znamka zavisi na celkovém souttu bodd (splnite-1i potiebnych 4x68 body, automaticky ziskate
znamku alespoi E). Hodnota ve sloupci ,prredb&zné minimum“ danou znamku zaruguje - na konci semestru
se hranice jeSté mohou posunout smérem dold tak, aby vysledna stupnice pribliZné odpovidala ocekavané
distribuci dle ECTS.5

znémka | pfedbéZné minimum | po vyhodnoceni semestru
A 428 90. percentil + 75
B 368 65. percentil + 75
C 318 35. percentil + 75
D 210 10. percentil + 75
E 248 240

4 Mate-li predmét ukonten zapottem, ¢tvrty blok a tedy ani zévéretny test pro Vés neni relevantni. Plati poZadavek na 3x66 bodu
z blokl v semestru.

8 Percentil budeme potitat z bodd v semestru (prvni tii bloky) a bude brat do Gvahy vSechny studenty, bez ohledu na ukoncent, ktert
splnili tyto tii bloky (tzn. maji potiebné minimum 3x60 bodd).
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Body lze ziskat mnoha riznymi zpdsoby (presnéj$i podminky naleznete v ndsledujicich sekcich této
kapitoly). V blocich 1-3 (probihaji béhem semestru) jsou to:

 za kazdou Uspésné odevzdanou pripravu 1 bod (max. 6 bodd kaZdy tyden, nebo 24/blok),

» za kazdou pfipravu, kterd projde ,verity“ testy navic 8,5 bodu (max. 3 body kaZdy tyden, nebo
12/blok),

» za UBast® na cviceni ziskate 3 body (max. tedy 12/blok),

» za aktivitu ve cviteni 3 body (max. tedy 12/blok).

Za pfipravy a cviceni lze tedy ziskat teoretické maximum 66 bodd. Dale miZete ziskat:

18 bodU za Uspésng vyieSeny priklad ze sady domacich uloh (celkem vZdy 68/blok).

V blocich 2-4 navic miZete ziskat body za kvalitu feSeni prikladd ze sady Uloh pfedchoziho bloku:
» za kvalitu kédu max. 5 bod( za priklad (celkem 38/blok).

Konetné blok 4, ktery patfi do zkouskového obdobi, nemé ani cviceni ani sadu domdcich Uloh. Krom bodd za
kvalitu kddu ze treti sady lze ziskat:

» 15 bodU za kaZdy zkouskovy piiklad (celkem 98/blok).
Celkové tedy potrebujete:

« blok 1: 68/128 bodd,
» blok 2: 68/158 bodd,
» Dblok 3: 66/158 bodu,
« Dblok 4: 66/128 bodd (neplati pro ukongeni zapottem).

A.3: Pripravy

Jak jiZ bylo zminéno, chcete-li se nautit programovat, musite programovéni vénovat nemalé mnoZstvi ¢asu,
a navic musi byt tento ¢as rozloZen do del§ich obdobi - semestr nelze v Zadném pripadé dobéhnout tim,
7e budete tyden programovat 12 hodin denné, i kdyZ to moZna pokryje potfebny pocet hodin. Proto od Vas
budeme chtit, abyste kazdy tyden odevzdali nékolik vyresenych prikladd z této sbirky. Tento poZadavek
abychom mohli feSit zajimavé problémy, nikoliv opakovat zékladni pojmy.

Také Vas prosime, abyste priklady, které planujete odevzdat, resili vZdy samostatné: prtipadnou zakazanou
spolupraci budeme trestat (viz také konec této kapitoly).

KaZdy priklad obsahuje zakladni sadu testy. To, Ze Vam tyto testy prochazi, je jediné kritérium pro
zisk zékladnich bodd za odevzdani priprav. Poté, co priklady odevzdate, budou tytéZz testy na VaSem
feSeni automaticky spustény, a jejich vysledek Vam bude zapsan do poznémkového bloku. Smyslem tohoto
opatieni je zamezit pripaddm, kdy omylem odevzdate nespravné, nebo jinak nevyhovujici reSeni, aniz
byste o tom védéli. Velmi silné Vam proto doporucujeme odevzdavat s urcitym predstihem, abyste pripadné
sobotu o0 23:59 (tésné po konci odevzdavani) spustime rozgiFenou sadu testd (,verity“).

Za kazdy odevzdany priklad, ktery splnil zékladni (,,sanity”) testy ziskavate jeden bod. Za priklad, ktery
navic splnil roz8iFené testy ziskate dalsiho 8,5 bodu (tzn. celkem 41,5 bodu). Vysledky testd naleznete v
poznamkovém bloku v informaénim systému.

Priklady miZete odevzdavat:

1. do odevzdavarny s nazvem NN v ISu (napf. 1),
2. piikazem pb161 submit ve sloZce ~/pb161/NN.

Podrobnéjsi instrukce naleznete v kapitole T (technické informace, soubory 66/tx).

Terminy pro odevzdani pitiprav k jednotlivym kapitolém jsou shrnuty v prehledovém kalendari v ¢asti A.1
takto:

o B1/v* - piredbézné (Ctvrtetni) verity testy pro priklady z prvni kapitoly,

e B1/p* - posledni (sobotni) termin odevzdani piiprav z 1. kapitoly,

« analogicky pro dal8{ kapitoly.

A.4: Cviceni

hodné programovat. Spoleéné cviceni sice nemohou tuto préci nahradit, mohou Vam ale presto v lecéem
pomoct. Smyslem cvicen{ je:

V pripadg, Ze jste Fadnd omluveni v ISu, nebo Vase cviteni odpadlo (napF. padlo na statni svatek), miZete body za Utast ziskat
bud nahradou v jiné skupiné (pro statni svatky dostanete instrukce mailem, individudlni piipady si domluvte s cviicimi obou
dottenych skupin). NemOZete-1i Utast nahradit takto, domluvte se se svym cvicicim (v tomto piipadé lze i mailem) na vypracovéani
3 roz8irenych piikladd ze sbirky (pfesné detaily Vam sdéli cvicici podle konkrétni situace). Neomluvenou neutast lze nahrazovat
pouze v jiné skuping a to max. 1-2x za semestr.
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1. analyzovat problémy, na které jste pri samostatné doméci préci narazili, a zejména prodiskutovat,
jak je vyresit,

2. redit programatorské problémy spoletné (s cvicicim, ve dvojici, ve skuping) - nahlédnout jak o pro-
gramech a programovan{ uvazuji ostatni a vZitecné prvky si osvojit.

Cviceni je rozdéleno na dva podobné dlouhé segmenty, které odpovidaji témto bodim. Prvni ¢ast probiha

pribliZzng takto:
e cvicici vybere ty z Vami odevzdanych priprav, které se mu zdaji nécim zajimavé - at uZ v pozitivnim,
nebo negativnim smyslu,
reSen{ bude anonymné promitat na platno a u kaZdého otevie diskusi o tom, ¢im je zajimavé;

- VaSim Ukolem je aktivné se do této diskuse zapojit (moZete se napfiklad ptat pro¢ je dand véc
dobfe nebo Spatné a jak by se udglala 1épe, vyjadrit sviij nzor, odpovidat na dotazy cviticiho),
k promitnutému f'eSeni se miZete prihlasit a ostatnim pribliZit, pro¢ je napsané tak jak je, nebo
klidné i rozporovat pripadnou kritiku (neni to ale vibec nutné),

« dale podobnym zpUsobem vybere vzajemné (peer) recenze, které jste v predchozim tydnu psali, a
strutng je s Vami prodiskutuje (celkovou strukturu recenze, prot je ktery komentar dobry nebo
nikoliv, jestli n&jaky komentar chybi, atp.) - op&t se mdZete (resp. byste se méli) zapojovat,

* na Vadi Zadost lze ve cviteni analogicky probrat netgpésna reeni piikladi (a to jak priprav, tak
piikladi z uzavienych sad).

Druhd Gast cviceni je variabilngjsi, ale bude se vzdy togit kolem bodd za aktivitu (kaZdy tyden moZete

za aktivitu ziskat maximalng 3 body).

Ve ¢tvrtém, osmém a dvandctém tydnu probéhnou ,vnitrosemestralky® kde budete resit samostatné jeden

priklad ze sbirky, bez moZnosti hledat na internetu - tak, jak to bude na zavéretném testu; kaZzdé

Uspdsné feSeni (tzn. takové, které splni verity testy) ziskd ony 3 body za aktivitu pro dany tyden.

V ostatnich tydnech budete ve druhém segmentu kombinovat rizné aktivity, které budou postavené na

prikladech typu r z aktudlni kapitoly (které konkrétni priklady budete ve cviteni Fesit vybere cvitici,

miZe ale samozi'ejmé vzit v potaz Vae preference):

1. MoZete se prihlasit k rfeseni prikladu na platng, kdy primarné vymyslite rfeSeni Vy, ale zbytek tridy
Vam bude podle potieby radit, nebo se ptat co/jak/prot se v fedeni déje. U jednodussich prikladd se
od Vas bude také ofekavat, Ze jako soutast rfeSeni doplnite testy.

2. Cvicici Vam mdZe zadat praci ve dvojicich - prvni dvojice, kterd se dopracuje k funkénimu reSeni
ziska moznost své feSeni predvést zbytku titidy - vysvétlit jak a pro¢ funguje, odpovédét na pripadné
dotazy, opravit chyby, které v feSeni publikum najde, atp. - a ziskat tak body za aktivitu. Ziskané 3
body budou rozdéleny rovaym dilem mezi vitézné resitele.

3. piiklad mdZete také resit spoletng jako skupina - takto vymySleny kdd bude zapisovat cvitici (body
za aktivitu se v tomto piipadé neudéluji).

A.5: Sady doméacich uloh

Ke kaZzdému bloku pati{ sada 6 domacich uloh, které tvori vyznamnou ¢ast hodnoceni predmétu. Na Uspésné
odevzdani kazdé domac{ ulohy budete mit 12 pokusy rozloZenych do 4 tydnd odpovidajictho bloku cviteni.
Odevzdavani bude oteviteno vzdy v 6:00 prvniho dne bloku (tzn. 24h pred prvnim sputénim verity testd).
Terminy odevzdani (vyhodnoceni verity testd) jsou vZdy v pondgli, stitedu a patek v 23:59 - vyznateno
jako $1/1-12, s2/1-12 a $3/1-12 v prehledovém kalendari v ¢asti A.1.

Soutésti kazdého zadani je jeden zdrojovy soubor (kostra), do kterého své reSeni vepiZete. Vypracované
priklady lze pak odevzdavat stejné jako pripravy:

1. do odevzdavarny s nazvem sN_ukol v ISu (napF. s1_a_queens),

2. piikazem pb161 submit sN_ukol ve sloZce ~/pb161/sN, napF. pb161 submit s1_a_queens.

Podrobnéjsi instrukce naleznete opét v kapitole T.

Vyhodnoceni VaSich feSeni probiha ve tfech fazich, a s kaZdou z nich je spjata sada automatickych testo.

Tyto sady jsou:

o syntax - kontroluje, Ze odevzdany program je syntakticky spravng, lze jej prelozit a prochézi
zakladnimi statickymi kontrolami,

e sanity” - kontroluje, Ze odevzdany program se chovéa ,rozumné“ na jednoduchych pripadech vstupu;
tyto testy jsou rozsahem a stylem podobné tém, které mate priloZené k pfikladim ve cvicen,

e verity" - dokladné kontroluji sprévnost feSeni, véetné sloZitych vstupd a okrajovych pfipadd a
kontroly pamétovych chyb.

Féze na sebe navazuji v tom smyslu, Ze nesplnite-1i testy v nékteré fézi, Zadna dalsi se vz (pro dané

odevzdani) nespusti. Pro splnéni doméci Ulohy je klitova féze ,verity“, za kterou jsou Vam udéleny body.

Casovy plan vyhodnoceni f4zi je nasledovny:

5/160



6/168

« kontrola ,syntax” se provede obratem (do cca 5 minut od odevzdani),

» kontrola ,sanity” kazdych 6 hodin potinaje pUlnoci (tzn. 8:60, 6:60, 12:60, 18:60),

» kontrola ,verity* se provede v pondéli, stiedu a patek ve 23:59 (dle tabulky uvedené vyse).
Vyhodnoceno je vZdy pouze nejnovejSi odevzdani, a kazdé odevzdani je vyhodnoceno v kazdé fazi nejvyse
jednou. Vysledky naleznete v poznamkovych blocich v ISu (kaZdd uloha v samostatném bloku), pripadné je
ziskate prikazem pb161 status.

Za kazdy doméci Ukol, ve kterém VaSe odevzdani v prislugném terminu splni testy ,verity“, ziskate 10
bodd.

Za stejny Ukol mate dale moZnost ziskat body za kvalitu kédu, a to vZdy v hodnoté max. 5 bodd. Body za
kvalitu se po¢itaji v bloku, ve kterém byly udéleny, tzn. body za kvalitu ze sady 1 se zapoctou do bloku
2.

Maximaln{ bodovy zisk za jednotlivé sady:

¢ sada 1: 68 za funkénost v bloku 1 + 38 za kvalitu v bloku 2,
¢ sada 2: 60 za funkCnost v bloku 2 + 30 za kvalitu v bloku 3,
e gada 3: 60 za funk&nost v bloku 3 + 30 za kvalitu v bloku 4 (zkouskovém).

Automatické testy ovéruji spravnost vaSich programi (do takové miry, jak je to praktické - ani
nejprisnijsi testy nemiZou zarutit, Ze mate program zcela spravné). Spravnost ale neni jediné kritérium,
podle kterého 1ze programy hodnotit: podobné dileZité je, aby byl program &itelny. Programy totiZ mimo
jiné slouZi ke komunikaci mySlenek lidem - dobfe napsany a spravné okomentovany kod by mel ¢tendri
sdélit, jaky resi problém, jak toto feSenf funguje a u obojiho objasnit prog.

Je Vam asi jasné, Ze Citelnost programu ¢lovékem miZe hodnotit pouze ¢lovék: proto si kaZdy Vas Uspé$né

vyreSeny domdc{ Ukol precte opravujici a své postiehy Vam sdéli. Pritom zéroved Vas kéd ozndmkuje podle

kritérii podrobngji rozepsanych v kapitole Z. Tato kritéria aplikujeme pri znamkovani takto:

e hodnocen{ A dostane takové reSeni, které jasné popisuje reSeni zadaného problému, je sprévné
dekomponované na podproblémy, je zapsano bez zbytefného opakovani, a pouZiva spravné abstrakce,
algoritmy a datové struktury,

« hodnoceni B dostane program, ktery mé& vyrazné nedostatky v jedné, nebo nezanedbatelné nedostatky
ve dvou oblastech vySe zminénych, napriklad:

je relativné dobfe dekomponovany a zbytecéné se neopakuje, ale pouZiva nevhodny algoritmus nebo
datovou strukturu a neni zapséan prilis prehledné,

o pouziva optimaln{ algoritmus a datové struktury a je dobre dekomponovany, ale lokalné opakuje
tenty?Z kdd s drobnymi obménami, a obéas pouZiva zavadéjici nebo jinak nevhodnd jména podprogramd,
proménnych atp.,
jinak dobry program, ktery pouziva zcela nevhodny algoritmus, nebo velmi Spatné pojmenované
proménné, nebo je zapsany na dvé obrazovky Uplné bez dekompozice,

« hodnoceni X dostanou programy, u kterych jste se dobrovolné vzdali hodnoceni (a to jasné formulovanym
komentarem na zaGatku souboru, napf. ,Vzdavam se hodnoceni.*),

¢ hodnoceni C dostanou vSechny ostatni programy, zejména ty, které kombinuji dvé a vice vyrazné chyby
zmifiované vyse.

Zn&mky Vam budou zapsany druhé Utery nasledujiciho bloku. Dostanete-li zndmku B nebo C, budete mit

moZnost svoje feSeni jeSté zlepdit, odevzdat znovu, a znamku si tak opravit:

¢ na opravu budete mit tyden,

* na opraveném programu nesmi selhat verity testy,

» testy budou nadéle probihat se stejnou kadenci jako béhem ifadné doby k vypracovani (pondéli, streda,
patek o 23:59).

Bude-1i opravujici s vylepSenym programem spokojen, vyslednou znamku Vam upravi.

Terminy, které se vaZou k hodnoceni kvality, jsou vZdy v Utery a jsou vyznacené v prehledovém kalendari

v Casti A1 takto:

e ,81/z,% - obdrZite znamky za prvni sadu,

o s1/op* - termin pro odevzdani opravenych feSeni 1. sady,

e s1/2z,% - vysledné znamky za prvni sadu,

« analogicky pro s2 a s3.

Jednotlivé vysledné znémky se promitnou do bodového hodnoceni Ukolu ndsledovné:

¢ znamka A Vam vynese 5 bodg,

¢ znamka B pak 2 body,

¢ znamka X Zadné body neskyta,

¢ znamka C je hodnocena -1 bodem.

Samotné body za funkcionalitu se pfi oprave kvality jiZ nijak neméni.
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Priklady, které se Vam nepodafi vyie$it kompletné (tzn. tak, aby na nich uspéla kontrola ,verity*)
nebudeme hodnotit. Nicméné mdZe nastat situace, kdy byste potiebovali na ,,témér hotové® FeSeni zpétnou
vazbu, napr. proto, Ze se Vam nepodarilo zjistit, pro¢ nefunguje.

Takovéa reSeni mOZou byt predmétem spolecné analyzy ve cviceni, v podobném duchu jako probihéd rozprava
kolem odevzdanych piiprav (samoziejmé aZ poté, co pro danou sadu skonti odevzdavani). Mate-li zajem
takto rozebrat své feSeni, domluvte se, idedlné s predstihem, se svym cvicicim. To, Ze jste autorem,
zOstava mezi cviticim a Vami - VaSi spoluzaci to nemusi védét (ke kadu se samoziejmé miZete v ramci
debaty prihlasit, uzndte-1i to za vhodné). Stejna pravidla plati také pro nedofeSené pripravy (musite je
ale odevzdat).

Tento mechanismus je omezen prostorem ve cviceni - nemdZeme zarucit, Ze v pfipadé velkého z&jmu dojde
na véechny (v takovém pripadé cvicici vybere ta feSeni, kterd bude povaZovat za piinosnéjsi pro skupinu
- je tedy mozné, Ze i kdyZ se na VaSe konkrétni reSeni nedostane, budete ve cviceni analyzovat podobny
problém v Fedeni nékoho jiného).

A.6: Vzajemné recenze

Jednou z moznosti, jak ziskat body za aktivitu, jsou vzajemné (peer) recenze. Smyslem této aktivity
je ziskat praxi ve ¢teni a hodnoceni ciziho kddu. MoZnost psat tyto recenze se vaZe na vlastn{ Uspésné
vypracovani téhoz prikladu.

Priklad: odevzdate-li ve druhém tydnu 4 pFipravy, z toho u tiech splnite testy ,verity* (fekndme p1, p2,
p5), ve tietim tydnu dostanete po jednom feSeni téchto prikladd (tzn. budete mit moZnost recenzovat
po jedné instanci 82/p1, 82/p2 a 82/p5). Termin pro odevzdani recenzi na pripravy z druhé kapitoly je
shodny s terminem pro odevzdani piiprav tieti kapitoly (tzn. sobotni pdlnoc).

Vypracovan{ téchto recenzi je dobrovolné. Za kazdou vypracovanou recenzi ziskate jeden bod za aktivity,
potitany v tydnu, kdy jste recenze psali (v uvedeném prikladu by to tedy bylo ve tFetim tydnu semestru,
tedy do stejné ,kolonky“ jako body za priklady 62/r).

Udélen{ bodd je podminéno smysluplnym obsahem - nesta&i napsat ,,nemdm co dodat® nebo ,neni zde co
komentovat®. Je-1i f'eSeni dobré, napiste prot je dobré (viz téZ niZe). Vami odevzdané recenze si preCte
Vs cviGici a nékteré z nich moZe vybrat k diskusi ve cviteni (v dal8im tydnu), v podobném duchu jako
pripravy samotné.

Pozor, v jednom tydnu lze ziskat maximalné 3 body za aktivitu, bez ohledu na jejich zdroj (recenze,
vypracovani piikladu u tabule, atp.). Toto omezeni neni dotteno ani v pripadé, kdy dostanete k vypracovani
vice nez 3 priklady (moZete si ale vybrat, které z nich chcete recenzovat).

Jak recenze vyzvednout a odevzdat je bliZe popsano v kapitole T. Své komentare vkladejte primo do
vyzvednutych zdrojovych soubord. Komentére mbZete psat Gesky (slovensky) nebo anglicky, volba je na
Vés. Komentére by mély byt struéné, ale uziteéné - Vasim hlavnim cilem by mélo byt pomoct adresétovi
nautit se lépe programovat.

Snazte se aplikovat kritéria a doporuteni z piedchozi sekce (nejlépe na né primo odkazat, napf. ,tuto
proménnou by §lo jisté pojmenovat 1épe (viz doporugeni 2.b)*). Nebojte se ani vyzvednout pozitiva
(miZete zde také odkazat doporuteni, mate-1i napfiklad za to, Ze je obzvlast pékné uplatnéné) nebo
poznamenat, kdyZ jste se pri ¢teni kédu sami néco naugili.

Komentare vkladejte vZdy pied komentovany celek, a drzte se podle moznosti tohoto vzoru (pouziti **
poméhd odligit povodni komentare autora od poznamek recenzenta):

/*+ A short, one-line remark. *x/
U viceradkovych komentaru:

/*+ A longer comment, which should be wrapped to 88 columns or
++ less, and where each line should start with the *x marker.
#+ [t 1s okay to end the comment on the last line of text like
sk this. #x/

Pri vkladani komentari neméfite existujici radky (zejména se ujistéte, Ze mate vypnuté automatické
formatovani, editujete-li zdrojovy kdd v néjakém IDE). Jediné povolend operace jsou:

« vloZeni novych Fadky (prazdnych nebo s komentérem), nebo
» doplnén{ komentare na stavajici prazdny radek.

A.7: Zavérecny programovaci test

Zkouskove obdob{ tvori pomyslny 4. blok a plati zde stejné kritérium jako pro vSechny ostatni bloky:
musite ziskat alespori 60 bodd. Zavéretny test:
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« probéhne v po¢itacové ucebné bez pristupu k internetu nebo vlastnim materidlom,

 k dispozici bude tato sbirka (bez vzorovych reseni piikladd typu e a r), skripta PB152 a manualové
stréanky (prikaz man),

 budete moct pouzivat textovy editor nebo vyvojové prostitedi VS Code, prekladat jazyka C (goc a/nebo
clang) a nastroje valgrind a gdb.

« probéhne v pocitacové ucebné bez pristupu k internetu nebo vlastnim materialom,
¢k dispozici budou oficialni studijni materialy:

- tato sbirka (bez vzorovych feSeni prikladd typuear) a

offline kopie prirutky cppreference (bez fulltextového vyhledavani),

¢ budete moct pouZivat textovy editor nebo vyvojové prostredi VS Code, prekladate g++ a clang, nastroj

clang-tidy a nastroje valgrind a gdb.
Na vypracovan{ praktické ¢asti budete mit 4 hodiny ¢istého ¢asu, a bude sestévat ze Sesti priklady, které
budou hodnoceny automatickymi testy, s maximalnim ziskem 96 bodd. Pfiklady jsou hodnoceny binarné
(tzn. priklad je uznan za plny potiet bodd, nebo uznén neni). Kvalita kddu hodnocena nebude, ani nebudeme
feSeni kontrolovat nastrojem clang-tidy. Priklady budou na stejné Urovni obtiZnosti jako pfiklady typu
p/r/v ze sbirky.
Béhem zkousky miZete kdykoliv odevzdat (na potiet odevzdani neni Zadny konkrétni limit) a vZdy dostanete
zpét vysledek testl syntaxe a sanity. Soucasti zadani bude navic soubor tokens.txt, kde naleznete 4
kady. Kazdy z nich lze pouZit nejvyse jednou (vloZenim do komentare do jednoho z prikladd), a kaZzdé
pouziti kédu odhali vysledek verity testu pro ten soubor, do kterého byl vloZen. Toto se projevi pouze
pri prvnim odevzdani s vioZzenym kddem, v dal$ich odevzdanich bude tento kdd ignorovan (bez ohledu na
soubor, do kterého bude vloZen).
Zkouska probéhne az po vyhodnoceni recenzi za tieti blok (tzn. ve druhé poloving zkoukového obdobi).
Planované terminy’ jsou tyto (zadné dal$i vypsané nebudou):
o Ctvrtek 13.6. 9:00-13:00, 14:00-18:60,
o Ctvrtek 20.6. 9:00-13:00, 14:00-18:00,
e Ctvrtek 27.6. 9:60-13:00, 14:00-18:00.

V poslednim tydnu kaZdého bloku, tedy

o cviteni 4 (18.-22. bfezna),
« cviteni 8 (15.-19. dubna),
o cviteni 12 (13.-17. kvétna),

probéhne v rdmci cviceni programovaci test na 460 minut. Tyto testy budou probihat za stejnych podminek,
jako vyge popsany zavéreény test (slouzi tedy mimo jiné jako priprava na néj). Regit budete vidy ale
pouze jeden priklad, za ktery miZete ziskat 3 body, které se pocitaji jako body za aktivitu v tomto
cviceni.

A.8: Opisovani

Na v8ech zadanych problémech pracujte prosim zcela samostatné - toto se tyka jak prikladd ze sbirky,
které budete odevzdavat, tak domacich uloh ze sad. To samoziejmé neznamena, Ze Vam zakazujeme spolecné
studovat a vzéjemné si pomdhat latku pochopit: k tomuto Ugelu miZete vyuZit vSechny zbyvajici priklady
ve sbirce (tedy ty, které nebude ani jeden z Vas odevzdévat), a samozfejmé nepieberné mnozstvi piiklady
a cvicenl, které jsou k dispozici online.

Priklady, které odevzdavate, slouZi ke kontrole, Ze latce skutetné rozumite, a Ze dokédZete nastudované
principy prakticky aplikovat. Tato kontrola je pro Vas pokrok naprosto kliGova - je velice snadné ziskat
pasivnim studiem (&tenim, poslouchanim piednasek, studiem jiz vypracovanych piikladd) pocit, Ze néemu
rozumite. Dokud ale sami nenapiSete na dané téma nékolik programd, jedna se pravdépodobné skutecné
pouze 0 pocit.

Abyste nebyli ve zbytetném pokuSeni kontroly obchazet, nedovolenou spolupréci budeme relativné prisné
trestat. Za kazdy prohreSek Vam bude strzeno v kazdé instanci (jeden tyden priprav se potitd jako jedna
instance, piiklady ze sad se potitaji kazdy samostatné):

* 1/2 body ziskanych (ze vech priprav v doteném tydnu, nebo za jednotlivy priklad ze sady),

¢ 10 bodd z hodnoceni bloku, do kterého opsany priklad patfi,

» 18 body (navic k predchozim 18) z celkového hodnoceni.

OpiSete-li tedy napfiklad 2 pripravy ve druhém tydnu a:

e Vas celkovy zisk za pripravy v tomto tydnu je 4,5 bodu,

e Vas celkovy zisk za prvni blok je 65 bodg,

jste automaticky hodnoceni znémkou X (65 - 2,25 - 18 je méné ne? potiebnych 60 body). Podobnd s piikladem
z prvni sady (65 - 5 - 18), atd. Mate-1i v bloku bodd dostatek (napf. 88 - 5 - 18 > 60), ve studiu predmétu

MiZe se stat, Ze terminy budeme z technickych nebo organizacnich divodd posunout na jiny den nebo hodinu. V takovém pripadé Véam
samozfejmé zménu s dostatetnym predstihem ozndmime.
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pokratujete, ale zapotte se Vam je$té navic penalizace 10 bodd do celkové znamky. Prestéava pro Vas
proto platit pravidlo, Ze 4 splnéné bloky jsou automaticky E nebo lepsi.

V situaci, kdy:

« za bloky mate pred penalizaci 77, 62, 61, 64,

e v prvnim bloku jste opsali domaci ukol,

budete penalizovani:

e v prvnim bloku 18 + 5, tzn. bodové zisky za bloky budou efektivné 62, 62, 61, 64,

e v celkovém hodnoceni 16, tzn. celkovy zisk 62 + 62 + 61 + 64 - 18 = 239, a budete tedy hodnoceni
znamkou F.

To, jestli jste priklad resili spolecné, nebo jej nékdo vyresil samostatng, a poté poskytl své FeSeni

nékomu dal$imu, neni pro U¢ely kontroly opisovéani dileZité. VSechny ,verze® reSeni odvozené ze spoletného

zékladu budou penalizovany stejné. TaktéZ zverejnéni feSeni budeme chdpat jako pokus o podvod, a budeme

je] trestat, bez ohledu na to, jestli nékdo stejné feSeni odevzda, nebo nikoliv.

Podotykéme jesté, Ze kontrola opisovani nespada do desetidenn{ lhity pro hodnoceni pribéZnych kontrol.

Budeme se sice snaZit opisovani kontrolovat co nejdrive, ale odevzdate-li opsany priklad, miZete byt

bodové penalizovani kdykoliv (tedy i dodateéné, a to aZ do konce zkougkového obdobi).

Cast 1: Hodnoty a funkce

Vitejte v PB161. NeZ budete pokraCovat, prectéte si prosim kapitolu A (sloZku 080 ve zdrojovém baliku).
Podrobnéjsi informace jak se soubory v této sloZce pracovat naleznete v souboru 80/t3_sources. txt,
resp. v sekci T.3.

Cviceni bude tematicky sledovat pfednasku z predchoziho tydne: prvni kapitola tak odpovidé prvni
prednasce. Tématy pro tento tyden jsou funkce, fizenf toku, skalarni hodnoty a reference. Tyto koncepty
jsou krom prednasky demonstrovany v prikladech typu d (ukazkéch; naleznete je také v souborech d?_x.cpp,
nap. d1_fibonacci.cpp).

1. fibonacci - iterativni vypocet Fibonacciho ¢isel,

2. comb - vypoCet kombinadniho ¢isla,

3. hamming - hammingova vzdalenost dvojkového zépisu,
4. root 1 - vypotet n-té celotiselné odmocniny.

Ve druhé ¢asti kazdé kapitoly pak naleznete tzv. elementérni cviceni, kterd byste méli byt schopni
relativné rychle vyreSit a ovérit si tak, Ze jste porozuméli konceptim z prednasky a ukazek. Tyto
priklady naleznete v souborech pojmenovanych e?_x.cpp. Reseni miZete vepsat pFimo do nachystansho
souboru se zadanim. Zakladni testy jsou soucasti zadani.

Vzorova feSeni téchto prikladd naleznete v kapitole K (kli¢) na konci sbirky, resp. ve sloZce sol
zdrojového baliku. Mgjte na paméti, Ze priloZena vzorova feSeni nemusi byt vZdy nejjednodussi moZna.
Také nenf nutné, aby VaSe feSen{ presné odpovidalo tomu vzorovému, nebo bylo zaloZeno na stejném
principu. DoleZité je, aby pracovalo spravné a dodrzovalo poZadovanou (resp. adekvatni) sloZitost.
Elementarni pfiklady prvni kapitoly jsou:

1. factorial - spoctéte faktorial zadaného ¢isla,

2. concat - zfetézen{ binarniho zapisu dvou &isel,

3. zeros - pocet nul v zépisu ¢isla.

V dal${ ¢asti naleznete o néco sloZitéjsi priklady, tzv. pfipravy. Jejich hlavnim U¢elem je samostatné
procvicit l1atku dané kapitoly, a to je$té predtim, neZ se o ni budeme bavit ve cvi¢eni. Doporucujeme
kazdy tyden vyreSit alespon 3 pripravy. Abyste byli motivovani je feSit, odevzdana feSeni jsou bodovana
(detaily bodovani a terminy odevzdani naleznete v kapitole A). Ve zdrojovém baliku se jednd o soubory
S nazvem p?_*.cpp.

Pozor: Diskutovat a sdilet Fedeni priprav je prisné zakazano. Reeni musite vypracovat zcela samostatng
Pripravy:

1. nhamming - Hammingova vzdalenost s libovolnym zé&kladem,

2. digitsum - opakovany ciferny soucet,

3. parity - poCet jednitek v binarnim zapisu,

4. periodic - hledan{ nejkrat$iho periodického vzoru,

5. balanced - ciferné soutty ve vyvéZenych soustavach,

6. subsetsum - znémy priklad na backtracking.

Dal$i ¢ast je tvorena roz§ifenymi Ulohami, které jsou typicky o néco malo sloZitéjsi, neZ pripravy.
Na téchto ulohach budeme probranou latku dale procvicovat ve cviceni. Tyto Ulohy miZete také resit
spolecng, diskutovat jejich feSeni se spoluzaky, atp. Sva feSenf miZete také srovnat s témi vzorovymi,
kterad jsou k nalezeni opét v kapitole K. Tento typ uloh naleznete v souborech pojmenovanych r?_x.cpp.
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. bitwise - terndrn{ bitové operétory,

. euler - Eulerova funkce (potet nesoudélnych &isel),
. hamcode - kéd pro detekci chyb Hamming(8,4),

. cbe - cipher block chaining,

. cellular - celuldrni automat nad celym ¢islem,

. flood - vypliiovan{ ,,ploch® v celém ¢isle.

o Ol &> W DD —

Posledni ¢ast jsou tzv. volitelné Ukoly, které se podobaji tém rozsirfenym, se dvéma dileZitymi rozdily:
volitelné lohy jsou urgeny k samostatné piipravé (nebudeme je tedy pouZivat ve cviteni) a nejsou k nim
dostupna vzaorova reseni. Je totiZz dileZité, abyste si dokazali sami zddvodnit a otestovat sprévnost
fedeni, aniZ byste jej srovnavali s feSenim nékoho jiného (a priloZeny vzor k tomu jisté svadi). Je
nicméné povoleno tyto priklady (a jejich feeni, jak abstraktné, tak konkrétng) diskutovat se spoluzaky.
Presto velmi dirazné doporudujeme, abyste si feSeni zkusili prvné vypracovat sami.

1. XXX = ...
2. XXX = ...
3. XXX~ ...

Samotny jazyk, ktery ve svych rfeSenich pouZivate, omezujeme jen minimalné (varovani prekladace
a kontrola nastrojem clang-tidy ov8em nékteré obzvlasté problémové konstrukce zamitnou). Trochu
vyznamngjsi omezeni klademe na pouzivéni standardni knihovny: do svych odevzdanych programi prosim
vkladejte pouze ty standardni hlavicky, kterych pouZiti jsme jiZ v predmétu zavedli. Prehled bude vZdy
uveden v Uvodu prislusné kapitoly. Pro tu prvni jsou to tyto tii:

e cassert - umoZiuje pouZiti tvrzeni assert,
e algorithm - nabiz{ funkce std::min, std::max,
¢ cstdint - celotiselné typy std::intNN_t a std::uintNN_t.

Omezeno je pouze vkladani hlavickovych soubory: je-li povolena hlavicka algorithm, miZete v principu
pouZivat i jiné algoritmy, které poskytuje. Presto spiSe doporucujeme drZet se toho, co jsme Vam zatim
ukézali.

Na nic jiného, neZ vkladani standardnich hlavicek, v tomto predmétu preprocesor potiebovat nebudete.
Jiné direktivy nez #include tedy prosim vibec nepouZivejte.

1.d: Demonstrace (ukézky)

V této ukazce naprogramujeme klasicky ukazkovy algoritmus, totiZ vypotet n-tého Fibonacciho ¢isla (a
pouzijeme k tomu iterativni algoritmus). Algoritmus bude implementovat podprogram (funkce) fibonacci.
Definice podprogramu se v jazyce C++ za¢in tzv. signaturou neboli hlavickou funkce, kterd:

1. popisuje navratovou hodnotu (zejména jeji typ),

2. uddva ndzev podprogramu a

3. jeho formalni parametry, opét zejména jejich typy, ale obvykle i nazvy.

Signatura miZe popisovat i dalsi vlastnosti, se kterymi se setkame pozdéji.

V tomto pripadé bude navratovou hodnotou celé &islo (znaménkového typu int), podprogram ponese nazev
fibonacci a ma jeden parametr, opét celociselného typu int.

int fibonacci( int n )

Po signature nasleduje tzv. télo, které je syntakticky shodné se sloZenym prikazem, a je tedy tvoreno
libovolnym poctem (vGetnd nuly) prikazd uzavienych do sloZenych zavorek. V téle funkce jsou formalni
parametry (v tomto pripadé n) ekvivalentni lokalnim prom&nnym pomyslné inicializovanym hodnotou
skute¢ného parametru.

{

Télo je tvofeno posloupnosti prikazs (typicky prikaz je ukongen strednikem, ale toto neplati nap¥. pro
slozené prikazy, které jsou ukongeny sloZenou zévorkou).

Prvnim prtikazem podprogramu fibonacci je deklarace lokalnich proménnych a, b, opét celociselného typu
int. Deklarace se sklada z:

1. typu, pripadné klitového slova auto,

2. neprazdného seznamu deklarovanych jmen (oddélenych arkou), které mohou byt doplnény tzv. deklara-
tory (oznatuji napf. reference: uvidime je v pozd&jsi ukazce),

3. volitelného inicializ&toru, ktery popisuje poc¢ateéni hodnotu promeénné.

inta=1,b=1, c;

Samotny vypocet zapiSeme pomoci tzv. tiidilného for cyklu (jinou variantu cyklu for si ukazeme v dalgi
kapitole), ktery ma nasledujici strukturu:
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1. klitové slovo for,
2. hlavicka cyklu, uzaviend v kulatych zavorkdach,
a. inicializatni prikaz (vyraz, deklarace proménné, nebo préazdny piikaz) je vzdy ukonten strednikem
a provede se jednou pred zatatkem cyklu; deklaruje-1i proménné, tyto jsou platné pravé po dobu
vykonavani cyklu,
b. podminka cyklu (vyraz nebo prazdny piikaz) je opét vZdy ukoncena stiednikem a urtuje, zda se ma
provést dal&i iterace cyklu (vyhodnoti-li se na true),
c. vyraz iterace (vyraz, ktery neni ukonten strednikem), ktery je vyhodnocen vZdy na konci téla
(pfed dalgim vyhodnocenim podminky cyklu),
3. télo cyklu (libovolny prikaz, tasto slozeny).

for (inti=2;1<n; +1i)

{

V jazyce C++ je prifazeni vyraz, kterého vyhodnoceni mé vedlej§i efekt, a to konkrétné zménu proménné,
kterd je odkazovéna levou stranou operatoru = (jednd se o vyraz, ktery se musi vyhodnotit na tzv.
1-hodnotu® - 1 od left, protoZe stoji na levé strang prifazeni). Na pravé strané pak stoji libovolny vyraz.

c=a+b;
a=Db;
b=c;

}

Prikaz navratu z podprogramu return ma dvoji vyznam (podobné jako ve vét3ing imperativnich jazyk():

1. urti navratovou hodnotu podprogramu (tato se ziska vyhodnocenim vyrazu uvedeného po klitovém slové
return),
2. ukonCi vykonavani podprogramu a preda r'izenf volajicimu.

return b;

}

V8echny ukazky v této sbirce obsahuji nékolik jednoduchych testovacich pfipadd, kterych ucelem je
jednak predvést, jak lze implementovanou funkcionalitu pouZit, jednak ovéfit, Ze fungovéani programu
odpovida nasi pfedstave. Zkuste si priloZené testy rozné upravovat, abyste si ovéfili, Ze dobf'e rozumite
tomu, jak ukazka funguje.

int main() /* demo */

{

Pouziti (volani) podprogramu je vyraz a jeho vyhodnoceni odpovida nadi intuitivni predstavé: skutetné
parametry (uvedené v kulatych zavorkéch za jménem) se pouZiji jako pomyslné inicializatory formalnich
parametryd a s takto inicializovanymi parametry se vykona télo podprogramu. Po jeho ukonceni se vyraz
volan{ podprogramu vyhodnot{ na navratovou hodnotu.

assert( fibonacci( 1) ==1);
assert( fibonacci( 2 ) =1 );
assert( fibonacci( 7 ) == 13 );
assert( fibonacci( 28 ) == 6765 );

V této ukdzce se zamérime na vlastnosti celoéiselnych typlG. Podivéme se pritom na kombinaCni &isla,
definovand jako:

(&) = nl/(k! - (n — &)

kde k¥ < m. Samozfejmé, mohli bychom po¢itat kombinacni ¢isla pfimo z definice, m& to ale jeden
dileZity problém: celotiselné proménné maji v C++ pevny rozsah. Vypocet mezivysledku n! tak miZe velmi
lehce prekrocit horni hranici pouzitého typu, a to i v pripadech, kdy celkovy vysledek neni problém
reprezentovat.

Proto je dileZité najit formu vypoctu, ktera nebude vytvaret zbytetné velké mezivysledky. Vypocet
kombinacniho ¢isla 1ze navic provadét na libovolném celogiselném typu (vietné téch bezznaménkovych),
proto ¢istou funkci comb definujeme tak, aby fungovala pro vSechny takové typy.

8 ZjednoduSené, 1-hodnota je takovy vyraz, ktery popisuje identitu resp. lokaci - typicky proménnou, kterd je uloZena v paméti
L-hodnoty rozlidujeme proto, Ze smyslem prifazeni je uloZit (zapsat) vysledek své pravé strany, a na levé strané tedy musi stat
objekt, do kterého lze tuto pravou stranu skuteéné zapsat. Nejjednodussi I-hodnotou je ndzev proménné
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Parametr uvedeny klitovym slovem auto moZe byt libovolného typu (pouziti funkce s takovym typem
parametru, pro ktery télo funkce neni typové spravné, prrekladat zamitne). N&co jiného znamend névratova
hodnota deklarovana jako auto: tento typ se odvodi z prikazd return v téle funkce. Chceme-li toto tzv.
odvozeni ndvratového typu vyuZit, musi mit vyraz u vSech prikazd return v téle stejny typ.

auto comb( auto n, auto k )

{

Kombina¢ni ¢isla jsou definovana pouze pro m > k a tuto vstupni podminku si mdZeme lehce ovérit
tvrzenim:

assert( n >=k );

Vypocet budeme provadét na stejném typu, jaky ma vstupni n. ProtoZe tento typ nezname, musime si
pomoct konstrukei decltype, kterd nam umoZni vytvorit proménnou stejného typu, jako néjaka existujici.
Pozor! Je-1i plvodni proménnd referenci, bude i nova proménnd referenci. Pozor! NemdZeme zde pouZit
auto result = 1. Proc?

decltype( n ) result = 1;

Jak jisté vite, faktoridl je definovan takto:
nt=]]s
i=1

A tedy:

n k n

ni/kt=11/][i= ]] ¢
=1 =1 i=k+1

Tento vypocet bychom jednoduse zapsali do for cyklu v prislusnych mezich. Ve skutetnosti ale miZeme

vypocet jeSté znatelné zlepSit.

Klicové pozorovani je, Ze ani zbyvajici (n — &)! neni potieba vycislovat. Vime jisté, Ze vysledek bude

celé ¢islo, tzn. vSechny faktory (n — k)! se musi pokratit s néjakymi faktory n!/k!. Jedna moZnost je

sefadit faktory Citatele sestupné a faktory jmenovatele vzestupné a mezivysledek stridavé nasobit a

delit prislusnym faktorem (celoCiselnost mezivysledk( je zde zarutena tim, Ze jsou to opét kombinatni

¢isla, jak lze nahlédnout napf. rozsifenim piislusnych zlomk( vhodnym faktoridlem).

Toto feSeni je optimalni v poctu aritmetickych operaci, neni ale optimélni ve velikosti mezivysledku.

Presnéji, je-li (nih) nejveétsi kombinatni ¢islo s danym n, nejvétsi mezivysledek pfi vypoctu (nik) bude

h-(nih). VyuZijeme-li navic symetrie (n}k) = (nin — k), mdZeme tuto mez zlepSit na k- (n|k) a zéroven

zabezpetit, Ze k < h. Je nicméné ziejmé, Ze vypoCet nam mdZe pretéct i v pripadg, kdy celkovy vysledek

reprezentovat 1ze.

Proménné nom_f a denom_f budou reprezentovat aktudlni faktory v Citateli a jmenovateli. Opét budou

stejného typu jako vstupni n.

decltype( n ) nom_f = n, denon_f = 1;

Cyklus provedeme pro nom_f v klesajicim rozsahu (n, k) resp. (n,n — k), podle toho kterad spodni mez je
vétsi. ProtoZe jednotlivé mezihodnoty na spodni hranici iterace nezavisi, je jisté vyhodnéjsi provést
méngé iteraci.

while ( nom_f > std::max( k, n -k ) )
{

Mdame-1i cyklus zapsany spravng, faktor jmenovatele nemiZe prekroCit men$i z hodnot k& nebo n — k.
0 tomto se opét ujistime tvrzenim.

assert( denon_f <= std::min( k, n -k ) );

Dale provedeme samotny krok vypo&tu. Tvrzenim se ujistime, Ze provadime skutecné pouze celo¢iselnd
déleni beze zbytku (kdyby tomu tak nebylo, vypotet by byl nespravay!).

result *= nom_f;
assert( result % denon_f == 0 );
result /= denom_f;

Nakonec upravime iteracni proménné a pokracujeme dalsi iteraci.

--nom_f;
++denom_f;
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return result;

}

int main() /* demo */

{
assert( comb( 1, 1) ==1);
assert( comb( 2, 1) == 2 );
assert( comb( 5, 2 ) == 18 );

Postup implementovany podprogramem comb nam umoZiiuje spocitat, za pomoci 64-bitovych proménnych,
vechna kombinatni ¢isla pro n < 60, a to i presto, Ze nejen 60! ~ 1,1 -2%7 ale 60!/30! ~ 1,34 - 216
a tedy ani toto mnohem mensi ¢islo se do 64-bitové proménné v Zadném pripadé nevejde.

Poznamka: typ std::int64_t je pravé 64-bitovy celotiselny typ se znaménkem. Abychom ho zde mohli pouZit,
museli jsme vySe vloZit hlavicku cstdint.

for (std::intB4_t i =1; i < 60; ++i )
for ( std::intB4_t k = 1; k < 1; ++k )
assert( comb( i +1, k+1 ) ==
comb( 1, k ) + comb( i, k +1) );

return 8;

hamming, ktery spocita tzv. Hammingovu vzdalenost dvou nezapornych ¢isel a, b. Hammingova vzdalenost
se tradicéné definuje jako pocet znakd, ve kterych se vstupni hodnoty 1is{.

Abychom tedy mohli mluvit o vzdalenosti Cisel, musime je néjak zapsat - v této ukézce k tomu zvolime
dvojkovou soustavu. ProtoZe Hammingova vzdalenost je navic definovand pouze pro stejné dlouha slova,
je-li néktery dvajkovy zépis kratsi, doplnime ho pro Utely vypoctu levostrannymi nulami.

(rozmyslete si, Ze takova existuje pravé tehdy, je-li vysledna vzdalenost nenulovd). Pro tento dodatecny
vysledek (ktery navic nemusi byt vzdy definovany) pouZijeme jiz zmifiovany vystupni parametr. V piipadech,
kdy definovany nenf, nebudeme hodnotu vystupniho parametru ménit.

Vystupni parametr realizujeme referenci, kterou zapiSeme za pomoci deklardtoru & - reference na
celotiselnou hodnotu typu int bude tedy int &.° Takto deklarovand reference zavadi nové jméno pro jiZ
existujici objekt. Objevi-li se tedy reference ve formalnim parametru, takto zavedené jméno se primo
vaze k hodnoté skutetného parametru.

Pro tento skutetny parametr plati stejna omezeni, jako pro levou stranu piirazeni (musi tedy byt
I-hodnotou). Je to proto, Ze takto zavedeny parametr je pouze novym jménem pro skutetny parametr.
Zejména tedy plati, Ze kdykoliv se formalni parametr objevi na levé strané pfifazeni, toto prifazeni ma
efekt na skuteény parametr. Diky tomu mdZeme uvniti téla zménit hodnotu skutecného parametru. Je-li
tedy skuteény parametr napr. jméno lokalni proménné ve volajici funkci, hodnota této proménné se miZe
provedenim volané funkce zménit. Rozmyslete si, Ze u béZnych parametrd (které nejsou referencemi)
tomu tak nenf.

int hamming( auto a, auto b, int &order )

{

Jako obvykle nejprve ovéiime vstupni podminku.
assert( a>= 08 b >=0);

ProtoZe pracujeme s dvojkovou reprezentaci, miZeme si vypocet zjednodusit pouZitim vhodnych bitovych
operaci. Operator ~ (xor, exclusive or) nastavi na jednitku pravé ty bity vysledku, ve kterych se jeho
operandy li&i. Hledand Hammingova vzdalenost je tedy pravé pocet jedniek v bindrni reprezentaci ¢isla
X.

VSimnéte si, Ze pro lokalni proménnou x neuvadime typ - podobné jako v deklaraci parametry a, b jsme
zde pouZili zastupné slovo auto. Typ takto deklarované promé&nné se odvodi z jejiho inicializatoru (v
tomto piipadé a ~ b). Na rozdil od konstrukce decltype je takto deklarovana proménnd vZdy hodnotou, i
v pfipadg, Ze prava strana je referentniho typu.'

©

To, Ze se jednd o referenci, je soutésti typu takto zavedené proménné (resp. parametru) - projevi se to napf. pii pouZiti
konstrukce decltype. Zaroveii ale plati, Ze ve vétSiné pripadd jsou reference a hodnoty zaménné: je to mimo jiné proto, Ze na
vysledek libovolného vyrazu lze nahliZet jako na urcity druh reference. BliZe se budeme referencemi zabyvat ve ¢tvrté kapitole.
810 opét souvisi s tim, Ze kaZdy vyraz lze interpretovat jako referenci. Chovani tohoto typu deklarace je uzpisobeno tomu, Ze
obvykle chceme deklarovat lokdlni proménné - lokélni reference jsou mnohem vzécngjsi.
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auto x = a " b;

Pro vysledek si zavedeme pomocnou proménnou result, do které secteme pocet nenulovych bith. Pozor!
promeénné jednoduchych typd je nutné inicializovat i v pripadé, Ze ma byt jejich poCateéni hodnota nulova.
Bez inicializatoru vznikne neinicializovana proménnéd kterou je zakazano &ist (niZe pouZity operator ++
,Zv&t&i hodnotu o jedna“ samoziejmé svij operand precist musi).

int result = @;

Cislo, které obsahuje alespoii jeden nenulovy bit je jisté nenulové - cyklus se tedy bude provadét tak
dlouho, dokud jsou v €isle x nenulové bity.

for (int 1 =0; x 1= 8; ++1, x >=1)
Vsimnéte si, Ze for cyklus je pomérné flexibilni, a Ze je dUlezité si jeho hlavicku dobre precist: v tomto
pripadé se napf. proménnd i vibec neobjevuje v podmince.
Naopak vyraz iterace ma dvé tasti (oddélené operdtorem Cérka, ktery vyhodnoti svij prvni operand pouze
pro jeho vedlej§i efekt - jeho hodnotu zapomene). Efekt na i je celkem zfejmy, zajimavéjsi je efekt na

0 jednu pozici doprava vznikne hodnota 01061166.

Cely cyklus bychom samozfejmé mohli zapsat jako while cyklus a vyhnuli bychom se tim relativné
komplikované hlavic¢ce. Vyhodou cyklu for v tomto pripadé ale je, Ze veSkeré informace o zméndch
iteragnich proménnych jsou uvedeny na jeho zagatku. Ctenar tak uZ od zadatku vi, jaky maji tyto
proménné vyznam (i se kazdou iteraci zvysi o jedna, x se bitové posune o jednu pozici doprava) a nemusi
tuto informaci zdlouhavé hledat v téle.

{

V kaZdé iteraci tak budeme zkoumat nejniZ&i bit hodnoty x (ktery odpovida i-tému bitu vstupnich
parametrs a, b). S vyhodou k tomu pouZijeme operaci bitové konjunkce (and; na jednitku jsou nastaveny
pravé ty bity vysledku, které maji hodnotu 1 v obou operandech). Tento operéator zapisujeme znakem &
(pozor, nezaméfiujte s deklardtorem reference!).

it (x8&1)
{

odpovida nejvyssimu rozdilnému bitu. Podminka cyklu nédm navic zarucuje, Ze do proménné order zapiSeme
pouze v piipadé, Ze takovy bit existuje.

++result;

order = 1i;

}

Po ukonceni cyklu plati, Ze jsme zpracovali vSechny nenulové bity x, a tedy vSechny bity, ve kterych se
hodnoty a, b ligily. Nezbyva, neZ nastavit ndvratovou hodnotu a podprogram ukongit.
return result;

je, Ze chovan{ podprogramu nezdvisi na jejich po¢ateéni hodnoté. V pripadé, Ze jedind operace, kterou
s vystupnim parametrem provedeme, je prifazeni do néj, je tento poZadavek trividlné splnén.

}

int main() / demo */

{

int order = 3;

ProtoZe skuteény parametr order predavame referenci (odpovidajici formalni parametr je referentniho
typu), zmény, které v ném podprogram hamming provede, jsou viditelné i navenek. Nejprve ovem ovéfime,
7e pfi nulové vzdalenosti se hodnota order neméni.

assert( hamnming( 8, 8, order ) == 8 & order == 3 );
assert( hamming( 1, 1, order ) == 0 & order == 3 );
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Hodnoty v dalsim prikladé se 1i&i ve dvou bitech (osmém a devatém) a proto otekavame, Ze po provedeni
funkce hamming bude mit proménné order hodnotu 9.

assert( hamming( 512, 256, order ) == 2 8& order == 9 );
assert( hamming( 8, 1, order ) == 1 && order == 0 );

assert( hamming( Oxffffff, 0, order ) == 24 );

assert( hamming( OxffEFFFFfef, B, order ) == 40 );

assert( hamming( Oxf600000600, Oxf, order ) == 8 );

assert( hamming( Oxf000000000, Bxe000000008, order ) == 1 );

return 8;

t V této posledni ukazce bude nadim cilem spoitat celoiselnou n-tou odmocninu zadaného nezéporného
¢isla k. Nejprve ale budeme potfebovat dvé pomocné funkce: celogiselny dvojkovy logaritmus a n-tou
mocninu. Vyzbrojeni témito funkcemi pak budeme schopni odmocninu vypocitat tzv. Newtonovou-Raphsonovou
metodou.

CeloGiselny dvojkovy logaritmus Cisla n definujeme jako nejvetsi celé ¢islo k takové, Ze 28 < n. Za
povsimnuti stoji, Ze pro m < 1 takové k neexistuje - proto tuto funkci definujeme pouze pro kladné n.

auto int_log2( auto n )
{

Jako obvykle nejprve ovéfime vstupni podminku.
assert( n>8);

Vypocet budeme provadét v pomocné proménné, ktera bude stejného typu jako n.
decltype( n ) result = 9;

Princip vypottu je jednoduchy, uvazime-li dvojkovy rozvoj ¢isla n = " a,2", ktery obsahuje ¢len 2°
pro kazdy nenulovy bit a;. Dvojkovym logaritmem bude prévé nejvySsi mocnina dvojky, kterd se v tomto
rozvoji objevi: jist® pak plati, Ze 2¢ < n, stati se ujistit, Ze takto ziskané k je nejvétsi mozné.
UvaZme tedy, Ze existuje ndjaké I > k a zéaroveii 2 < n. Pak se ale musi 2' nutng objevit ve dvojkovém
rozvoji ¢isla n, coZ je spor s tim, Ze k byla nejvySSi mocnina v témZe rozvoji.

Staci nam tedy nalézt rad nejvyssiho jednickového bitu. To provedeme tak, Ze budeme provadét bitovée
posuny doprava tak dlouho, aZ n vynulujeme. Pocet takto provedenych posund je pak hledany *ad.

while (n>1)
{
++result;
n>>=1;

’

}

return result;

}

Jazyk C++ na rozdil od nékterych jinych neposkytuje zabudovanou operaci mocnéni pro celoc¢iselné
typy. Vypocet provedeme znamym algoritmem bindrniho umociiovéni (anglicky znédmého popisngji jako
Lexponentiation by squaring®)." Klitovou vlastnosti tohoto algoritmu je, Ze jeho sloZitost je linearni
k poCtu bitd exponentu - naivn{ algoritmus opakovanym nasobenim ma naproti tomu sloZitost exponencidlni
(slozitost je v tomto pripadé primo Umérna hodnoté exponentu, nikoliv délce jeho zépisu).

auto int_pow( auto n, auto exp )

{

Operaci budeme definovat pouze pro kladné exponenty. Vyhneme se tak mimo jiné nutnosti definovat
hodnotu pro 0°.

assert( exp >= 1 );
Pomacna proménnd, kterd bude udrzovat ,liché“ mocniny. Jeji vyznam je pfesnéji vysvétlen niZe.

decltype( n ) odd = 1;

" Popis algoritmu na ¢eské wikipedii je v dobé psani tohoto textu zcela nepouZitelny. Podivejte se radéji do té anglické.
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Vypocet je zaloZeny na pozorovani, Ze pro sudy exponent & plati nf = n? = (n?)! kde | = k/2. Za cenu
vypottu jedné druhé macniny - n? - tak miZeme exponent sniZit na polovinu (cyklus se provede pravé
tolikrat, kolik bitd je v zapisu hodnoty exp).

while (exp > 1)
{

Musime ovSem je§té vyreSit situaci, kdy je exponent lichy. Zde je potfebny vztah trochu slozitéjsi:
n* = n.(n?) pro !l = |k/2]. V rekurzivnim zdpisu bychom mohli tento vztah piimo pouZit, v tom
iterativnim ale nastane drobny problém: faktor n pfed zdvorkou nevstupuje do vypottu druhé mocniny
v dal8i iteraci. Asi nejjednodussim feSenim je pouZiti pomocného stradace, ktery bude udrZovat tyto
Lprebyvajici” faktory. Je-li exp liché, pfinasobime tedy faktor n do proménné odd. Na konci ovSem nesmime
zapomenout, Ze ve vysledném n tyto faktory chybi.

if (exp%2==1)
odd *= n;

’

Dale je vypoCet pro sudé i liché exponenty stejny: hodnotu proménné n umocnime na druhou a exponent
vydélime dvéma.

n *=n,

exp /= 2;
}

Na zavér si vzpomeneme, Ze nékteré faktory celkového vysledku jsme si ,0dloZili“ do proménné odd.
return n * odd;

Pro ilustraci uvazme vypotet 3+°:

iterace n ‘ exp ‘ odd
0. 3 108 | 1
1. 33 5 1
2. (3-3)-(3-3) 2 133
3 (3-3)-(3-3)-(3-3)-(3:3) | 1 |33

V proménné n jsme sesbirali 8 faktord, zatimco proménnd odd ziskala 2, celkem jich je tedy potrebnych
10. Rekurzivni vypocet by naproti tomu dopadl takto:

(3-(3-3)-(3-3)-(8:(3-3)-(3-3)

Uvazme je$té vypocet 3'1. Je zejména dulezité si uvdomit, Ze faktor, ktery na daném r'adku pridéavame
do 0dd (je-li exp na predchozim Fadku liché) je pravé hodnota n z tohoto piedchoziho Fadku.

iterace ‘ n ‘ exp ‘ odd
0. 3 1 1
1. 3-3 5 3
2. (3-3)-(3-3) 2 13-(3-3)
3 (3-3)-(3-3)-(3-3)-(3-3) | 1 [3-(3-3)

Stejny vypocet rekurzivné:
3:(3-(8:3):(3-3)-(3-(8:3)-(3-3)
}

Tim se dostavame k posledni ¢asti: samotnému vypoCtu celoCiselné odmocniny. Budeme ji opét definovat
jako nejvetsi s takové, Ze s™ < k.

auto int_nth_root( auto n, auto k )

{

Pro jednoduchost budeme uvaZovat pouze odmocniny nezapornych ¢isel.

assert( k >= 8 );
assert( n>=1);

Jednoduché pripady vyresime zvlast, protoZe by ndm v obecném vypo&tu niZe pisobily urcité potiZe.

if (n=11lk==8)
return k;
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Na podrobny popis Newtonovy-Raphsonovy metody (zndmé téZ jako metoda teten) zde nemame prostor:
mozna ji zndte z kurzu matematické analyzy, pripadné si ji mdZete vyhledat napf. na wikipedii. Pro nas
jsou klicové jeji zakladn{ vlastnosti:

1. metoda nam umoZn{ rychle nalézt z takové, Ze pro zadané f plati f(z) =0,

2. potrebujeme k tomu samozrejmé definici f,

3. dale jeji prvni derivaci f’

4. a potatetn{ odhad hledané hodnoty z,.

Vypocet opakované zlepSuje aktudlni odhad z, a to pomoci vzorce:

Tiy1 = T3 — f(xz)/f/(mz)

Vyvstava otézka, jak nam hledani nuly pomiZe ve vypoctu odmocniny. K tomu musime problém preformulovat.

UvaZme
fs)=5"~k

Je-1i f(s) = 0, pak jisté s® = k, coZ je ale presné definice n-té odmocniny (prozatim té redlné).
Potrebujeme je§té derivaci, kterd je naStésti velmi jednoducha:

fls)=n-s
protoZe n je celotiselnd konstanta (pro n = 1 bychom ov8em narazili na problém). Celkem tedy:

S =8 — (57 —k)/(n-s[77)

Nebo vyhodngji (prechodem na spoletny jmenovatel a krécenim mocnin s,):

52+1 :tl / n

t, =(Mm-1)-s+k/s"

7byva potatecni odhad, ktery potrebujeme spocitat rychle (a samoziejmé potiebujeme, aby byl co nejblize
vysledné hodnoté s). Vyuzijeme k tomu di'ive definovany dvojkovy logaritmus. ProtoZe log(a®) = b-log(a),
mizeme hledanou odmocninu odhadnout jako 2!+ pro I = [log,(k)/n]. Také si vSimneme, Ze tento odhad
leZi na stejné strang jediného stacionarniho bodu funkce f (totiZz s = 0) jako skutetné feSeni. NemiZe
se nam tedy stat, Ze by vypocet divergoval.

decltype( k ) base = 2;
auto s = base << ( int_log2( k ) / n );

Samotnd iterace je po zdlouhavé pripravé uZ velmi jednoducha. Zbyvaji ném k vyreSeni dva (souvisejici)
problémy: kdy iteraci ukongit a jak vypocet provést nad celymi ¢isly. ProtoZe & > 0, je funkce f
v kritické oblasti konvexni (tetny lezi pod grafem). Po prvni iteraci bude na§ odhad tedy celkem jisté
prilis velky - prosecik teény s osou z najdeme vpravo od skutecné nuly - a tato situace se uZ nezméni.
V tuto chvili ale do hry vstupuje skutecnost, Ze pracujeme s celymi a nikoliv redlnymi ¢isly. Vypocet
jsme usporadali tak, aby byl vypocet priseciku presny - konkrétné je vysledkem vypoctu dolni celd ¢ast
jeho realné hodnoty. Tato dolni celd ¢ast sice miZe byt mensi, neZ skutecna hodnota redlné odmocniny,
nemdZe ale byt mensi neZ nami definovana celoéiselnd odmocnina.

Tato pozorovani nam kone¢né umozni formulovat podminku ukonceni: najdeme-1i skutecnou celociselnou
odmocninu, dal§i odhad mdZe byt bud stejny nebo vétsi neZ ten predchozi. Tato situace zérover nemize
nastat drive:

1. z konvexnosti plyne, Ze odhad, ktery je prili§ velky, se musi ke skuteénému vysledku provedenim
iterace pribliZit,

2. protoZe pfedchozi vypocteny odhad je vZdy celé ¢islo, musi sebemensi posun na redlné ose smérem
doleva vést ke sniZeni jeho dolni celé ¢asti alespori o jednicku.

Celkové tedy cyklus skonéi presné ve chvili, kdy zacne platit s™ < k.

while ( true )

{
const auto t = (n-1)*s+k/ int_pow(s, n-1);
const auto s_next = t / n;
if ( snext >=s)
return s;
else
S = s_next;
}
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int main() /* demo */

{
assert( int_log2( 1) == 8 );
assert( int_log2( 2 ) ==1);
assert( int_pow( 2, 2 ) == 4 );
assert( int_nth_root( 1, 2 ) == 2 );
assert( int_nth_root( 2, 4 ) == 2 );
assert( int_nth_root( 3, 8 ) == 2 );
for (int k = B; k < 1000; ++k )
for (intn=1;n<20; ++n )
{
auto root = int_nth_root( n, k );
assert( int_pow( root, n ) <=k );
assert( int_pow( root + 1, n ) >k );
}
return 8;
}

1.e: Elementarni priklady

Vypoctéte faktorial zadaného nezaporného ¢isla
int factorial( int n );

Najdéte a vratte Cislo, které vznikne zapsanim (nezépornych) celych Cisel a, b v bindrnim zépisu za sebe
(zépis Cisla a bude vlevo, zapis ¢isla b vpravo a bude doplnén levostrannymi nulami na délku b_bits bit0).
Je-li zépis ¢isla b delSi nez b_bits, vysledek neni definovan.

Priklad: concat( 1, 1, 2 ) vrati hodnotu 80161 = 5.

std::uintB4_t concat( std::uintB4_t a,
std::uintB4_t b, int b_bits );

Zapi8me nezaporné ¢islo n v soustavé o zakladu base. Urtete kolik (nelevostrannych) nul se v tomto
zapisu objevi. Do vystupniho parametru order uloZte Fad nejvyssi z nich. Neni-li v zdpisu nula Zadng,
hodnotu order nijak nemérite.

int zeros( int n, int base, int &order );

Write a function to normalize a fraction, that is, find the greatest common divisor of the numerator
and denominator and divide it out. Both numbers are given as in/out parameters.

// void normalize( .. )

1.p: Pripravy

Nezdporna Cisla a, b zapiSeme v pozicni soustavé o zakladu base. Spoc¢téte hammingovu vzdalenost téchto
dvou zapist (pritom zépis krat$iho Gisla podle potieby doplnime levostrannymi nulami).

int hamming( int a, int b, int base );

Funkce digit_sum secte cifry nezéporného Cisla num v zépisu o zékladu base. Je-1i vysledek ve stejném
zapisu viceciferny, se¢te cifry tohoto vysledku, atd., aZ je vysledkem jedind cifra, kterou vrati jako
svij vysledek.

int digit_sum( int num, int base );

Funkce parity zjisti, je-li pocet jedni¢ek na vstupu sudy (vysledkem je false) nebo lichy (vysledkem je
true).

Jednicky pocitdme v bindrnim zépisu vstupniho bezznaménkového ¢isla word. Je-1i navic chksum na zacatku
true, pocita se jako dalsi jednicka. Celkovy vysledek jednak uloZte do parametru chksum, jednak ho
vratte jako navratovou hodnotu.

bool parity( auto word, bool &chksum );

Najdéte nejmensi nezdporné ¢islo n takové, Ze 64-bitovy zépis ¢isla word lze ziskat zfetézenim néjakého
poCtu bindrné zapsanych kopii n. ProtoZe potrebny zapis n miZe obsahovat levostranné nuly, do vystupniho
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parametru length uloZte jeho délku v bitech. Je-1i moZné word sestavit z rizné dlouhych zépist néjakého
n, vyberte ten nejkratsi moZny.

Priklad: pro word = Bx100000001 bude hledané » = 1, protoZe word lze zapsat jako dvé kopie Cisla 1
zapsaného do 32 bith.

std::uint64_t periodic( std::uint64_t word, int &length );

V této uloze budeme opét pocitat ciferny soucet, ale v takzvanych vyvazenych cifernych soustavach,
které maji jak zaporné tak kladné ¢islice. Budeme uvaZovat pouze liché zdklady symetricky rozloZené
kolem nuly (tzn. trojkovou s Cislicemi —1,0,1, pétkovou —2,—1,0,1,2, atd.). Vadim Ukolem je napsat
predikat is_balanced, ktery rozhodne, mé-li zadané ¢islo n ve vyvaZené soustavé zadané svym zékladem
base nulovy ciferny soucet.

VypoCet cifer ¢isla n ve vyvaZené soustavé o zakladu b probihéd podobng, jako v té klasické se stejnym
zékladem. Nejprve si pripomeneme klasicky algoritmus. Nastavime n, = n a opakujeme:

1. cifru ¢; ziskame jako zbytek po déleni n; zékladem b,

2. spotitéme n,; tak, Ze vydélime n, zékladem b,

3. je-1i vysledek nenulovy, pokratujeme bodem 1, jinak skoncime.

Abychom ziskali vyvaZeny zépis misto toho klasického, musime vyfeSit situaci, kdy c¢; nenf povolenou
¢islici. V&imneme si, Ze musi po kaZdém kroku platit (pfimo z definice pouZzitych operaci):

n; =¢ + bnz+l

Tuto rovnost musime zachovat, ale zarover potiebujeme, aby c; bylo platnou ¢islici. To zajistime jednoduse
tak, Ze od c; odectteme b a pricteme misto toho jednicku k n,,; (tim se soutet jisté nezméni, protoze
jsme jedno b ubrali a jedno pfidali).

bool is_balanced( int n, int base );

Vstupem pro problém subset sum je mnoZina povolenjch &isel A a hledany soutet n. Refenim je pak
podmnoZina B C A takova, Ze soucet jejich prvkd je pravé n.

V tomto pfikladu budeme pracovat pouze s mnoZinami A, které obsahuji kladnd ¢isla mensi nebo rovna 64,
a které 1ze tedy reprezentovat jedinym bezznaménkovym Gislem z rozsahu O (prézdna mnoZina) aZ 2°% — 1
(obsahuje véechna isla 1,2, ...,64). Cislo 1 pak reprezentuje mnoZinu {1}, &islo 2 mnozinu {2}, &islo 3
mnozinu {1, 2} atd.

VaSim Ukolem je napsat funkci subset_sum, které vysledkem bude true, ma-1i zadand instance feSeni. Toto
feSeni zaroven zapiSe do vystupniho parametru. V pripadg, Ze reSeni neexistuje, hodnotu solution nijak
neménte.

bool subset_sum( int n, std::uint64_t allowed,
std::uintB4_t &solution );

1.7+ Redené vlohy

Predmétem této Ulohy jsou ternarni bitové operace: vstupem jsou 3 ¢isla a kdd operace. Kazdy bit
vysledku je uréen prislusnymi 3 bity operandd. Tyto 3 vstupni bity lze chapat jako pravdivostni hodnoty
- potom je celkem jasné, Ze operaci miZeme zadat klasickou pravdivostni tabulkou, kteréd pro kaZzdou
kombinaci 3 bitd ur¢i vysledek. Mohla by vypadat napf. takto:

b vysledek

To
71

T

Ty
Ts

Ts

S " e > I e o I a O I I eb)

c
0
1
0
1 T3
0
1
0
1

_e, D . ©

77

Snadno se nahlédne, Ze zafixujeme-li tuto tabulku a zadame hodnoty r, aZ r,, kyZena operace bude
jednoznatné urcena. ProtoZe potiebujeme 8 pravdivostnich hodnot, miZeme je napriklad pfedat jako

Operace musi fungovat pro libovolny bezznaménkovy celo¢iselny typ. MdZete predpokladat, Ze hodnoty a,
b, ¢ jsou stejnych typl (ale také se miZete zamyslet, jak resit situaci, kdy stejné nejsou).
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auto bitwise( std::uint8_t opcode, auto a, auto b, auto ¢ );

This is a straightforward math exercise. Implement Euler’s [¢], for instance using the product formula
¢(n) =nlII(1 —1/p) where the product is over all distinct prime divisors of n. You may need to take
care to compute the result exactly.

long phi( long n ); /* ref: 21 lines */

V této Uloze budeme programovat dekodér pro kéd Hamming(8, 4) - jedna se o variaci béznéjsiho Hamming(7,
4) s dodatetnym paritnim bitem.
Vstupni blok je zadan osmibitovym ¢islem bez znaménka:

Po P1 P2 d Ps d, ds d,
7 6 5 4 3 2 1 0

Blok je sprévné utvoreny, plati-li tyto vztahy:
P = P(d17d2vd4)
Py = P(d1:d3»d4)
P3 = P(d27d3vd4)
Py = P(p1,D5,P3,d1,d5,d3,ds)

kde P znaGi paritu. Graficky (zvyraznény bit je paritnim pro vyznatené bity):

Rozmyslete si, jaky maji uvedené vztahy dopad na paritu celych oznacenych oblasti. Poté napiste funkci
h84_decode, kterd na vstupu dostane jeden blok, ovéri spravnost paritnich bitd, a je-li v8e v poradky,
vrati true a do vystupniho parametru out zapige dekddovanou pllslabiku (d, v nejniZ8im bitu). Jinak
vrati false a hodnotu out neméni.

bool h84_decode( std::uint8_t data, std::uint8_t dout );

Napi$te ¢istou funkci, ktera simuluje jeden krok vypottu jednorozmérného bunééného automatu (cellular
automaton). Stav budeme reprezentovat celym Gislem bez znaménka - jednotlivé butiky budou bity tohoto
¢isla. Stav osmibitového automatu by mohl vypadat napriklad takto:

< O O “ IO O A

r 6 65 4 3 2 1 0

Pro zjednodueni pouZijeme pevnou sadu pravidel (+1, 8, -1 jsou relativni pozice bitd vi&i tomu, ktery
pravé potitame):

+
=~

-1 | nova

e « > B c o BN e O BN e o)
e e - R« B e ol B e o)
-0 S0 N
(eI " a v I v B e ©
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Pravidla uréuji, jakou hodnotu bude mit buiika v ndsledujicim stavu, v zavislosti na okolnich butikéch
stavu nynéjsiho. Na krajich stavu interpretujeme chybéjici policko jako nulu.
VypoCet s touto sadou pravidel tedy funguje takto:

1 01 — 8

2 oM -8

3 110 — 1

atd.

7 016 — 8

8 160 — 1

Vypocet kroku by mélo byt moZné provést na libovolné Sirokém celociselném typu.

auto cellular_step( auto w );

Cast 2: SloZené hodnoty

V této kapitole samozfejmé pokratujeme s pouzitim funkci, skalard a referenci, a pridavame sloZené
hodnoty: standardn{ kontejnery (std: :vector, std::set, std::map, std::array) a soutinové (produktové)
typy struct a std::tuple.

Ukazky:

. stats - zaznamové typy, zjednoduSeny for cyklus

. primes - vkladani prvkd do hodnoty typu std::vector

. iterate - vytvoreni posloupnosti iteraci funkce

. dfs - dosazitelnost vrcholu v grafu

. bfs t - nejkratsi vzdalenost v nechodnoceném grafu

a1l =~ W DD —

Elementary exercises:

1. fibonacci - stard posloupnost, nové signatura
2. reflexive - reflexivni uzavér zadané relace
3. unique - odstranéni duplicit ve vektoru

Preparatory exercises:

. minsum - déleni posloupnosti ¢isel podle souttu

. connected - rozklad grafu na komponenty souvislosti
. divisors - kontejner jako vstupné-vystupni parametr
. midpoint - kontejner s prvky sloZeného typu

. dag t - hledéni cyklu v orientovaném grafu

. bipartite - rozhodovani o bipartitnosti grafu

Oy Ol &~ W DD —

Regular exercises:

. mode - naleznéte mdd ¢iselné posloupnosti

. sssp - nejkratsi cesty z pevné zvoleného vrcholu
. solve - solver pro velmi jednoduchou hru
buckets - fazeni kamend do kyblicku podle vahy

. permute - permutace ¢islic

. flood - seminkové vypliiovani s vektorem

o) Ol B~ W D

Tato kapitola pridavé fadu novych povolenych hlavickovych souboru:

e tuple - definice N-tic std::tuple a pomocnych funkci,
e vector - definice dynamického pole std: :vector,
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¢ set - podobné, ale pro std::set a std::multiset,

e map - umoZiiuje pouziti kontejnerd std::map, std::multimap,

¢ deque - definuje oboustrannou frontu std::deque,

¢ queue - definuje klasickou frontu std::queue,

e stack - podobng ale zésobnik std: :stack

e utility - ruzné pomocné funkce, std::pair,

¢ ranges - prozatim zejména std::ranges: :subrange,

» numeric - funkce pro préci (zejména) s Giselnymi sekvencemi,
¢ cmath - funkce pro praci s ¢isly s plovouci desetinnou ¢arkou.

2.d: Demonstrace (ukézky)

V této ukazce spotitame nékolik jednoduchych statistickych veli¢in - miry polohy (promér, medidn)
a variance (smérodatnou odchylku). VyuZijeme k tomu zaznamové typy a sekventni typ std::vector
Nejprve si definujeme typ pro vysledek nasi jednoduché analyzy - pouZijeme k tomu zaznamovy typ, ktery
deklarujeme klicovym slovem struct, ndzvem, a seznamem deklaraci sloZek uzavi‘enym do sloZenych zavorek
(a jako v8echny deklarace, ukontime i tuto stiednikem):

struct stats

{
double median = 0.0;
double mean = 6.0;
double stddev = 0.0;
%

Tim méme definovany novy typ s ndzvem stats, ktery mdZeme dale pouZivat jako libovolny jiny typ
(zabudovany, nebo ze standardni knihovny). Zejména mdZzeme vytvaret hodnoty tohoto typu, predavat je
jako parametry nebo vracet jako vysledky podprogrami

V této ukazce si zadefinujeme Cistou funkci compute_stats, kteréd potiebné veliciny spocita a vrati je
jako hodnotu typu stats. Vstupni parametr data predame konstantni referenci: hodnoty nebudeme nijak
ménit (programujeme ¢istou funkci a data povazujeme za vstupni parametr). Zaroveri nepotiebujeme
vytvorit kopii vstupnich dat - budeme je pouze ¢ist, takova kopie by tedy byla celkem zbytetnd a
potencialng drahd (dat, které chceme zpracovat, by mohlo byt mnoho).

stats compute_stats( const std::vector< double > &data )
{

int n = data.size();

double sum = 8, square_error_sum = 8;

stats result;

Na tomto misté se ndm bude hodit novy prvek rfizeni toku, kterému budeme Fikat strutny for cyklus (angl
wrange for). Jeho Utelem je prochazet posloupnost hodnot uloZenou v iterovatelném typu (pouZitelnost
hodnoty ve strugném for cyklu lze chapat piimo jako definici iterovatelného typu). Do zévorky uvadime
deklaraci proménné cyklu (miZeme zde pouZit zastupné slovo auto) a dvojteckou oddéleny vyraz. Tento
vyraz mus{ byt iterovatelného typu a vysledna iterovatelna hodnota je ta, kterou budeme cyklem prochazet.

for ( double x_i : data )

Cyklus se provede pro kaZdy prvek predané iterovatelné hodnoty. Tento prvek je pokaZdé uloZen do
proménné cyklu (kterd mize byt referenci - v takovém pripadé tato reference odkazuje piimo na prvek
v opatném pripadé se jednd o kopii)

sum += x_1;
K poloZkéam hodnoty zaznamového typu pristupujeme vyrazem expr.field, kde:
» expr je vyraz zaznamového typu (zejména to tedy miZe byt nazev proménné), nasledovany

» teCkou (technicky se jednd o operdtor s vysokou prioritou),
» field je jméno atributu (tzn. na pravé strané tetky nestoji vyraz)

Je-1i vyraz expr 1-hodnotou, je I-hodnotou i vyraz pristupu k poloZce jako celek a lze do néj tedy pfifadit
hodnotu.

result.mean = sun / n;
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Median ziskame dobfe znadmym postupem. Za povSimnuti stoji indexace vektoru data zdpisem indexu do
hranatych zavorek. Obecngji jsou-li x a i vyrazy, je vyraz také x[ i ] kde x je indexovatelného typu
(omezeni na typ i zavisi na typu x). Je-li x navic 1-hodnota, je 1-hodnotou i vyraz x[ i ] jako celek.' *

if(n%2==1)
result.median = data[ n / 2 1;
else
result.median = (datal n /2 J+datal n/2-11)/2;

Konetné spocitame smérodatnou odchylku. K tomu budeme potiebovat diive vypotitany promér.

for ( double x_i : data )
square_error_sum += std::pow( x_i - result.mean, 2 );

double variance = square_error_sum / (n -1 );
result.stddev = std::sqrt( variance );

return result;

int main() /* demo */

std::vector< double > sample = { 2, 4, 4, 4,5, 5,5, 7,9 };
auto s = compute_stats( sample );

assert( s.mean == 5 );
assert( s.median == 5 );
assert( s.stddev == 2 );

sample.push_back( 1108 );
s = compute_stats( sample );

assert( s.median == 5 );
assert( s.mean > 108 );
assert( s.stddev > 160 );

Krom jednoduchych vystupnich parametr (kterymi jsme se zabyvali v predchozi kapitole) 1ze uvaZovat i
o vystupnich parametrech sloZenych typd. V této ukazce naprogramujeme funkci primes, ktera na konec
predaného objektu typu std::vector vloZi vSechna prvotisla ze zadaného rozsahu.

0 parametru out budeme mluvit jako o vystupnim parametru, i kdyZz situace je zde o néco slozitéjsi:
operace, které miZeme se sloZenou hodnotou provadét, se totiZ neomezuji pouze na ¢teni a prifazeni.
Musime tedy védét, jak zavisi chovani operaci, které chceme provést, na potateéni hodnots.

Napriklad operace vloZeni prvku na konec vektoru bude fungovat stejné pro libovolny vektor.” ProtoZe
Zadnou jinou operaci s parametrem out provadét nebudeme, je jeho oznadeni za vystupni parametr
opodstatnéné.

void primes( int from, int to, std::vector< int > &out )
{
for (int candidate = from; candidate < to; ++ candidate )
{
bool prime = true;
int bound = std::sqrt( candidate ) + 1;

Rozhodovan{ o prvociselnosti kandidata provedeme naivng, zkusmym délenim.

for (int div = 2; div < bound; ++ div )
if ( div != candidate & candidate % div == 8 )
{
prime = false;
break;

2y nékterych pripadech je x[ i ] l-hodnotou i v pripads, Ze x samotné l-hodnota neni (opatnd implikace tedy obecné neplati)
Vyslednou 1-hodnotu ale stejné nelze smysluplné pouzit.

& Situaci, kdy je vektor ,plny*“ (obsahuje tolik prvky, Ze dali nelze pridat, i kdyby to kapacita paméti umoZnila) mdZeme zanedbat:
na 64b pocitaci, ktery skutetné existuje, nemiZe nastat.
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Konetné, je-1i kandidat skutecné prvocislem, vloZime ho na konec vektoru odkazovaného parametrem out
(protoze out je referentniho typu, out je pouze nové jméno pro pivodni objekt uvedeny ve skutetném
parametru).

Novym prvkem je zde ale zejména volani metody. Syntakticky se podoba pristupu k poloZee (viz predchozi
ukdzka), ale je nasledovano kulatymi zévorkami a seznamem parametrd, stejné jako volani b&Zného
podprogramu. Vyraz pred teckou se pouZije jako skryty parametr metody (ta tedy s vyslednou hodnotou
miZe pracovat — zde napiiklad volani out.push_back( x ) modifikuje objekt out). 0 metodach si toho
povime vice v nasledujici kapitole.

if ( prime )
out.push_back( candidate );
}
}
int main() /* demo */
{
std: :vector< int > p_out;
std::vector< int > p7 = { 2, 3, 5 },
o15=1{2,3,5 7,1, 13};
primes( 2, 7, p_out );
assert( p_out == p7 );
primes( 7, 15, p_out );
assert( p_out == p15 );
}

In this demo, we will check closure properties of relations: reflexivity, transitivity and symmetry. A
relation is a set of pairs, and hence we will represent them as std::set of std::pair instances. We
will work with relations on integers. Recall that std::set has an efficient membership test: we will be
using that a lot in this program.

using relation = std::set< std::pair< int, int > >;

The first predicate checks reflexivity: for any z which appears in the relation, the pair (z,z) must be
present. Besides membership testing, we will use structured bindings and range for loops. Notice that a
braced list of values is implicitly converted to the correct type (std::pair< int, int >)

bool is_reflexive( const relation & )

{

Structured bindings are written using auto, followed by square brackets with a list of names to bind to
individual components of the right-hand side. In this case, the right-hand side is the loop variable - i.e.
each of the elements of r in turn.

for Cavto [ x, y]:r)

{
if ( !'r.contains( { x, x } ) )
return false;
if ( Ir.contains( {y, vy }))
return false;
}

We have checked all the elements of r and did not find any which would violate the required property.
Return true.

return true;

}

Another, even simpler, check is for symmetry. A relation is symmetric if for any pair (z,y) it also
contains the opposite, (v, z).

bool is_symmetric( const relation &r )
{
for Cavto [ x, y]:r)
if ( Ir.contains( {y, x } ) )
return false;
return true;
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}

Finally, a slightly more involved example: transitivity. A relation is transitive if Vz,y,z2.(z,y) €
rA(y,2) €r — (z,2) €.

bool is_transitive( const relation &r )

{
for Cavto [ x, y ] :r)
for (auto [ y_prime, z ] :r )
if (y == y_prine 8 !r.contains( { x, z } ) )
return false;
return true;
}
int main() /* demo */
{
relation r1{ {1, 1}, {1, 2} };
assert( lis_reflexive( r1) );
assert( !is_symmetric( r_1) );
assert( is_transitive( r_1) );
relation r2{ {1, 1}, {1, 2%} {2, 2} };
assert( is_reflexive( r2 ) );
assert( !is_symmetric( r_2 ) );
assert( is_transitive( r_2 ) );
relation r23{ { 2,1}, {1,213} {2,2}};
assert( !is_reflexive( r_3) );
assert( is_symmetric( r_3 ) );
assert( !is_transitive( r_3) );
}

V této ukazce se budeme zabyvat prohledavanim orientovaného grafu. Asi nejjednodu$sim vhodnym algorit-
mem je rekurzivni prohledavani do hloubky. Konkrétné nds bude zajimat odpovéd na otazku ,,je vrchol b
dosazitelny z vrcholu a?¥. Budeme navic poZadovat, aby byla prisluna cesta neprézdna (tzn. a budeme
povaZovat za dosaZzitelné z a pouze lezi-li na cyklu).

Vstupni graf bude zadany za pomoci seznami naslednikd: typ graph udava pro kaZdy vrchol grafu jeho
nasledniky. Asociativni kontejner std::map uklada dvojice kli¢-hodnota a umoZiiuje mimo jiné efektivné
(v logaritmickém ase) nalézt hodnotu podle zadaného klice.

Vsimnéte si také, Ze mnoZina vrchold nemus{ nutng sestévat z nepreruSené posloupnosti, nebo jen z malych
tisel (proto pouzivame std::map a nikoliv std: :vector).

using edges = std::vector< int >;
using graph = std::map< int, edges >;

Krom samotného grafu budeme potrebovat reprezentaci pro mnoZinu nav§tivenych vrchold. V grafu s cykly
by algoritmus, ktery si takovou mnoZinu neudrZuje, vedl na nekonetnou rekurzi (nebo nekoneény cyklus)
Navic i v acyklickém grafu bude takovy algoritmus vyzadovat (v nejhorsim pripadg) exponencidlni Cas.
ProtoZe sémanticky se jedna o mnoZinu, neni asi velkym prekvapenim, Ze pro jeji reprezentaci pouZi-
jeme asociativni kontejner std::set. Vyhledani prvku (resp. test na pritomnost prvku) v std::set ma
logaritmickou ¢asovou sloZitost. Podobné tak vloZeni prvku.

using visited = std::set< int >;

Hlavni rekurzivni podprogram bude potiebovat 2 pomocné parametry: jiZ zmifiovanou mnoZinu nav§tivenych
vrchold, a navic pravdivostnf hodnotu moved, kterd fesi pripad, kdy potrebujeme zjistit, zda je vrchol
dosazitelny sam ze sebe. Naivni feseni by totiZ pro dvojici (a,a) vZdy vratilo true (v rozporu s nasim
zadanim). Proto si v tomto parametru budeme pamatovat, zda jsme se jiZ podél néjaké hrany posunuli.

Tento podprogram bude tedy odpovidat na otazku ,existuje cesta, kterd zacina ve vrcholu from, neprochdz{
zadnym vrcholem v seen, a zaroveri konéi ve vrcholu to?“ VSimnéte si ale, Ze mnoZinu seen predavame
odkazem (referenci) - existuje pouze jedind mnoZina navitivenych vrchold, sdilend vemi rekurzivnimi
aktivacemi podprogramu. Jakmile tedy vrchol potkame na libovolné cesté, bude vylouten ze zkoumani ve
vech ostatnich vétvich vypottu (tedy i v téch sourozeneckych, nikoliv jen v potomeich toho soutasného).

bool is_reachable_rec( const graph &g, int from, int to,
visited &seen, bool moved )
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Prvni bazovy pripad je situace, kdy jsme cilovy vrchol nasli - protoZe je velmi jednoduchy, vyfeSime jej
prvni. V&imnéte si kontroly parametru moved.

if ( from == to 8& moved )
return true;

Hlavni cyklus pokryva zbyvajici pfipady:

1. druhy bazovy pripad, kdy Zadny nenavstiveny potomek jiZ neexistuje (tzn. nachdzime se ve slepé vétvi
a vysledkem je false), a

2. pripad, kdy existuje dosud nenavstiveny soused - pak 1ze ale problém vyresit rekurzi, protoZze soutasny
vrchol jsme z problému vylouCili a zbyvajici problém je tedy mensi.

Vysledkem volani metody at je reference na hodnotu pridruZenou kli¢i, ktery jsme predali v parametru.

Proménna next tedy nabyva hodnot, které odpovidaji primym naslednikim vrcholu from

for (auto next : g.at( from ) )

V pripadé, Ze jsme nalezli nenavStiveny vrchol, nejprve ho oznat¢ime za navStiveny a poté provedeme
rekurzivni volani. ProtoZe jsme se prévé posunuli po hrané from, next, nastavujeme parametr moved na
true.

if ( !'seen.contains( next ) )

{
seen.insert( next );
if ( is_reachable_rec( g, next, to, seen, true ) )
return true;
}

Skonci-1i cyklus jinak, neZ ndvratem z podprogramu, znamend to, Ze jsme vyCerpali vSechny moZnosti,
aniZ bychom nasli pripustnou cestu, kterd vrcholy from a to spojuje.

return false;

}

Kone¢né doplnime jednoduchou funkci, ktera doplni potrebné hodnoty pomocnym parametrom. Odpovida na
otézku ,,1ze se do vrcholu to dostat podél jedné nebo vice hran, zaéneme-1i ve vrcholu to?“.

Za pov8imnut{ také stoji, Ze is_reachable je Cistou funkci (a to i pfesto, Ze is_reachable_rec &istou
funkei nent).

bool is_reachable( const graph &g, int from, int to )

{
visited seen;
return is_reachable_rec( g, from, to, seen, false );
}
int main() /* demo */
{
graph g{ {1, {2, 3, 4} 1},
{2, {1,2}3,
{38, {3,4}},
{4, 371,
{5, {31}
assert( is_reachable( g, 1, 1) );
assert( !is_reachable( g, 4, 4 ) );
assert( is_reachable( g, 1, 2 ) );
assert( is_reachable( g, 1, 3) );
assert( is_reachable( g, 1, 4 ) );
assert( !is_reachable( g, 4, 1) );
assert( is_reachable( g, 3, 3 ) );
assert( !is_reachable( g, 3, 1) );
assert( is_reachable( g, 5, 4 ) );
assert( !is_reachable( g, 5, 1) );
assert( !is_reachable( g, 5, 2 ) );
}

t The goal of this demonstration will be to find the shortest distance in an unweighted, directed graph:
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1. starting from a fixed (given) vertex,

2. to the nearest vertex with an odd value.

The canonical ‘shortest path’ algorithm in this setting is breadth-first search. The algorithm makes use
of two data structures: a queue and a set, which we will represent using the standard C++ containers
named, appropriately, std::queue' and std::set

In the previous demonstration, we have represented the graph explicitly using adjacency list encoded as
instances of std::vector. Here, we will take a slightly different approach: we well use std::multimap -
as the name suggests, it is related to std::map with one crucial difference: it can associate multiple
values to each key. Which is exactly what we need to represent an directed graph - the values associated
with each key will be the successors of the vertex given by the key.

using graph = std::multimap< int, int >;

The algorithm consists of a single function, distance_to_odd, which takes the graph g, as a constant
reference, and the vertex initial, as arguments. It then returns the sought distance, or if no matching
vertex is found, -1.

int distance_to_odd( const graph &g, int initial )
{

We start by declaring the visited set, which prevents the algorithm from getting stuck in an infinite
loop, should it encounter a cycle in the input graph (and also helps to keep the time complexity under
control).

std::set< int > visited;

The next piece of the algorithm is the exploration queue: we will put two pieces of information into the
queue: first, the vertex to be explored, second, its BFS distance from initial.

std: :queue< std::pair< int, int > > queue;

To kickstart the exploration, we place the initial vertex, along with distance 6, into the queue:
queuve.emplace( initial, 8 );

Follows the standard BFS loop:

while ( !queue.empty() )
{

auto [ vertex, distance ] = queue.front();
queve.pop();

To iterate all the successors of a vertex in an std: :multimap, we will use its equal_range method, which
will return a pair of iterators - generalized pointers, which support a kind of ‘pointer arithmetic’. The
important part is that an iterator can be incremented using the ++ operator to get the next element in
a sequence, and dereferenced using the unary * operator to get the pointed-to element. The result of
equal_range is a pair of iterators:

* Degin, which points at the first matching key-value pair in the multimap,
« end, which points one past the last matching element; clearly, if begin == end, the sequence is empty.

Incrementing begin will eventually cause it to become equal to end, at which point we have reached the
end of the sequence. Let’s try:

auto [ begin, end ] = g.equal_range( vertex );

for (; begin != end; ++ begin )

{

In the body loop, begin points, in turn, at each matching key-value pair in the graph. To get the
corresponding value (which is what we care about), we extract the second element:

auto [ _, next ] = *begin;

if ( visited.contains( next ) )
continue; /* skip already-visited vertices */

First, let us check whether we have found the vertex we were looking for

Strictly speaking, std::queue is not a container, but rather a container adaptor. Internally, unless specified otherwise, an
std: :queue uses another container, std: :deque to store the data and implement the operations. It would also be possible, though
less convenient, to use std: :deque directly.
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if (next%2==1)
return distance + 1;

Otherwise we mark the vertex as visited and put it into the queue, continuing the search.

visited.insert( next );
queue.emplace( next, distance + 1 );

}

We have exhausted the queue, and hence all the vertices reachable from initial, without finding an
odd-valued one. Indicate failure to the caller.

return -1;
}
int main() /* demo */
{
graph g{ {1, 2}, {1, 6%} {2, 4} {2,5},{6,4}1}
h{{8, 2} {86} {24} {2,656} {5 8}},
{243} {42} }
assert( distance_to_odd( g, 1 ) == 2 );
assert( distance_to_odd( g, 2 ) == 1);
assert( distance_to_odd( g, 6 ) == -1 );
assert( distance_to_odd( h, 8 ) == 2 );
assert( distance_to_odd( h, 5 ) == 3 );
assert( distance_to_odd( i, 2 ) == -1 );
}

2.e: Elementarni priklady

Fill in an existing vector with a Fibonacci sequence (i.e. after calling fibonacci( v, n ), the vector v
should contain the first n Fibonacci numbers, and nothing else).

// void fibonacci( .. )

Build a reflexive closure of a relation given as a set of pairs, returning the result.
using relation = std::set< std::pair< int, int > >;

relation reflexive( const relation &r );

Filter out duplicate entries from a vector, maintaining the relative order of entries. Return the result
as a new vector.

std::vector< int > unique( const std::vector< int > & );

2.p: Pripravy

Na vstupu dostanete posloupnost celogiselnych hodnot (jako instanci kontejneru std::vector). Vasim
Ukolem je rozdélit je na kratsi posloupnosti tak, Ze kaZda posloupnost je nejkrats$i mozna, ale zaroven je
jeji soutet alesporl sum. Vyjimku tvori posledni posloupnost, pro kterou nemusi nutné existovat potrebné
prky.

Pofadi prvkd musi byt zachovano, tzn. zfetézenim vSech posloupnosti na vystupu musi vzniknout ptvodni
posloupnost numbers

auto minsum( const std::vector< int > &numbers, int sum );

RozloZte zadany neorientovany graf na souvislé komponenty (vysledné komponenty budou reprezentované
mnozinou svych vrchold). Graf je zadany jako symetrickd matice sousednosti. Vrcholy jsou ogislované od
1 do m, kde n je velikost vstupni matice.

V grafu je hrana {u, v} pfitomna prévé tehdy, je-li na radku w ve sloupci v hodnota true.

using graph = std::vector< std::vector< bool > >;

using component = std::set< int >;
using components = std::set< component >;
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components decompose( const graph &g );

Naleznéte vSechny prvociselné délitele ¢isla num a vloZte je do vektoru divs. Pogatecni hodnota parametru
divs

¢ obsahuje pravé vSechny prvociselné délitele vSech ¢isel ostre menSich neZ num,
e je vzestupné sefazena.

Vystupni podminkou pro vektor divs je:

e obsahuje vSechna ¢isla, ktera obsahoval na vstupy,
» zaroven obsahuje vSechny prvociselné délitele ¢isla num
e je vzestupné sefazeny.

Funkce musi pracovat efektivng. Uréit vhodnou ¢asovou sloZitost je v této Uloze soucasti zadani
void add_divisors( int num, std::vector< int > &divs );

Strukturu point dopliite tak, aby méla sloZky x a vy, kde oboji jsou &isla s plovouci desetinnou ¢arkou, a
to tak, Ze deklarace point p; vytvori bod se soufadnicemi 0, 0.

struct point;

Nyn{ uvaZme uzavienou lomenou ¢aru. Nahradte kazdou Usetku A takovou, kterd zatind prostiednim bodem
Usecky A a kon¢i prostredbnim bodem Usecky B, kde B v obrazci nasleduje bezprostredné po A. Vstup je
zadan jako sekvence bodd (kde kazdy bod naleZi dvéma Usetkam). Posledni Usecka jde z posledniho bodu
do prvniho, ¢im se obrazec uzavre.

void midpoints( std::vector< point > 8pts );

t Budeme opét pracovat s orientovanym grafem - tentokrat budeme hledat cykly. Existuje na vybér nékolik
algoritmd, ty zaloZené na prohledavani do hloubky jsou nejjednodussi. Graf je zadany jako hodnota typu
std::multimap - vice se o této reprezentaci dozvite v ukazce db_bfs.

Cista funkce is_dag necht vrati false pravé kdyZ g obsahuje cyklus. Pozor, graf nemusi byt souvisly.

using graph = std::multimap< int, int >;
bool is_dag( const graph &g );

Rozhodnéte, zda je zadany neorientovany graf bipartitni (tzn. jeho vrcholy lze rozdélit do dvou mnoZin
A, B tak, Ze kazda hrana mé jeden vrchol v A a jeden v B). ProtoZe graf je neorientovany, seznamy
sousedd na vstupu jsou symetrické.

using edges = std::vector< int >;
using graph = std::map< int, edges >;

bool is_bipartite( const graph &g );

2.r: ReSené ulohy

Find the mode (most common value) in a non-empty vector and return it. If there are more than one,
return the smallest.

int mode( const std::vector< int > & );

Compute single-source shortest path distances for all vertices in an unweighted directed graph. The
graph is given using adjacency (successor) lists. The result is a map from a vertex to its shortest
distance from initial. Vertices which are not reachable from initial should not appear in the result.

using edges = std::vector< int >;
using graph = std::map< int, edges >;

std::map< int, int > shortest( const graph &g, int initial );

Consider a single-player game that takes place on a 1D playing field like this:

20 4] 2 -
The player starts at the leftmost cell and in each round can decide whether to jump left or right.

The playing field is given by the input vector jumps. The size of the field is jumps.size() + 1 (the
rightmost cell is always 8). The objective is to visit each cell exactly once.
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bool solve( std::vector< int > jumps );

Sort stones into buckets, where each bucket covers a range of weights; the range of stone weights to
put in each bucket is given in an argument - a vector with one element per bucket, each element a pair
of min/max values (inclusive). Assume the bucket ranges do not overlap. Stones are given as a vector of
weights. Throw away stones which do not fall into any bucket. Return the weights of individual buckets.

using bucket = std::pair< int, int >;

std::vector< int > sort( const std::vector< int > &stones,
const std::vector< bucket > 8buckets );

Write a function to decide whether a given graph can be 3-colored. A correct colouring is an assignment
of colours to vertices such that no edge connects vertices with the same colour. The graph is given as a
set of edges. Edges are represented as pairs; assume that if (u,v) is a part of the graph, so is (v, u).

using graph = std::set< std::pair< int, int > >;
bool has_3colouring( const graph &g );

V tomto cviceni implementujeme tzv. seminkové vypliiovani, obvykle popsané algoritmem, ktery:

1. dostane na vstupu bitmapu (odélnikovou sit pixeld),

2. potatetnou pozici v siti,

3. barvu vyplné (cilovou barvu),

a zmén{ celou souvislou jednobarevnou plochu, kterd obsahuje pocatecni pozici, na cilovou barvu.
Budeme uvaZovat monochromaticky pfipad - pixely jsou ¢erné nebo bilé, resp. 8 nebo 1. Navic nebudeme
ménit vstupni bitmapu, ale pouze spocitame, kolik policek zméni barvu a tuto hodnotu vratime. Priklad
(prézdnd politka maji hodnotu 8, vybarvena hodnotu 1, startovni pozice mé soufadnice 1, 3):

6 1 2 3 4 5 0 1 2 3 4 b

Vsimnéte si, Ze ,zéplava® se Sif i po diagonalach (napr. z pozice (2, 3) na (3, 4) a déle na (4, 3)). Dale:

¢ vstupni bitmapa je zadana jako jednorozmérny vektor a §ifka,

 chybi-1i néjaké pixely v poslednim Fadku, uvaZujte jejich hodnotu nulovou,

¢ je-li posledni fadek kompletni, nic nepfidavejte,

» je-li startovni pozice, x8 nebo yB, mimo meze bitmapy (tzn. jeji ifku a vysku), Zadné pixely barvu
nezmeni.

Posledni parametr, fill, udavé cilovou barvu. Je-1i startovni pozice cilové barvy, podobné se nic nebude

ménit.

using grid = std::vector< bool >;

int flood( const grid &pixels, int width,
int x@, int y@, bool fill );

Cast 3: Metody a operétory

Ukéazky:

. freq - analyza frekvence n-gramd

. lemmings - modelujeme figurky z po¢itacové hry

. arithmetic - pretéZovani aritmetickych operatord
. relational - pretéZovéni relacnich operatord

0 o —>

Elementarni priklady:

2. cartesian - komplexni ¢isla
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Pripravy:

. area - vypocet plochy jednoduchych Utvard
. rational - raciondlni ¢isla (zlomky)

. mountains - ,rekurzivni“ pohof{

. polar - komplexni ¢isla podruhé

. nunset - mirng vylepSend mnoZina ¢isel

. continued - retézové zlomky

O O B~ W NN

Regular exercises:

. poly - polynomy se s€itanim a nasobenim
XXX

. set - mnoZina ¢isel s operatory

XXX

XXX

XXX

D Ol A~ W DD

3.d: Demonstrace (ukazky)

V této ukdce budeme potitat histogram (&iselnych) m-gramd, tzn. blokd n po sobé jdoucich Cisel v néjaké
del3i sekvenci. Jednotlivé n-gramy se mohou prekryvat (n-gram tedy moZe zacinat na libovolném offsetu).
Nasim ukolem je navrhnout typ, ktery bude tuto frekvenci pocitat ,za béhu“ - pocitame totiz s tim, Ze
vstupnich dat bude hodné a budou prichazet po blocich. Zaroven predpokladame, Ze riznych n-gramd bude
radové méné neZ vstupnich dat.

Budeme implementovat dvé metody:

1. count, kterd pro zadany n-gram vrati pocet jeho dosavadnich vyskytl, a metodu
2. process, ktera zpracuje dals{ blok dat.

struct freq
{

std::size_t ngram_size = 3;

Budeme potrebovat dvé datové slozky: samotné potitadlo vyskytd implementujeme pomoci standardniho
asociativniho kontejneru std::map. Klicem bude std::vector potrebné délky (reprezentuje m-gram),
hodnotou pak pocet vyskytd tohoto n-gramu.

std::map< std::vector< int >, int > _counter;

Druhou sloZkou bude posuvné okno, ve kterém budeme uchovavat posledni zpracovany n-gram. Je to proto,
7e nékteré n-gramy budou rozdéleny mezi dva bloky (nebo i vice, pokud se objevi velmi kratky blok)
Pro jednoduchost budeme toto okno pouzivat pro vSechny n-gramy, a realizovat ho budeme jako instanci
std: :deque™.

std: :deque< int > _window;

Nejprve implementujeme pomocnou metodu, kterd zpracuje jedno ¢islo. Je-li okno jiZ plné, odstranime
z néj nejstarsi hodnotu. Je-li po vloZeni ¢isla okno dostatecné plné, vysledny m-gram zapocitéme.
Vzpomeiite si, Ze indexovaci operator kontejneru std::map podle potfeby vlozi novou dvojici kli¢-hodnota
(s hodnotou inicializovanou ,,na nulu®).

void add( int value )

{
if ( _window.size() == ngram_size )
_window.pop_front();
_window.push_back( value );
if ( _window.size() == ngram_size )
{
std::vector< int > ngram;
for (int v : _window )
ngran.push_back( v );
++ _counter[ ngram J;
}
}

"5 Tato volba reprezentace neni Uplné nejefektivngjsi, ale pro nase Utely dostatecnd. Asymptoticky ji nenf co vytknout.
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ProtoZe metoda add kompletné fesi jak spravu okna, tak potitadlo, zpracovéni bloku uZz je jednoduché.

void process( const std::vector< int > &block )
{
for ( int value : block )
add( value );
}

Metodu count, kterd pouze vraci informace a aktudlni objekt nijak neméni, bychom radi oznacili jako
const. Jako drobny problém se jevi, Ze indexace polozky _counter ale neni konstantni operace: jak jsme
zmifiovali, operator indexace miZe do kontejneru vloZit novou dvojici, a tim ho zménit.

NemdZeme také primo pouzit metodu at, protoZe musime byt schopni sprévné odpovidat i v pripadg, Ze
dotazovany n-gram se na vstupu dosud neabjevil, a tedy takovy kli¢ v kontejneru _counter neni pfitomen.
Zbyvé tedy metoda find, ktera ndm da jak informaci o tom, jestli je klit pritomen (hledani vyZaduje
logaritmicky ¢as), a pokud ano, tak ndm k nému piimo umoZni pristup (jiZ v konstantnim ase). PouZiti
s inicializaéni sekci podminéného piikazu if sze povaZzovat za idiomatické.

int count( const std::vector< int > &ngram ) const

{
if (auto it = _counter.find( ngram ); it != _counter.end() )
return it->second;
else
return 8;
}

b

int main() /* demo */
{
freq f{ .ngram_size = 3 };

Vytvorime si na f také konstantni referenci, abychom se ujistili, Ze metodu count skutetné lze volat na
konstantni hodnotu.

const freq &f = f;
assert( cf.count( {1, 1,1} ) ==0);

f.process( {1, 1,2, 1,1} );
assert( cf.count( {1, 1,1} )==0)
assert( cf.count( {1, 1,2} ) ==1);
assert( cf.count( {1, 2,1} )=1)

f.process( { 1} );
assert( cf.count( {1, 1,1} ) ==1);
assert( cf.count( {1, 2,1} ) ==1);

f.process( {1} );
f.process( { 2, 2 } );
assert( of.count( { 1, 1, 1
assert( cf.count( {1, 2,2} ) ==
assert( cf.count( {2, 2,1} ) ==0);

—
I
I
= o
~—

While we are talking about computer games, you might have heard about a game called Lemmings (but it’s
not super important if you didn’t). In each level of the game, lemmings start spawning at a designated
location, and immediately start to wander about, fall off cliffs, drown and generally get hurt. The
player is in charge of saving them (or rather as many as possible), by giving them tasks like digging
tunnels, or stopping and redirecting other lemmings.

Let’s try to design a type which will capture the state of a single lemming:

struct lemming

{

Each lemming is located somewhere on the map: coordinates would be a good way to describe this. For
simplicity, let’s say the designated spawning spot is at coordinates (0, 0).

double _x =8, _y =0,
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Unless they hit an obstacle, lemmings simply walk in a given direction - this is another candidate for an
attribute; and being rather heedless, it’s probably good idea to keep track of whether they are still
alive.

bool _facing_right = true;
bool _alive = true;

Finally, they might be assigned a task, which they will immediately start performing. The exact meaning
of the number is not very important.

int _task = @;

’

Let us define a few (mostly self-explanatory) methods:
void start_digging() { _task =1; }

bool busy() const { return _task != 8; }
bool alive() const { return _alive; }

void step()
{
_x += _facing_right 7 1 : -1;
_y +=8; // T000 gravity, terrain, ..

};

Earlier, we have mentioned that user-defined types are essentially the same as built-in types - their
values can be stored in variables, passed to and from functions and so on. There are more ways in which
this is true: for instance, we can construct collections of such values. Earlier, we have seen a sequence
of integers, the type of which was std::vector< int >. We can create a vector of lemmings just as
easily: as an std::vector< lemming >. Let us try:

int count_busy( const std::vector< lemming > &lemmings )

{

Note that the vector is marked const (because it is passed into the function as a constant reference).

That extends to the items of the vector: the individual lemmings are also const. We are not allowed
to call non-const methods, or assign into their attributes here. For instance, calling lemmings[ @
].start_digging() would be a compile error.

int count = 0;

0f course we can iterate a vector of lemmings like any other vector, and call methods on the individual
lemmings (inside the vector, since we are using a reference)

for ( const lemming &1 : lemmings )
if ( L.busy() )
count ++;

return count;

}

int main() /* demo */

{
We first create an (empty) vector, then fill it in with 7 lemmings.

std::vector< lemming > lemmings;
lemmings.resize( 7 );

We can call methods on the lemmings as usual, by indexing the vector:

lemmings[ @ ].start_digging();
assert( count_busy( lemmings ) == 1 );

We can also modify the lemmings in a range for loop - notice the absence of const; this time, we use a
mutable reference - the lemmings are modified in place inside the container.

for ( lemming &1 : lemmings )
{
assert( 1.alive() );
1.start_digging();
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}

assert( count_busy( lemmings ) == 7 );

Operator overloading allows instances of classes to behave more like built-in types: it makes it possible
for values of custom types to appear in expressions, as operands. Before we look at examples of how this
looks, we need to define a class with some overloaded operators. For binary operators, it is customary
to define them using a ‘friends trick’, which allows us to define a top-level function inside a class.
As a very simple example, we will implement a class which represents integral values modulo 7 (this
happens to be a finite field, with addition and multiplication).

struct gf7
{

int value;

We can name a constant by wrapping it in a method. There are other ways to achieve the same effect,
but we don’t currently have the necessary pieces of syntax.

int modulus() const { return 7; }

A helper method to normalize an integer. We would really prefer to enforce the normalization (such that
all values of type gf7 would have their value field in the range (0, 7), but we currently do not have the
mechanisms to do that either. This will improve in the next chapter.

of7 normalize() const { return { value % modulus() }; }

This is the ‘friend trick’ syntax for writing operators, and for binary operators, it is often the
preferred one (because of its symmetry). The function is not really a part of the compound type in this
case - the trick is that we can write it here anyway. The implementation relies on the simple fact that
a]; + [bl; = [a + 5.

friend gf7 operator+( gf7 a, gf7 b )
{

return gf7{ a.value + b.value }.normalize();

}

For multiplication, we will use the more ‘orthodox‘ syntax, where the operator is a const method:
the left operand is passed into the operator as this, the right operand is the argument. In general,
operators-as-methods have one explicit argument less (unary operators take 8 arguments, binary take 1
argument). Note that normally, you would use the same form for all symmetric operators for any given
type — we mix them here to highlight the difference. We again use the fact that [a], - [6]; = [a - b];.

gf7 operator+( gf7 b ) const
{

return gf7{ value * b.value }.normalize();

}

Values of type gf7 cannot be directly compared (we did not define the required operators) - instead, we
provide this method to convert instances of gf7 back into int’s.

int to_int() const { return value % modulus(); }

I

Operators can be also overloaded using ‘normal’ top-level functions, like this unary minus (which finds
the additive inverse of the given element).

gf7 operator-( gf7 x ) { return gf7{ 7 - x.to_int() }; }
Now that we have defined the class and the operators, we can look at how is the result used.

int main() /* demo */
{
gf7a{ 3}, b{ 4} cl{o} d5};

Values a, b and so forth can be now directly used in arithmetic expressions, just as we wanted.

of7 x =a~+b;
gf7y =a=x*b;
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Let us check that the operations work as expected:

assert( x.to_int() == c.to_int() ); /* [3]7 + [417 = [B]7 */
assert( y.to_int() == d.to_int() ); /* [3]7 * [4]7 = [6]7 */
assert( (-a + a).to_int() == c.to_int() ); /* unary minus */

In this example, we will show relational operators, which are very similar to the arithmetic operators
from previous example, except for their return types, which are bool values.

The example which we will use in this case are sets of small natural numbers (1-64) with inclusion as
the order. We will use three-way comparison to obtain most of the comparison operators ‘for free’.
NB. Standard ordered containers like std::set and std::map require the operator less-than to define a
strict weak ordering (which is corresponds to a total order). The comparison operators in this example
do not define a total order (some sets are incomparable).

struct set

{

Each bit of the below number indicates the presence of the corresponding integer (the index of that
bit) in the set.

uintb4_t bits = 6;

We also define a few methods to add and remove numbers from the set, to test for presence of a number
and an emptiness check.

void add( int 1) { bits [=  1ul << i; }

void del( int i ) { bits & ~( 1ul <<i); }

bool has( int i ) const { return bits & (1ul <<i ); }
bool empty() const { return !bits; }

We will use the method syntax here, because it is slightly shorter. We start with (in)equality, which
is very simple (the sets are equal when they have the same members). Note that defining a separate
operator !=is not required in C++20.

bool operator==( set b ) const { return bits == b.bits; }

It will be quite useful to have set difference to implement the comparisons below, so let us also define
that:

set operator-( set b ) const { return { bits & ~b.bits }; }

Since the non-strict comparison (ordering) operators are easier to implement, we will do that first. Set
b is a superset of set a if all elements of a are also present in b, which is the same as the difference
a - b being empty. We will write a single comparison operator, then use it to implement three-way
comparison, which the compiler will then use to derive all the remaining comparison operators.

bool operator<=( set b ) const { return ( *this - b ).empty(); }

In addition to getting all other comparisons for free, the three-way comparison also allows us to declare
the properties of the ordering.

friend std::partial_ordering operator<=>( set a, set b )
{
if (a==Db)
return std::partial_ordering::equivalent;
if (a<=b)
return std::partial_ordering::less;
if(b<a)
return std::partial_ordering::greater;

return std::partial_ordering: :unordered;

};

int main() /* demo */

{
set a; a.add( 1 ); a.add( 7 ); a.add( 13 );
set b; b.add( 1 ); b.add( 6 ); b.add( 13 );
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In each pair of assertions below, the two expressions are not quite equivalent. Do you understand why?

assert( a != b ); assert( !(
assert( a == a ); assert( !(

a=b));
al=a));

The two sets are incomparable, i.e. neither is less than the other, but as shown above they are not
equal either.

assert( !(a<b) ); assert( !(b<a));
a.add( 6 ); // let's make <a> a superset of <b»
And check that the ordering operators work on ordered sets.

assert( a>b ); assert( a >=b ); assert( a != b );
assert( b <a ); assert( b <= a ); assert( b !=a );

b.add( 7 ); /* let's make the sets equal */
assert( a ==Db ); assert( a <= b ); assert( a >=b );

3.e: Elementarni priklady

V tomto prikladu implementujeme typ cartesian, ktery reprezentuje komplexni ¢islo pomoci reédlné a
imaginarni ¢asti. Takto realizovana Cisla umoznime sCitat, odecitat, ziskat ¢islo opatné (unarnim minus)
aurtit jejich rovnost (zamyslete se, ma-li smysl definovat na tomto typu usporadani; pro¢ ano, pro¢
ne?).

struct cartesian;

Implementujte také ¢istou funkci make_cartesian, ktera vytvori hodnotu typu cartesian se zadané realné
a imaginarni slozky.

cartesian make_cartesian( double, double );

3.p: Pripravy

Doplite definice typl point, polygon a circle tak, abyste pak mohli s jejich pomoci moZné implementovat
tyto ¢isté funkce:

» make_polygon, kterd prijme jako parametr celé ¢islo (podet stran) a dale:
o 2 body (stfed a néktery vrchol), nebo
1 bod (stred) a1 realné tislo (polomér opsané kruZnice),
e make_circle které prijme jako parametry:
o 2 body (stfed a bod na kruZnici), nebo
1bod a 1 redlné Cislo (stied a polomér),
e area, které pfijme polygon nebo circle a vrati plochu odpovidajiciho Utvaru.

Typ point necht ma slozky x a y (redlna ¢isla)

struct point;
struct polygon;
struct circle;

V tomto prikladu budeme programovat jednoduchd raciondlni ¢isla (takova, Ze je lze reprezentovat dvojici
celych &isel typu int). Hodnoty typu rat lze:

» vyytvorit Gistou funkei make_rat( p, q ) kde p, q jsou hodnoty typu int (Gitatel a jmenovatel) a g >
6,
e pouzit jako operandy zdkladnich aritmetickych operaci:

s¢itanf +,

odetitant (-),

o nasobeni (*) a

déleni (/),
o libovolné srovndvat (==, !=, <=, <, >, >=).
Vzpomefite si, jak se jednotlivé operace nad racionalnimi ¢isly zavadi. Jsou-li @ = p,/g; a b =1p,/9q,
zlomky v zékladnim tvaru, mdZete se u libovolné operace a ¢ b spolehnout, Ze Zadny ze sou¢ind p; - g,,
Dy Q1, D1 Py A q; - gy NepreteCe rozsah int-u.

struct rat;
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rat make_rat( int, int );

Vasim Ukolem je vytvorit typ mountain_range, ktery bude reprezentovat rekurzivni pohofi. Rekurzivni
pohor{ ma tento tvar:

1. levy svah (moZe byt prazdny), ktery miZze na kazdém kroku libovolnd stoupat,

2. libovolny potet (i nula) vnitrnich pohofi stejného typu (prvni z nich zating ve vy3ce, na které skontil
levy svah),

3. pravy svah, ktery je zrcadlovym obrazem toho levého.

Napriklad (hlavni pohori ma prazdny svah; zavorky naznaCuji zaGatky a konce jednotlivych vnitFnich

pohofi):

124423311233234431

(( ) ) (( ) ( ) )

Je-1i outer hodnota typu mountain_range, necht:

1. outer.get( i ) vrati vysku i-tého pole pohofi outer, a

2. outer.set_slope( slope ) pro zadany vektor Gisel slope nastavi oba svahy tak, aby ten levy odpovidal
vyskédm v slope,

3. outer.insert( inner ) vloZi nové vnitini pohof{ zadané hodnotou inner typu mountain_range, a to
tésné pred pravy svah.

Dobre si rozmyslete vhodnou reprezentaci. PoZadujeme:

e metoda get musi mit konstantni sloZitost,

» metoda set_slope miZe byt vici argumentu linedrni, ale nesmi zaviset na délce vnitinich pohofi,

» metoda insert miZe byt viGi vkladanému pohori (inner) linedrni, vOCi tomu vnéjsimu (outer) ale musi
byt amortizovang konstantni.

Nové vytvorena hodnota typu mountain_range reprezentuje prézdné pohofi (prézdny svah a Zadnd vnitini

pohofi).

struct mountain_range;

Vasim ukolem je implementovat typ polar, ktery realizuje polarni reprezentaci komplexniho ¢isla. ProtoZe
tato podoba zjednoduduje nasobeni a déleni, implementujeme v této dloze pravé tyto operace (stitani
jsme definovali v piikladu e2_cartesian).

Krom nasoben{ a déleni necht je moZné pro hodnoty typu polar ur¢it jejich rovnost operdtory == a !=.
Rovnost implementujte s ohledem na nepresnost aritmetiky s plovouci desetinnou ¢arkou. V tomto prikladé
miZete pro redlna ¢isla (typu double) misto x == y pouZit std::fabs( x - y ) < 1e-10.

Pozor! Argument komplexniho ¢isla je periodicky: budto jej normalizujte tak, aby leZel v intervalu
[0,27), nebo zajistéte, aby platilo polar( 1, x ) == polar( 1, x + 21 ).

struct polar;
polar make_polar( double, double );

Navrhnéte typ numset, kterého hodnoty budou reprezentovat mnoZiny ¢isel. Jsou-li ns;, ns, hodnoty typu
numset a dale i, j jsou hodnota typu int, poZzadujeme nasledujici operace:

e ns;.add( i) - vloZi do ns, &islo i,

e ns;.del( i) - odstrani z ns; &islo i,

e ns;.del_range( i, j ) - odstrani z ns, v8echna ¢isla, kterd spadaji do uzaviteného intervalu (,7),
e ns;.merge( ns, ) - prida do ns, v8echna ¢isla pritomnd v ns,,

e ns;.has( i ) - rozhodne, zda je i piitomné v ns;.

Slozitost:

e del_range a merge musi mit nejvySe linearni sloZitost,

e ostatni operace nejvySe logaritmickou.

struct numset;

Predmétem tohoto prikladu jsou tzv. fetézové zlomky. Typ fraction bude reprezentovat raciondlni ¢islo,
které lze:
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« zadat posloupnosti koeficientd fetézového zlomku (piesniji popsano nize) pomoci metody set_coeffi-
cients( cv ) kde cv je vektor hodnot typu int,

» stitat (operatorem +),

« nasobit (operdtorem ),

o srovnavat (vdemi relatnimi operdtory, tzn. ==, =, <, <=, >, >=).

Retézovy zlomek reprezentujej racionalni &islo g, Jjako soutet celého Cisla a, a prevracené hodnoty

néjakého dalsiho racionalnfho ¢isla, ¢, které je samo zapsano pomoci retézového zlomku. Tedy

% =ay+1/gq
g1 =a;+1/q,
9, =0, +1/g;

a tak dale, aZ neZ je néjaké g, celé ¢islo, kterym sekvence koni (pro raciondlni ¢islo se to jisté stane
po konetném poctu krok®). Hodnotém ay,a:, a.,, ... Fikéme koeficienty retézového zlomku - jeho hodnota
je jimi jednoznatné urcena.

Rozmyslete si vhodnou reprezentaci vzhledem k zadanému rozhrani. Je dulezité jak to, které operace
jsou poZadované, tak to, které nejsou.

struct fraction;

3.r: Regené Ulohy

Cilem cviCeni je naprogramovat typ, ktery bude reprezentovat polynomy s celoCiselnymi koeficienty,
s operacemi s&itani (jednoduché) a nasobeni (méné jednoduché). Polynom je vyraz tvaru 7z* 4 0z° +
0z2 + 3z + z° - tzn. soudet nezépornych celotiseslnych mocnin proménné z, kde u kazdé mocniny stoji
pevny (konstantni) koeficient.

Soucet polynomd mé u kaZdé mocniny soucet koeficientd prislusné mocniny s¢itancy. Soucin je sloZit8jsi,
protoZe:

 kazdy monom (stitanec) prvniho polynomu musi byt vyndsoben kaZdym monomem druhého polynomu,

e nékteré z téchto soucind vedou na stejnou mocninu z a tedy jejich koeficienty musi byt secteny.
Pro kaZdy polynom existuje néjaké n takové, Ze vSechny mocniny vétsi neZ n maji nulovy koeficient.
Tento fakt nam umoZzni polynomy snadno reprezentovat.

Implicitné sestrojend hodnota typu poly necht ma vSechny koeficienty nulové. Krom s¢itani a nasobeni
(formou operator) implementujte také rovnost a metodu set, kterd ma dva parametry: mocninu z a
koeficient, oboji celd ¢isla.

struct poly;

Implementujte typ array, ktery reprezentuje pole ¢isel a bude mit metody:

e get( i) - vrati hodnotu na indexu i,

» append( x ) - vloZ{ hodnotu x na konec pole,

e partition( p, 1, r ) - preusporada ¢ast pole v rozsahu indext (I,7) tak, aby hodnoty mendi neZ p
piedchézely hodnoté rovné p a tato predchazela zbyvajici hodnoty vétsi nebo rovné p (nejsou-li L ar
uvedeny, preusporada celé pole; vstupni podminkou je, Ze p je v uvedeném rozsahu piitomno),

» sort() - sefadi pole metodou quicksort (bez dodatetné paméti mimo mista na zasobniku potiebného
pro rekurzi).

Algoritmus quicksort pracuje takto:

1. m&-li pole Z&dné nebo 1 prvek, je jiZ sefazené: konec;

2. jinak jeden z prvkl vybereme jako pivot,

3. pieuspoi’ddame pole na dvé mensi partice (viz popis metody partition vyse),

4. rekurzivné aplikuje algoritmus quicksort na levou a pravou partici (vynechd pfitom hodnoty rovné
pivotu).

UZite€ny invariant: po kaZzdé partici jsou prvky rovné vybranému pivotu na pozicich, které budou mit ve

vysledném usporadaném poli.

Viz téZ: https://xkcd.com/1185/

struct array;

Naprogramujte typ tictactoe, ktery bude reprezentovat stav této jednoduché hry (piskvorky na ploge
3x3). Stav hry ma tyto slozky:

e ktery hra¢ je na tahu,
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e ktery hrac zabral kterd policka.

V nové vytvorené hite je plocha prazdné a na tahu je hrac s kfizky. Metody:

» play( x, y ) umisti symbol aktivniho hrate na souradnice x, y (platnost souradnic i tahu je vstupni
podminkou, roh ma soufadnice 0, 0),

e read( x, y ) vrati hodnotu zadaného pole:
o -1 je kiiZek,
o B je prazdné pole, konetné
> 1 je kolecko,

 winner() vrati podobné -1/6/1 podle toho, ktery hrac vyhral (8 znati, Ze hra bud jesté neskontila,
nebo skoncila remizou).

struct tictactoe;

Vasi ulohou je naprogramovat jednoduchy simulator hry, kde hra¢ ovlada 1étajici objekt (,,lod“) v botnim
pohledu. Cilem hréce je nenarazit do hranic ,jeskyné“ ve které se pohybuje, a kterd je zadana jako
seznam dvojic, kde ¢isla na indexu ¢ udavaji vZdy soufadnice y spodni a horni meze prislusného sloupce -

pole - v rozsahu soufadnice z € (7,4 + 1). Napfiklad:

i1y
b db ool

Lod 1ze ovladat nastavenim stoupani ¢ (pro kaZdy posun o ! jednotek doprava se lod zéroveri posune c - |
jednotek nahoru; je-li ¢ zdporné, posouva se dol0). Hra ma tyto 4 metody:

e append( y,, Y, ) prida na pravy konec hraciho pole novou dvojici prekézek (zadanou &isly s plovouct
desetinnou tarkou),

« move( 1 ) posune lod o 1 jednotek doprava (1 je celé &islo; pri posunu dojde také k prislugné zméné
vysky podle aktualniho nastaveni) a vrati true v piipadg, Ze pri tomto posunu nedoglo ke kolizi,

« set_climb( ¢ ) nastavi aktudlni stoupani na ¢ (Gislo s plovouci desetinnou Garkou),

« finished() vrati true nachdzi-1i se lod na pravém konci hraciho pole.

V pripadé, Ze dojde k pokusu o posun lodé za konec pole, lod zOstane na poslednim definovaném poli.
Dojde-li ke kolizi, dalsi volani move jiZ nemaji zadny efekt a vraci false.

Implicitné sestrojeny stav hry ma hraci pole délky 1 s prekazkami (—10,410) a pocatetni vyska i
stoupdni lodé jsou 6.

struct flight;

UvaZme téleso Q a &islo j takové, Ze 52 = 2 (tedy zejména j ¢ Q). Téleso Q miZeme roz§ifit na tzv.
(algebraicke) tiselné téleso (v tomto pripadé konkrétng kvadratické téleso) Q(5), kterého prvky jsou
tvaru a + b7, kde a,b € Q.

VaSim Ukolem je naprogramovat typ, ktery prvky tohoto télesa reprezentuje, a umoZiiuje je s¢itat,
nasobit a rozhodovat jejich rovnost. Rozmyslete si vhodnou reprezentaci; uvazte zejména jak bude
vypadat vysledek nésobeni (a + b7) - (z + v7).

struct qf;

ProtoZe k dispozici méame pouze celd Cisla, k zépisu jednoho prvku Q(s) budeme potiebovat 4 (vystagili
bychom si se tiemi? pokud ano, jaké to ma vyhody a nevyhody?).

qf make_gf( int a_nom, int a_den, int b_nom, int b_den );

Hra Zivota je dvourozmérny bunéény automat: burky tvori ¢tvercovou sit a maji dva moZné stavy: Ziva
nebo mrtva. V kazdé generaci (kroku simulace) spotitéame novou hodnotu pro kaZdou buiku, a to podle
t&chto pravidel (vysledek zavisi na soutasném stavu burky a na tom, kolik z jejich 8 sousedd je Zivych):
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stav | Zivi sousedi | vysledek
7iva 81 mrtva
7ivéa 2-3 7ivé
7iva 4-8 mrtva
mrtva 8-2 mrtva
mrtva 3 ziva
mrtva 4-8 mrtva
Priklad kratké periodické hry:
X
X X X g X — X X X
X

Napiste funkci, kterd dostane na vstupu mnoZinu Zivych bunék a vrati mnoZinu bunek, které jsou Zivé po
n generacich. Zivé buiiky jsou zadané svymi soufadnicemi, tzn. jako dvojice z, v.

using cell = std::pair< int, int >;
using grid = std::set< cell >;

grid life( const grid &, int );

Cast 4: Zivotnf cyklus hodnot

Ukazky:

1. Xxx

2. numbers - a list of numbers which remember their type
3. refs - overloading with references

4. pool - ownership and indirect references

Elementary exercises:

1. diameter - basic function overloading (circle diameter)
2. circle - same story, but with constructors
3. force - a type to represent a force (3D vector)

Preparatory exercises:

. distance - vzdalenost v roviné

. least - nejmensi prvek bez kopii

. loan - bankovni pUjcka

. zipper - jednoducha datova struktura

. rpn - postfixova aritmetika s pretéZovanim

. eval - infixova aritmetika s vlastnictvim zdroju

Oy U1 S 0 DD S

Regular exercises:

1. complex - pretéZovani konstruktord

2. XXX

3. search - vyhleddvaci strom s uzly v poli
4. bitptr - odkaz na jednotlivy bit

5. xxx

B. xxx

4.d: Demonstrace (ukazky)

In this demonstration, we will look at overloading: both of regular methods and of constructors. The
first class which we will implement is number, which can represent either a real (floating-point) number
or an integer. Besides the attributes integer and real which store the respective numbers, the class
remembers which type of number it stores, using a boolean attribute called is_real.

struct number

{
bool is_real;
int integer = 8;
double real = 0;
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We provide two constructors for number: one for each type of number that we wish to store. The overload
is selected based on the type of argument that is provided.

number( int 1 ) : is_real( false ), integer( i ) {}
nunber( double r ) : is_real( true ), real( r ) {}
5

The second class will be a container of numbers which directly allows the user to insert both floating-
point and integer numbers, without converting them to a common type. To make insertion convenient, we
provide overloads of the add method. Access to the numbers is index-based and is provided by the at
method, which is overloaded for entirely different reasons.

class numbers

{
The sole attribute of the numbers class is the backing store, which is an std: :vector of number instances.

std: :vector< number > _data;
public:

The two add overloads both construct an appropriate instance of number and push it to the backing
vector. Nothing surprising there.

void add( double d ) { _data.emplace_back( d ); }
void add( int i )  { _data.emplace_back( i ); }

The overloads for at are much more subtle: notice that the argument types are all identical - there are
only 2 differences, first is the return type, which however does not participate in overload resolution.
If two functions only differ in return type, this is an error, since there is no way to select which
overload should be used.

The other difference is the const qualifier, which indeed does participate in overload resolution. This
is because methods have a hidden argument, this, and the trailing const concerns this argument. The
const method is selected when the call is performed on a const object (most often because the call is
done on a constant reference)

const number 8at( int i ) const { return _data.at( i ); }
number &at( int i ) { return _data.at( i ); }

};
int main() /* demo */
{
numbers n;
n.add( 7 );
n.add( 3.14 );

assert( !n.at( 8 ).is_real );
assert( n.at( 1 ).is_real );

assert( n.at( 8 ).integer == 7 );

Notice that it is possible to assign through the at method, if the object itself is mutable. In this
case, overload resolution selects the second overload, which returns a mutable reference to the number
instance stored in the container.

n.at( @) = number( 3 );
assert( n.at( 8 ).integer == 3 );

However, it is still possible to use at on a constant object - in this case, the resolution picks the
first overload, which returns a constant reference to the relevant number instance. Hence, we cannot
change the number this way (as we expect, since the entire object is constant, and hence also each of
its components).

const numbers &n_const = n;
assert( n_const.at( 8 ).integer == 3 );

// n_const.at( 1 ) = number( 1 ); this will not compile
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In this demonstration, we will look at overloading functions based on different kinds of references.
This will allow us to adapt our functions to the kind of value (and its lifetime) that is passed to them,
and to deal with arguments efficiently (without making unnecessary copies). But first, let’s define a
few type aliases:

using int_pair = std::pair< int, int >;
using int_vector = std::vector< int >;
using int_matrix = std::vector< int_vector >;

Our goal will be simple enough: write a function which gives access to the first element of any of
the above types. In the case of int_matrix, the element is an entire row, which has some important
implications that we will discuss shortly.

Our main requirements will be that:

1. first should work correctly when we call it on a constant,
2. when called on a mutable value, first( x ) = y should work and alter the value x (i.e. update the
first element of x).

These requirements are seemingly contradictory: if we return a value (or a constant reference), we can
satisfy point 1, but we fail point 2. If we return a mutable reference, point 2 will work, but point 1
will fail. Hence we need the result type to be different depending on the argument. This can be achieved
by overloading on the argument type.

However, we still have one problem: how do we tell apart, using a type, whether the passed value was
constant or not? Think about this: if you write a function which accepts a mutable reference, it cannot
be called on an argument which is constant: the compiler will complain about the value losing its const
qualifier (if you never encountered this behaviour, try it out; it’s important that you understand this).
But that means that first( int_pair &arg ) can only be called on mutable arguments, which is exactly
what we need. Fortunately for us, if the compiler decides that this particular first cannot be used
(because of missing const), it will keep looking for some other first that might work. You hopefully
remember that first( const int_pair &rg ) can be called on any value of type int_pair (without
creating a copy). If we provide both, the compiler will use the non-const version if it can, but fall back
to the const one otherwise. And since overloaded functions can differ in their return type, we have our
solution:

int &first( int_pair & ) { return p.first; }
int first( const int_pair & ) { return p.first; }

The case of int_vector is completely analogous:

int &first( int_vector & ) { return v[ 6 1; }
int first( const int_vector & ) { return v[ 8 ]; }

Since in the above cases, the return value was of type int, we did not bother with returning const
references. But when we look at int_matrix, the situation has changed: the value which we return is
an std::vector, which could be very expensive to copy. So we will want to avoid that. The first case
(mutable argument), stays the same - we already returned a reference in this case.

int_vector &first( int_matrix & ) { return v[ 0 J; }

At first glance, the second case would seem straightforward enough - just return a const int_vector
& and be done with it. But there is a catch: what if the argument is a temporary value, which will be
destroyed at the end of the current statement? It’s not a very good idea to return a reference to
a doomed object, since an unwitting caller could get into serious trouble if they store the returned
reference - that reference will be invalid on the next line, even though there is no obvious reason for
that at the callsite.

You perhaps also remember, that the above function, with a mutable reference, cannot be used with
a temporary as its argument: like with a constant, the compiler will complain that it cannot bind a
temporary to an argument of type int_matrix &. So is there some kind of a reference that can bind a
temporary, but not a constant? Yes, that would be an rvalue reference, written int_matrix &&. If the
above candidate fails, the next one the compiler will look at is one with an rvalue reference as its
argument. In this case, we know the value is doomed, so we better return a value, not a reference into
the doomed matrix. Moreover, since the input matrix is doomed anyway, we can steal the value we are
after using std::move and hence still manage to avoid a copy.

int_vector first( int_matrix &v ) { return std::move( v[ 0 ] ); }

If both of the above fail, the value must be a constant - in this case, we can safely return a reference
into the constant. The argument is not immediately doomed, so it is up to the caller to ensure that if
they store the reference, it does not outlive its parent object.
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const int_vector &first( const int_matrix & )
{
return v[ 8 J;

}

That concludes our quest for a polymorphic accessor. Let’s have a look at how it works when we try to
use it:

int main() /* demo */

{
int_vector v{ 3, 5, 7, 1, 4 };
assert( first( v ) ==3);
first( v ) = 5;
assert( first( v ) ==5);

const int_vector &const_v = v;
assert( first( const_v ) ==5);

int_matrix m{ int_vector{ 1, 2, 3}, v };
const int_matrix &onst_m = m;

assert( first( first(m) ) ==1);
first( first(m ) )=2;

assert( first( first( const_m ) ) == 2 );
assert( first( first( int_matrix{ v, v } ) ) ==5);

What follows is the case where the rvalue-reference overload of first (the one which handles temporaries)
saves us: try to comment the overload out and see what happens on the next 2 lines for yourself.

const int_vector & = first( int_matrix{ v, v } );
assert( first( x ) ==5);

This demo will be our first serious foray into dealing with object lifetime. In particular, we will want
to implement binary trees - clearly, the lifetime of tree nodes must exactly match the lifetime of the
tree itself:

« if the nodes were released too early, the program would perform invalid memory access when traversing
the tree,

e if the nodes are not released with the tree, that would be a memory leak - we keep the nodes around,
but cannot access them.

This is an ubiquitous problem, and if you think about it, we have encountered it a lot, but did not have to
think about it yet: the items in an std::vector or std::map or other containers have the same property:
their lifetime must match the lifetime of the instance which owns them.

This is one of the most important differences between C and C++: if we do C++ right, most of the time,
we do not need to manage object lifetimes manually. This is achieved through two main mechanisms:

1. pervasive use of automatic variables, through value semantics - local variables and arguments are
automatically destroyed when they go out of scope,

2. cascading - whenever an object is destroyed, its attributes are also destroyed automatically, and a
mechanism is provided for classes which own additional, non-attribute objects (e.g. elements in an
std::vector) to automatically destroy them too (this is achieved by user-defined destructors).

In general, destroying objects at an appropriate time is the job of the owner of the object - whether
the owner is a function (this is the case with by-value arguments and local variables) or another
object (attributes, elements of a container and so on). Additionally, this happens transparently for
the user: the compiler takes care of inserting the right calls at the right places to ensure everything
is destroyed at the right time.

The end result is modular or composable resource management — well-behaved objects can be composed
into well-behaved composites without any additional glue or boilerplate.

To make things easy for now, we will take advantage of existing containers to do resource management
for us, which will save us from writing destructors (the proverbial glue, which is boring to write and
easy to get wrong). In the next chapter, we will see how we can use smart pointers for the same purpose.
We will be keeping the nodes of our binary tree in an std::vector - this means that each node has an
index which we can use to refer to that node. In other words, in this demo (and in some of this week’s
exercises) indices will play the role of pointers. Since 8 is a valid index, we will use -1 to indicate an
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invalid (‘null’) reference. Besides ‘pointers’ to the left and right child, the node will contain a single
integer value.

struct node

{
int left = -1, right = -1;
int value;

¥

As mentioned earlier, the nodes will be held in a vector: let’s give a name to the particular vector type,
for convenience:

using node_pool = std::vector< node >;

)

Working with node is, however, rather inconvenient: we cannot ‘dereference’ the left/right ‘pointers
without going through node_pool. This makes for verbose code which is unpleasant to both read and to
write. But we can do better: let’s add a simple wrapper type, which will remember both a reference to
the node_pool and an index of the node we are interested in: values of this type can then behave like a
proper reference to node: only a value of the node_ref type is needed to access the node and to walk
the tree.

struct node_ref

{
node_pool &_pool;
int _idx;

To make the subsequent code easier to write (and read), we will define a few helper methods: first, a

get method which returns an actual reference to the node instance that this node_ref represents
node &get() { return _pool[ _idx J; }

And a method to construct a new node_ref using the same pool as this one, but with a new index.

node_ref make( int idx ) { return { _pool, idx }; }

Normally, we do not want to expose the _pool or node to users directly, hence we keep them private. But
it’s convenient for tree itself to be able to access them. So we make tree a friend.

node_ref( node_pool &p, int i ) : _pool( p ), _idx( i) {}

For simplicity, we allow invalid references to be constructed: those will have an index -1, and will
naturally arise when we encounter a node with a missing child - that missing node is represented as index
-1. The valid method allows the user to check whether the reference is valid. The remaining methods
(left, right and value) must not be called on an invalid node_ref. This is the moral equivalent of a null
pointer.

bool valid() const { return _idx >= 0; }

What follows is a simple interface for traversing and inspecting the tree. Notice that left and right
again return node_ref instances. This makes tree traversal simple and convenient.

node_ref left() { return make( get().left ); }
node_ref right() { return make( get().right ); }

int &value() { return get().value; }
5

Finally the class to represent the tree as a whole. It will own the nodes (by keeping a node_pool of
them as an attribute, will remember a root node (which may be invalid, if the tree is empty) and provide
an interface for adding nodes to the tree. Notice that removal of nodes is conspicuously missing: that’s
because the pool model is not well suited for removals (smart pointers will be better in that regard).

struct tree

{
node_pool _pool;
int _root_idx = -1;

A helper method to append a new node to the pool and return its index.

int make( int value )

{
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_pool .emplace_back();
_pool.back().value = value;
return _pool.size() - 1;

}

node_ref root() { return { _pool, _root_idx }; }
bool empty() const { return _root_idx == -1; }

We will use a vector to specify a location in the tree for adding a node, with values -1 (left) and 1
(right). An empty vector represents at the root node.

using path_t = std::vector< int >;

Find the location for adding a node recursively and create the node when the location is found. Assumes
that the path is correct.

void add( node_ref parent, path_t path, int value,
unsigned path_idx = 8 )
{
assert( path_idx < path.size() );
int dir = path[ path_idx ];

if ( path_idx < path.size() - 1)

{
auto next = dir < 8 ? parent.left() : parent.right();
return add( next, path, value, path_idx + 1 );

}

if (dir<9)

parent.get().left = make( value );
else

parent.get().right = make( value );

}

Main entry point for adding nodes.

void add( path_t path, int value )
{
if ( root().valid() )
add( root(), path, value );
else
{
assert( path.empty() );
_root_idx = make( value );

};

int main() /* demo */
{

tree t;

t.add( {}, 1 );

assert( t.root().value() == 1 );
assert( t.root().valid() );
assert( !t.root().left().valid() );

t.add( { 1}, 7 );

assert( t.root().value() == 1 );
assert( t.root().left().valid() );
assert( t.root().left().value() == 7 );

t.add( { -1, 1}, 3);
assert( t.root().left().right().value() == 3 );

4.e: Elementarni priklady

Standard 2D point.
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struct point;

Implement a structure circle with 2 constructors, one of which accepts a point and a number (center
and radius) and another which accepts 2 points (center and a point on the circle itself). Store the
circle using its center and radius, in attributes center and radius respectively.

struct circle;

In this example, we will define a class that represents a (physical) force in 3D. Forces are vectors (in
the mathematical sense): they can be added and multiplied by scalars (scalars are, in this case, real
numbers). Forces can also be compared for equality (we will use fuzzy comparison because floating point
computations are inexact).

Hint: It may be useful to know that when overloading binary operators, the operands do not need to be
of the same type.

class force;

4.p: Pripravy

V této Uloze se budeme pohybovat v dvourozmérné ploSe a pocitat pfi tom uraZenou vzdalenost. Typ walk
necht ma tyto metody:

» line( p ) - presuneme se do bodu p po Usetce,

o arc( p, radius ) - pfesuneme se do bodu p po kruznicovém oblouku s polomérem radius,’ pritom
radius je alespoil polovina vzdalenosti do bodu p po pfimee,

» backtrack() - vratime se po vlastnich stopach do predchoziho bodu (vzdalenost se pritom bude
zvétSovat),

o distance() - vrat{ celkovou dosud uraZenou vzdalenost.

Metody necht je mozné libovolng fetézit, tzn. je-1i w typu walk, ndsledovny vyraz musi byt dobe utvoreny:

w.line( {1, 1})
dine({2,1})
.backtrack()
arc( {4,173}, 7);

Hodnoty typu walk lze sestrojit zadanim potdtecniho bodu, nebo implicitné - za¢inaji pak z bodu (0, 0).
struct walk;

UvaZme typ element hodnot, které (z ngjakého divodu) nelze kopirovat. Nagim cilem bude naprogramovat
funkci, kterd vrati nejmens{ prvek ze zadaného vektoru hodnot typu element. Definici tohoto typu nijak
neméiite.

struct element

{
element( int v ) : value( v ) {}
elenent( element &&v ) : value( v.value ) {}
element 8operator=( element &&v ) = default;
bool less_than( const element & ) const { return value < o.value; }
bool equal( const element &0 ) const { return value == o.value; }
private:
int value;
%

using data = std::vector< element >;

Naprogramujte funkci (nebo rodinu funkei) least tak, Ze volani least( d ) vrati nejmensi prvek zadaného
vektoru d typu data. Dobfe si rozmyslete platnost (délku Zivota) dotdenych objektd.

Napovéda: ProtoZze nemiZete primo manipulovat hodnotami typu element, zkuste vyuzit k zapamatovani si
dosud nejlepsiho kandidata iterédtor.

V tomto prikladu se budeme zabyvat (velmi zjednoduSenymi) bankovnimi pdjckami. Navrhneme 2 tFidy:
account, kterd bude mit obvyklé metody deposit, withdraw, balance, a které konstruktoru lze predat
potatedni zostatek (v opatném piipadg bude implicitné nula)

Druha trida bude loan - jeji konstruktor prijme referenci na instanci tiidy account a velikost pujcky
(int). Sestrojenim hodnoty typu loan se na pfidruZeny Utet pripise vypujcend ¢astka. Trida loan necht

16 Potrebny stiedovy thel naleznete napfiklad vyfeSenim rovnoramenného trojihelniku s délkou ramene radius a zdkladnou uréenou
vzdalenosti spojovanych bodd.
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méa metodu repay, kterd zaridi (pripadné Gastetné - ureno volitelnym parametrem typu int) navraceni
pujcky. Probéhne-li vSe v pofadku, metoda vrati true, jinak false.

Zostatek uttu mdZe byt zaporny, hodnota pdjcky nikoliv. Pajéka musi byt vZdy plné splacena (tzn. zabrarite
situaci, kdy se informace o dluhu ,ztrati“ aniZ by byl tento dluh splacen).

struct account;
struct loan;

V tomto prikladu implementujeme jednoduchou datovou strukturu, které se fika zipper - reprezentuje
sekvenci prvkd, pritom pravé jeden z nich je aktivni (angl. focused). Abychom se nemuseli zabyvat
generickymi datovymi typy, vystacime si celotiselnymi polozkami. Typ zipper necht ma toto rozhrani:

e konstruktor vytvori jednoprvkovy zipper z celého &isla,

o shift_left (shift_right) aktivuje prvek vlevo (vpravo) od toho dosud aktivniho, a to v Gase 0(1)
metody vraci true bylo-1i posun mozné provést (jinak nic nezméni a vrati false),

« insert_left (insert_right) pfidd novy prvek tésng vlevo (vpravo) od pravé aktivniho prvku (opét v
tase 0(1))

« focus zpFistupni aktivni prvek (pro Gteni i zépis)

« volitelng metody erase_left (erase_right) které odstrani prvek nalevo (napravo) od aktivniho, v
tase 0(1), a vrati true bylo-li to mozné

struct zipper;

Naprogramujte jednoduchy zasobnikovy evaluator aritmetickych vyraz( zapsanych v RPN (postfixové

notaci). Operace

 push vloZi na vrch pracovniho zdsobniku konstantu,

e apply prijme hodnotu jednoho ze tii niZe definovanych typd, které reprezentuji operace a pfislusnou
operaci provede,

» metoda top poskytne pristup k aktudlnimu vrcholu pracovniho zasobniku, véetné moZnosti zménit jeho
hodnotu,

e pop odstran{ jednu hodnotu z vrcholu zasobniku a vrati ji,

e empty vrat{ true je-li pracovni zésobnik prazdny.

Podobné jako v prikladu distance zaridte, aby bylo moZné metody push a apply libovolné fetézit. VSechny

tFl operace uvazujeme jako bindrni.

struct add {}; /* addition */
struct mul {}; /* multiplication */
struct dist {}; /* absolute value of difference */

struct eval;

V tomto cviceni naprogramujeme vyhodnocovéni infixovych aritmetickych vyrazl. Zaroveri zabezpetime, aby

bylo 1ze sdilet spolecné podvyrazy (tzn. ulozit je jenom jednou a pfi dalsim vyskytu je pouze odkazat).

Proto budeme uzly ukladat ve spole¢ném UloZisti

const int op_mul = 1;
const int op_add = 2;
const int op_num = 3;

struct node

{

Operace, kterou tento uzel reprezentuje (viz konstanty definované vySe). Pouze uzly typu mul a add
maji potomky.

int op;

Polozky left a right jsou indexy, pri¢emZ hodnota -1 znaci neplatny odkaz. PoloZka is_root je nastavena
na true pravé tehdy, kdyz tento uzel neni potomkem Zadného jiného uzlu.

int left = 1, right = -1;
bool is_root = true;

Hodnota uzlu, je-1i tento uzel typu op_num.

int value = @;

’

};
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using node_pool = std::vector< node >;

DoCasnéa reference na uzel, kterou 1ze pouZit pri prochdzeni stromu, ale ktera je platné pouze tak dlouho,
jako hodnota typu eval, kterd ji vytvorila. Pridejte (konstantni) metody left a right, kterych vysledkem
je nové hodnota typu node_ref popisujici prislusny uzel, a ddle metodu compute, kterd vyhodnoti podstrom
zatinajici v aktualnim uzlu. Konetné pridejte metodu update, kterd upravi hodnotu v aktualnim uzlu.
Metodu update je dovoleno pouZit pouze na uzly typu op_num

struct node_ref;

Typ eval reprezentuje vyraz jako celek. UmoZiiuje vytvaret nové vyrazy ze stévajicich (pomoci metod
add, mul a num) a prochazet strom vyrazt (po¢inaje z koi'ent, které lze ziskat metodou roots).

struct eval

{
node_pool _pool;
std: :vector< node_ref > roots();
node_ref add( node_ref, node_ref );
node_ref mul( node_ref, node_ref );
node_ref num( int );

5

4.r: ReSené Ulohy

Structure angle simply wraps a single double-precision number, so that we can use constructor overloads
to allow use of both polar and cartesian forms to create instances of a single type (complex).

struct angle;
struct complex;

Now implement the following two functions, so that they work both for real and complex numbers.

// double magnitude( .. )
// .. reciprocal( .. )

The following two functions only make sense for complex numbers, where arg is the argument, normalized
into the range (—m,):

double real( complex );
double imag( complex );
double arg( complex );

In this exercise, you will create a simple class: it will encapsulate some state (account balance) and

provide a simple, safe interface around that state. The class should have the following interface:

« the constructor takes 2 integer arguments: the initial balance and the maximum overdraft

¢ awithdraw method which returns a boolean: it performs the action and returns true iff there was
sufficient balance to do the withdrawal

¢ adeposit method which adds funds to the account

* abalance method which returns the current balance (may be negative) and that can be called on const
instances of account

class account;

Implement a binary search tree, i.e. a binary tree which maintains the search property. That is, a value
of each node is:

e > than all values in its left subtree,
e < than all values in its right subtree.

Store the nodes in a pool (a vector or a list, your choice). The interface is as follows:

e node_ref root() const returns the root node,

» Dbool empty() const checks whether the tree is empty,

» void insert( int v ) inserts a new value into the tree (without rebalancing).
The node_ref class then ought to provide:

» node_ref left() const and node_ref right() const,
» bool valid() const,
e value() const which returns the value stored in the node.
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Calling root on an empty tree is undefined.
struct node; /* ref: 6 lines */
using node_pool = std::vector< node >;

class node_ref; /* ref: 12 lines */
class tree; /* ref: 28 lines */

Implement 2 classes, bitptr and const_bitptr, which provide access to a single (mutable or constant)
bit. Instances of these classes should behave as pointers in principle, though we don’t yet have tools
to make them behave this way syntactically (that comes next week). In the meantime, let’s use the
following interface:

e bool get() - read the pointed-to bit,

« void set( bool ) - write the same,

» void advance() - move to the next bit,

 void advance( int ) - move by a given number of bits,
» bool valid() - is the pointer valid?

A default-constructed bitptr is not valid. Moving an invalid bitptr results in another invalid bitptr.
Otherwise, a bitptr is constructed from a std: :byte pointer and an int with value between 6 and 7 (with
0 being the least-significant bit). A bitptr constructed this way is always considered valid, regardless
of the value of the std::byte pointer passed to it.

class bitptr;
class const_bitptr;

Implement sort which works both on vectors (std::vector) and linked lists (std::list) of integers.
The former should use in-place quicksort, while the latter should use merge sort (it’s okay to use the
splice and merge methods on lists, but not sort). Feel free to refer back to 81/r5 for the quicksort.

Cast S.1: Funkce a hodnoty

Tato sada obsahuje priklady zaméfené na zdpis jednoduchych podprogramd (zejména Gistych funkci) a na
praci s hodnotami (jak skalarnimi, tak sloZenymi).

1. a_queens - problém osmi dam,

2. b_city - panorama mésta,

3. c_magic - doplnéni magického Ctverce,

4. d_reversi - tfirozmérna verze hry Reversi,

5. e_cellular - celularni automat na kruZnici,

6. f_natural - pfirozend ¢isla se s¢itanim a nasobenim.

Ulohu a byste m&li zvlddnout vyfesit hned po prvni piednagce. Priklady b, ¢ vyZaduji znalosti nejvyse
z druhé prednasky, priklad d si vystaci s treti prednaskou a konecné pri feSeni prikladd e, f miZete
potrebovat i zékladni znalosti z prednasky ¢tvrté.

Pozor! Redeni nékterych prikladi z této sady miZe byt potiebné pro vyfeseni prikladd v sadach pozdéjsich.
DoporuCujeme prolistovat si i zadani pozdéjsich sad.

S.1.a: gueens

V této Uloze budete programovat feSeni tzv. problému osmi kréloven (osmi dam). VaSe reSeni bude predikét,
kterého vstupem bude jeding 64-bitové bezznaménkové &islo (pouZijeme typ uint64_t), které popisuje
vstupni stav Sachovnice: Sachovnice 8x8 ma pravé 64 poli, a pro reprezentaci kaZdého pole nam staci
jediny bit, ktery urci, je-li na tomto policku umisténa kralovna.

Politka $achovnice jsou uspofddana potinaje levym hornim rohem (nejvyssi, tedy 64. bit) a postupuji
zleva doprava (druhé pole prvniho radku je uloZeno v 63. bitu, tj. druhém nejvyssim) po Fadcich zleva
doln{ roh.

Predikat necht je pravdivy pravé tehdy, neni-li Zadnd kralovna na §achovnici ohroZena jinou. Program
mus{ pracovat sprévné i pro pripady, kdy je na Sachovnici jiny poCet kréloven neZ 8. Ofekévand sloZitost
je v radu 642 operaci - totiz 0(n?) kde n piedstavuje potet policek.

Poznamka: preferované feSeni pouZiva pro manipulaci se Sachovnici pouze bitové operace a zejména
nepouziva standardni kontejnery. Redeni, které bude nevhodné pouzivat kontejnery (spadd sem napf.
jakékoliv pouZiti std::vector) nemiZe ziskat zndmku A.

bool queens( std::uint64_t board );
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5.1.b: city

V tomto Ukolu budeme pracovat s dvourozmérnou ,mapou mésta“, kterou reprezentujeme jako ¢tvercovou
sit. Na kaZdém policku m0Ze stat budova (tvaru kvadru), kterd ma barvu a celo¢iselnou vysku (budova
vysky 1 ma tvar krychle). Pro préci s mapou si zavedeme:

¢ typ building, ktery reprezentuje budovu,
« typ coordinates, ktery urtuje pozici budovy a nakonec
« typ city, ktery reprezentuje mapu jako celek.

Jihozépadni (levy dolnf) roh mapy mé souradnice (0, 0), z-ové souradnice roste smérem na vychod, y-ova
Smérem na sever.

struct building
{
int height;
int colour;

5

using coordinates = std::tuple< int, int >;
using city = std::map< coordinates, building >;

Nejsou-li néjaké soufadnice v mapé pritomny, znamena to, Ze na tomto misté Zadna budova nestoji.

Vasim Ukolem je podle zadané mapy spotitat pravouhly boéni pohled na mésto (panorama), které vznikne

pi'i pohledu z jihu, a které bude popséno typy:

e column, ktery reprezentuje jeden sloupec a pro kazdou viditelnou jednotkovou krychli obsahuje jedno
¢islo, které odpovida barvé této krychle,

e skyline, které obsahuje pro kaZdou x-ovou souradnici mapy jednu hodnotu typu column, kde index
prisludného sloupce odpovida jeho x-ové soufadnici.

using column = std::vector< int >;
using skyline = std::vector< column >;

Vstup a odpovidajici vystup si mdZete predstavit napr. takto:

4

3

113 5 2
2 1
3|1 9

e 1 2 3

NapiSte ¢istou funkci compute_skyline kterd vypocet provede. Pocet prvkd kazdého sloupce musi byt
pravé vyska nejvyssi budovy s danou z-ovou souradnici.

skyline compute_skyline( const city & );

S.1.c: magic

Magicky ¢tverec je ¢tvercova sit o rozméru n x n, kde

1. kazdé politko obsahuje jedno z Cisel 1 aZ n? (a to tak, Ze se Zadné z nich neopakuje), a

2. ma tzv. magickou vlastnost: soucet kazdého sloupce, radku a obou diagondl je stejny. Tomuto souttu
rikéame ,magickd konstanta“.

Castetny Gtverec je takovy, ve kterém mohou (ale nemusi) byt ndkterd pole prazdnd. Vyfedenim ¢astetného

¢tverce pak myslime doplnéni pripadnych prazdnych mist ve ¢tvercové siti tak, aby mél vysledny ¢tverec

obé vySe uvedené vlastnosti. MiZe se samozrejmé stat, Ze sit takto doplnit nelze.

using magic = std::vector< std::int16_t >;

Va8im Ukolem je naprogramovat backtrackujici solver, ktery Gtverec doplni (je-li to mozné), nebo

rozhodne, Ze takové doplnéni moZné neni.

Napi$te podprogram magic_solve, o kterém plati:

» navratova hodnota (typu bool) indikuje, bylo-li moZné vstupni ¢tverec doplnit,

e parametr in specifikuje ¢astecny ¢tverec, ve kterém jsou prazdnd pole reprezentovéana hodnotou 8, a
ktery je usporadany po fadcich a na indexu @ je levy horni roh,
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 je-li vysledkem hodnota true, zapiSe zaroven doplnény Ctverec do vystupniho parametru out (v opatném
pripadé parametr out nezméni),

« vstupni podminkou je, Ze velikost vektoru in je druhou mocninou, ale o stavu predaného vektoru out
nic predpokladat nesmite.

SlozZitost vypottu miZe byt aZ exponencialni vici poctu prazdnych poli, ale solver nesmi prohledavat

stavy, o kterych lze v Gase O(n?) rozhodnout, Ze je doplnit nelze. Prézdnd pole vypliujte pocinaje levym

hornim rohem po fadcich (alternativou je zajistit, Ze vypocet v jiném poi‘adi nebude vyrazné pomalejsi).

bool magic_solve( const magic &in, magic &out );

S.1.d: reversi

Predmétem tohoto Ukolu je hra Reversi (znamé také jako Othello), avSak ve tiirozmérné verzi. Hra se
tedy odehrava v kvadru, ktery se skladd ze sudého pottu poli (krychli) v kazdém ze tFi zékladnich smérd
(podle os z, y a z). Dvé takova pole miZou sousedit sténou (6 smérd), hranou (12 smérd) nebo jedinym
vrcholem (8 smérd). Pole mOZe byt prazdné, nebo miZe obsahovat Gerny nebo bily hraci kamen.

Hru hraji dva hréci (Gerny a bily, podle barvy kamens, které jim patii) a pravidla hry jsou primotarym

roz&ifenim téch klasickych dvourozmérnych:

* kaZdy hrat mé na zaGatku 4 kameny, rozmist&né kolem prostiedniho bodu kvadru (jednd se tedy o 8
poli, které tento bod sdili), a to tak, Ze Zadna dvé obsazend pole stejné barvy nesdili sténu, pricemz
pole s nejmenSimi soufadnicemi ve vSech smérech obsahuje bily kamen,

o hradi stridavé pokladaji novy kamen do volného pole; je-li na tahu bily hréag, poklada bily kamen do
pole, které musi byt neprerusené spojeno'” Gernymi kameny s alespoil jednim stavajicim bilym kamenem
(Gerny hrad hraje analogicky),

» po poloZeni nového kamene se barva vSech kamend, které leZi na libovolné takové spojnici, zméni na
opatnou (tzn. prebarvi se na barvu pravé poloZeného kamene).

7ating bily hrac. Hra konti, neni-li moZné poloZit novy kamen (ani jedné barvy). Vyhrava hrac s vice

kameny na ploSe.

struct reversi

{

Metoda start zafne novou hru na ploSe zadané velikosti. Pripadna rozehrana partie je timto volanim
zapomenuta. Po volan{ start je na tahu bily hrac.

void start( int x_size, int y_size, int z_size );
Metoda size vrati aktudlni velikost hraci plochy.
std::tuple< int, int, int > size() const;

Metoda play poloZi kamen na soufadnice zadané parametrem. Barva kamene je urcena tim, ktery hrac
je prévé na tahu. Byl-li tah pripustny, metoda vrati true a dalsi volani poloZi kdmen opatné barvy. V
opacném pripadé se hraci plocha nezméni a stévajici hra¢ musi provést jiny tah.

Neni urteno, co se ma stat v pripadé, Ze hra je3té nezatala, nebo jiZ skontila (tzn. nebyla zavoldna
metoda start, nebo by metoda finished vratila true).

bool play( int x, int y, int z );

NemdZe-1i aktivni hra¢ provést platny tah, zavola metodu pass. Tato vrati true, jedna-li se o korektni
preskoCeni tahu (m&-1i hra¢ k dispozici jakykoliv jiny platny tah, musi néjaky provést - volani pass
v takovém pripadé vrati false a aktivni hrad se neméni).

Plati stejna omezeni na stav hry jako u metody play.

bool pass();

Metoda-predikat finished vraci true prévé tehdy, nemiZe-li ani jeden z hracd provést platny tah a hra
tedy skongila. Vysledek volani nenf urten pro hru, kterd dosud nezatala (nedoslo k volani metody start).

bool finished() const;

Metodu result je povoleno zavolat pouze v piipadé, Ze hra skontila (tzn. volani finished by vrétilo
true). Jeji navratovou hodnotou je rozdil v potu kamend mezi bilym a ¢ernym hragem - kladné &islo
znati vyhru bilého hréace, zéporné vyhru ¢erného hrace a nula znati remizu.

Uvazujme dvojici poli (krychli) A, B a Usetku u, kterd spojuje jejich stiedy, a ktera prochézi stiedem stény, hrany nebo
vrcholem pole A. Neprerugenym spojenim myslime vSechna pole, které Usetka w proting, vyjma A a B samotnych. Dvojici poli, pro
které potiebna Usetka u neexistuje, nelze nepferuSeng spojit.
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int result() const;

};

S.1.e: cellular

VaSim tUkolem bude naprogramovat jednoduchy simulator jednorozmérného celuldrniho automatu. Imple-
mentace bude sestavat ze dvou struktur, automaton_state a automaton, které jsou popsané niZe. Zadané
rozhran{ je nutné dodrzet.

Definujte strukturu, automaton_state, kterd reprezentuje stav automatu definovaného na kruZnici,
s buikami ¢islovanymi po sméru hodinovych ru€icek od indexu 0. Stav si miZete predstavit takto:

.—»A‘
fan]

E

N

Platnym indexem je libovolné celé &islo - urtuje o kolik politek od indexu B se posuneme (kladna &isla po

sméru, zaporna proti sméru hodinovych rucicek).

Jsou-1i s, t hodnoty typu automaton_state, dale i, n jsou hodnoty typu int a v je hodnota typu bool,

tyto vyrazy musi byt dobfe utvorené:

» automaton_state( s ) vytvofi novy stav, ktery je stejny jako stav s,

 automaton_state( n ) vytvori novy stav o n buiikéch, které jsou viechny nastaveny na false (pron <
9 neni definovano),

o s.size() vrati aktualni pocet bunék stawu s,

e s.get( i) vrati hodnotu buiiky na indexu i,

o s.set( i, v ) nastavi buitku na indexu i na hodnotu v,

» s.extend( n ) vloZi n novych bungk nastavenych na hodnotu false, a to tak, Ze nové buriky budou na
indexech —1 aZ —n (je-li n zdporné, chovani neni definovano),

» s.reduce( n ) odstrani n bunék proti sméru hodinovych rucitek, potinaje indexem -1 (je-li n >
s.size() nebo je n zdporné, chovani neni definovéno),

e t = supravi stav t tak, aby byl stejny jako s,

e t ==s5 je true pravé kdyZ jsou stavy s a t stejné,

e £ != s je true pravé kdyZ se stavy s a t lisi,

e t <= s se vyhodnoti na true pravé kdyZ pro vdechny indexy i plati s.get( i ) || !t.get( i),

e t < s sevyhodnoti na true prévé kdyz t <= s && t = s.

Je-1i to moZné, vyrazy musi pracovat sprévné i v pripadech, kdy jsou s a/nebo t konstantni. Metady size,
get a set musi pracovat v konstantnim Case, vSe ostatni v Case nejvySe linedrnim.

struct automaton_state;

Struktura automaton reprezentuje samotny automat. Trida si udrzuje interni stav, na kterém provadi
vypotty (tzn. napriklad volani metody step() zméni tento interni stav).

Nasledovné vyrazy musi byt dobie utvorené (kde a, b jsou hodnoty typu automaton, s je hodnota typu
automaton_state, a konetn& n a rule jsou hodnoty typu int):

« automaton( rule, n ) sestroji automat s n buitkami nastavenymi na false (chovani pro n < @ neni
definovéano), a s pravidlem rule zadanym tzv. Wolframovym kddem (chovéni je definovéno pouze pro
rule v rozsahu 6 aZ 255 vietng),

« automaton( rule, s ) sestroji novy automat a nastavi jeho vnitini stav tak, aby byl stejny jako s
(vyznam parametru rule je stejny jako vyse),

» a.state() umozni pristup k internimu stavu, a to tak, Ze je moZné jej ménit, neni-li samotné a
konstantn{ (napf. a.state().set( 3, true ) nastavi bufiku internfho stavu s indexem 3 na hodnotu
true),

» a = bnastavi automat a tak, aby byl stejny jako automat b (zejména tedy upravi nastavené pravidlo
a vnitini stav),

» a.step() provede jeden krok vypottu na vnitfnim stavu (jeden krok nastavi véechny buiiky vnitFniho
stavu na dalsi generaci),

» a.reset( s ) prepige vnitini stav kopii stavu s.

Hodnoty, které vstupuji do vypo&tu nové generace buiky podle zadaného Wolframova kddu, ¢teme po sméru
hodinovych rutitek (tzn. ve sméru rostoucich indext).
Krok vypottu musi mit nejvyse linearni (Zasovou i pamétovou) sloZitost.

struct automaton;
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S.1.f: natural

Vasim Ukolem je tentokrat naprogramovat strukturu, kterd bude reprezentovat libovolné velké prirozené
¢islo (vEetné nuly). Tyto hodnoty musi byt mozné:

 stitat (operatorem +),

» odeGitat (x - y je ovSem definovéano pouze za predpokladu x > v),

 nasobit (operdtorem *),

« libovolné srovnavat (operatory ==, =, <, atd.),

e mocnit na kladny exponent typu int metodou power,

» gsestrojit z libovolné nezaporné hodnoty typu int.

Implicitné sestrojena hodnota typu natural reprezentuje nulu. VSechny operace krom nasobeni musi
byt nejvySe linedrni viCi pottu dvojkovych cifer vétsiho z reprezentovanych ¢isel. Nasobeni mize mit
v nejhorsim pripadé slozitost primo mérnou soutinu m - n (kde m a n jsou poCty cifer operandd).

struct natural;

Cast 5: Ukazatele

Before you dig into the demonstrations and exercises, do not forget to read the extended introduction
below. That said, the units for this week are, starting with demonstrations:

. queue - a queue with stable references

. finexp - like regexps but finite

. expr - expressions with operators and shared pointers
. family - genealogy with weak pointers

S~ Do

Elementary exercises:

1. dynarray - a simple array with a dynamic size
2. list - a simple linked list with minimal interface
3. iota - an iterable integer range

Preparatory exercises:

. unrolled - a linked list of arrays

. bittrie - bitwise tries (radix trees)

. solid - efficient storage of optional data

. chartrie - binary tree for holding string keys

. bdd - binary decision diagrams

. rope - a string-like structure with cheap concatenation

D Ol A~ W DD

Regular exercises:

. clrcular - a singly-linked circular list

. zipper - implementing zipper as a linked list

. segment - a binary tree of disjoint intervals

. diff - automatic differentiation

. critbit - more efficient version of binary tries

. refoent 1 - implement a simple reference-counted heap

[ I R & R N R

5.A: Exclusive Ownership

So far, we have managed to almost entirely avoid thinking about memory management: standard containers
manage memory behind the scenes. We sometimes had to think about copies (or rather avoiding them),
because containers could carry a lot of memory around and copying all that memory without a good reason
is rather wasteful (this is why we often pass arguments as const references and not as values).

This week, we will look more closely at how memory management works and what we can do when standard
containers are inadequate to deal with a given problem. In particular, we will look at building our own
pointer-based data structures and how we can retain automatic memory management in those cases using
std: :unique_ptr.

XX

5.B: Shared Ownership

While unique_ptr is very useful and efficient, it only works in cases where the ownership structure is
clear, and a given object has a single owner. When ownership of a single object is shared by multiple
entities (objects, running functions or otherwise), we cannot use unique_ptr.
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To be slightly more explicit: shared ownership only arises when the lifetime of the objects sharing
ownership is not tied to each other. If A owns B and A and B both need references to C, we can assign
the ownership of C to object A: since it also owns B, it must live at least as long as B and hence there
ownership is not actually shared.

However, if A needs to be able to transfer ownership of B to some other, unrelated object while still
retaining a reference to C, then C will indeed be in shared ownership: either A or B may expire first,
and hence neither can safely destroy the shared instance of C to which they both keep references. In
many modern languages, this problem is solved by a garbage collector, but alas, C++ does not have one.
0f course, it is usually better to design data structures in a way that allows for clear, 1:1 ownership
structure. Unfortunately, this is not always easy, and sometimes it is not the most efficient solution
either. Specifically, when dealing with large immutable (or persistent, in the functional programming
sense) data structures, shared ownership can save considerable amount of memory, without introducing
any i1l side-effects, by only storing common sub-structures once, instead of cloning them. Of course,
there are also cases where shared mutable state is the most efficient solution to a problem.

5.d: Demonstrace (ukézky)

In this example, we will demonstrate the use of std::unique_ptr, which is an RAII class for holding
(owning) values dynamically allocated from the heap. We will implement a simple one-way, non-indexable
queue. We will require that it is possible to erase elements from the middle in 0(1), without invalidating
any other iterators. The standard containers which could fit:

¢ std::deque fails the erase in the middle requirement,

e std::forward_list does not directly support queue-like operation, hence using it as a queue is
possible but awkward; wrapping std: :forward_list would be, however, a viable approach to this task,
too,

e std::list works well as a queue out of the box, but has twice the memory overhead of std::for-
ward_list.

As usual, since we do not yet understand templates, we will only implement a queue of integers, but it

is not hard to imagine we could generalize to any type of element.

Since we are going for a custom, node-based structure, we will need to first define the class to represent

the nodes. For sake of simplicity, we will not encapsulate the attributes.

struct queue_node

{

We do not want to handle all the memory management ourselves. To rule out the possibility of accidentally
introducing memory leaks, we will use std::unique_ptr to manage allocated memory for us. Whenever a
unique_ptr is destroyed, it will free up any associated memory. An important limitation of unique_ptr
is that each piece of memory managed by a unique_ptr must have exactly one instance of unique_ptr
pointing to it. When this instance is destroyed, the memory is deallocated.

std: :unique_ptr< queue_node > next;

Besides the structure itself, we of course also need to store the actual data. We will store a single
integer per node.

int value;

}

We will also need to be able to iterate over the queue. For that, we define an iterator, which is really
just a slightly generalized pointer (you may remember nibble_ptr from last week). We need 3 things:
pre-increment, dereference and inequality.

struct queue_iterator

{

queue_node *node;

The queue will need to create instances of a queue_iterator. Let’s make that convenient.
queue_iterator( queue_node *n ) : node( n ) {}

The pre-increment operator simply shifts the pointer to the next pointer of the currently active node.

queue_iterator &operator++()

{
node = node->next.get();
return *this;
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Equality is very simple (we need this because the condition of iteration loops is it != c.end(), including
range for loops). We could implement != directly, but == is usually more natural, and given ==, the
compiler will derive != for us automatically.

bool operator==( const queue_iterator 8o ) const

{

return o.node == node;

}

And finally the dereference operator: this is what will be called when =it is evaluated. Also notice the
const/non-const overloads (for completeness, it is often preferable to return a const reference from
the const overload; this depends on the element type).

int &operator«() { return node->value; }
int operator«() const { return node->value; }

};

This class represents the queue itself. We will have push and pop to add and remove items, empty to
check for emptiness and begin and end to implement iteration.

class queue

{

We will keep the head of the list in another unique_ptr. An empty queue will be represented by a null
head. Also worth noting is that when using a list as a queue, the head is where we remove items. The end
of the queue (where we add new items) is represented by a plain pointer because it does not own the
node (the node is owned by its predecessor).

std: :unique_ptr< queue_node > first;
queue_node *last = nullptr;
public:

As mentioned above, adding new items is done at the ‘tail’ end of the list. This is quite straightforward:
we simply create the node, chain it into the list (using the last pointer as a shortcut) and point the
last pointer at the newly appended node. We need to handle empty and non-empty lists separately because
we chose to represent an empty list using null head, instead of using a dummy node.

void push( int v )

{
if ( last ) /* non-empty list */
{
last->next = std::make_unique< queue_node >();
last = last->next.get();
}
else /* empty list =/
{
first = std::make_unique< queue_node >();
last = first.get();
}
last->value = v;
}

Reading off the value from the head is easy enough. However, to remove the corresponding node, we need
to be able to point first at the next item in the queue.

Unfortunately, we cannot use normal assignment (because copying unique_ptr is not allowed). We will
have to use an operation that is called move assignment and which is written using a helper function in
from the standard library, called std::move

Operations which move their operands invalidate the moved-from instance. In this case, first->next is
the moved-from object and the move will turn it into a null pointer. In any case, the next pointer which
was invalidated was stored in the old head node and by rewriting first, we lost all pointers to that
node. This means two things:

1. the old head’s next pointer, now null, is no longer accessible
2. memory allocated to hold the old head node is freed

int pop()
{

int v = first->value;
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first = std::move( first->next );
Do not forget to update the last pointer in case we popped the last item.

if ( Ifirst ) last = nullptr;
return v;

}
The emptiness check is simple enough.
bool empty() const { return !last; }

Now the begin and end methods. We start iterating from the head (since we have no choice but to iterate
in the direction of the next pointers). The end method should return a so-called past-the-end iterator,
i.e. one that comes right after the last real element in the queue. For an empty queue, both begin and
end should be the same. Conveniently, the next pointer in the last real node is nullptr, so we can use
that as our end-of-queue sentinel quite naturally. You may want to go back to the pre-increment operator
of queue_iterator just in case

queue_iterator begin() { return { first.get(Q) }; }
queue_iterator end()  { return { nullptr }; }

And finally, erasing elements. Since this is a singly-linked list, to erase an element, we need an iterator
to the element before the one we are about to erase. This is not really a problem, because erasing at
the head is done by pop. We use the same move assignment construct that we have seen in pop earlier.

void erase_after( queue_iterator i )

{
assert( i.node->next );
i.node->next = std::move( i.node->next->next );
}
5
int main() /* demo */
{

We start by constructing an (empty) queue and doing some basic operations on it. For now, we only try
to insert and remove a single element.

queue q;
assert( g.empty() );
q.push( 7 );

assert( !q.empty() );
assert( g.pop() == 7
assert( g.empty() );

);

Now that we have emptied the queue again, we add a few more items and try erasing one and iterating
over the rest.

g.push( 1 );
q.push( 2 );
q.push( 7 );
g.push( 3 );

We check that erase works as expected. We get an iterator that points to the value ? from above and
use it to erase the value 7.

queue_iterator i = g.begin();
++ l,

assert( *i == 2 );
q.erase_after( i );

We can use instances of queue in range for loops, because they have begin and end, and the types those
methods return (i.e. iterators) have dereference, inequality and pre-increment.

int x =1;
for (int v :q)
assert( v == x++ );

That went rather well, let’s just check that the order of removal is the same as the order of insertion
(first in, first out). This is how queues should behave.
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assert( q.pop() == 1);
assert( q.pop() == 2 );
assert( g.pop() == 3 );
assert( g.empty() );

In this example program, we will look at using shared pointers and operator overloading to get a nicer
version of our expression examples, this time with sub-structure sharing: that is, doing something like
a + a will not duplicate the sub-expression a.

Like in week 7, we will define an abstract base class to represent the nodes of the expression tree.

struct expr_base

{
virtual int eval() const = 8;
virtual ~expr_base() = default;

};

Since we will use (shared) pointers to expr_base quite often, we can save ourselves some typing by
defining a convenient type alias: expr_ptr sounds like a reasonable name.

using expr_ptr = std::shared_ptr< expr_base >;
We will have two implementations of expr_base: one for constant values (nothing much to see here),

struct expr_const : expr_base

{

const int value;

expr_const( int v ) : value( v ) {}

int eval() const override { return value; }
5

and another for operator nodes. Those are more interesting, because they need to hold references to
the sub-expressions, which are represented as shared pointers.

struct expr_op : expr_base

{
enum op_t { add, mul } op;
expr_ptr left, right;
expr_op( op_t op, expr_ptr 1, expr_ptr r )
cop(op ), left( 1), right( r)
{}
int eval() const override
{
if (‘op == add ) return left->eval() + right->eval();
if (op == mul ) return left->eval() * right->eval();
assert( false );
}
};

In principle, we could directly overload operators on expr_ptr, but we would like to maintain the
illusion that expressions are values. For that reason, we will implement a thin wrapper that provides a
more natural interface (and also takes care of operator overloading). Again, the expr class essentially
provides Java-like object semantics - which is quite reasonable for immutable objects like our expression
trees here.

struct expr

{
expr_ptr ptr;
expr( int v ) : ptr( std::make_shared< expr_const >( v ) ) {}
expr( expr_ptre ) : ptr( e ) {}
int eval() const { return ptr->eval(); }
5

The overloaded operators simply construct a new node (of type expr_op and wrap it up in an expr instance.

expr operator+( expr a, expr b )
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return { std::make_shared< expr_op >( expr_op::add,
a.ptr, b.ptr ) };

}
expr operator+( expr a, expr b )
{
return { std::make_shared< expr_op >( expr_op::mul,
a.ptr, b.ptr ) };
}
int main() /* demo */
{
expra( 3),b(7),c(2);
expr ab = a + b;
expr bc = b * c;
expr abc = a + b * c;
assert( a.eval() == 3 );
assert( b.eval() == 7 );
assert( ab.eval() == 10 );
assert( bc.eval() == 14 );
assert( abc.eval() == 17 );
}

5.e: Elementarni priklady

Implement a dynamic array of integers with 2 operations: element access (using methods get( i ) and
set( 1, v )) and resize( n ). The constructor takes the initial size as its only parameter

struct dynarray;

Implement a linked list of integers, with head, tail (returns a reference) and empty. Asking for a
head or tail of an empty list has undefined results. A default-constructed list is empty. The other
constructor takes an int (the value of head) and a reference to an existing list. It will should make a
copy of the latter.

class list;

Write a class iota, which can be iterated using a range for to yield a sequence of numbers in the range
start, end - 1 passed to the constructor

class iota;

5.p: Pripravy

Predmétem tohoto cviceni je datové struktura, tzv. ,rozbaleny* zfetézeny seznam. Typ, ktery bude
strukturu zastresovat, by mél mit metody begin, end, empty a push_back. Ukladat budeme celd ¢isla
Rozdil mezi béZnym zfetézenym seznamem a rozbalenym seznamem spoCiva v tom, Ze ten rozbaleny udrzuje
v kazdém uzlu nékolik hodnot (pro ugely tohoto prikladu 4). Samoziejmg, posledni uzel nemusi byt zcela
zaplnény. Aby méla takové struktura smysl, poZadujeme, aby byly hodnoty uloZeny pfimo v samotném uzly,
bez potreby dalsi alokace paméti.

Navratova hodnota metod begin a end bude ,pseudo-iterator®: bude poskytovat prefixovy operator
zvétSeni o jednitku (pre-increment), rovnost a operator dereference. Vice informaci o tomto typu
objektu naleznete napiklad v ukazce d1_queue.

V tomto prikladu neni potieba implementovat mazéani prvkd.

struct unrolled_node;
struct unrolled_iterator;
struct unrolled;

Bindrni trie je bindrni stom, ktery kdduje mnoZinu bitovych retézcd, s rychlym vkladanim a vyhledavanim.
KaZda hrana kdduje jeden bit.

K1i¢ chapeme jako sekvenci bitl - kazdy bit urtuje, kterym smérem budeme ve stromé pokratovat (8 =
doleva, 1 = doprava). Bitovy f'etézec budeme chépat jako pfitomny v reprezentované mnozing pravé tehdy,
kdy presné popisuje cestu k listu. Pro jednoduchost budeme klice reprezentovat jako vektor hodnot typu
bool.
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using key = std::vector< bool >;
struct trie_node;

Pro jednoduchost nebudeme programovat klasickou metodu insert. Misto toho umoZnime uZivateli primo
vystavét trie pomoci metod root (zpristupni koren trie) a make (vloZi novy uzel: parametry urci rodice
a smér - 0 nebo 1 - ve kterém bude uzel vloZen). V obou pfipadech je vysledkem odkaz na uzel, ktery lze
predat metodé make.

Hlavni ¢ast Ukolu tedy spotiva v implementaci metody has, kterd pro dany kli¢ rozhodne, je-li v mnoZiné
pritomen.

struct trie;

V tomto cviteni se zaméfime na typy (v tomto cviteni typ solid) s volitelnymi slozkami (typ trans-
form_matrix). Budou nds zejména zajimat situace, kdy je relativné Gasty pripad, Ze volitelnd data
nejsou potrebnd, a zaroverl jsou dostatetné velka aby mélo smysl je oddélit do samostatného objektu
(v samostatné alokované oblasti paméti). Zaroveri budeme pozadovat, aby logicky hodnoty hlavniho typu
(solid) vystupovaly jako jeden celek a nepiitomnost volitelnych dat byla vngjgimu svétu podle moZnosti
skryta.

Typ solid bude reprezentovat néjaké tFirozmérné téleso, zatimco typ transform_matrix bude popisovat
trirozmérnou linedrni transformaci takového télesa, a bude tedy reprezentovan deviti ¢isly s plovouci
desetinnou tarkou (3 radky x 3 sloupce). Tyto hodnoty necht jsou (piimo nebo nepfimo) poloZkami typu
transform_matrix (bez jakékoliv dali pomocné paméti). Implicitné sestrojend hodnota necht reprezentuje
identitu (hodnoty na hlavni diagondle rovné 1, mimo diagonalu 8).

struct transform_matrix;

Typ solid bude reprezentovat spoleéné vlastnosti pevnych téles (které nezavisi na konkrétnim tvaru
nebo typu télesa). M&l by mit tyto metody:

e DOS_X, pos_y a pos_z urc¢i polohu t8zisté v prostory,

 transform_entry( int r, int ¢ ) udava koeficient transformatni matice na Fadku r a sloupci c,
« transform_set( int r, int c, double v ) nastavi prisludny koeficient na hodnotu v,
 konstruktor prijme 3 parametry typu double (vlastni souradnice z, y a 2).

Vychozi transformaéni matici je opét identita. Pamét pro tuto matici alokujte pouze v pripadeé, Ze se
oproti implicitnimu stavu zméni néktery koeficient.

struct solid;

V tomto cviceni roz§ifime bindrni trie z p2 - misto posloupnosti bity budeme za klice brat posloupnosti
celych ¢isel typu int. Vylepsime také rozhran{ - misto ruéni spravy uzld poskytneme primo operaci vloZeni
zadaného klice.

MnoZiny budeme nadale kédovat do binarniho stromu:

« levy potomek uzlu rozgifuje reprezentovany kli¢ o jedno celé Gislo (podobng jako tomu bylo u bindrni
trie) - toto &islo je tedy soutasti levé hrany,

» pravy ,potomek® uzlu je ve skuteCnosti jeho sourozenec, a hrana neni nijak oznatend (piechodem
doprava se k1i¢ neméni),

« fetéz pravych potomkd tvori de-facto zfetézeny seznam, ktery budeme udrZovat sef‘azeny podle hodnot
na odpovidajicich levych hranach.

Priklad: na obrézku je znazornéna trie s kli¢i [3, 1], [3, 13, 71, [3, 15], [5, 2], [5, 5], [37]. Levy
potomek je pod svym rodi¢em, pravy je od néj napravo.

T
T

e«
[ J
ot—— 04— 0
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MoZete si predstavit takto reprezentovanou trie jako 2%%-arni, které by bylo zcela jisté nepraktické
primo implementovat. Proto reprezentujeme virtualni uzly pomysiného 2%2-4rniho stromu jako zietézené
seznamy pravych potomkd ve fyzicky binarnim stromé.

using key = std::vector< int >;
struct trie_node;

Rozhrani typu trie je velmi jednoduché: ma metodu add, kterd prida kli¢ a metodu has, kterd rozhodne, je-
1i dany kl1i¢ pritomen. Obé jako parametr prijmou hodnotu typu key. Prefixy vloZenych kl1i¢0 nepovazujeme
za pritomné.

struct trie;

Binarni rozhodovaci diagram je Uspornd reprezentace booleovskych funkci vice parametrd. Lze o nich
uvazovat jako o orientovaném acyklickém grafu s dodatetnou sémantikou: kaZdy vrchol je bud:

1. proménna (parametr) a ma dva nasledniky, ktefi urti, jak pokratovat ve vyhodnoceni funkce, je-li
dand proménna pravdiva resp. nepravdiva;

2. krom proménnych existuji dva dal8f uzly, které jiz Zadné nasledniky nemaji, a reprezentuji vysledek
vyhodnoceni funkce; oznatujeme je jako B a1.

Implementujte tyto metody:

¢ konstruktor ma jeden parametr typu char - nazev proménné, kterou reprezentuje korenovy uzel,

e one vrati ,pravdivy“ uzel (tzn. uzel 1),

o zero vrati nepravdivy* uzel (tzn. uzel 0),

« root vrati pocatedni (kofenovy) uzel,

e add_var pfijme char a vytvofi uzel pro zadanou proménnou; k jedné proménné miZe existovat vice neZ
jeden uzel

¢ add_edge prijme rodice, hodnotu typu bool a naslednika,

e eval pfijme map z char do bool a vyhodnoti reprezentovanou funkci na parametrech popsanych touto
mapou (tzn. bude prochazet BOD od korene a v kazdém uzlu se rozhodne podle zadané mapy, aZ neZ dojde
do koncového uzlu).

Chovan{ neni definovano, obsahuje-1i BDD uzel, ktery nema nastavené oba nasledniky.

struct bdd_node;
struct bdd;

Lano je datova struktura, kterd reprezentuje sekvenci, implementovana jako binarn{ strom, ktery ma
v listech klasicka pole a ve vnitrnich uzlech udrZuje celociselné vahy. Sdileni podstromd je dovolené a
oCekavang.

Vahou uzlu se mysli celkova délka sekvence reprezentovana jeho levym podstromem. Diky tomu lze lana
spojovat a indexovat v ¢ase linedrnim k hloubce stromu.’

Naprogramujte:

e konstruktor, ktery vytvori jednouzlové lano z vektoru,

e konstruktor, ktery spoji dvé stavajici lana,

» metodu get( i ), kterd ziska i-ty prvek,

o aset( i, value ), ktera i-ty prvek nastavi na value.

Pro Ucely tohoto prikladu neni potieba implementovat Z&dnou formu vyvaZovani.

struct rope;

5.r: Regené Ulohy

In this exercise, we will implement a slightly unusual data structure: a circular linked list, but instead
of the usual access operators and iteration, it will have a rotate method, which rotates the entire list.
We require that rotation does not invalidate any references to elements in the list.

If you think of the list as a stack, you can think of the rotate operation as taking an element off the
top and putting it at the bottom of the stack. It is undefined on an empty list.

To add and remove elements, we will implement push and pop which work in a stack-like manner. Only the
top element is accessible, via the top method. This method should allow both read and write access.
Finally, we also want to be able to check whether the list is empty. As always, we will store integers in
the data structure.

18 Spojen{ dvou lan 1ze za cenu dodatecné informace v uzlech, nebo pomalejsi indexace, provést i v konstantnim ¢ase.
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class circular;

V této Uloze se vratime k datové strukture ,zipper - pripomindme, Ze tato struktura reprezentuje
sekvenci prvkd (v naSem piipadé celych Gisel), pritom pravé jeden z téchto prvki je aktivni (angl.
focused).

Tentokrat budeme tuto strukturu reprezentovat pomoci dvojice zietézenych seznami sestavenych z uka-
zatell typu unique_ptr. Seznamy za¢inaji v aktivnim prvku a pokracuji kazdy na jeden konec struktury.
Typ zipper bude mit toto rozhrani:

e konstruktor vytvori jednoprvkovy zipper z celého ¢isla,

« shift_left (shift_right) aktivuje prvek vlevo (vpravo) od toho dosud aktivniho, a to v tase 0(1);
metody vraci true bylo-1i posun mozné provést (jinak nic nezméni a vrati false),

« insert_left (insert_right) pfida novy prvek tésng vlevo (vpravo) od pravé aktivniho prvku (opét v
gase 0(1))

« focus zpFistupni aktivni prvek (pro Gteni i zapis).

In this exercise, we will go back to building data structures, in this particular case a simple binary
tree. The structure should represent a partitioning of an interval with integer bounds into a set of
smaller, non-overlapping intervals.

Implement class segment_map with the following interface:

e the constructor takes two integers, which represent the limits of the interval to be segmented,

e asplit operation takes a single integer, which becomes the start of a new segment, splitting the
existing segment in two,

e query, given an integer n, returns the bounds of the segment that contains n, as an std::pair of
integers.

The tree does not need to be self-balancing: the order of splits will determine the shape of the tree.

In this exercise, we will implement automatic differentiation of simple expressions. You will need the
following rules:

o linearity: (a- f(z)+b-g9(z)) =a- f'(z)+b-9(z)

o the Leibniz rule: (f(z)- 9(z)) = f'(z) - 9(z) + f(z)- g'(z)

+ chain rule: (f(g(2)))" = f'(9(2)) - 9'(2)

» derivative of exponential: exp’(z) = ezp(z)

Define a type, expr (from expression), such that values of this type can be constructed from integers,
added and multiplied, and exponentiated using function expnat (to avoid conflicts with the exp in the
standard library).

class expr; /x ref: 29 + 7 lines */
expr expnat( expr );

Implement function diff that accepts a single expr and returns the derivative (again in the form of
expr). Define a constant x of type expr such that diff( x ) is 1.

expr diff( expr ); /* ref: 11 lines */
// const expr x;

Finally, implement function eval which takes an expr and a double and it substitutes for x and computes
the value of the expression.

double eval( expr, double ); /* ref: 11 lines */

C4st 6: Déditnost a pozdni vazba

This week will be about objects in the 00P (object-oriented programming) sense and about inheritance-
based polymorphism. In 00P, classes are rarely designed in isolation: instead, new classes are derived
from an existing base class (the derived class inherits from the base class). The derived class retains all
the attributes (data) and methods (behaviours) of the base (parent) class, and usually adds something
on top, or at least modifies some of the behaviours.

So far, we have worked with composition (though we rarely called it that). We say objects (or classes)
are composed when attributes of classes are other classes (e.g. standard containers). The relationship
between the outer class and its attributes is known as ‘has-a’: a circle has a center, a polynomial has a
sequence of coefficients, etc.

Inheritance gives rise to a different type of relationship, known as ‘is-a’: a few stereotypical examples:
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e acircle is a shape,
¢ aball is a solid, a cube is a solid too,
» aforce is a vector (and so is velocity).

This is where polymorphism comes into play: a function which doesn’t care about the particulars of
a shape or a solid or a vector can accept an instance of the base class. However, each instance of a
derived class is an instance of the base class too, and hence can be used in its place. This is known as
the Liskov substitution principle.

An important caveat: this does not work when passing objects by value, because in general, the base
class and the derived class do not have the same size. Languages like Python or Java side-step this
issue by always passing objects by reference. In C++, we have to do that explicitly if we want to use
inheritance-based polymorphism. Of course, this also works with pointers (including smart ones, like
std::unique_ptr).

With this bit of theory out of the way, let’s look at some practical examples: the rest of theory (late
binding in particular) will be explained in demonstrations:

. account - a simple inheritance example

. shapes - polymorphism and late dispatch

. expr - dynamic and static types, more polymorphism
. destroy - virtual destructors

. factory - polymorphic return values

[ I O R A

Elementary exercises:

1. resistance - compute resistance of a simple circuit
2. perimeter - shapes and their perimeter length
3. fight - rock, paper and scissors

Preparatory exercises:

. prisoner - the famous dilemma

. bexpr - boolean expressions with variables
. sexpr - a tree made of lists (lisp style)

. network - a network of counters

. filter - filter items from a data source

. geometry - shapes and visitors

oy 01 S 0 DD S

Regular exercises:

. bom - polymorphism and collections

. circult - calling virtual methods within the class
. loops - circuits with loops

XXX

XXX

. while - interpreting while programs using an AST

(o P & R S S

6.d: Demonstrace (ukazky)

In this example, we will demonstrate the syntax and most basic use of inheritance. Polymorphism will
not enter the picture yet (but we will get to that very soon: in the next example). We will consider
bank accounts (a favourite subject, surely).

We will start with a simple, vanilla account that has a balance, can withdraw and deposit money. We have
seen this before.

class account

{

The first new piece of syntax is the protected keyword. This is related to inheritance: unlike private,
it lets subclasses (or rather subclass methods) access the members declared in a protected section. We
also notice that the balance is signed, even though in this class, that is not strictly necessary: we
will need that in one of the subclasses (yes, the system is already breaking down a little).

protected:
int _balance;

public:

We allow an account to be constructed with an initial balance. We also allow it to be default-constructed,
initializing the balance to 8.

account( int initial = 8 )
. _balance( initial )
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{
Standard stuff.

bool withdraw( int sum )

{
if ( _balance > sum )
{
_balance -= sum;
return true;
}
return false;
}

void deposit( int sum ) { _balance += sum; }
int balance() const { return _balance; }

};

With the base class in place, we can define a derived class. The syntax for inheritance adds a colon, :,
after the class name and a list of classes to inherit from, with access type qualifiers. We will always
use public inheritance. Also, did you know that naming things is hard?

class account_with_overdraft : public account

{

The derived class has, ostensibly, a single attribute. However, all the attributes of all base classes are
also present automatically. That is, there already is an int _balance attribute in this class, inherited
from account. We will use it below.

protected:
int _overdraft;

public:

This is another new piece of syntax that we will need: a constructor of a derived class must first call
the constructors of all base classes. Since this happens before any attributes of the derived class are
constructed, this call comes first in the initialization section. The derived-class constructor is free
to choose which (overloaded) constructor of the base class to call. If the call is omitted, the default
constructor of the base class will be called.

account_with_overdraft( int initial = 6, int overdraft = 0 )
: account( initial ), _overdraft( overdraft )

(

The methods defined in a base class are automatically available in the derived class as well (same as
attributes). However, unlike attributes, we can replace inherited methods with versions more suitable
for the derived class. In this case, we need to adjust the behaviour of withdraw.

bool withdraw( int sum )

{
if ( _balance + _overdraft > sum )
{
_balance -= sum;
return true;
}
return false;
}

H
Here is another example based on the same language features.

class account_with_interest : public account

{
protected:
int _rate; /* percent per annum */

public:

account_with_interest( int initial = 8, int rate = 0 )
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- account( initial ), _rate( rate )

{

In this case, all the inherited methods can be used directly. However, we need to add a new method, to
compute and deposit the interest. Since naming things is hard, we will call it next_year. The formula is
also pretty lame.

void next_year()

{
_balance += ( _balance * _rate ) / 100;

}

The way objects are used in this exercise is not super useful: the goal was to demonstrate the syntax
and basic properties of inheritance. In modern practice, code re-use through inheritance is frowned
upon (except perhaps for mixins, which are however out of scope for this subject). The main use-case
for inheritance is subtype polymorphism, which we will explore in the next unit, shapes.cpp.

int main() /* demo */

{

We first make a normal account and check that it behaves as expected. Nothing much to see here.

account a( 108 );

assert( a.balance() == 100 );
assert( a.withdraw( 58 ) );
assert( la.withdraw( 160 ) );
a.deposit( 10 );

assert( a.balance() == 60 );

Let’s try the first derived variant, an account with overdraft. We notice that it’s possible to have a
negative balance now.

account_with_overdraft awo( 108, 108 );
assert( awo.balance() == 108 );

assert( awo.withdraw( 50 ) );

assert( awo.withdraw( 108 ) );
awo.deposit( 18 );

assert( awo.balance() == -48 );

And finally, let’s try the other account variant, with interest.

account_with_interest awi( 160, 28 );
assert( awi.balance() == 108 );
assert( awi.withdraw( 50 ) );

assert( lawi.withdraw( 108 ) );
awi.deposit( 18 );

assert( awi.balance() == 68 );
awi.next_year();

assert( awi.balance() == 72 );

The inheritance model in C++ is an instance of a more general notion, known as subtyping. The defining
characteristic of subtyping is the Liskov substitution principle: a value which belongs to a subtype
(a derived class) can be used whenever a variable stores, or a formal argument expects, a value that
belongs to a supertype (the base class). As mentioned earlier, in C++ this only extends to values passed
by reference or through pointers

We will first define a couple useful type aliases to represent points and bounding boxes.

using point = std::pair< double, double >;
using bounding_box = std::pair< point, point >;

Subtype polymorphism is, in C++, implemented via late binding: the decision which method should be called
is postponed to runtime (with normal functions and methods, this happens during compile time). The
decision whether to use early binding (static dispatch) or late binding (dynamic dispatch) is made by
the programmer on a method-by-method basis. In other words, some methods of a class can use static
dispatch, while others use dynamic dispatch.
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class shape

{
public:

To instruct the compiler to use dynamic dispatch for a given method, put the keyword virtual in front
of that method’s return type. Unlike normal methods, a virtual method may be left unimplemented: this
is denoted by the = 0 at the end of the declaration. If a class has a method like this, it is marked as
abstract and it becomes impossible to create instances of this class: the only way to use it is as a base
class, through inheritance. This is commonly done to define interfaces. In our case, we will declare two
such methods.

virtual double area() const = 8;
virtual bounding_box box() const = 6;

A class which introduces virtual methods also needs to have a destructor marked as virtual. We will
discuss this in more detail in a later unit. For now, simply consider this to be an arbitrary rule.

virtual ~shape() = default;
};

As soon as the interface is defined, we can start working with arbitrary classes which implement this
interface, even those that have not been defined yet. We will start by writing a simple polymorphic
function which accepts arbitrary shapes and computes the ratio of their area to the area of their
bounding box.

double box_coverage( const shape &s )

{

Hopefully, you remember structured bindings (if not, revisit e.g. 83/rel.cpp).

auto [ 11, ur ] = s.box();
auto [ left, bottom ] = 11;
auto [ right, top ] = ur;

return s.area() / ( ( right - left ) * ( top - bottom ) );
}

Another function: this time, it accepts two instances of shape. The values it actually receives may
be, however, of any type derived from shape. In fact, a and b may be each an instances of a different
derived class.

bool box_collide( const shape &sh_a, const shape &sh_b )
{

A helper function (lambda) to decide whether a point is inside (or on the boundary) of a bounding box.

auto in_box = []( const bounding_box &box, const point &pt )

{

avto [ x, y 1= pt;

auto [ 11, ur ] = box;

auto [ left, bottom ] = 11;

auto [ right, top ] = ur;

return x >= left 8& x <= right & y >= bottom 8& y <= top;
5

auto [ a, b ] = sh_a.box();
auto box = sh_b.box();

The two boxes collide if either of the corners of one is in the other box.

return in_box( box, a ) || in_box( box, b )

}

We now have the interface and two functions that are defined in terms of that interface. To make some
use of the functions, however, we need to be able to make instances of shape, and as we have seen
earlier, that is only possible by deriving classes which provide implementations of the virtual methods
declared in the base class. Let’s start by defining a circle.

class circle : public shape

{
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point _center;
double _radius;
public:

The base class has a default constructor, so we do not need to explicitly call it here.
circle( point c, double r ) : _center( ¢ ), _radius( r ) {}

Now we need to implement the virtual methods defined in the base class. In this case, we can omit the
virtual keyword, but we should specify that this method overrides one from a base class. This informs
the compiler of our intention to provide an implementation to an inherited method and allows it (the
compiler) to emit a warning in case we accidentally hide the method instead, by mistyping the signature.
The most common mistake is forgetting the trailing const. Please always specify override where it is

applicable.
double area() const override
{
return 4 x std::atan( 1 ) * std::pow( _radius, 2 );
}

Now the other virtual method.

bounding_box box() const override

{

auto [ x, y J = _center;

double r = _radius;

return { {x-r,y-r}, {x+r,y+r}};
}

};

And a second shape type, so we can actually make some use of polymorphism. Everything is the same as
above.

class rectangle : public shape

{
point _11, _ur; /* lower left, upper right */
public:
rectangle( point 11, point ur ) @ _11( 11 ), _ur( ur ) {}
double area() const override
{
auto [ left, bottom ] = _11;
auto [ right, top 1= _ur;
return ( right - left ) = ( top - bottom );
}
bounding_box box() const override
{
return { _11, _ur };
}
%

int main() /* demo */

{

We cannot directly construct a shape, since it is abstract, i.e. it has unimplemented pure virtual
methods. However, both circle and rectangle provide implementations of those methods which we can
use.

rectangle square( {0, 8}, {1, 1} );

assert( square.area() == 1 );

assert( square.box() == bounding_box( { @, 8 }, {1, 1} ) );
assert( box_coverage( square ) == 1 );

circle circ( {8, 8}, 1 );
Check that the area of a unit circle is m, and the ratio of its area to its bounding box is 1 / 4.

double pi = 4 * std::atan( 1 );
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assert( std::fabs( circ.area() - pi ) < 1e-18 );
assert( std::fabs( box_coverage( circ ) - pi / 4 ) < 1e-18 );

The two shapes quite clearly collide, and if they collide, their bounding boxes must also collide. A shape
should always collide with itself, and collisions are symmetric, so let’s check that too.

box_collide( square, circ ) );

assert (

box_collide( circ, square ) );
(
(

assert
assert
assert

box_collide( square, square ) );
box_collide( circ, circ ) );

A~ N N

Let’s make a shape a bit further out and check the collision detection with that.

circle c1({ 2,3} 1), cal {1, 1} 1);

assert( !box_collide( circ, 1) );
assert( !box_collide( ¢1, ¢2 ) );
assert( !box_collide( ¢1, square ) );
assert( box_collide( c2, square ) );

To better understand polymorphism, we will need to set up some terminology, particularly:

e the notion of a static type, which is, essentially, the type written down in the source code, and of a

« dynamic type (also known as a runtime type), which is the actual type of the value that is stored
behind a given reference (or pointer)

The relationship between the static and dynamic type may be:

« the static and dynamic type are the same (this was always the case until this week), or

« the dynamic type may be a subtype of the static type (we will see that in a short while).

Anything else is a bug.

We will use a very simple representation of arithmetic expressions as our example here. An expression

is a tree, where each node carries either a value or an operation. We will want to explicitly track the

type of each node, and for that, we will use an enumerated type. Those work the same as in C, but if we

declare them using enum class, the enumerated names will be scoped: we use them as type: :sum, instead

of just sum as would be the case in C.

enun class type { sum, product, constant };
Now for the class hierarchy. The base class will be node.

class node

{
public:

The first thing we will implement is a static_type method, which tells us the static type of this class.
The base class, however, does not have any sensible value to return here, so we will just throw an
exception.

type static_type() const

{
throw std::logic_error( "bad static_type() call" );

}

The ‘real’ (dynamic) type must be a virtual method, since the actual implementation must be selected
based on the dynamic type: this is exactly what late binding does. Since the method is virtual, we do
not need to supply an implementation if we can’t give a sensible one.

virtual type dynamic_type() const = 9;

The interesting thing that is associated with each node is its value. For operation nodes, it can be
computed, while for leaf nodes (type constant), it is simply stored in the node.

virtual int value() const = 0;
We also observe the virtual destructor rule

virtual ~node() = default;
};

We first define the (simpler) leaf nodes, i.e. constants.
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class constant : public node

{
int _value;
public:

The leaf node constructor simply takes an integer value and stores it in an attribute.
constant( int v ) : _value( v ) {}

Now the interface common to all node instances:
type static_type() const { return type::constant; }

In methods of class constant, the static type of this is always'® either constant * or const constant
*. Hence we can simply call the static_type method, since it uses static dispatch (it was not declared
virtual in the base class) and hence the call will always resolve to the method just above.

type dynamic_type() const override { return static_type(); }
Finally, the ‘business’ method:

int value() const override { return _value; }

¥

The inner nodes of the tree are operations. We will create an intermediate (but still abstract) class,
to serve as a base for the two operation classes which we will define later.

class operation : public node

{
const node &_left, &_right;

public:
operation( const node &1, const node &r )
: _left( 1), _right( r)
{}

We will leave static_type untouched: the version from the base class works okay for us, since there is
nothing better that we could do here. The dynamic_type and value stay unimplemented.

We are facing a dilemma here, though. We would like to add accessors for the children, but it is not
clear whether to make them virtual or not. Considering that we keep the references in attributes of
this class, it seems unlikely that the implementation of the accessors would change in a subclass and
we can use cheaper static dispatch.

const node &left() const { return _left; }
const node &right() const { return _right; }
5

Now for the two operation classes.

class sum : public operation

{
public:

The base class does not have a default constructor, which means we need to call the one that’s available
manually.

sum( const node &1, const node &r )
. operation( 1, r )

{
We want to replace the static_type implementation that was inherited from node (through operation)
type static_type() const { return type::sum; }

And now the (dynamic-dispatch) interface mandated by the (indirect) base class node. We can use the
same approach that we used in constant for dynamic_type

type dynamic_type() const override { return static_type(); }

9 ps long as we pretend that the volatile keyword does not exist, which is an entirely reasonable thing to do.
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And finally the logic. The static return type of left and right is const node &, but the method we call
on each, value, uses dynamic dispatch (it is marked virtual in class node). Therefore, the actual method
which will be called depends on the dynamic type of the respective child node.

int value() const override

{
return left().value() + right().value();

H
Basically a re-run of sum.

class product : public operation

{
public:

We will use a trick which will allow us to not type out the (boring and redundant) constructor. If all
we want to do is just forward arguments to the parent class, we can use the following syntax. You do
not have to remember it, but it can save some typing if you do.

using operation::operation;
Now the interface methods.

type static_type() const { return type::product; }
type dynamic_type() const override { return static_type(); }

int value() const override

{
return left().value() * right().value();

};

int main() /# demo */

{
Instances of class constant are quite straightforward. Let’s declare some.

constant const_1( 1 ),
const_2( 2 ),
const_m1( 1 ),
const_18( 10 );

The constructor of sum accepts two instances of node, passed by reference. Since constant is a subclass
of node, it is okay to use those, too.

sum sum_B( const_1, const_m1 ),
sum_3( const_1, const_2 );

The product constructor is the same. But now we will also try using instances of sum, since sum is also
derived (even if indirectly) from node and therefore sum is a subtype of node, too.

product prod_4( const_2, const_2 ),
prod_6( const_2, sun_3 ),
prod_48( prod_4, const_18 );

Let’s also make a sum instance which has children of different types.
sum sum_9( sum_3, prod_6 );

For all variables which hold values (i.e. not references), static type = dynamic type. To make the
following code easier to follow, the static type of each of the above variables is explicitly mentioned
in its name.

Clearly, we can call the value method on the variables directly and it will call the right method.

assert( const_1.value() == 1 );
assert( const_2.value() == 2 );
assert( sum_8.value() == 8 );
assert( sum_3.value() == 3 );
assert( prod_4.value() == 4 );
assert( prod_6.value() == 6 );
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assert( prod_48.value() == 40 );
assert( sum_9.value() == 9 );

However, the above results should already convince us that dynamic dispatch works as expected: the
results depend on the ability of sum::value and product::value to call correct versions of the value
method on their children, even though the static types of the references stored in operation are const
node. We can however explore the behaviour in a bit more detail.

const node &sum_B_ref = sum_B, &prod_6_ref = prod_6;

Now the static type of sum_8_ref is const node &, but the dynamic type of the value to which it refers
is sum, and for prod_6_ref the static type is const node & and dynamic is product.

assert( sum_B_ref.value() == 0 );
assert( prod_6_ref.value() == 6 );

Let us also check the behaviour of left and right.

assert( sun_0.1left().valve() == 1);
assert( sum_8.right().value() == -1 );

The static type through which we call left and right does not matter, because neither product nor sum
provide a different implementation of the method.

const operation 8op = sum_0;
assert( op.left().value() == 1 );
assert( op.right().value() == -1 );

The final thing to check is the static_type and dynamic_type methods. By now, we should have a decent
understanding of what to expect.

Please note that sun_8 and sum_8_ref refer to the same instance and hence they have the same dynamic
type, even though their static types differ.

assert( sum_8.dynamic_type() == type::sum );
assert( sum_0_ref.dynamic_type() == type::sum );

assert( sum_0.static_type() == type::sum );

try { sun_B_ref.static_type(); assert( false ); }
catch ( const std::logic_error & ) {}

And the same is true about prod_6 and prod_6_ref.

assert( prod_6.dynamic_type() == type::product );
assert( prod_6_ref.dynamic_type() == type::product );
assert( prod_6.static_type() == type::product );

try { prod_6_ref.static_type(); assert( false ); }
catch ( const std::logic_error & ) {}

TODO: do not use strings here

As we have seen, subtype polymorphism allows us to define an interface in terms of virtual methods
(that is, based on late dispatch) and then create various implementations of this interface.

It is sometimes useful to create instances of multiple different derived classes based on runtime inputs,
but once they are created, to treat them uniformly. The uniform treatment is made possible by subtype
polymorphism: if the entire interaction with these objects is done through the shared interface, the
instances are all, at the type level, interchangeable with each other. The behaviour of those instances
will of course differ, depending on their dynamic type.

When a system is designed this way, the entire program uses a single static type to work with all
instances from the given inheritance hierarchy - the type of the base class. Let’s define such a base
class.

class part

{

public:
virtual std::string description() const = 9;
virtual ~part() = default;

|5
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Let’s add a simple function which operates on generic parts. Working with instances is easy, since they
can be passed through a reference to the base type. For instance the following function which formats
a single line for a bill of materials (bom).

std::string bom_line( const part &p, int count )
{

return std::to_string( count ) + "x " + p.description();

}

However, creation of these instances poses a somewhat unique challenge in C++: memory management. In
languages like Java or C#, we can create the instance and return a reference to the caller, and the
garbage collector will ensure that the instance is correctly destroyed when it is no longer used. We do
not have this luxury in C++.

0f course, we could always do memory management by hand, like it’s 1998. Fortunately, modern C++
provides smart pointers in the standard library, making memory management much easier and safer.
Recall that a unique_ptr is an owning pointer: it holds onto an object instance while it is in scope and
destroys it afterwards. Unlike objects stored in local variables, though, the ownership of the instance
held in a unique_ptr can be transferred out of the function (i.e. an instance of unique_ptr can be
legally returned, unlike a reference to a local variable).

This will make it possible to define a factory: a function which constructs instances (parts) and returns
them to the caller. Of course, to actually define the function, we will need to define the derived classes
which it is supposed to create.

using part_ptr = std::unique_ptr< part >;
part_ptr factory( std::string );

In the program design outlined earlier, the derived classes change some of the behaviours, or perhaps add
data members (attributes) to the base class, but apart from construction, they are entirely operated
through the interface defined by the base class

class cog : public part

{
int teeth;
public:
cog( int teeth ) : teeth( teeth ) {}
std::string description() const override
{
return std::string( "cog with " ) +
std::to_string( teeth ) + " teeth";
}
%
class axle : public part
{
public:
std::string description() const override
{
return "axle";
}
H
class screw : public part
{
int _thread, _length;
public:
screw( int t, int 1) : _thread( t ), _length( 1) {}
std::string description() const override
{
return std::to_string( _length ) + "mm M" +
std::to_string( _thread ) + " screw";
}
H

Now that we have defined the derived classes, we can finally define the factory function.

part_ptr factory( std::string desc )
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{

We will use std::istringstrean (first described in 66/streams.cpp) to extract a description of the
instance that we want to create from a string. The format will be simple: the type of the part, followed
by its parameters separated by spaces.

std::istringstream s( desc );
std::string type;
s >> type; /* extract the first word */

if ( type == "cog" )

{

int teeth;

s >> teeth;

return std: :make_unique< cog >( teeth );
}

if ( type == "axle" )
return std: :make_unique< axle >();

if ( type == "screw"

{

int thread, length;

s >> thread >> length;

return std::make_unique< screw >( thread, length );
}

throw std::runtime_error( "unexpected part description" );

}

int main() /* demo */

{

Let’s first use the factory to make some instances. They will be held by part_ptr (i.e. unique_ptr with
the static type part.

part_ptr ax = factory( "axle" ),
m7 = factory( "screw 7 58" ),
n3 = factory( "screw 3 18" ),
c8 = factory( "cog 8" ),
c9 = factory( "cog 9" );

From the point of view of the static type system, all the parts created above are now the same. We can
call the methods which were defined in the interface, or we can pass them into functions which work
with parts.

assert( ax->description() == "axle" );

assert( m7->description() == "5@mm M7 screw" );
assert( m3->description() == "18mm M3 screw" );
assert( c8->description() == "cog with 8 teeth" );
assert( c9->description() == "cog with 9 teeth" );

Let’s try using the bom_line function which we have defined earlier.

assert( bom_line( *ax, 3 ) == "3x axle" );
assert( bom_line( *m7, 28 ) == "20x 50mm M7 screw" );

At the end of the scope, the objects are destroyed and all memory is automatically freed.

}

6.e: Elementarni priklady

We are given a simple electrical circuit made of resistors and wires, and we want to compute the total
resistance between two points. The circuit is simple in the sense that in any given section, all its
immediate sub-sections are either connected in series or in parallel. Here is an example:
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The resistance that we are interested in is between the points A and B. Given R, and R, connected
in series, the total resistance is R = R, + R,. For the same resistors connected in parallel, the
resistance is givenby 1/R=1/R, + 1/R,.

You will implement 2 classes: series and parallel, each of which represents a single segment of the
circuit. Both classes shall provide a method add, that will accept either a number (double) which will
add a single resistor to that segment, or a const reference to the opposite class (i.e. an instance of
series should accept a reference to parallel and vice versa)

class series;
class parallel;

Then add a top-level function resistance, which accepts either a series or a parallel instance and
computes the total resistance of the circuit described by that instance. The exact prototype is up to
you.

Implement a simple inheritance hierarchy - the base class will be shape, with a pure virtual method
perimeter, the 2 derived classes will be circle and rectangle. The circle is constructed from a radius,
while the rectangle from a width and height, all of them floating-point numbers.

class shape;
class circle;
class rectangle;

bool check_shape( const shape &s, double p )
{

return std::fabs( s.perimeter() - p ) < 1e-8;
}

There should be 4 classes: the base class gesture and 3 derived: rock, paper and scissors. Class gesture
has a (pure virtual) method fight which takes another gesture (via a const reference) and returns true
if the current gesture wins.

To do this, add another method, visit, which has 3 overloads, one each for rock, paper and scissors.
Then override fight in each derived class, to simply call visit( *this ) on the opposing gesture. The
visit method knows the type of both this and the opponent (via the overload) - simply indicate the
winner by returning an appropriate constant.

class rock;
class paper;
class scissors;

Keep the forward declarations, you will need them to define the overloads for visit.
class gesture;

Now define the 3 derived classes.

6.p: Pripravy

Another exercise, another class hierarchy. The abstract base class will be called prisoner, and the
implementations will be different strategies in the well-known game of (iterated) prisoner’s dilemma.
The prisoner class should provide method betray which takes a boolean (the decision of the other
player in the last round) and returns the decision of the player for this round. In general, the betray
method should not be const, because strategies may want to remember past decisions (though we will
not implement a strategy like that in this exercise).

class prisoner;

Implement an always-betray strategy in class traitor, the tit-for-tat strategy in vengeful and an
always-cooperate in benign.

class traitor;
class vengeful;
class benign;
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Implement a simple strategy evaluator in function play. It takes two prisoners and the number of rounds
and returns a negative number if the first one wins, 0 if the game is a tie and a positive number if the
second wins (the absolute value of the return value is the difference in scores achieved). The scoring
matrix:

» neither player betrays 2 / 2

» abetrays, b does not: 3/ 8

» adoes not betray, b does: 6 / 3
» Dboth betray 1/ 1

int play( prisoner &, prisoner &b, int rounds );

Boolean expressions with variables, represented as binary trees. Internal nodes carry a logical operation
on the values obtained from children while leaf nodes carry variable references.

To evaluate an expression, we will need to supply values for each of the variables that appears in the
expression. We will identify variables using integers, and the assignment of values will be done through
the type input defined below. It is undefined behaviour if a variable appears in an expression but is not
present in the provided input value.

using input = std::map< int, bool >;

Like earlier in expr.cpp, the base class will be called node, but this time will only define a single
method: eval, which accepts a single input argument (as a const reference).

class node; /* ref: 6 lines */

Internal nodes are all of the same type, and their constructor takes an unsigned integer, table, and
two node references. Assuming bit zero is the lowest-order bit, the node operates as follows:

o false false — Dbit 6 of table

e false true — bit 1 of table

e true false — bit 2 of table

e true true — bit 3 of table

class operation; /* ref: 16 lines */

The leaf nodes carry a single integer (passed in through the constructor) - the identifier of the variable
they represent.

class variable; /* ref: 7 lines */

An s-expression is a tree in which each node has an arbitrary number of children. To make things a little
more interesting, our s-expression nodes will own their children.

The base class will be called node (again) and it will have single (virtual) method: value, with no
arguments and an int return value.

class node;
using node_ptr = std::unigue_ptr< node >;

There will be two types of internal nodes: sum and product, and in this case, they will compute the sum
or the product of all their children, regardless of their number. A sum with no children should evaluate
to 8 and a product with no children should evaluate to 1.

Both will have an additional method: add_child, which accepts (by value) a single node_ptr and both
should have default constructors. It is okay to add an intermediate class to the hierarchy.

class sum;
class product;

Leaf nodes carry an integer constant, given to them via a constructor.
class constant;

V tomto cviceni budeme definovat sit pocitadel, pricemZ kaZdy uzel ma jedno pocitadlo znaménkového
typy, které je inicialné nastavené na nulu, a udalosti které pocitadlo méni se §ifi po siti podle pravidel
uvedenych niZe. KaZdy uzel mdZe mit libovolny pocet pfichozich i odchozich spojeni.
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Udalosti jsou tri typd: reset, ktery nastavi pocitadlo na 8, increment ho zvy${ o jedna a decrement ho o
jedna sniZi.

using event = int;

const event event_reset = 0;
const event event_increment = 1;
const event event_decrement = 2;

Abstraktni bazova trida node urcéi polymorfni rozhrani:

» react s jedinym argumentem typu event (popisuje udélost podle konstant vyse),

 connect kterd prijme odkaz (referenci) na jiny uzel (typ node) a vytvori spojeni, které sméruje od
aktualnfho vzlu k tomu, ktery je zadany v parametru,

» read, konstantni metoda, kterd vrati aktualni hodnotu po¢itadla.

Dobfe si rozmyslete, které metody mui byt virtudlni a které nioliv.
class node;

Nasleduji jiZ konkrétni typy uzld. Kazdy uzel nejprve aplikuje pfichozi udalost na svoje vlastni po¢itadlo,
poté ho preposle vSem svym sousedim. Implementujte tyto typy:

« forward preposle stejnou udalost, jakou obrdrzel,

« invert posle opatnou udalost (reset je opatny sam sobé),

« gate preposle stejnou udalost, ale pouze je-1i nova hodnota pocitadla kladna.

class forward;
class invert;
class gate;

This exercise will be another take on a set of numbers. This time, we will add a capability to filter the
numbers on output. It will be possible to change the filter applied to a given set at runtime.

The base class for representing filters will contain a single pure virtual method, accept. The method
should be marked const.

class filter;

The set (which we will implement below) will own the filter instance and hence will use a unique_ptr to
hold it.

using filter_ptr = std::unique_ptr< filter >;

The set should have standard methods: add and has, the latter of which will respect the configured
filter (i.e. items rejected by the filter will always test negative on has). The method set_filter should
set the filter. If no filter is set, all numbers should be accepted. Calling set_filter with a nullptr
argument should clear the filter.

Additionally, set should have begin and end methods (both const) which return very simple iterators
that only provide dereference to an int (value), pre-increment and inequality. It is a good idea to
keep two instances of std::set< int >::iterator in attributes (in addition to a pointer to the output
filter): you will need to know, in the pre-increment operator, that you ran out of items when skipping
numbers which the filter rejected.

class set_iterator;
class set;

Finally, implement a filter that only accepts odd numbers.
class odd;

We will go back to a bit of geometry, this time with circles and lines: in this exercise, we will be
interested in planar intersections. We will consider two objects to intersect when they have at least
one common point. On the C++ side, we will use a bit of a trick with virtual method overloading (in a
slightly more general setting, the trick is known as the visitor pattern).

First some definitions: the familiar point.

using point = std::pair< double, double >;

Check whether two floating-point numbers are ‘essentially the same’ (i.e. fuzzy equality).
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bool close( double a, double b )
{

return std::fabs( a - b ) < 1e-10;
}

We will need to use forward declarations in this exercise, since methods of the base class will refer to
the derived types.

struct circle;
struct line;

These two helper functions are already defined in this file and may come in useful (like the slope class
above).

double dist( point, point );
double dist( const line &, point );

A helper class which is constructed from two points. Two instances of slope compare equal if the slopes
of the two lines passing through the respective point pairs are the same.

struct slope : std::pair< double, double >

{
slope( point p, point q )
: point( ( q.first - p.first ) / dist( p, q ),
( g.second - p.second ) / dist( p, q) )
{
bool operator==( const slope & ) const
{
auto [ px, py ] = *this;
auto [ ax, qy ] =o;
return ( close( px, gx ) & close( py, ay ) ) |
( close( px, -gx ) & close( py, -qy ) );
}
bool operator!=( const slope & ) const
{
return I( xthis == 0 );
}
%

Now we can define the class object, which will have a virtual method intersects with 3 overloads: one
that accepts a const reference to a circle, another that accepts a const reference to a line and finally
one that accepts any object.

class object;

Put definitions of the classes circle and line here. A circle is given by a point and a radius (double),
while a line is given by two points. NB. Make the line attributes public and name them p and q to make
the dist helper function work.

struct circle; /* ref: 18 lines */
struct line;  /* ref: 18 lines */

Definitions of the helper functions.

double dist( point p, point q )

{
auto [ px, py ] =p;
auto [ ax, ay J =g
return std::sqrt( std::pow( px - gx, 2 ) +
std::pow( py - ay, 2) );
}

double dist( const line &1, point p )
{

auto [ x2, y2 1= l.q;

auto [ x1, y1 1= 1.p;

auto [ x8, y0 ] = p;
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return std::fabs( (y2 - y1 ) * xB - (x2 - x1 ) * y@ +
x2*xyl -y2*xx1)/
dist( 1.p, 1.9 );
}

B.r: Regené tlochy

TODO: do not use strings here

Let’s revisit the idea of a bill of materials that made a brief appearance in factory.cpp, but in a
slightly more useful incarnation.

Define the following class hierarchy: the base class, part, should have a (pure) virtual method descrip-
tion that returns an std::string. It should also keep an attribute of type std::string and provide a
getter for this attribute called part_no() (part number). Then add 2 derived classes:

e resistor which takes the part number and an integral resistance as its constructor argument and
provides a description of the form "resistor 70" where ? is the provided resistance,

e capacitor which also takes a part number and an integral capacitance and provides a description of
the form "capacitor ?uF" where ? is again the provided value.

class part;
class resistor;
class capacitor;

We will also use owning pointers, so let us define a convenient type alias for that:
using part_ptr = std::unique_ptr< part >;

That was the mechanical part. Now we will need to think a bit: we want a class bom which will remember
a list of parts, along with their quantities and will own the part instances it holds. The interface:

» amethod add, which accepts a part_ptr by value (it will take ownership of the instance) and the
quantity (integer)

e amethod find which accepts an std::string and returns a const reference to the part instance with
the given part number,

* amethod gty which returns the associated quantity, given a part number.

class bom;

V tomto cviceni se budeme zabyvat volanim virtualnich metod zevniti tFidy samotné - pfistup, ktery bychom

mohli nazvat ,,obrécenou” dédicnosti. V&tSina implementace bude totiZ v rodicovské tride, s pouZitim

nékolika (resp. v tomto prikladu jedné) virtudlni metody urtené pro vnitini potrebu.

Naprogramujte jednoduchou dédickou hierarchii tfid, kterd bude reprezentovat logicky obvod - soutastky

spojené vodiCi. Kazdd soutastka bude mit nejvyse 2 vstupy a jediny vystup (a v8echny budou nabyvat

jednu ze dvou hodnot - true nebo false). Ve tridé component implementujte tyto nevirtudlni metody:

« connect prijme celé &islo (8 nebo 1 - index vstupu, ktery hodlame pripojovat) a referenci na dalsi
soutastku, které vystup pripoji na vybrany vstup aktualni soucastky,

« read (bez parametr(), kterd vrati aktualni hodnotu vystupu soutéstky (tento bude samoziejmé zaviset
na stavu vstupnich soutastek)

Implicitné jsou oba vstupy nepripojené. Nepripojené vstupy maji pevnou hodnotu false. Chovani neni
urceno, je-1i v obvodu cyklus.

class component;

Dale dopliite tyto odvozené tridy:

« nand reprezentuje soutastku, které vystup je NAND vstupy,

e source kterd ignoruje oba vstupy a které vystup je true,

o delay kterd se chova nasledovné: pfi prvnim volani read vrati vZdy false; dal&i volani read vrati
hodnotu, kterou mél vstup 8 pri predchozim volan{ read.

class nand;
class source;
class delay;

Same basic idea as circuit.cpp: we model a circuit made of components. Things get a bit more complicated
in this version:
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¢ loops are allowed
e parts have 2 inputs and 2 outputs each

The base class, with the following interface:

 read takes an integer (decides which output) and returns a boolean,
« connect takes two integers and a reference to a component (the first integer defines the input of
this and the second integer defines the output of the third argument to connect).

There is more than one way to resolve loops, some of which require read to be virtual (that’s okay).
Please note that each loop must have at least one delay in it (otherwise, behaviour is still undefined).
NB. Each component should first read input 8 and then input 1: the ordering will affect the result.

class component; / ref: 38 lines */

A delay is a component that reads out, on both outputs, the value it has obtained on the corresponding
input on the previous call to read.

class delay; /* ref: 20 lines */

A latch remembers one bit of information (starting at false):

 if both inputs read false, the remembered bit remains unchanged,
¢ if input B is false while input 1 is true the remembered bit is set to true,
¢ in all other cases, the remembered bit is set to false.

The value on output 8 is the new value of the remembered bit: there is no delay. The value on output 1 is
the negation of output 6.

class latch; /* 15 lines */

Finally, the cnot gate, or a controlled not gate has the following behaviour:
¢ output 0 always matches input 8, while
e output 1 is set to:

o input 1 if input B is true

> negation of input 1 if input 0 is false

class cnot; /* ref: 11 lines */

UvaZzme abstraktni syntakticky strom velmi jednoduchého imperativniho programovaciho jazyka se struk-
turavanym rizenim toku. Necht existuji 3 typy prikazd:

1. zvySen{ proménné o jednicku, a++,

2. cyklus while tvaru while (a != b) stmt, a konetng

3. blok, ktery je tvoren posloupnosti prikazl.

class statement;
using stmt_ptr = std::unique_ptr< statement >;

Proménné budeme oznaCovat pismeny. Rozsah kazdé proménné je 6 aZ 15 vetng; neni-li explicitng iniciali-
zovana, jeji startovni hodnota je 6. Je-1i hodnota 15 zvySena o jedna, vysledkem je opét

8. Metoda eval dostane na vstupu jednak inicidlni nastaveni

proménnych (hodnotu typu state definovaného niZe), jednak limit n > 1 na délku vypottu - tento limit
udava kolik mdZe program jako celek vykonat srovnani. Po provedeni n srovnani je cely vypocet okamzité
ukoncen (t&lo cyklu ani Zadny jiny prikaz uZ se neprovede).

using state = std::map< char, int >;

Konstruktory necht maji tyto parametry:

¢ stmt_inc prfijme n4zev proménné, kterou ma zvysit,

e stmt_while dostane 2 ndzvy proménnych a télo ve formé ukazatele typu stmt_ptr,

¢ stmt_block je implicitné zkonstruovany jako préazdny, ale poskytuje metodu append kteréd na konec
bloku prida prikaz (opét formou stmt_ptr).

class stmt_inc;
class stnt_while;
class stmt_block;
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Cast 7: Vyjimky a princip RAII

Demonstrace:

1. exceptions - vyhazovani a chytani vyjimek

2. stdexcept - typy vyjimek ve standardni knihovné
3. semaphore - automaticka spréva zdroju

Elementarn{ priklady:

1. Xxx
2. counter - jednoduché pocitadlo instanci
3. coffee — model automatu na kévu

Preparatory exercises:

. fd - POSIX file descriptors

. loan - database-style transactions with resources
. library - borrowing books

. parse - a simple parser which throws exceptions

. invest - we further stretch the banking story

. linear - linear equations, with some exceptions

[ NS > RN SUR NG RN

Regular exercises:

. printing - printing with a monthly budget

. bsearch - a key-value vector which throws on failure
. enzyme - cellular chemistry with RAII

. tinyvec t - a vector in a fixed memory buffer

. lock - a movable mutual exclusion token

. bounded - a bounded queue that throws when full

Y U1 &~ W DD —

7.d: Demonstrace (ukazky)

Exceptions are, as their name suggests, a mechanism for handling unexpected or otherwise exceptional
circumstances, typically error conditions. A canonic example would be trying to open a file which does
not exist, trying to allocate memory when there is no free memory left and the like. Another common
circumstance would be errors during processing user input: bad format, unexpected switches and so on.
NB. Do not use exceptions for ‘normal’ control flow, e.g. for terminating loops. That is a really bad
idea (even though try blocks are cheap, throwing exceptions is very expensive).

This example will be somewhat banal. We start by creating a class which has a global counter of instances

attached to it: i.e. the value of counter tells us how many instances of counted exist at any given time.

Fair warning, do not do this at home.
int counter = 0;

struct counted

{
counted() { ++ counter; }
~counted() { — counter; }

counted( const counted & ) = delete;

counted( counted 8& ) = delete;

counted &operator=( const counted & ) = delete;
counted &operator=( counted 8& ) = delete;

};

A few functions which throw exceptions and/or create instances of the counted class above. Notice that
a throw statement immediately stops the execution and propagates up the call stack until it hits a try
block (shown in the main function below). The same applies to a function call which hits an exception:
the calling function is interrupted immediately.

int f() { counted x; return 7; }

int g() { counted x; throw std::bad_alloc(); assert( @ ); }
int h() { throw std::runtime_error( "h" ); }

int i() { counted x; g(); assert( 6 ); }

int main() /* demo =/

{
bool caught = false;
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A try block allows us to detect that an exception was thrown and react, based on the type and attributes
of the exception. Otherwise, it is a regular block with associated scope, and behaves normally.

try

{
counted x;
assert( counter == 1 );
fO;

assert( counter == 1 );

}

One or more catch blocks can be attached to a try block: those describe what to do in case an exception
of a matching type is thrown in one of the statements of the try block. The catch clause behaves like
a prototype of a single-argument function - if it could be ‘called’” with the thrown exception as an
argument, 1t is executed to handle the exception.

This particular catch block is never executed, because nothing in the associated try block above throws
a matching exception (or rather, any exception at all):

catch ( const std::bad_alloc & ) { assert( false ); }
The counted instance x above went out of scope:
assert( counter == 8 );

Let’s write another try block. This time, the i call in the try block throws, indirectly (via g) an
exception of type std::bad_alloc.

try { 105 }

To demonstrate how catch blocks are selected, we will first add one for std::runtime_error, which will
not trigger (the ‘prototype’ does not match the exception type that was thrown):

catch ( const std::runtime_error & ) { assert( false ); }

As mentioned above, each try block can have multiple catch blocks, so let’s add another one, this time
for the bad_alloc that is actually thrown. If the catch matches the exception type, it is executed and
propagation of the exception is stopped: it is now handled and execution continues normally after the
end of the catch sequence

catch ( const std::bad_alloc & ) { caught = true; }
Execution continues here. We check that the catch block was actually executed:

assert( caught );
assert( counter == 8 ); // no <counted> instances were leaked

It is possible to sub-class standard exception classes. For most uses, std::runtime_error is the most
appropriate base class.

class custom_exception : public std::runtime_error

{
public:

custom_exception() : std::runtime_error( "custom" ) {}
5

This demo simply demonstrates some of the standard exception types (i.e. those that are part of the
standard library, and which are thrown by standard functions or methods; as long as those methods or
functions are not too arcane)

int main() /* demo */
{
try
{
throw custom_exception();
assert( false );
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As per standard rules, it’s possible to catch exceptions of derived classes (of course including
user-defined types) via a catch clause which accepts a reference to a superclass

catch ( const std::exception & ) {}

try

{
std::vector x{ 1, 2 };

Attempting out-of-bounds access through at gives std::out_of_range

x.at( 7);
assert( false );

}
catch ( const std::out_of_range & ) {}

try
{

If the string passed to stoi is not a number, we get back an exception of type std::invalid_argument.

std::stoi( "foo" );
assert( false );

}
catch ( const std::invalid_argument & ) {}

try
{

If an integer is too big to fit the result type, stoi throws std::out_of_range.

std::stoi( "123456123456123456" );
assert( false );

}
catch ( const std::out_of_range & ) {}

try
{

System-interfacing functions may throw std: :system_error. Here, for instance, trying to detach a thread
which was not started.

std: :thread().detach();
assert( false );

}
catch ( const std::system_error & ) {}

try
{

Throwing a system_error is the appropriate reaction when dealing with a failure of a POSIX function
which sets errno.

int fd = ::open( "/does/not/exist", O_RDONLY );
if (fd<8)
throw std::system_error( errno, std::system_category(),
"opening /does/not/exist" );
assert( false );

}
catch ( const std::system_error & ) {}

try
{

Passing a size that is more than max_size() when constructing or resizing an std::string or an
std: :vector gives us back an std::length_error. Note that the -1 turns into a really big number in this
context.

std::string x( -1, 'x' );
assert( false );
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catch ( const std::length_error & ) {}

try

{
std::bitset< 128 > x;
x[ 108 ] = true;

Trying to convert an std::bitset to an integer type may throw std::overflow_error, if there are bits
set that do not fit into the target integer type.

x.to_ulong();
assert( false );

}

catch ( const std::overflow_error & ) {}

In this demo, we will implement a simple semaphore. A semaphore is a device which guards a resource of
which there are multiple instances, but the number of instances is limited. It is a slight generalization
of a mutex (which guards a singleton resource). Internally, semaphore simply counts the number of
clients who hold the resource and refuses further requests if the maximum is reached. In a multi-threaded
program, semaphores would typically block (wait for a slot to become available) instead of refusing. In
a single-threaded program (which is what we are going to use for a demonstration), this would not work.
Hence our get method returns a bool, indicating whether acquisition of the lock succeeded.

class semaphore
{

int _available;
public:

When a semaphore is constructed, we need to know how many instances of the resource are available.
explicit semaphore( int max ) : _available( max ) {}

Classes which represent resource managers (in this case ‘things that can be locked’ as opposed to
‘locks held’) have some tough choices to make. If they are impossible to copy/move/assign, users will
find that they must not appear as attributes in their classes, lest those too become un-copyable (and
un-movable) by default. However, this is how the standard library deals with the problem, see std: :mutex
or std::condition_variable. While it is the safest option, it is also the most annoying. Nonetheless,
we will do the same.

semaphore( const semaphore & ) = delete;
semaphore &operator=( const semaphore & ) = delete;

We allow would-be lock holders to query the number of resource instances currently available. Perhaps
if none are left, they can make do without one, or they can perform some other activity in the hopes
that the resource becomes available later.

int available() const

{

return _available;

}

Finally, what follows is the ‘low-level’ interface to the semaphore. It is completely unsafe, and it
is inadvisable to use it directly, other than perhaps in special circumstances. This being C++, such
interfaces are commonly made available. Again see std::mutex for an example.

However, it would also be an option to be strict about it, make the following 2 methods private, and
declare the RAII class defined below, semaphore_lock, to be a friend of this one.

bool get()
{
if ( _available > 8 )
return _available --;
else
return false;

}

void put()
{
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++ _available;

};

We will want to write a RAIT ‘lock holder’ class. However, since get above might fail, we need a way to
indicate the failure in the RAII class as well. But constructors don’t return values: it is therefore a
reasonable choice to throw an exception. It is reasonable as long as we don’t expect the failure to be a
common scenario.

class resource_exhausted : public std::runtime_error

{
public:
resource_exhausted()
: std::runtime_error( "semaphore full" )
{}
5

Now the RAII class itself. It will need to hold a reference to the semaphore for which it holds a lock
(good thing the semaphore is not movable, so we don’t have to think about its address changing). Of
course, it must not be possible to make a copy of the resource class: we cannot duplicate the resource,
which is a lock being held. However, it does make sense to move the lock to a new owner, if the client
so wishes. Hence, both a move constructor and move assignment are appropriate.

class semaphore_lock
{

semaphore *_sem = nullptr;
public:

To construct a semaphore lock, we understandably need a reference to the semaphore which we wish to
lock. You might be wondering why the attribute is a pointer and the argument is a reference. The main
difference between references and pointers (except the syntactic sugar) is that references cannot
be null. In a correct program, all references always refer to valid objects. It does not make sense to
construct a semaphore_lock which does not lock anything. Hence the reference. Why the pointer in the
attributes? That will become clear shortly.

Before we move on, notice that, as promised, we throw an exception if the locking fails. Hence, no
noexcept on this constructor

semaphore_lock( semaphore &s ) : _sem( &s )
{
if ( !_sen—>get() )
throw resource_exhausted();

}
As outlined above, semaphore locks cannot be copied or assigned. Let’s make that explicit.

semaphore_lock( const semaphore_lock & ) = delete;
semaphore_lock &operator=( const semaphore_lock & ) = delete;

The new object (the one initialized by the move constructor) is quite unremarkable. The interesting
part is what happens to the ‘old’ (source) instance: we need to make sure that when it is destroyed, it
does not release the resource (i.e. the lock held) - the ownership of that has been transferred to the
new instance. This is where the pointer comes in handy: we can assign nullptr to the pointer held by
the source instance. Then we just need to be careful when we release the resource (in the destructor,
but also in the move assignment operator) - we must first check whether the pointer is valid.

Also notice the noexcept qualifier: even though the ‘normal’ constructor throws, we are not trying
to obtain a new resource here, and there is nothing in the constructor that might fail. This is good,
because move constructors, as a general rule, should not throw.

semaphore_lock ( semaphore_lock 8&src ) noexcept
. _sem( src._sem )

{
src._sem = nullptr;

}

We now define a helper method, release, which frees up (releases) the resource held by this instance.
It will do this by calling put on the semaphore. However, if the semaphore is null, we do nothing: the
instance has been moved from, and no longer owns any resources.

Why the helper method? Two reasons:

83/160



1. it will be useful in both the move assignment operator and in the destructor,
2. the client might need to release the resource before the instance goes out of scope or is otherwise
destroyed ‘naturally’ (compare std::fstream::close()).

void release() noexcept

{
if ( _sem)
_sen->put();
}

Armed with release, writing both the move assignment and the destructor is easy. The move assignment
is also noexcept, which is usually a pretty good idea.

semaphore_lock &operator=( semaphore_lock 8&src ) noexcept

{
Self-move is not very useful in this case, forbid it.
assert( &src != this );

First release the resource held by the current instance. We cannot hold both the old and the new resource
at the same time.

release();
Now we reset our _sem pointer and update the src instance - the resource is now in our ownership.

_Sem = src._senm;
src._sem = nullptr;
return *this;

}

~semaphore_lock() noexcept

{

release();

t+

int main() /* demo */
semaphore sen( 3 );
sen.get();

semaphore_lock 11( sem );
bool 14_made = false;

try

{
semaphore_lock 12( sem );
assert( sem.available() == 6 );
semaphore_lock 13 = std::move( 12 );
assert( sem.available() == 6 );
semaphore_lock 14 = std::move( 11 );
assert( sem.available() == 6 );
14_made = true;
semaphore_lock 15( sem );
assert( false );

}

catch ( const resource_exhausted & ) {}

assert( 14_made );
assert( sem.available() == 2 );

// clang-tidy: -clang-analyzer-deadcode.DeadStores

7.e: Elementarni priklady

int counter = 8;
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Pridejte konstruktory a destruktor typu counted tak, aby pocitadlo counter vZdy obsahovalo pocet
existujicich hodnot typu counted. Nezapomerite na pravidlo péti (rule of five).

struct counted;

Implement a coffee machine which gives out a token when the order is placed and takes the token back
when it is done... at most one order can be in progress.
Throw this when the machine is already busy making coffee.

class busy {};
And this when trying to use a default-constructed or already-used token.
class invalid {};

Fill in the two classes. Besides constructors and assignment operators, add methods make and fetch to
machine, to create and redeem tokens respectively.

class machine;
class token;

[.p: Pripravy

Dle normy POSIX, otevienim souboru nebo podobného zdroje ziskame tzv. popisovaé otevieného souboru

(angl. file descriptor), malé celé Cislo, které pak lze dale piedavat systémovym volanim (napf. read

nebo write). Neni-li jiZ zdroj potfebny, popisovat je nutné uvolnit systémovym volanim close (a to préavé

jednou - je duleZité, aby stejny popisovat nebyl uvolnén dvakrat).

Naprogramujte typ fd, ktery bude popisovat souboru uchovavat, a zdroveil zabezpeti, Ze ho neni lze

omylem ztratit (aniZ bychom ho uvolnili) ani omylem uvolnit vicendsobné.

Hodnoty typu fd necht je mozné presouvat (a piifazovat presunutim), a vytvaret dvéma zpisoby:

1. funkci fd_open( path, flags ), kterd vnitFng pouZije systémové volani open a vysledny popisovat
vrati jako hodnotu typu fd,

2. funkci fd_dup( raw_fd ), kterd prijme ¢iselny (syrovy, nechrandny) popisovat a systémovym volanim
dup vytvori jeho chrénénou kopii typu fd.

Parametr path je typu const char * a staci jej preposlat systémovému volani tak, jak ho obdrZite -

neni potreba jej jakkoliv kontrolovat nebo interpretovat. Vice informaci o volénich open a dup ziskéte

pfikazy man 2 open a man 2 dup na stroji aisa.

Typ fd necht mé déle metody read a write, které vrati resp. prijmou, vektor bajtd (jako hodnot typu

char). Potet bajti, které je potreba natist, dostane metoda write jako parametr.

Vice informaci o potfebnych funkcich ziskate opét prikazy man 2 read and man 2 write.

SelZe-1i nékteré ze systémovych volani open, read nebo write, ukonfete dotéenou funkci vyjimkou

std::system_error. Pokus o &teni nebo zépis s pouZitim neplatného popisovate (implicitng sestrojengho,

vykradeného, nebo jiZ uzavieného) necht skon¢i vyjimkou std::invalid_argument.

Naprogramujte typ queue, ktery bude reprezentovat omezenou frontu celych &isel (velikost fronty je
zadana jako parametr konstruktoru), s metodami:

e pop() - vrati nejstarsi vloZeny prvek,

» push( x ) - vloZi novy prvek x na konec fronty,

« enpty() vrati true je-li fronta prazdna.

Metody pop a push necht v pfipadé selhani skon¢i vyjimkou queue_empty resp. queue_full. VSechny operace
musi mit sloZitost 0(1). Metody push ani pop nesmi alokovat dodatetnou pamét.

struct queue_empty;
struct queue_full;
struct queue;

Napi8te genericky podprogram partition( seq, p ), ktery pieuspofdda zadanou sekvenci tak, Ze vechny
prvky mensi neZ p budou predchazet vSem prvkdm rovaym p budou predchazet vsem prvkiom vétsim nez p.
Sekvence seq ma tyto metody:

 size() vrati poCet prvkd uloZenych v sekvenci,

e swap( 1, j ) prohodi prvky na indexech i a j,

« compare( i, p ) srovna prvek na pozici i s hodnotou p:
o vysledek -1 znamend, Ze hodnota na indexu i je mensf,
o vysledek 0, Ze je stejnd, a konetné
o vysledek +1, Ze je véts{ neZ p.

85/160



86/160

Metoda compare miZe skoncit vyjimkou. V takovém pripadé vratte sekvenci seq do pivodniho stavu a
vyjimku propagujte dal smérem k volajicimu. Hodnoty typu seq nelze kopirovat, mate ale povoleno pouzit
pro vypocet dodatecnou pamét. Metody size ani swap vyjimkou skon¢it nemohou.

Napi&te genericky podprogram buckets( list, vec ), ktery dostane na vstupu:

« referenci na seznam tokend list, ktery ma tyto metody:
front() - vrati referenci na prvni token seznamu,
drop() - odstrani prvni token v seznamu,

o enpty() - vréti true je-1i seznam prazdny,

« referenci na hodnotu vec neurcéeného typu, ktery mé metodu size(), a ktery lze indexovat celymi Cisly.
UvnitF vec jsou uloZeny kontejnery typu, ktery poskytuje metodu emplace, kterd vloZi prvek kopii
nebo piesunem (podle typu parametru), a metodu pop, kterd odstrani posledng vloZeny prvek a vrati
ho hodnotou (provede presun z kontejneru).

Tokeny nelze kopirovat ani prifazovat kopii, pouze presouvat.

Podprogram bude ze vstupniho seznamu list postupné odebirat tokeny a bude je vkladat do vec[ i %

vec.size() ], kde i je poradové ¢islo odebraného tokenu v pivodnim seznamu list (pocinaje nulou).

Zabezpette, aby byl vysledek konzistentni, a to i v pfipadé, kdy dojde k vyjimce. Selhat mohou tyto

operace (a Zadné jing):

« alokace paméti v metodé emplace (v takovém pripadé neni prvek vloZen, ani neni zavolan jeho konstruk-
tor),

« metoda drop (odstranéni prvku v tomto piipadé neprobéhne).

Zejména se nesmi Zadny token ztratit, ani nesmi nikde zistat prebyteny vykradeny (moved from) token.

Vratime se k jiZ znamému pfikladu s bankovnim uctem, ktery tentokrat rozsifime o praci s vyjimkami
- konkrétné pokus o vybér z uctu, na kterém neni dostatecny zistatek, skonci vyjimkou. Dale pridame
tridu investment, kterd je ,,dudlni k pdjcce: pri sestrojeni odeéte penize z Uttu, bude se pravidelng
zhodnocovat, a pfi znic¢en{ vrat{ investované penize na pivodni Ucet.

struct insufficient_funds;

Typ account necht mé& metody balance, deposit and withdraw. Startovni zostatek je 8 a musi zistat za vSech
okolnosti nezdporny. Jakykoliv pokus o jeho sniZeni pod nulu musi skonéit vyjimkou insuficient_funds.

struct account;

Konecné typ investment, kterého konstruktor ma 3 parametry:

» odkaz (referenci) na hodnotu typu account,
« sumu, kterou hodlame investovat,
» rotni Urok (jako celé Gislo v promile).

Pri sestrojeni musi z cilového UEtu odebrat potiebné prostiedky a pfi zniceni je musi vratit, vtetné
nahromadénych Urokd. Metoda next_year pripotita prislusny urok.

struct investment;

1 Napi8te program, ktery bude fegit systémy linearnich rovnic o dvou neznamych. Rozhrani bude lehce
nekonvencni: pretéZte operdtory +, * a == a definujte globalni konstanty x a y vhodnych typl tak, aby
bylo mozné rovnice zapisovat zplsobem, ktery vidite niZe v procedufe main.

Uv8domte si, Ze navratovy typ == nemusi byt bool - naopak, miZe se jednat o libovolny typ, vcetné
vlastnich. Pro samotnou implementaci funkce solve doporutujeme pouZit Cramerovo pravidlo.

Nemé-1i zadany systém reSeni, funkce solve necht skonti vyjimkou no_solution (tuto odvodte od std::ex-
ception). Ma-1i fedeni vice, je jedno které vratite.?

7.r: Regené Ulohy

Jobs need resources (printing credits, where 1 page = 1 credit) which must be reserved when the job is
queued, but are only consumed at actual printing time; jobs can be moved between queues (printers) by
the system, and jobs that are still in the queue can be aborted.

The class job represents a document to be printed, along with resources that have already been earmarked
for its printing.

% Jsou-li oba determinanty pomocnych matic A,, A, nulové, systém ma libovolné mnoho feeni. Dejte si ale pfi jejich vycislovani
pozor na déleni nulou.
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e The constructor should take a numeric identifier, the id of the user who owns the job, and the number
of pages (= credits allocated for the job),

« method owner should return the id of the owner,

» method page_count should return the number of pages.

class jab;

A single queue instance represents a printer. It should have the following methods:

* dequeue: consume (print) the oldest job in the queue and return its id,

e enqueue: add a job to the queue,

« release( id ): remove the job given by id from the queue and return it to the caller,
e page_count: number of pages in the queue.

You can assume that oldest job has the lowest id.

class queue;

V tomto cviceni se vratime k oblibenému vyhledavacimu algoritmu pilenim intervalu. Budeme implementovat
kontejner, ktery se podoba na std: :map, ale budeme predpokladat, Ze vyhledavéani je mnohem Castéjsi neZ
vkladani. Proto budeme preferovat strukturu, kde je vyhledavani podle moZnosti co nejrychlejsi, i za
cenu pomalejsiho vkladani.

Vhodnym kandidatem je serazené pole?’ - hledani je logaritmické podobné jako u vyhledavaciho stromu,
ale data jsou uloZena mnohem kompaktnéji a proto je i prace s nimi vyrazné rychlejsi.

Implementujte metody emplace, at a contains, s chovéanim, které odpovida typu std::map, s vyjimkou
enplace, ktery vrati pouze hodnotu typu bool (iteratory implementovat nebudeme).

Konetng, protoZe neumime psét generické tiidy, klic¢e 1 hodnoty budou pevnych typd: int pro klice a token
pro hodnoty.

struct token

{
token( int i ) : _value( i) {}
token( const token & ) = delete;
token( token 88& ) = default;

token &operator=( const token & ) = delete;
token 8operator=( token 88 ) = default;
token operator=( int v ) { _value = v; return xthis; }

bool operator==( int v ) const { return _value == v; }

private:
int _value;

h
class flat_map;

1 Implement tiny_vector, a class which works like a vector, but instead of allocating memory dynamically,
it uses a fixed-size buffer (32 bytes) which is part of the object itself (use e.g. an std::array of
bytes). Like earlier, we will use token as the value type. Provide the following methods:

 insert (take an index and an rvalue reference),
 erase (take an index),
e Dback and front, with appropriate return types.

In this exercise (unlike in most others), you are allowed to use reinterpret_cast.

class token

{

int _value;

bool _robbed = false;
public:

static int _count;

token( int i ) : _value( i ) { ++ _count; }

PoZadujeme, aby kontejner flat_map po libovolné sekvenci operaci pouZival nejvySe dvé souvislé dynamicky alokované oblasti
paméti. Kontejner std::vector pouZivé nejvyse jednu
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~token() { -- _count; }

token( const token & ) = delete;
token( token 880 ) : _value( o._value )

{
++ _count;
assert( !o._robbed );
0._robbed = true;

}

token 8operator=( const token & ) = delete;
token &operator=( token &80 )

{
assert( !o._robbed );
_value = 0._value;
_robbed = o0._robbed;
0._robbed = true;
return *this;

}

token 8operator=( int v )

{
_value = v;
_robbed = false;
return *this;

}

bool operator==( int v ) const

{
assert( !_robbed );
return _value == v;

}

%

Throw this if insert is attempted but the element wouldn’t fit into the buffer.
class insufficient_space {};

Hint: Use uninitialized_ and destroy(_at) functions from the memory header
class tiny_vector;

int token::_count = @;

Implement class lock which holds a mutex locked as long as it exists. The lock instance can be moved
around. For simplicity, the mutex itself is immovable.

class mutex
{
bool _locked = false;
public:
~mutex() { assert( !_locked ); }

mutex() = default;

mutex( const mutex & ) = delete;

mutex( mutex 8& ) = delete;

mutex 8operator=( const mutex & ) = delete;
mutex 8operator=( mutex 8& ) = delete;

void lock() { assert( !_locked ); _locked = true; }
void unlock() { assert( _locked ); _locked = false; }
bool locked() const { return _locked; }

5

class lock;
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7.d: Demonstrace (ukézky)

V této ukazce si predvedeme préci s tzv. funkcemi vy3siho fadu (higher order) - tedy funkcemi, kterych
parametrem je opét funkce

auto iterate( auto f, auto x, int count )

{

We want to build a vector of values, starting with x, then f(x), f(f(x)), and so on. Immediately, we
face a problem: what should be the type of the vector? We need to specify the type parameter to declare
the variable, and this time we won’t be able to weasel out by just saying auto, since the compiler can’t
tell the type without an unambiguously typed initializer. We have two options here:

1. we could omit the type parameter of std::vector and let the compiler deduce only that - this would
be written std::vector out{ x } - by putting x into the vector right from the start, the compiler
can deduce that the element type should be the same as the type of x, whatever that is,

2. we can use decltype to obtain the type of x and use that to specify the required type parameter for
out, i.e.:

std::vector< decltype( x ) > out;
out. push_back( x );

We build the return vector by repeatedly calling f on the previous value, until we hit count items.

for (int i =1; 1 <count; ++1i)
out.push_back( f( out.back() ) );

return out;

};

int main() /* demo */

{

Besides the missing name and the empty square brackets, the signature of the lambda is similar to a
standard function. However, on closer inspection, another thing is missing: the return type. This might
be specified using -> type after the argument list, but if it is not, the compiler will, again, deduce
the type for us. The return type is commonly omitted.

auto £ = []( int x )
{

We return a value just like in a regular function. Please also note the semicolon after the closing brace:
definition of a lambda is an expression, and the variable declaration as a whole needs to be delimited by
a semicolon, just like in int x = 7;.

return x * X;

H
auto g = [J(C int x ) { return x + 1; };
auto v = iterate( f, 2, 4 );

std::vector< int > expect{ 2, 4, 16, 256 };
assert( v == expect );

std: :vector< int >
iota = iterate( g, 1, 4 ),
iota_expect{ 1, 2, 3, 4 };

assert( iota == iota_expect );

In this example, we will implement a class which behaves like a nullable reference to an integer. We will
pretend we are in Java and will throw an exception when the user attempts to use a null reference.
We first define the type which we will use to indicate an attempt to use an invalid (null) reference.

class null_pointer_exception {};

Now for the reference-like class itself. We need two basic ingredients to provide simple reference-like
behaviours: we need to be able to (implicitly) convert a value of type maybe_ref to a value of type int.
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The other part is the ability to assign new values of type int to the referred-to variable, via instances
of the class maybe_ref.

class maybe_ref

{
We hold a pointer internally, since real references in C++ cannot be null.
int *_ptr = nullptr;

We will also define a helper (internal, private) method which checks whether the reference is valid. If
the reference is null, it throws the above exception.

void _check() const

{
if (1_ptr)
throw null_pointer_exception();
}
public:

Constructors: the default-constructed maybe_ref instances are nulls, they have nowhere to point. Like
real references in C++, we will allow maybe_ref to be initialized to point to an existing value. We take
the argument by reference and convert that reference into a pointer by using the unary & operator, in
order to store it in _ptr.

maybe_ref() = default;
maybe_ref( int &i ) : _ptr( & ) {}

As mentioned earlier, we need to be able to (implicitly) convert maybe_ref instances into integers. The
syntax to do that is operator type, without mentioning the return type (in this case, the return type
is given by the name of the operator, i.e. int here). It is also possible to have reference conversion
operators, by writing e.g. operator const int &(). However, we don’t need one of those here because
int is small, and we can’t have both since that would cause a lot of ambiguity.

operator int() const

{
_check();
return *_ptr;

}

The final part is assignment: as you surely remember, operator= should return a reference to the
assigned-to instance. It usually takes a const reference as an argument, but again we do not need to do
that here. Below in the demo, we will point out where the assignment operator comes into play.

maybe_ref &operator=( int v )

{
_check();
*_ptr = v;
return *this;
}

¥

int main() /* demo */

{

inti=T;

When initializing built-in references, we use int &i_ref = i. We can do the same with maybe_ref, but
we need to keep in mind that this syntax calls the maybe_ref(  int ) constructor, not the assignment
operator

maybe_ref i_ref = i;
Let us check that the reference behaves as expected.

assert( i_ref == 7 ); /* uses conversion to <int> */
i_ref = 3; /* uses the assignment operator */
assert( i_ref == 3 ); /* conversion to <int> again */

Check that the original variable has changed too.
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assert( i ==3);
Let’s also check that null references behave as expected.

bool caught = false;
maybe_ref null;

Comparison will try to convert the reference to int, but that will fail in _check with an exception.

try { assert( null ==7); }
catch ( const null_pointer_exception & ) { caught = true; }

Make sure that the exception was thrown and caught.

assert( caught );
caught = false;

Same but with assignment into the null referenc.

try {null = 2; }
catch ( const null_pointer_exception & ) { caught = true; }

assert( caught );

[.e: Elementarni priklady

Implement a generic function iota, which, given a function f, calls f( start ), f( start + 1), ... f(
end - 1 ), in this order.

// void iota( .. f, int start, int end );

Write a function accunulate( f, vec ) which will sum up f(z) for all z in the given std::vector< int
> VeC.

/-
[.p: Pripravy

Napiste funkci kernel, kterd spo¢ita rozklad® mnoZiny celych ¢isel s podle jadra funkce f. Jadrem funkce
myslime relaci ekvivalence, kde jsou v relaci pravé vSechny vzory z daného obrazu f(z). Formalnéji
(z,v) € kerf < f(z) = f(y).

MiZete predpokladat, Ze navratovy typ funkce f je int. Casové sloZitost nesmi byt hordi, ne? O(n-logn).

auto kernel( const std::set< int > &, auto );

Navrhnéte typ bitref, ktery se bude co nejvice podobat (nekonstantni) referenci na hodnotu typu bool,
ale bude ,,odkazovat® jediny bit. Bity ¢islujeme od toho nejméné vyznamného (ktery ma index 6). Je-li

* Dr hodnota typu bitref,

* b hodnota typu bool,

e f je funkce, kterd akceptuje parametr typu bool,

e off hodnota typu int v rozsahu 8-7 a konetng,

« ptr je dereferencovatelna hodnota typu std: :byte *,

tyto vyrazy musi byt dobfe utvorené:

o bitref( ptr, off ) - vytvori ,bitovou referenci® na of f-ty bit bajtu, na ktery ukazuje ptr
e br = b - nastavi odkazovany bit na hodnotu b,

e lbr,

e br&b,b&br,br&br,

 podobné pro ostatni bindrni operédtory: |, &, °, +, -, *, /, %,
e br += b, br += br, podobng *=, /=, &=, "=, |=,

e br==Db,b==>br,br==br

« podobng ostatni relaéni operdtory: <=, >=, <, > I=

e br++, br--, ++br, --br,

% Rozkladem mnoZiny X podle ekvivalence R myslime systém mnoZin S, ktery tuto relaci respektuje: je-li [a] = {b € X|(a,b) € R},
potom S = {[a]|a € X}.
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&

e br & b, b && br, br 8& br,
e br || b,b || br,br || br,
o f( br ) - zavold funkci f s hodnotou odkazovaného bitu jako parametrem.

Navic musi byt moZné pouzit br jako podminku prikazl if, while, for.

struct bitref;

Napiste ¢istou, generickou funkci combine( s, f ) kde s je neprézdny indexovatelny kontejner (ma tedy
metodu size a lze jej indexovat celymi ¢isly) hodnot libovolného typu, a f je binarni asociativni funkce,
kde:

« velikost vysledku funkce f m0Ze mit libovolnou monotonni zévislost na velikosti vstupd (nap. moZe
platit |f(u,v)| = [ul + [v]),

» podobng libovolna (ale stéle monotonni) je délka vypottu funkce f v zavislosti na velikostech
parametri.

Vasim Ukolem je pomoci f sestavit z celé posloupnosti s jedinou hodnotu, a to tak, aby se minimalizoval
celkovy potrebny Cas.

Priklad: Je-li f linearni (jak ve velikosti vysledku, tak v Case vypottu) a prvky s maji velikost 1, celkova
slozitost volani combine by neméla pfeséhnout O(n - log(n)). Prikladem takové funkce f je spojeni dvou
hodnot typu std: :vector za sebe.

Priklad: Je-1i f kvadraticka (opét ve velikosti vysledku i Gase), celkova sloZitost by méla byt nejvyse
O(n? - log(n)). Zde by f mohl byt napriklad tenzorovy soutin.

In this exercise, we will implement a class that represents an array of nibbles (half-bytes) stored
compactly, using a byte vector as backing storage. We will need 3 classes: one to represent reference-like
objects: nibble_ref, another for pointer-like objects: nibble_ptr and finally the container to hold
the nibbles: nibble_vec. NB. In this exercise, we will not consider const-ness of values stored in the
vector.”

The nibble_ref class needs to remember a reference or a pointer to the byte which contains the nibble
that we refer to, and whether it is the upper or the lower nibble. With that information (which should
be passed to it via a constructor), it needs to provide:

« an assignment operator which takes an uint8_t as an argument, but only uses the lower half of that
argument to overwrite the pointed-to nibble,
¢ a conversion operator which allows implicit conversion of a nibble_ref to an uint8_t.

class nibble_ref; /+ reference implementation: 17 lines */

The nibble_ptr class works as a pointer. Dereferencing a nibble_ptr should result in a nibble_ref. To

make nibble_ptr more useful, it should also have:

¢ apre-increment operator, which shifts the pointer to the next nibble in memory. That is, if it points
at a lower nibble, after ++x, it should point to an upper half of the same byte, and after another
++x, it should point to the lower half of the next byte,

¢ an equality comparison operator, which checks whether two nibble_ptr instances point to the same
place in memory.

class nibble_ptr; /* reference implementation: 18 lines */

And finally the nibble_vec: this class should provide 4 methods:

¢ push_back, which adds a nibble at the end,

 begin, which returns a nibble_ptr to the first stored nibble (lower half of the first byte),

» end, which returns a nibble_ptr past the last stored nibble (i.e. the first nibble that is not in the
container), and finally

» get( i ) which returns a nibble_ref to the i-th nibble.

class nibble_vec; /* reference implementation: 16 lines */

Napiste funkce map, zip a fold. Pracovat budeme ve vSech pfipadech s libovolnymi kontejnery, o kterych
je zaruCeno, Ze

» maji (konstantni) metody begin a end, které vraci

In particular, obtaining a pointer (e.g. by using begin) will allow you to change the value that it points to, even if nibble_vec
itself was marked const.
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e vhodné iterdtory, které

- maji prefixovy a postfixovy operédtor ++,

> operatory rovnosti ==, !=a

- operator dereference (unarni *).
74dné jiné metody predpokladat nelze.
Funkce map mé parametry f (funkce) a kontejner ¢ (s prvky takového typu, aby je bylo moZné predat
funkci f jako parametr). Vysledkem je std::vector hodnot, které vzniknou volanim f na jednotlivé prvky
kontejneru c.

/-

Funkce zip je podobnd, ale f je funkce o dvou parametrech a na vstupu jsou dva kontejnery ¢ a d (nemusi
byt stejného typu). Prvni parametr funkce f necht pochazi z kontejneru c, ten druhy pak z kontejneru d.
Nemaji-1i kontejnery stejnou délku, prebyvajici hodnoty v tom del§im se ignoruji.

/.

Konec¢né funkce fold bude mit parametry f, i ac, kde f je binarn{ funkce, i je inicidlni hodnota a c je
vstupni kontejner. Jsou-li ¢ ... ¢, prvky c, vysledek funkce fold pak odpovida f( .. f( (i, ¢y ), ¢,
), . C, ). Je-li kontejner ¢ prazdny, vysledkem je i. Parametry funkce f mohou byt obecng riznych typo,
musi byt ale kompatibilnf s i a c.

/-

t Navrhn@te typ, ktery se bude navenek chovat jako sekvencni kontejner dvojic (std::tuple) cisel, ale
vniting bude data uchovavat ve dvojici kontejnerd (std::vector) celych Cisel. PoZadované metody:
e Dbegin, end a odpovidajici zjednoduSeny iterator s:
o operatory == a !=,
o prefixovym operatorem ++,
- operatorem dereference (unarni *),
kde vysledek operatoru * mus{ byt pouZitelny jako dvojice ¢isel, vetné std::get a pfifazeni do
jednotlivych slozek.
e size,
e push_back,
« emplace_back (se dvéma parametry typu int, nebo Zadnym parametrem),
» left a right vrati konstantni referenci na prisludny vnitini kontejner (konstantni proto, aby nebylo
jejich pouzitim moZné poru$it potiebné invarianty).
Staci, aby iterace fungovala pro nekonstantni hodnoty typu components (naprogramovat konstantni i
nekonstantni iteraci bez duplikace kddu neumime).
Népovéda: zvazte, jak vyuZit std::tuple s vhodnymi parametry. K vyreSen{ prikladu staci uZ probrané
konstrukce.

struct components;
[.r: ReSené ulohy

Remember fib.cpp? We can do a bit better. Let’s decompose our golden() function differently this time.
The approx function is a higher-order one. What it does is it calls £() repeatedly to improve the current
estimate, until the estimates are sufficiently close to each other (closer than the given precision).
The init argument is our initial estimate of the result.

double approx( auto f, double init, double prec );

Use approx to compute the golden mean. Note that you don’t need to use the previous estimate in your
improvement function. Use by-reference captures to keep state between iterations if you need some.

double golden( double prec );

Implement an in-place selection sort of a vector of integers, using a comparator passed to the sort
routine as an argument. A comparator is a function that is used to compare elements instead of the
builtin relational operators. This is useful if your data is sorted in non-standard manner.

void selectsort( std::vector< int > &to_sort, auto cmp );

Implement binary search on a vector, with a twist: the order of the elements is given by a comparator.

This is a function that is passed as an argument to search and is used to compare elements instead of
the builtin relational operators. This is useful if your data is sorted in non-standard manner.
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// auto search = []( std::vector< int > &vec, int val, auto cmp );

Cast S.2: Ukazatele, vyjimky, 0OP

Druhd sada prinasi priklady zaméfené na objektové-orientované programovani, na praci s ukazately a
vyjimkami a v neposledni fadé na spravu zdroju.

1. a_natural - roz&ifeni s1/f_natural o déleni,

2. b_treap - jednoduchy vyhledavaci strom,

3. c_raobots - programujeme roboty na mapé,

4. d_network - simulator pocitacové sité s pfepinaci,

5. e_tree - prace s heterogennim stromem,

6. f_scrap - hra o zdrojich a zajimani.

Priklad a si vystaci se znalostmi z prvniho bloku, pfiklad b lze vyfe§it po nastudovéni 5. kapitoly,
priklady ¢ aZ d vyZaduji znalost 6. kapitoly a konetné priklady e, f vyZaduji znalost 7. kapitoly. Opét
plati, Ze feSeni néjakého prikladu z této sady muZe byt potrebné pro vyreSeni prikladu z posledni sady.

S.2.a: natural

Tento kol rozsifuje s1/f_natural o tyto operace (hodnoty m a n jsou typu natural):

e konstruktor, ktery prijme nezéporny parametr typu double a vytvor{ hodnotu typu natural, kterd
reprezentuje doln{ celou ¢ast parametru,

o operatorym / nam % n (déleni a zbytek po déleni; chovani pro n = 8 neni definované),

« metodu m.digits( n ) kterd vytvori std::vector, ktery bude reprezentovat hodnotu m v soustavé
0 zékladu n (pritom nejniz$i index bude obsahovat nejvyznamnéj3i ¢islici),

« metodu m.to_double() kterd vrati hodnotu typu double, ktera co nejlépe aproximuje hodnotu m (je-li
I =log,(m)—52ad = n.to_double(), musi platit m - 2! < natural( d ) a zaroveti natural( d ) <
m+ 2% je-li m prili§ velké, neZ aby $lo typem double reprezentovat, chovéni je nedefinované).

Prevody z/na typ double musi byt linearni v pottu bitd operandu. Déleni miZe mit sloZitost nejvyse
kvadratickou v poCtu bitd levého operandu. Metoda digits smi vi¢i po¢tu bitd m, n provést nejvyse
linedrni potet aritmetickych operaci (na hodnotéch m, n).

struct natural;

S.2.b: treap

Datova struktura treap kombinuje bindrni vyhledavaci strom a bindrni haldu - hodnotu, viCi které tvori

vyhleddvaci strom budeme nazyvat kli¢ a hodnotu, vii¢i které tvori haldu budeme nazyvat priorita. Plati

pak:

o kli€ v kazdém uzlu je v&tsi neZ kli¢ v jeho levém potomkovi, a zéroven je mensi, neZ kli¢ v pravém
potomkavi,

¢ priorita je v kaZdém uzlu vét&i nebo stejna, jako priority obou potomkd.

Smyslem haldové ¢asti struktury je udrZet strom pribliZné vyvaZeny. Algoritmus vloZeni prvku pracuje

takto:

1. na zakladé klice vloZime uzel na vhodné misto tak, aby nebyla poruSena vlastnost vyhledavaciho stromu,
2. je-li poruSena vlastnost haldy, budeme rotacemi presouvat novy uzel smérem ke korenu, a to aZ do
chvile, neZ se tim vlastnost haldy obnovi.

Budou-1i priority pridéleny ndhodné, vloZeni uzlu do vétsi hloubky vede i k vy$${ pravdépodobnosti, Ze tim
bude vlastnost haldy poruSena; navic rotace, které obnovuji vlastnost haldy, zaroveri snizuji maximalni
hloubku stromu.

Implementujte typ treap, ktery bude reprezentovat mnoZinu pomoci datové struktury treap a poskytovat
tyto operace (t je hodnota typu treap, k, p jsou hodnoty typu int):

e implicitné sestrojend instance treap reprezentuje prézdnou mnozinu,

o t.insert( k, p ) vloZi kli¢ k s prioritou p (neni-1i uvedena, pouZije se nahodnd); metoda vraci true
pokud byl prvek skutetng vloZen (dosud nebyl piitomen),

» t.erase( k ) odstrani kli¢ k a vrati true byl-li pritomen,

» t.contains( k ) vrati true je-1i kli¢ k piitomen,

o t.priority( k ) vrati prioritu klite k (neni-1i pfitomen, chovani neni definovéano),

e t.clear() smaze viechny pritomné klice,

o t.size() vrati potet uloZenych klita,

e t.copy( v ), kde v je reference na std::vector< int >, v linedrnim Case vloZi na konec v vSechny
klice z t ve vzestupném pofadi,
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» metodu t.root(), které vysledkem je ukazatel p, pro ktery:

o p->left() vrati obdobny ukazatel na levy podstrom,

o p->right() vrati ukazatel na pravy podstrom,

o p—>key() vrati klit uloZeny v uzlu reprezentovaném p,

o p->priority() vrati prioritu uzlu p,

o je-li prisludny strom (podstrom) prazdny, p je nullptr.
« konen& hodnoty typu treap necht je moZné presouvat, kopirovat a také prifazovat (a to i presunem).?
Metody insert, erase a contains musi mit sloZitost linedrni k vySce stromu (pfi vhodné volbé priorit
tedy otekavang logaritmickou k pottu k1itd). Metoda erase nemusi nutng zachovat vazbu mezi kliti a
prioritami (tzn. mdZe presunout klit do jiného uzlu aniZ by zarovei presunula prioritu).

struct treap;

S.2.c: robots

V této uloze budete programovat jednoduchou hru, ve které se ve volném titirozmérném prostoru pohybuji
robotické entity tii barev:

1. Cerveny robot (trida robot_red):

> neni-1i uzaméeny a na hraci ploSe je alespofl jeden cizi zeleny robot, uzamkne se na ten nejblizsi,

jinak stoji na mistg,
o je-li na n&jaky robot uzaméeny, priblizuje se primo k nému (tzn. smér pohybu je vzdy v aktualnim
sméru tohoto robotu),
2. zeleny robot (tiida robot_green):
o je-li néjaky cizi modry robot ve vzdalenosti do 16 metrd, sméruje primo k tomu nejblizsimu,
> je-li nejbliZ8i takovy robot dale nez 10 metri, zeleny robot se teleportuje do mista, které lezi
na jejich spojnici, 8 metrd od cilového robotu na jeho vzdalenéjsi strang,
o jinak stoji na mistg.
3. modry robot (tiida robot_blue):
o sméruje k nejblizsimu cizimu ¢ervenému robotu, existuje-1i néjaky,
o jinak se polovi€ni rychlosti pohybuje po primce ve sméru, ktery mél naposledy,
- na zaGatku hry je otoCen smérem k zatatku soufadnicového systému (je-li pfimo v potatku, chovani
nenf uréeno).

Roboty se pohybuji rychlosti 15 m/s. Dostanou-li se dva roboty riznych barev a rozaych vlastniki do
vzdalenosti 1 metr nebo mensi, jeden z nich zanikne podle pravidla:

e Cerveny vitéz{ nad zelenym,

 zeleny vitézi nad modrym a konetné

e modry vitéz{ nad Cervenym.

Hra jako celek necht je zapouzdfend ve ti'idé game. Bude mit tyto metody:

« metoda tick posune ¢as o 1/60 sekundy, a provede tyto akce:

a. vSechny roboty se posunou na své nové pozice zarovefi, tzn. dotdZe-1i se néjaky robot na aktualni
pozici jiného robotu, dostane souradnice, které mel tento na konci predchoziho tiku,

b. vzajemné niceni robotd, které probéhne opét zaroven - sejdou-li se v dostatecné blizkosti roboty
vSech tF{ barev, zaniknou v8echny.

« metoda run simuluje hru aZ do jejtho konce,

> tzn. do chvile, kdy nem0Ze zaniknout Zadny dalsi robot a

o vrati dvojici (potet tiku, hréci),

o kde ,hraci" je vektor identifik&tord hradl, serazeny podle poctu zbyvajicich robotd; je-li vice
hréacd se stejnym poctem robotl, prvni bude ten s vétsim poctem cervenych, dale zelenych a nakonec
modrych roboty; je-1i stale hracd vice, budou usporddani podle svého identifikatoru,

e metody add_X pro X = red, green nebo blue, které pridaji do hry robota odpovidajici barvy, a které
maji dva parametry:

o potatedni pozici, jako trojici hodnot typu double (zadané v metrech v kartézské soustavé),

> nenulovy celoCiselny identifikator hrace-vlastnika.

struct robot_red;
struct robot_green;
struct robot_blue;

struct game;

% Verze s presunem muzete volitelng vynechat (v takovém piipad® je oznadte jako smazané). Budou-li piitomny, budou testovany.
Implementace piesunu je podminkou hodnoceni kvality zndmkou A.
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S.2.d: network

Vasim Ukolem bude tentokrat naprogramovat simulator potitatové sitg, s témito tiidami, které reprezen-
tuji propojitelné sitové uzly:

e endpoint - koncovy uzel, m& jedno pripojeni k libovolnému jinému uzlu,

« Dbridge - propojuje 2 nebo vice dal$ich uzlg,

¢ router - podobné jako bridge, ale kaZdé pripojeni musi byt v jiném segmentu.

Dale bude existovat trida network, kterd reprezentuje sitovy segment jako celek. Kazdy uzel patfi prévé
jednomu segmentu. Je-1i segment zniten, musi byt zniGeny (a odpojeny) i viechny jeho uzly.

Trida network bude mit tyto metody pro vytvareni uzli:

» add_endpoint() - vytvoi'i novy (zatim nepFipojeny) koncovy uzel, pievezme jeho vlastnictvi a vréti
vhodny ukazatel na néj,

» add_bridge( p ) - podobné pro p-portovy bridge,

e add_router( i ) - podobng pro smérovaC s i rozhranimi.

Jsou-li m a n libovolné typy uzld, musi existovat vhodné metody:

» m->connect( n ) - propoji 2 uzly. Metoda je symetrickd v tom smyslu, Ze m->connect( n ) a n-
>connect( m ) maji tentyZ efekt. Metoda vrati true v pripadé, Ze se propojeni podarilo (zejména
musi mit oba uzly volny port).

» m->disconnect( n ) - podobng, ale uzly rozpoji (vraci true v pripadé, Ze uzly byly skuteéné propojené).

» np->reachable( n ) - ov&Fi, zda miZe uzel m komunikovat s uzlem n (na libovolné vrstvé, tzn. vietnd
komunikace skrz routery; jednd se opét o symetrickou vlastnost; vraci hodnotu typu bool).

Konetné trida network bude mit tyto metody pro kontrolu (a piipadnou opravu) své vnitini struktury:

» has_loops() - vrati true existuje-li v siti cyklus,
o fix_loops() - rozpoji uzly tak, aby byl vysledek acyklicky, ale pro libovolné uzly, mezi kterymi byla
pred opravou cesta, musi platit, Ze po opravé budou naddle vzajemné dosaZitelngé.

Cykly, které prochazi vice sitémi (a tedy prohdzi alespoil dvéma smérovaci), neuvazujeme.

class endpoint;
class bridge;
class router;
class network;

S.2.e: tree

Uvazujme stromovou strukturu, kterd mé 4 typy uzld, a kterd predstavuje zjednoduseny JSON:

¢ node_bool - listy typu bool,

¢ node_int - listy typu int,

¢ node_array - indexované celymi ¢isly souvisle od nuly,

¢ node_object - kli¢ované libovolnymi celymi ¢isly.

Typ tree pak reprezentuje libovolny takovy strom (vCetng prazdného a jednoprvkového). Pro hodnoty t
typu tree, n libovolného vyse uvedeného typu node_X a idx typu int, jsou vSechny niZe uvedené vyrazy
dobre utvorené.

Préce s hodnotami typu tree:

o t.is_null() - vrati true reprezentuje-li tato hodnota préazdny strom,

ot - plati-li 't.is_.null(), jsou (*t) a n zaménné, jinak neni definovano,

e implicitné sestrojend hodnota reprezentuje prézdny strom,

« hodnoty typu tree lze také vytvorit volnymi funkcemi make_X, kde vysledkem je vzdy strom s jedinym
uzlem typu node_X (v pripadé make_bool resp. make_int s hodnotou false resp. 0, neni-li v parametru
uvedeno jinak).

Hodnoty typu node_X 1ze sestrojit implicitng, a reprezentuji false, 8 nebo prézdné pole (objekt).
Skalarni operace (vysledkem je zabudovany skalarni typ):

e n.is_X() - vrati true, je-li typ daného uzlu node_X (napr. is_bool() urgi, je-li uzel typu node_bool),

» n.size() vrati potet potomkd daného uzlu (pro listy 6),

* n.as_bool() vrati true je-li n uzel typu node_bool a mé hodnotu true, nebo je to uzel typu node_int
a ma nenulovou hodnotu, nebo je to neprazdny uzel typu node_array nebo node_object,

» n.as_int() vrati 1 nebo 8 pro uzel typu node_bool, hodnotu uloZenou n uzlu node_int, nebo skonci
vyjimkou std: :domain_error.

Operace pristupu k potomkim:

e n.get( idx ) vrati odkaz (referenci) na potomka:
o s indexem (klitem) idx vhodného typu tak, aby s ni bylo moZné pracovat jako s libovolnou hodnotou
typu node_X, nebo

{isubject(, 16. Unora 2024



o skon&i vyjimkou std::out_of_range kdyZ takovy potomek neexistuje,

e n.copy( idx ) vrati potomka na indexu (s klitem) idx jako hodnotu typu tree, nebo skonti vyjimkou
std: :out_of_range neexistuje-li takovy.

Operace, které upravuji existujici strom:

» n.set( idx, t ) nastavi potomka na indexu nebo u klite i na hodnotu t, pritom samotné t neni nijak
dotceno, pritom:
> je-li n typu node_array, je rozSifeno dle potrfeby tak, aby byl idx platny index, pfitom takto

vytvoiené indexy jsou prazdné),

> je-li n typu node_bool nebo node_int, skonti s vyjimkou std::domain_error,

o n.take( idx, t ) totéZ jako set, ale podstrom je z t presunut, tzn. metoda take nebude Z&dné uzly
kopirovat a po jejim skonGeni bude platit t.is_null().

V8echny metody a navratové hodnoty referenénich typl musi sprévné pracovat s kvalifikaci const.
Vytvorime-1i kopii hodnoty typu tree, tato bude obsahovat kopii celého stromu. Je-1i umoZnéno kopirovani
jednotlivych uzld, nema uréeno konkrétni chovani.

class node_bool;
class node_int;
class node_array;
class node_object;
class tree;

Cast 8: Souttové typy

Pripravy:®

. bounds - intervaly platnych hodnot,

. arary - dvourozmérné pole se specidlnimi radky,
. intmap - sloZené zobrazeni celociselnych poli,

. program - reprezentace jednoduchého programu,

. eval - vyhodnocen{ vyrazu zadaného stromem,

. anyarr - dynamické pole hodnot libovolného typu.

Y Ol &S~ W DD —

Roz&irené vlohy: TBD

8.p: Pripravy

Implementujte titidu bounds, kterd si bude pro kazdy zadany celotiselny kli¢ pamatovat rozsah povolenych
hodnot. Pritom mez typu unbounded bude znamenat, Ze v daném sméru nenf hodnota prislusnd danému klici
nijak omezena.

struct unbounded {};

Samotna trida bounds bude mit metody:

« set_lower( k, b ) nastavi spodni mez b pro klit k (b je bud 64b celé &islo, nebo hodnota unbounded{}),

» set_upper( k, b ) obdobng, ale horni mez,

 set_default_lower( b ) nastavi implicitni dolni mez (plati pro klite, kterym nebyla nastavena Zadnd
jing),

» set_default_upper( b ) obdobng, ale horni mez,

e valid( k, i ) vrati true pravé kdyz hodnota i spada do mezi platnych pro kli¢ k.

VSechny takto zadané intervaly jsou oboustranné oteviené.
struct bounds;

Implementujte dvourozmérné pole, kde vnitfni pole na daném indexu miZe byt bud obycejné pole celych ¢isel
(std::vector), nebo konstantni pole neomezené délky, nebo neomezené pole, kde hodnota na libovolném
indexu je rovna tomuto indexu. Metody:

e a.get( i, j )vratihodnotu (typu int) na zadanych souradnicich, nebo vyhodi vyjimku std: :out_of_range,
neni-li néktery index platny,

» a.size() vrati délku vngjsiho pole,

e a.size( i) vréati délku i-tého vniti‘niho pole (pro neomezend vnitfni pole vrati INT_MAX),

 po volani a.append_iota() pro libovolné i plati a.get( a.size() -1, i ) == 1i,

% Tato kapitola neobsahuje ukazky ani elementarn{ pfiklady - potiebné informace naleznete v prednaSce.
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» po volani a.append_const( n ) pro libovolné i plati a.get( a.size() -1, i ) == n
« pro vektor &fsel v volani a.append( v ) vloZi v jako posledni prvek vngjsiho pole a.

struct array;

Navrhnéte typ, ktery bude reprezentovat operaci nad polem celych ¢isel. Vyhodnoceni sestavené operace
se provede metodou:

» eval( v ) - aplikuje operaci na vektor celyjch &isel v (prepsanim vstupniho vektoru),

Celkovy efekt operace bude 1ze postupné zadat pripojovanim elementarnich operaci ,,na konec* stévajici

operace op (n predstavuje celé &islo, v predstavuje vektor celych Cisel)

e op.add( n ) - pricte ke v&em prvkim vstupu hodnotu n (tzn. outl 1 ] =in[ i ] + n),

» op.add( v ) - cyklicky pritte hodnoty z v ke vstupnimu vektoru (tzn. out[ i J=din[ i J+v[ i J;
padne-li i mimo rozsah vektoru v, pokratuje se opét prvnim prvkem v, atd. - mdZete predpokladat, Ze
v neni préazdng),

» op.rotate( n ) - presune prvek na indexu i naindex i + n (tzn.out[ 1 +n ] =1in[ i J; je-lii +
n mimo meze, pouZije se vhodny index v mezich tak, aby operace realizovala rotaci),

» op.pop() - zapomene poslednd vloZenou elementarni operaci.

struct intmap;

Implementujte typ program, ktery bude reprezentovat vypocet nad stavem uréenym dvojici celych ¢isel
Na konec stavajictho vypoctu je moZné pridat dalsi krok metodou append, kterd pfijme libovolnou funkci
které lze predat 2 cela ¢isla.

struct progranm;
Mate zadané nasledujici typy, které reprezentuji jednoduchy aritmeticky vyraz.

struct constant;
struct add;
struct subtract;
struct multiply;
struct divide;

using expr = std::variant< constant, add, subtract, multiply, divide >;
using expr_ptr = std::unique_ptr< expr >;

struct constant

{
constant( int v ) : value( v ) {}
int value = 6;
%
struct binary
{
expr_ptr left, right;
binary( expr a, expr b );
%
struct add . binary { using binary::binary; };

struct multiply : binary { using binary::binary;
struct divide : binary { using binary::binary;

}
struct subtract : binary { using binary::binary; };
b
%
binary::binary( expr a, expr b )
. left{ std::make_unique< expr >( std::move( a ) ) },
right{ std::make_unique< expr >( std::move( b ) ) }
{

VaSim Ukolem je naprogramovat funkci eval, ktera takto zadany vyraz vyhodnoti na celé ¢islo

Naprogramujte typ any_array, ktery bude reprezentovat dynamické pole libovolnych hodnot, a bude mit
tyto metody:

e size - vrati pocet uloZenych hodnot,
¢ append - prijme hodnotu libovolného typu a vloZi ji na konec pole,
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 transform_int - piijme libovolnou undrni funkci int f( int ), a kaZdou uloZenou hodnotu x typu int
upravi na f( x ) (pfitom ostatni hodnoty nezméni),

e remove_integers - odstrani hodnoty typu int,

e remove_floats - odstrani hodnoty typu float a double,

e equals - pfijme index i a hodnotu libovolného typu v a vrati true je-li na indexu i uloZena hodnota
stejného typu jako v a tyto hodnoty se rovnaji.

Metody remove_integers a remove_floats musi mit nejvySe linedrni Gasovou sloZitost, zatimco metoda
equals konstantni.

struct any_array;

8.r: Redené ulohy

V tomto cvieni se budeme zabyvat kontejnery, ve kterych mohou nékteré hodnoty chybét - takové hodnoty
budeme reprezentovat pomoci std::nullopt. V nasledovnych funkcich necht plati, Ze vysledek operace,
kde alespori jeden operand je std::nullopt je opét std::nullopt. Implementujte:

e filter, kterd ze zadané sekvence odstrani prazdné hodnoty,

e zip, kterd dostane dvé posloupnosti a funkci, kterou po dvojicich aplikuje a tim vytvor{ novou
posloupnost (jako hodnotu typu std: :vector),

 join, kterd ze zadanych posloupnosti a binarniho predikatu vytvori posloupnost dvojic (kartézsky
soutin), ale jen takovych, které spliiuji zadany predikét.

Hodnotu std: :nullopt interpretovanou jako pravdivostni hodnotu chépeme jako ekvivalent false.

Naprogramujte typ, ktery bude reprezentovat symetrickou bindrni relaci na celych ¢islech s témito
metodami:

* add poznamend, Ze zadana ¢isla jsou v relaci,

e test ovéri, zda jsou zadana ¢isla v relaci,

e get vrati mnoZinu ¢isel, kterd jsou se zadanym v relaci,

o set_filter nastavi filtr (bindrni predikat) - pomyslng z relace odstrani dvojice, které predikat
nespliuji,

e unset_filter zrusi nastaveny filtr.

Pozor, nastavenim filtru se neméni sestavend relace, pouze dotazy na ni. Je-li filtr odstranén, relace

se tim vrati do puvodniho stavu.

struct relation;

Navrhnéte typy program a grid, které budou reprezentovat jednoduchého programovatelného robota, ktery
se pohybuje v neomezené dvourozmérné miizce. Policka v miiZce maji dva stavy: oznaceno a neoznateno. Na
zaCatku jsou vSechna poliCka neoznatena, robot stoji na souradnicich 0,0 a je orientovan horizontalné.
Program lze roz§ifit metodou append, kterd pfijme jako parametr libovolny typ prikazu. Sestaveny
program 1ze vykonat volnou funkci run, kterd dostane jako druhy parametr referenci na hodnotu typu
grid. Funkce run jednak upravi vstupni mrizku, jednak vrati koncové soufadnice robota.

Pitikaz walk robota posune o prislusny pocet poli¢ek podle aktualni orientace:

 horizontalni - kladnd ¢isla znamenaj{ vychod,

e vertikalni - kladna ¢isla znamenaji sever.

Kterd vzdalenost se pouZije zévisi na tom, je-1i startovni policko oznacené.

struct walk

{
int if_marked = 0;
int if_unmarked = ©;

H
Piikaz turn robota prepind mezi horizontalnim a vertikalnim smérem pohybu.
struct turn {};

Prikaz toggle zméni oznacenost policka, na kterém robot aktuélné stoji. Je-1i priznak sticky nastaven
na true, jiZ oznaCené policko zistane oznadené.

struct toggle

{
bool sticky = false;

};
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struct progranm;
struct grid;

std::tuple< int, int > run( const program &, grid & );

V tomto cviceni budeme programovat funkce, které pracuji se souc¢tovymi posloupnostmi, které mohou
obsahovat prvky dvou typd (budeme je oznatovat jako levy a pravy). Konkrétni reprezentace takové
posloupnosti neni urcena - musi byt pouze kompatibilni mezi jednotlivymi funkcemi.

Prvni funkci, kterou naprogramujeme, bude select — ma 3 parametry, 2 obyCejné posloupnosti (obecnd
rOzaych typd) a bindrni funkci choose.

Vysledkem bude souctova posloupnost, kde na kaZdé pozici bude hodnota ze stejné pozice nékteré vstupni
posloupnosti - kterd to bude urcéi funkce choose, které navratovéa hodonta je typu choice:

enun class choice { left, right };

/] -

Déle definujeme funkce left a right, které ze zadané ,,souctové” posloupnosti vyberou prvky pouze levého
(pravého) typu a vrati je jako obyGejnou posloupnost (reprezentovanou jako std::vector).

/] -

Konetné definujeme funkci map, ktera obdrZi sou¢tovou posloupnost a dvé funkce, které zobrazi hodnoty
levého/pravého typu na libovolny spoledny typ. Vysledkem je obytejna posloupnost vhodného typu (opét
reprezentovand jako std::vector).

/-

C4st 9: Knihovna algoritmd

Pripravy:®

. set - mnoZinové operace,

. wsort - paralelni fazeni dvou posloupnosti,

. distinct - pocitani unik&tnich prvkg,

. reorder - stabilni fazeni s malou mnoZinou k1igG,
. strides - ffazeni jiZ sefazenych béhy,

. intervals - jednoduchy algoritmus v duchu std.

o Ol &~ W DD —

9.p: Pripravy

Implementujte mnoZinu libovolnych celych ¢isel, s témito operacemi:

 sjednoceni operatorem |,

e pronik operdtorem &,

e rozdil operdtorem -,

e uspofadani inkluzi relacnimi operatory.

VSechny vySe uvedené operace musi byt nejvyse linearni v souctu velikosti vstupnich mnoZin. Typ set
dopliite metodami add (prida prvek) a has (ovéri pritomnost prvku), které maji nejvyse logaritmickou
sloZitost.

struct set;

Implementujte genericky podprogram weighted_sort( seq;, seq,, weight ) kde:

1. seq, a seq, jsou dva stejng dlouhé vektory prvkd bliZe neuréeného typu (nemusi byt mozné je
kopirovat),

2. weight je funkce, kterd jako parametry prijme jeden prvek ze seq; a jeden prvek ze seq, a pfifad{
jim celoéiselnou véahu.

Vasim Ukolem je paralelné preusporadat obé sekvence seq;, seq, tak, aby na konci pro kazdy platny index
1 > 1 platilo:

weight( seqi[ i -1 171, seqel 1 -1 1] ) <=
weight( seqq[ 1 J, seqel 1 1)

% Tato kapitola neobsahuje ukazky ani elementarni priklady - potiebné informace naleznete v prednasce.
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Paralelnost preusporadani v tomto pripadé znamend, Ze:

* byl-1i povodni prvek seq,[ i ] pfesunut na novou pozici seq,[ j J,
« byl zéroveil prvek seq,[ i ] pfesunut na pozici seq,[ j .

Napiste Gistou, generickou funkci distinct( s ), kterd spotitd, kolik ruznych prvkl se objevuje ve
vzestupné sefazené posloupnosti s. Zadana posloupnost je hodnota typu, ktery poskytuje metody begin
a end; vysledné iteratory lze efektivné (v konstantnim ¢ase) posouvat o libovolny pocet pozic (napf.
funkei std::next) a lze také efektivng ziskat vzdalenost dvou iteratord (napr. funkci std::distance).
Prvky nemusi byt moZné kopirovat, ale 1ze je libovolngé srovnavat a presouvat.

Funkce musi pracovat v Gase nejvyse O(k - log(n)), kde k je potet rizaych prvkd (vysledek volani
distinct) an je délka vstupni posloupnosti.

Napi&te podprogram reorder( s, weight ), ktery pro zadanou posloupnost s a funkci weight na misté
pleusporada s tak, Ze pro w < w budou prvky s véhou w piedchazet prvkdm s vahou w. Zarovef pro prvky
se stejnou vahou plati, Ze se abjevi ve stejném poradi, v jakém byly v plvodni posloupnosti s.
Podprogram musi pracovat v ¢ase nejvySe O(k - n) kde & je poet roznych vah, které se objevi na vstupu,
an je délka posloupnosti s. Je také povoleno vyuZit linedrni mnoZstvi dodatecné paméti.

Naprogramujte generickou proceduru stride_sort( seq, key ), kterd sefadi vstupni posloupnost seq
padle klice zadaného unarni funkci key, a to v Gase 0(k - log(k) + n), kde k je potet jiZ spravng
sefazenych béhu.

Béhy ve vstupni posloupnosti se nepfekryvaji, tzn. pro libovolné dva béhy s, ¢ plati bud maz(s) < min(t)
nebo naopak maz(t) < min(s). Pro zcela sefazeny vstup je k = 1.

Ivazte jak, a za jakou cenu, by §lo algoritmus zobecnit tak, aby se vstupni béhy mohly prekryvat (a
zaroved z0stal pro mald k vyrazng efektivngjsi nez obecné razeni).

Naprogramujte proceduru intervals, kterd z posloupnosti & dvojic (zleva uzavienych, zprava otevitenych
intervald) vytvori vzestupné serazenou posloupnost n prvkd tak, Ze kaZzda hodnota, kterd spada do
nékterého vstupniho intervalu, se ve vystupni posloupnosti objevi pravé jednou.

Procedura intervals bude mit rozhrani podobné standardnim algoritmom:

« vystupem bude dvojice (rozsah) iterdtory, které zadavaji sekvenci dvojic-intervald (std::tuple),

e avystupn{ iterdtor, do kterého zapiSe vyslednou posloupnost.

Mizete predpoklédat, Ze prvky (a tedy i intervaly zadané jako jejich dvojice) 1ze kopirovat a prifazovat.
Algoritmus by mél mit sloZitost O(n + & - log(k)).

9.r: Regené lohy

Navrhnéte typ sched_queue, ktery bude udrZovat prioritni frontu hodnot typu task, uspofddanou podle
slozky priority. Maji-1i dva prvky stejnou prioritu, prednost ma ten s niZ&im id. Typ task nemodifikujte.

struct task
{
int priority, static_priority, id;

};

Typ sched_queue necht poskytuje tyto operace:

e add vloZi prvek do fronty,

e peek vrati konstantni odkaz na prvek s nejvyssi prioritou,

e demote podobné, ale vrati nekonstantni odkaz a zaroveri prvku sniZi prioritu o jedna,
e reset nastavi prioritu vSech prvkd na jejich hodnotu static_priority.

VSechny operace s vyjimkou peek mohou zneplatnit reference vracené nékterym predchozim volanim peek
nebo demote.

struct sched_queue;

Naprogramujte generickou proceduru join, kterd bude mit 5 parametri:

e dvé relace A, B na n resp. m hodnotach typu T, reprezentované jako std::vector hodnot typu
std::array,

» islo 7 < m uréujici sloupec (index) v prvni relaci a Gislo & < m podobné urtujici sloupec ve druhé
relaci,

» vystupni vektor vhodného typu, do kterého zapiSe vysledek.

Procedura nesmi vstupni parametry (zejména vstupni relace) nijak ménit. Hodnoty v relacich 1ze kopirovat
a implicitné sestrojovat.
Vysledkem bude jedina relace R na n +m — 1 hodnotéch takova, Ze:
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* (@gy @y ey @y bgy ooy D1, D150, b)) € R pravé kdyz

* (ag,..,a,) € A azdrovei

© (Bgy-rbg1,85, 0541, --0p,) € B

V relatnich databazovych systémech se této operaci rika prirozené spojeni (za predpokladu, Ze 1,7
oznatuji jediny spole¢ny sloupec)

Napi$te Gistou funkci sorted_ranges, kterd na vstupu dostane kontejner (nebo rozsah ve smyslu
std::range) a kladné &islo n. Vstupni posloupnost interpretujte jako obdélnikové pole Sirky n. Mo-
7ete predpokladat:

» iteratory lze efektivné posouvat o zadany pocet pozic (napf. funkci std::next)

 délka vstupni posloupnosti je délitelna n.

Vystupem bude std: :vector dvojic (index, délka), které pro kazdy radek vstupu udavaji nejdelsi uspord-
danou posloupnost nachazejici se na tomto rfadku. Je-1i takovych posloupnosti vic, pouZije se index prvni
z nich. Celkova sloZitost necht je O(m) kde m je délka vstupni posloupnosti.

Napite funkci rotate_sort, kterd dostane podobné jako v predchozim cviteni na vstupu kontejner (nebo
rozsah ve smyslu std::range) a kladné ¢islo n; vstupni posloupnost pak interpretuje jako obdélnikové
pole §ifky n. MdZete predpokladat, Ze:

» iteratory lze efektivné posouvat o zadany pocet pozic (napf. funkci std::next)

¢ délka vstupni posloupnosti je délitelna n.

Funkce ov&ri, je-1i moZné kazdy i‘adek vzestupng sefadit jednou rotaci (tzn. existuje-li k takové, Ze
posunem prvkd o k mod n doprava nebo doleva vznikne serazend posloupnost). Je-li to moZné, tyto rotace
provede a vrat{ true. Jinak vstupni sekvenci nijak nemodifikuje a vrati false. Celkova sloZitost necht
je O(m) kde m je délka vstupni posloupnosti.

Given a number n and a base b, find all numbers whose digits (in base b) are a permutation of the digits
of n and return them as a vector of integers. Each such number should appear exactly once.
Examples:

(125)10 » { 125, 162, 215, 261, 512, 521 }
(1) 16 » { (1118, (F11)4s, (11F)16 }
(20)10 > {20, 2}

std::vector< unsigned > permute_digits( unsigned n, int base );

std: :vector< unsigned > to_digits( unsigned n, int base, int fill = 8 )

{
std: :vector< unsigned > ds;
while (n>8 || fill >0)
{
ds.push_back( n % base );
n /= base;
-- fill;
}
return ds;
}
Cast 10: Iterators
XXX
Demonstrations:

1. queue - an iterable queue
2. split - chop up a string_view into pieces
3. glob - iterate over matches of a pattern in a string

Elementary exercises:

1. iota - an iterable sequence of integers
2. view - iterate a slice of an existing collection
3. skip - iterate every n-th item (a stride) of a collection

Preparatory exercises

1. seq - generic sequences
2. filter - filtered sequences
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. zip - iterate two sequences in lockstep
. nibble - a fixed-size nibble array

. tree - in-order iteration of a tree

. scan - generalized prefix sum

) Ol S~ W

Regular exercises:

map - applying a function to a sequence

. range - views with a shared backing store

. permute - iterate all permutations of a sequence
. critbit - iterate a ‘critbit’ binary trie in order
. matrix 1 - iterate a compact rectangular array

. bits - iterate bits in a word

Y U1 &~ W DD —

18.d: Demonstrace (ukdazky)

Let’s implement a pure function split, which given a string view s and a delimiter delim, produces a
pair of string_views a and b such that:

e delim is not in g,

e and either
o s ==ga + delim + b if delim was present in s,
° s == gand b is empty otherwise

using split_view = std::pair< std::string_view, std::string_view >;

split_view split( std::string_view s, char delim )

{
size_t idx = s.find( delim );
if ( idx == s.npos )
return {'s, "" };
else
return { s.substr( 0, idx ), s.substr( idx + 1, s.npos ) };
}
int main() /* demo */
{
auto [ a, b ] = split( "hello world", ' ' );
assert( a == "hello" );
assert( b == "world" );
auto [ ¢, d ] = split( "hello world", '!I'" );
assert( ¢ == "hello world" );
assert( d == "");
return 8;
}

V této ukézce budeme implementovat jednoduché srovnani fetézce se vzorkem, ktery ma dva typy zéstupnych
znaky:

« + nahrazuje libovolnou posloupnost znak( (i prézdnou),

» % funguje stejné, ale misto nejdelsi moZné posloupnosti vybere nejkratdi moZnou (rozdil se projevi
pouze v piifazeni poditetdzcl jednotlivym zastupnym znakim; viz také main)

Specidlni znaky 1ze ,vypnout® tim, Ze jim predepiSeme znak \.

Krom samotné informace, zda zadany fetézec vzorku vyhovuje, budeme také pozadovat retézce, které

ve zpracovaném textu odpovidaly jednotlivym zastupnym znakim (napf. proto, abychom je mohli nétim

nahradit) - t&mto budeme Fikat ,zachycené“ (angl. captured)

Samotné hledani vzorku implementujeme rekurzivng. Aktudlni ,pohled” do vzorku i do fetézce budeme

reprezentovat typem std::string_view, stejné tak zachycené podretézce.

Parametr pat reprezentuje vzorek, ktery musime v fetézci str nalézt. Rekurzivni volani odstratiuji znaky

ze zatatku pat a/nebo str tak, aby tyto obsahovaly dosud nezpracované sufixy.

Parametry c_idx a c_len popisuji pravé reSeny zastupny znak — c_idx je jeho poradové ¢islo (a tedy

index v parametru capture, kterému odpovidd) a c_len je délka prozatim zachyceného podietézce (je-li

c_len nula, zadny zastupny znak aktivni neni.)

bool glob_match( std::string_view pat,
std: :string_view str,
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std: :vector< std::string_view > &capture,
int c_idx, int c_len )

{

Nejprve vyresime trividlni pripady: prézdny retézec vyhovuje prazdnému vzorku, nebo vzorku ktery
obsahuje jediny zastupny znak, naopak je-li jedna strana neprdzdna a druhd prézdnd, shoda je vylouCena.

if ( str.empty() && ( pat == "" || pat == "+" || pat == "%¥" ) )
return true;

if ( pat.empty() || str.empty() )
return false;

Neméme-1i rozpracovany Zadny zastupny znak, poznatime si moZny zatatek zachyceného retézce. Neni-1i
nasledujici znak zastupny, poznaceny zatatek se pfi zpracovani dal§iho znaku vzorku posune. NemiZeme
se zde rozhodovat podle prvniho znaku vzorku, protoZe ten jiz moZe byt rozpracovany.

if ( 'c_len )
capture[ c_idx ] = str;

Zpracovani zastupného znaku ma dvé moZzna pokracovani: zachyceni miZeme ukoncit a pokracovat ve srovnani
vzorku dal$im znakem. V takovém pripadé se posuneme se na dal${ index c_idx a vynulujeme c_len. Posun na
dal8{ znak vzorku realizuje metoda substr typu std::string_view - prvni parametr je index, od kterého
mé novy pohled zaGinat, druhy (volitelny) uréuje délku nového pohledu (implicitné je maximalni moZna,
tzn. do konce ,,rodi¢ovského® pohledu).

Vede-1i navic ukonen{ zachytu k celkovému Uspéchu, ulozime vysledny zachyceny retézec na prisluSny
index seznamu capture.

auto end_capture = [&]

{
auto p_suf = pat.substr( 1 );
bool m = glob_match( p_suf, str, capture, c_idx + 1, 0 );
if (m)
capture[ c_idx ] = capture[ c_idx ].substr( 8, c_len );
return m;
H

Druhou moznosti je rozpracovany zachyceny retézec prodlouZit o jeden znak a pokracovat tak v zpracovani
aktivniho zastupného znaku. Vzorek tedy zachovame (prvni znak je stale zéstupny) a ve zpracovaném
retézci se o jeden znak posuneme (op&t metodou substr)

auto extend_capture = [&]
{
auto s_suf = str.substr( 1 );
return glob_match( pat, s_suf, capture, c_idx, c_len + 1 );

5

Zating-1i vzorek specialnim znakem (zastupnym nebo \), zpracujeme jej. Nejkrat3f shodu se pokusime
prednostng ukoncit a prodlouZime ji pouze v pripadé, kdy toto rozhodnuti nevede k nalezeni shody. Naopak
hladovou (nejdel3i) shodu se prioritng pokusime prodlouZit, a ukondime ji pouze v situaci, kdy by
prodlouZeni zabranilo nalezeni shody.

switch ( pat[ 0 1)

{
case '%': return end_capture() || extend_capture();
case '+': return extend_capture() || end_capture();
case '\\': pat.remove_prefix( 1 ); break;
default: ;

}

Je-li vzorek nebo fetézec vyCerpan, nebo vzorek zatina obycejnym znakem, ktery se neshoduje s odpovi-
dajicim znakem fetézce, shodu jsme nenaSli

if ( pat.empty() || str.empty() || pat[ 8 ] '=str[ 8 ])
return false;

V opacném pripadé je moZné dosud nalezenou shodu prodlouZit o jeden znak a pokracovat ve zpracovani
sufixd.

pat.remove_prefix( 1 );
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}

Pred samotnym rekurzivnim zpracovanim si nachystame seznam zachycenych fet&zch (abychom nemuseli pri
zpracovani jednotlivych znaki neustéle kontrolovat, méme-li v capture dostatek mista). Pro pohodlngjsi
pouZiti zachycené retézce predame volajicimu jako soutdst navratové hodnoty.

auto glob_match( std::string_view pat, std::string_view str )

{

int

1 In this demo, we will implement a full-featured input iterator: the most basic kind of iterator that
can be used to obtain values (as opposed to updating them, as done by an output iterator).

A common task is to split a string into words, lines or other delimiter-separated items. This is one of
the cases where the standard library does not offer any good solutions: hence, we will roll our own. The
class will be called splitter and will take 2 parameters: the string (string_view to be exact) to be
split, and the delimiter (for simplicity limited to a single character).

The splitter is based on string_view to make the whole affair ‘zero-copy’: the string data is never
copied. The downside is that the input string (the one being split) must ‘outlive’ the splitter instance.
We will re-use the split function from previous demo and use it as the ‘workhorse’ of the splitter.

using split_view = std::pair< std::string_view, std::string_view >;

str.remove_prefix( 1 );

return glob_match( pat, str, capture, c_idx, 0 );

std: :vector< std::string_view > capture;
char prev = 8;

for ( char ¢ : pat )

{
if ((e="%"[lc=="%")8& prev != "\\' )
capture.emplace_back();
prev = c;
}

bool match = glob_match( pat, str, capture, 8, 0 );

if ( !'match )
capture.clear();

return std::tuple{ match, capture };

main() /* demo */

using sv_vec = std::vector< std::string_view >;

bool m;
sv_vec capture;

std::tie( m, capture ) = glob_match( "%.*", "x.y.z" );
assert(( m 8& capture == sv_vec{ "x", "y.z" } ));

std::tie( m, capture ) = glob_match( "x.%", "x.y.z" );
assert(( m 8& capture == sv_vec{ "x.y", "z" } ));

std::tie( m, capture ) = glob_match( "%.%", "x.y.z" );
assert(( m 8& capture == sv_vec{ "x", "y.z" } ));

std::tie( m, capture ) = glob_match( "\\%.%", "%.y.z" );
assert(( m 8& capture == sv_vec{ "y.z" } ));

std::tie( m, capture ) = glob_match( "%.%", "x:y:z" );
assert(( !m 8& capture == sv_vec{} ));

split_view split( std::string_view s, char delim )

{

size_t idx = s.find( delim );
if ( idx == s.npos )
return {'s, {} };
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else
return { s.substr( @, idx ), s.substr( idx + 1, s.npos ) };

}

The splitter class itself doesn’t do much: its main role is to create iterators, via begin and end. To
this end, it must of course remember the input string and the delimiter.

struct splitter

{
using value_type = std::string_view;
std::string_view _str;
char _delim;

Real iterators must provide operator—> - the one that is invoked when we say iter—>foo(). For this
particular use-case, this is a little vexing: operator-> must return either a raw pointer, or an instance
of a class with overloaded operator->. Clearly, that chain must end somewhere - sooner or later, we
must have an address of the item to which the iterator points.

This is inconvenient, because we want to construct that item ‘on the fly’ - whenever it is needed - and
return it from the dereference operator (unary *) by value, not by reference.

The above two requirements are clearly contradictory: as you surely know, returning the address of a
local variable won’t do. This is where proxy comes into play: its role is to hold a copy of the item that
has sufficiently long lifetime.

Later, we will return proxy instances by value, hence proxy itself will be a temporary object. Since
temporary objects live until the ‘end of statement’ (i.e. until the nearest semicolon, give or take),
we can return the address of its own attribute. That address will be good until the entire statement
finishes executing, which is good enough: that means when we write iter->foo(), the proxy constructed by
operator->, and hence the string_view stored in its attribute, will still exist when foo gets executed

struct proxy

{
value_type v;
value_type *operator->() { return &v; }

};

struct iterator

{

There are 5 ‘nested types’ that iterators must provide. The probably most important is value_type,
which is the type of the element that we get when we dereference the iterator.

using value_type = splitter::value_type;

The iterator_category type describes what kind of iterator this is, so that generic algorithms can take
advantage of the extra guarantees that some iterators provide. This is a humble input iterator, and
hence gets std::input_iterator_tag as its category.

using iterator_category = std::input_iterator_tag;

The remaining 3 types exist to make writing generic algorithms somewhat easier. The difference_type
is what you would get by subtracting two iterators - the ‘default’ is ptrdiff_t, so we use that, even
though our iterators cannot be subtracted.

using difference_type = std::ptrdiff_t;

The last two are ‘decorated’ versions of value_type: a pointer, which is straightforward (but do
remember to take const-ness into account)...

using pointer = value_type *;

... and a reference (same const caveat applies). However, you might find it surprising that the latter is
not actually a reference type in this case. Why? Because reference is defined as ‘what the dereference
operator returns’, and our operator* returns a value, not a reference. Input iterators have an exception
here: all higher iterator types (forward, bidirectional and random) must make reference an actual
reference type.

using reference = value_type;
Now, finally, for the implementation. The data members (and the constructor, and the assignment

operator) are all straightforward. The _str attribute represents the reminder of the string that still
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needs to be split, and will be an empty string for the end iterator. Remember that string_view does not
hold any data, so we are not making copies of the input string.

std::string_view _str;
char _delim;

iterator( std::string_view s, char d )
o _str('s ), _delim( d )
{}

iterator( const iterator & ) = default;
iterator 8operator=( const iterator & ) = default;

The pre-increment and post-increment operators are reasonably simple. As is usual, we implement the
latter in terms of the former.

iterator &operator++()

{
_str = split( _str, _delim ).second;
return *this;
}
iterator operator++( int )
{
auto orig = *this;
++xthis;
return orig;
}

Dereference would be unremarkable, except for the part where we return a value instead of a reference
(we could use the reference nested type here to make it clear we are adhering to iterator requirements,
but that would be likely more confusing, considering how reference is not a reference). Do note the
const here.

value_type operator+() const

{
return split( _str, _delim ).first;

}

This is what gets called when we write iter->foo. See proxy above for a detailed explanation of how and
why this works. Also, const again.

proxy operator->() const

{

return { wxthis };

}

Finally, equality. There is a trap or two that we need to avoid: first and foremost, string_view
comparison operators compare content (i.e. the actual strings) - this is not what we want, since it
could get really slow, even though it would ‘work’.

The other possible trap is that on many implementations, string literals with equal content get equal
addresses, i.e. the begin of two different std::string_view( "" ) instances would compare equal, but
this is not guaranteed by the standard. It just happens to work by accident on many systems.

bool operator==( const iterator & ) const

{
return ( _str.empty() && o._str.empty() ) ||
( _str.begin() == o0._str.begin() );

};

auto begin() const { return iterator( _str, _delim ); }
auto end()  const { return iterator( {}, _delim ); }

splitter( std::string_view str, char delim )
o _str( str ), _delim( delim )
{
H

int main() /* demo */
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auto s = splitter( "quick brown fox", ' ' );
auto e = std::vector{ "quick", "brown", "fox" };

auto iseq = [&J{ return std::equal( s.begin(), s.end(),
e.begin(), e.end() ); };

assert( iseq() );

s = splitter( "", );
assert( liseq() );
e.clear();

assert( iseq() );

s = splitter( "hello", ' ' );
e = std::vector{ "hello" };
assert( iseq() );

s = splitter( "hello", '1' );
e = std::vector{ "he", "", "0o" };
assert( iseq() );

10.e: Elementarni priklady

We will write a simple function, digraph_freq, which accepts a string and computes the frequency of
all (alphabetic) digraphs. The exact signature is up to you, in particular the return type. The only
requirement is that the returned value can be indexed using strings and this returns the count (or 8 if
the input string is not a correct digraph). This must also work on const instances of the return value.
For examples see main.

Define digraph_freq here, along with any helper functions or classes.

10.p: Pripravy

V tomto prikladu budeme pracovat s textem. Procedura rewrap dostane odkaz (referenci) na rFetézec,
ktery obsahuje text sloZeny ze slov oddélenych mezerami (U+8628) nebo znaky nového radku (U+600A).
Dva nebo vice znakl konce Fadku tésné za sebou chapeme jako oddélovat odstavcd.

Déle dostane celotiselny pocet sloupcd (znakd) cols, ktery urtuji, jak dlouhy moZe byt jeden radek
Procedura pak preformatuje vstupni rfetézec tak, aby:

1. bylo zachovano rozdéleni na odstavce,

2. jednotlivy Ffadek textu nepresahl cols,

3. zachové celistvost slov (tzn. smi ménit pouze mezery a znaky nového radku),

4. kazdy radek byl nejdel$i moZny.

MdZete predpokladat, Ze Zadné slovo nenf deldi neZ cols a Ze kaZzda mezera sousedi po obou strandch se
slovem.

void rewrap( std::u32string &str, int cols );

Regulérni gramatika ma pravidla tvaru A — zB nebo A — z kde A, B jsou netermindly a = je termindl.
Navrhnéte typ grammar, kterého hodnoty lze implicitné sestrojit a ktery méa tyto 2 metody:

e add_rule, které lze predat 2 nebo 3 parametry:
a. jeden znak, ktery reprezentuje levou stranu (velké pismeno anglické abecedy) a
b. jeden termindl (malé pismeno), nebo jeden termindl a jeden netermindl,

e generate, kterd prijme 2 parametry: startovni netermindl a kladné celé ¢islo, které reprezentuje
maximalni délku slova; vysledkem bude seznam (std::vector) vSech retézcd (slov), které lze takto
vygenerovat, a to v lexikografickém poradi

class grammar;

Ve cviteni 87/p6_linear jsme napsali jednoduchy program, ktery i'e$i systémy linedrnich rovnic o dvou
neznamych. Tento program nyni rozsifime o nac¢itani vstupu z retézce.

Naprogramujte Gistou funkci solve, kterd ma jediny parametr (fetdzec predany jako hodnota typu
std::string_view). Vstup obsahuje pravé dvé rovnice, na kazdém rfadku jedna, se dvéma jednopismennymi
proménnymi a celoGiselnymi koeficienty. Kazdy Glen je oddélen od operdtord (+ a -) a znaku rovnosti
mezerami, jednotlivy ¢len (koeficient vEetné znaménka a piipadnd proménna) naopak mezery neobsahuje.
Neni-1i vstup v ofekdvaném formatu, situaci feSte jak uznate za vhodné (miZete napf. ukonéit funkci
vyjimkou no_parse)

{isubject(, 16. Unora 2024



Vysledkem bude dvojice &isel typu double. Poradi vysledku necht je abecedni (napf. dvojice x, y). Jinak
se funkce solve chova stejng, jak je popsano v zmifiovaném pfikladu 87/p6_linear.

struct no_solution : std::exception {};
struct no_parse . std::exception {};

std::pair< double, double > solve( std::string_view eq );

Napiste ¢istou funkci, kterd spoCita naivni rozdéleni textu na jednotliva slova.’’ Budeme uvaZovat pouze
bilé vs nebilé znaky (kddové body), a za slova budeme povazovat libovolnou neprazdnou sekvenci nebilych
znak(. Unicode obsahuje tyto bilé znaky (oznatené vlastnosti White_Space):

U+6009 - U+006D, U+0020, U+0085, U+B0A8, U+1680, U+2000 - U+200A, U+2028, U+2029, U+202F, U+205F, U+3000.

Déle budeme povaZovat za bilé i znaky U+200B, U+2860, které logicky (ale ne vizudlng) slova oddéluji
(tyto znaky vlastnosti White_Space oznaGeny nejsou).

Vstupem funkce je pohled na text, vystupem funkce je seznam (std::vector) pohledd, které vymezuji
jednotliva identifikovana slova.

std::vector< std::u32string_view > words( std::u32string_view );

V tomto cviceni se budeme zabyvat hudebnimi akordy. Nezapomeiite kéd dekomponovat do smysluplnych
celky.

Tzv. ,zépadni* hudebni tradice pouZiva 12 tond. Sousedni tdny jsou vzdalené jeden pdlton (160 centd).

Zakladni akordy jsou vystavény z malych (366 centt) a velkych (486 centt) tercii. Budeme se zabyvat
pouze akordy v zakladnim tvaru, tzn. zékladni ton je zarover basovym. K zépisu budeme pouZzivat némecké
nazvoslovi:

e ¢, d,e f, g, a, hjsou ,zékladni* tony bez posuvek (h),

« cis, dis, eis = f, fis, gis, ais, his = ¢ = s ki'izkem (4),

e ces =h, des, es, fes = e, ges, as, b — tony s bétkem (b).

Zakladni noty (h) jsou vzdalené 200 centl, s vyjimkou dvojic e/f a h/c, které jsou vzdalené pouze 100
centd. Bécko ode¢itd a kiiZek pricita k hodnoté noty 106 centld. ZjednoduSend pravidla pro pouzivani
nazvl tond pri stavbé akordl:

e v toninach C, G, D, A, E, H, Fis, Cis — pouzivame kiiZky,

e toniny F, B, Es, As, Des, Ges, Ces — pouZivéme bécka,

 Dbétka a kiizky (v zékladnich akordech) nemichame,

e dvojita bécka a kiiZzky neuvazujeme,

« misto eis, his, ces, fes, pouZijeme f, c, h, e.

Cista kvinta je 708 centl, zatimco mald septima je 1000 centl. Intervaly (vyjadfené v centech) skladame
s¢itanim mod 1200, pritom konvencné chapeme ton ¢ jako nulu.

Je-1i napriklad zékladni tén g, tzn. 768 centl, prictenim ¢isté kvinty dostaneme 1468 mod 1206 = 2060
centl, neboli tén d. Mezi tény g a d je tedy interval ¢isté kvinty.

Durovy kvintakord stavime od zékladniho tonu toniny pridanim velké tercie a dal§i malé tercie, napfiklad
c—>cegneboe — egish.

std::string major_5( std::string key );

Mollovy kvintakord stavime od sexty (986 centd) paralelni durové toniny pridanim malé tercie a dalsi
velké tercie, napf. ¢ — ac e, nebo e — cis e gis.

std::string minor_5( std::string key );

Dominantn{ septakord stavime od kvinty duravé téniny, napf. v téniné C bude postaven na ténu g, a vznikne
pridénim jedné velké a dvou malych tercii (celkem 4 tony), napiiklad tedy f — cegb.

std::string dominant_7( std::string key );

V tomto cviceni implementujeme ¢isla s pevnou desetinnou ¢arkou, konkrétné se 6 desitkovymi ¢islicemi
pied a dvéma za desetinnou ¢arkou. (isla budou tedy tvaru 123456.78.
Typ bad_format budeme pouZivat jako vyjimku, kterd indikuje, Ze pokus o nacteni ¢isla z retézce selhalo.

struct bad_format;

Skutetna segmentace textu je velmi sloZitd a prakticky jedind moZnost je pouZit stavajici knihovny, pro C++ napf. ICUAC (balik
knihoven, ktery mé dohromady cca 100MiB a jen hlavitkové soubory maji cca 128 tisic Fadkd).

109/160



110/168

Typ fixnum necht poskytuje tyto operace:

» sCitani, odetitani a ndsobeni (operatory +, - a *),

¢ sestrojeni z celého ¢isla,

» sestrojeni z fetézce zadaného v desitkové soustavé (desetinn Gast je nepovinna) - je-li fetézec
neplatny, konstruktor necht skonéi vyjimkou bad_format,

¢ srovnani dvou hodnot operdtory ==a !=.

VSechny aritmetické operace necht zaokrouhluji smérem k nule na nejbliZsi reprezentovatelné ¢islo

struct fixnum;

18.r: Redené Ulohy

Napiste ¢istou funkci expr_valid, ktera rozhodne, je-li vstupni rfetézec vyrazem, ktery vyhovuje nasle-
dujici gramatice:

expr  =ws, term, { ws, '+', term } ;

term = ws, factor, { ws, 's', factor } ;

factor = ws, ( '(', expr, ws, ')' | ident | num ) ;
WS = { 7 std::isspace ? } ;

ident = letter, { letter } ;
num = digit, { digit } ;

letter = 'a' | '0" | .| '2';
digit ='0' | "' | .]'9;

bool expr_valid( std::string_view );

NapiSte ¢istou funkci stmt_valid, kterd rozhodne, je-li vstupni Fetézec prikazem jazyka zadaného
nasledujici gramatikou:

stmt = 'if') expr, 'then', stmt
| 'while', expr, 'do', stmt
| 'begin', stmt, { stmt }, 'end'
| 'set', ident, ':=', expr
| 'skip' ;
expr = atom | atom '+' atom | atom '-' atom ;

atom = '8' | "' | ident ;

Termindly (a neterminal ident) jsou od sebe na vstupu oddéleny pravé jednou mezerou. Pro ident pouZijte
tuto definici:

ident = letter, { letter } :
letter = 'a' | 'v' | . | 'z' ;

bool stmt_valid( std::string_view );

In this exercise, we will write a pretty-printer for simple arithmetic expressions, with 3 operation
Types: addition, multiplication and equality, written as +, * and = respectively. The goal is to print the
expression with as few parentheses as possible.

Assume full associativity for all operations. The precedence order is the usual one: multiplication binds
most tightly, while equality most loosely.

The formatting is done by calling a print method on the root of the expression to be printed.

class node;

class addition;

class multiplication;
class equality;

class constant;

using node_ptr = std::unigue_ptr< node >;
node_ptr read( std::string_view expr );

The goal of this exercise is to implement a printer for JSON, invoked as a print method available on
each node. It should take no arguments and return an instance of std::string. For simplicity, the only
scalar values you need to implement are integers. Then there are 2 composite data types:

e arrays, which represent a sequence of arbitrary values,
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¢ objects, which map strings to arbitrary values.

Both composite types are heterogeneous (the items can be of different types). They are formatted as
follows:

«array: [1,[2,3],4],

e object: { "key,": 7, "key,": [ 1, 2 ] }.

To further simplify matters, we will not deal with line breaks or indentation - format everything as a
single line.

class node;
using node_ptr = std::unique_ptr< node >;
using node_ref = const node §&;

The number class is to be constructed from an int, has no children, and needs no methods besides print.
class number;

The object and array classes represent composite JSON data. They should be both default-constructible,
resulting in an empty collection. Both should have an append method: for object, it takes an std::string
(the key) and a node_ptr, while for array, only the latter. In both cases, print items in the order in
which they were appended. Duplicated keys are ignored (i.e. first occurrence wins).

class object;
class array;

Cast 11: Vstup a vystup

Demonstrations:

1. files - opening files, reading and writing strings
2. streams - from values to strings and back

3. format - overloading formatting operators

Elementary exercises:
1. force - input and output operators
Preparatory exercises:

1. set - read and write sets of numbers,

2. fixnum - fixed point numbers with formatted 10,
3. tmpfile - an auto-erasing temporary file

4. parse - parser for a simple low-level language,
5. grep - print matching lines,

6. csv - parse comma-separated numeric data.
Regular exercises:

XXX
XXX

XXX

XXX

. json - format a string — string map as JSON
. cpp T - a very simple C preprocessor

Oy O &~ W DD —

11.d: Demonstrace (ukazky)

This example will be brief: we will show how to open a file for reading and fetch a line of text. We will
then write that line of text into a new file and read it back again to check that things worked.

We will split up the example into functions for 2 reasons: first, to make it easier to follow, and second,
to take advantage of RAIL: the file streams will close the underlying resource when they are destroyed.
In this case, that will be at the end of each function.

std::string read( const char *file )

{

The default method of doing 10 in C++ is through streams. Reading files is done through a stream of type
std: :ifstream, which is short for input file stream. The constructor of ifstream takes the name of the
file to open. We will use a file given to us by the caller.

std::ifstrean f( file );
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The simplest method to read text from a file is using std::getline, which will fetch a single line at a
time, into an std: :string. We need to prepare the string in advance, since it is passed into std::getline
as an output argument.

std::string line;

The std::getline function returns a reference to the stream that was passed to it. Additionally, the
stream can be converted to bool to find out whether everything is okay with it. If the reading fails for
any reason, it will evaluate to false. The newline character is discarded.

if ( !std::getline( f, line ) )

In real code, we would of course want to handle errors, because opening files is something that can fail
for a number of reasons. Here, we simply assume that everything worked.

assert( false );

return line;

}
Next comes a function which demonstrates writing into files.

void write( const char *file, std::string line )

{

To write data into a file, we can use std::ofstream, which is short for output file stream. The output
file is created if it does not exist.

std::ofstrean f( file );

Writing into a file is typically done using operators for formatted output. We will look at those in more
detail in the next section. For now, all we need to know that writing an object into a stream is done
like this:

f << line;

We will also want to add the newline character that getline above chomped. We have two options:
either use the "\n" string literal, or std::endl - a so-called stream manipulator which sends a newline
character and asks the stream to send the bytes to the operating system. Let’s try the more idiomatic
approach, with the manipulator:

f << std::endl;
At this point, the file is automatically closed and any outstanding data is sent to the operating system.

}

int main() /* demo */

{

We first use read to get the first line of a random file.
std::string line = read( "zz.include.txt" );

And we check that the line we got is what we expect. Remember the stripped newline.
assert( line == "ffifdef foo" );

Now we write the line into another file. After you run this example, you can inspect files.out with an
editor. It should contain a copy of the first line of this file.

write( "d5_files.out", line );
Finally, we use read again to read "file.out" back, and check that the same thing came back.

std: :string check = read( "d5_files.out" );
assert( check == line );

File streams are not the only kind of I0 streams that are available in the standard library. There are
3 ‘special’ streams, called std::cout, std::cerr and std::cin. Those are not types, but rather global
variables, and represent the standard output, the standard error output and the standard input of

{isubject(, 16. Unora 2024



the program. However, the first two are instances of std::ostream and the third is an instance of
std::istream.

We don’t know about class inheritance yet, but it is probably not a huge stretch to understand that
instances of std::ofstrean (output file stream) are also at the same time instances of std::ostream
(general output stream). The same story holds for std::ifstrean (input file stream) and std::istream
(general input stream).

There is another pair of classes: std::ostringstream and std::istringstream. Those streams are not
attached to 0S resources, but to instances of std::string: in other words, when you write to an
ostringstream, the resulting bytes are not sent to the operating system, but are instead appended
to the given string. Likewise, when you read from an istringstream, the data is not pulled from the
operating system, but instead come from an std::string. Hopefully, you can see the correspondence
between files (the content of which are byte sequences stored on disk) and strings (the content of
which are byte sequences stored in RAM).

In any case, string streams are ideal for playing around, because we can use the same tools as we always
do: create some simple instances, apply operations and use assert to check that the results are what
we expect. String-based streams are defined in the header sstreanm.

Everything that we will do with string streams applies to other types of streams too (i.e. the 3 special
streams mentioned earlier, and all file streams).

Like in the previous example, we will split up the demonstration into a few sections, mainly to avoid
confusion over variable names. We will first demonstrate reading from streams. We have already seen
std::getline, so let’s start with that. It is probably noteworthy that it works on any input stream,
not just std::ifstream.

void getline_1()
{

std::istringstrean istr( "a string\nwith 2 lines\n" );
std::string s;

assert
assert
assert
assert
assert
assert

std::getline( istr, s ) );
s == "a string" );
std::getline( istr, s ) );
s == "with 2 lines" );
Istd::getline( istr, s ) );
s.empty() );

N AN N AN AN

}

We can also override the delimiter character for std::getline, to extract delimited fields from input
streams.

void getline_2()

{
std::istringstrean istr( "colon:separated fields" );
std: :string s;
assert( std::getline( istr, s, ':' ) );
assert( s == "colon" );
assert( std::getline( istr, s, ':' ) );
assert( s == "separated fields" );
assert( !std::getline( istr, s, ':') );
}

So far so good. Our other option is so-called formatted input. The standard library doesn’t offer much
in terms of ready-made overloads for such inputs: there is one for strings, which extracts individual
words (like the scanf specifier %s, if you remember that from C, but the C++ version is actually safe and
it is okay to use it). Then there is an instance for char, which extracts a single character (regardless
of whether it is a whitespace character or not) and a bunch of overloads for various numeric types

void formatted_input()

{
std::istringstrean istr( "integer 123 float 3.1415 s t" );
std::string s, t;
int i; float f;

istr >> s; assert( s == "integer" );
istr >> i; assert( i == 123 );
istr >> s; assert( s == "float" );
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Notice that float numbers are not very exact. They are usually just 32 bits, which means 24 bits of
precision, which is a bit less than 8 decimal digits.

istr >> f; assert( std::fabs( f - 3.1415 ) < 1e-7 );

The last thing we want to demonstrate with regards to the formatted input operators is that we can
chain them. The values are taken from left to right (behind the scenes, this is achieved by the formatted
input operator returning a reference to its left operand.

istr >> s > t;
assert( s == "s" & t == "t" );

When we reach the end of the stream (i.e. the end of the buffer, or of the file), the stream will indicate
an error. A stream in error condition converts to false in a bool context.

assert( !( istr >>s ) );

}

Output is actually quite a bit simpler than input. It is almost always reasonable to use formatted output,
since strings are simply copied to the output without alterations.

void formatted_output()
{

std::ostringstream a, b, c;
a << "hello world";

To read the buffer associated with an output string stream, we use its method str. Of course, this
method is not available on other stream types: in those cases, the characters are written to files or
to the terminal and we cannot access them through the stream anymore

assert( a.str() == "hello world" );
Like with formatted input, output can be chained.

b << 123 << " " << 3.1415:
assert( b.str() == "123 3.1415" );

When writing delimited values to an output stream, it is often desirable to only put the delimiter
between items and not after each item: this is an endless source of headaches. Here is a trick to do it
without too much typing:

int i =0;
for (intv:{1,2,3})
C << ( i++ ’7 H, " : mnu ) << v;

assert( c.str() == "1, 2, 3" );

We have seen the basics of input and output, and that formatted input and output is realized using
operators. Like many other operators in C++, those operators can be overloaded. We will show how that
works in this example.

We will revisit the cartesian class from last week, to represent complex numbers in algebraic form, i.e.
as a sum of a real and an imaginary number. We do not care about arithmetic this time: we will only
implement a constructor and the formatted input and output operators. We will, however, need equality
so that we can write test cases.

class cartesian

{
double real, imag;
public:

We have seen default arguments before: those are used when no value is supplied by the caller. This also
allows instances to be default-constructed.

cartesian( double r = 6, double i =8 ) : real( r ), imag( i ) {}
The comparison is fuzzy, due to the limited precision available in double.

friend bool operator==( cartesian a, cartesian b )

{
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return std::fabs( a.real - b.real ) < 1e-10 &&
std::fabs( a.imag - b.imag ) < 1e-10;
}

Now the formatted output, which is a little easier than the input. Since the first operand of this
operator is not an instance of cartesian, the operator cannot be implemented as a method. It must
either be a function outside the class, or use the ‘friend trick’. Since we will need to access private
attributes in the operator, we will use the friend syntax here. The return type and the type of the first
argument are pretty much given and are always the same. You could consider them part of the syntax.
The second argument is an instance of our class (this would often be passed as a const reference)

friend std::ostream &operator<<( std::ostream o, cartesian ¢ )

{

We will use 27.3+7.1*1 as the output format. We can use ‘simpler’ overloads of the << operator to build
up ours: this is a fairly common practice. We write to the ostream instance given to us in the argument.
We must not forget to return that instance to our caller

0 << c.real;
if (c.imag >= 8 )

0 << +”;

return 0 << c.imag << "*i";

}

The input operator is similar. It gets a reference to an std::istream as an argument (and has to pass
it along in the return value). The main difference is that the object into which we read the data must
be passed as a non-constant (i.e. mutable) reference, since we need to change it.

friend std::istream &operator>>( std::istream &i, cartesian &c )

{

Like above, we will build up our implementation from simpler overloads of the same operator (which
all come from the standard library). The formatted input operators for numbers do not require that
the number is followed by whitespace, but will stop at a character which can no longer be part of the
number. A + or - character in the middle of the number qualifies.

i >> c.real;

We will slightly abuse the flexibility of the formatted input operator for double values: it accepts
numbers starting with an explicit + sign, hence we do not need to check the sign ourselves. Just read
the imaginary part.

i >> c.imag;
We do need to deal with the trailing =1 though.
char ch;

When formatted input fails, it should set a failbit in the input stream. This is how the if ( stream >>
value ) construct works.

if (1(i>>ch) || ch!="x"|
I(i>>ch) [|ch!="i")
i.setstate( i.failbit );

And as mentioned above, we need to return a reference to the input stream.

return 1i;
}
5
int main() /* demo */
{

std: :ostringstream ostr;
ostr << cartesian( 1, 1 );

We first check that the output behaves as we expected.
assert( ostr.str() == "M+1xi" );

We write a few more complex numbers into the stream, using operator chaining.
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ostr <<

<< cartesian( 3, 8 ) << " " << cartesian( 1, -1 )
<< g, 08);

" " << cartesian( 6, 8 )

assert( ostr.str() == "+1*i 3+B%1 1-1%i 0+8%1" );

We now construct an input stream from the string which we created above, and check that the values
can be read back.

std::istringstream istr( ostr.str() );
cartesian a, b, c;

Let’s read back the first number and check that the result makes sense.

assert( istr >> a );
assert( a == cartesian( 1, 1) );

We can also check that chaining works as expected, using the remaining numbers in the string.
assert( istr >>a > b > ¢ );

assert( a == cartesian( 3, 68 ) );
assert( b == cartesian( 1, -1 ) );
assert( ¢ == cartesian( 8, 68 ) );

We can reset an istringstream by calling its str method with a new buffer. We want to demonstrate that
trying to read an ill-formatted complex number will fail.

std::istringstream badl( "7+3+j" );
assert( !( badl >>a ) );

std::istringstream bad2( "7" );
assert( !( bad2 >> a ) );

11.e: Elementarni priklady

This week in the physics department, we will deal with formatting and parsing vectors (forces, just to
avoid confusion with std: :vector... for now).

The class will be called force, and it should have a constructor which takes 3 values of type double
and a default constructor which constructs a 8 vector. In addition to that, it should have a (fuzzy)
comparison operator and formatting operators, both for input and for output. Use the following format:
[F_x F_y F_z], that is, a left square bracket, then the three components of the force separated by
spaces, and a closing square bracket. Do not forget to set failbit in the input stream if the format
does not match expectations.

class force;

11.p: Pripravy

Implementujte typ set, ktery reprezentuje mnoZinu libovolnych celych ¢isel, s operacemi:

e add - pfida prvek,

e has - ovéfi pfitomnost prvku,

e size - vrati pocet prvkad.

Déle necht je hodnoty typu set moZné Cist z a zapisovat do vstupné-vystupnich proudd. Na vystupu budou
mit mnoZiny tuto formu:

{}
{13
{1, 2}

Na vstupu akceptujte i varianty s jinym pottem bilych znakl (véetné Zadnych).
struct set;

V tomto prikladu se vratime k typu fixnum z predchozi kapitoly. Jedna se o typ, ktery reprezentuje
¢isla s pevnou desetinnou ¢arkou, konkrétng tvaru 123456.78, se 6 desitkovymi ¢islicemi pred a dvéma za
desetinnou ¢arkou, a s témito operacemi:

o sCitani, odetitani a ndsobeni (operatory +, - a *),

» sestrojeni z celého Cisla (implicitng nula),
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e prifazeni kopii,
e srovnan{ dvou hodnot operdtory == a !=,
e Cteni a zépis Cisel z vstupné-vystupnich proudd.

VSechny aritmetické operace necht zaokrouhluji smérem k nule na nejbliZsi reprezentovatelné ¢islo.
struct fixnum;

We will implement a simple wrapper around std::fstream that will act as a temporary file. When the
object is destroyed, use std::remove to unlink the file. Make sure the stream is closed before you
unlink the file.

The tmp_file class should have the following interface:

« aconstructor which takes the name of the file

« method write which takes a string and replaces the content of the file with that string; this method
should flush the data to the operating system (e.g. by closing the stream)

» method read which returns the current content of the file

» method stream which returns a reference to an instance of std::fstream (i.e. suitable for both
reading and writing)

Calling both stream and write on the same object is undefined behaviour. The read method should return
all data sent to the file, including data written to strean() that was not yet flushed by the user

class tmp_file;

Write a simple parser for an assembly-like language with one instruction per line (each taking 2 operands,
separated by spaces, where the first is always a register and the second is either a register or an
immediate’ number).

The opcodes (instructions) are: add, mul, jnz, the registers are rax, rbx and rcx. The result is a vector
of instruction instances (see below). Set r_2 to reg::immediate if the second operand is a number.

If the input does not conform to the expected format, throw no_parse, which includes a line number
with the first erroneous instruction and the kind of error (see enum error), as public attributes line
and type, respectively. If multiple errors appear on the same line, give the one that comes first in the
definition of error. You can add attributes or methods to the structures below, but do not change the
enumerations.

¢

enun class opcode { add, mul, jnz };

enum class reg { rax, rbx, rcx, immediate };

enun class error { bad_opcode, bad_register, bad_immediate,
bad_structure };

struct instruction

{
opcode op;
reg r_1, r.2;
int32_t immediate;
H
struct no_parse
{
int line;
error type;
%

std::vector< instruction > parse( const std::string & );

#include <iostream>

To practice working with 10 streams a little, we will write a two simple functions which reads lines
from an input stream, process them a little and possibly print them out or their part into an output
stream.
The grep function checks, for every line on the input, whether it matches a given pattern (i.e. the
pattern is a substring of the line) and if it does (and only if it does) copies the line to the output
stream.

void grep( std::string pattern, std::istream &, std::ostream & );
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The other function to add is called cut and it will process the lines differently: it splits each line into
fields separated by the character delim and only prints the column given by col. Unlike the cut program,
index columns starting at 0. If there are not enough columns on a given line, print an empty line.

void cut( char delim, int col, std::istream &, std::ostream & );

In this exercise, we will deal with CSV files: we will implement a class called csv which will read data
from an input stream and allow the user to access it using the indexing operator.
The exception to throw in case of format error.

class bad_format;

The constructor should accept a reference to std::istream and the expected number of columns. In the
input, each line contains integers separated by value. The constructor should throw an instance of
bad_format if the number of columns does not match.

Additionally, if x is an instance of csv, then x.at( 3, 1 ) should return the value in the third row and
first column.

class csv;

11.r: Redené Ulohy

You are given a single-level string — string dictionary. Turn it into a single string, using JSON as
the format. Take care to escape special characters - at least double quote and the escape character
(backslash) itself.

In JSON, key order is not important - emit them in iteration (alphabetic) order. Put a single space after
each ‘element’: after the opening brace, after colons and after commas, except if the input is empty, in
which case the output should be just {}

using str_dict = std::map< std::string, std::string >;
std::string to_json( const str_dict &dict );

Implement a (very simplified) C preprocessor which supports #include "foo" (without a search path
working directory only), f#define without a value, fundef, #ifdef and fendif. The input is provided in a
file, but the output should be returned as a string.

PS: Do not include line and filename information that cpp normally adds to files.

std::string cpp( const std::string &filename );

If you run this program with a parameter, it’ll preprocess that file and print the result to stdout. Feel
free to experiment.

int main( int argc, const char *xargv )

{
if (arge >=2 )
std::cout << cpp( argv[ 1 1 );
else
{
std::string actual_1 = cpp( "zz.preproc_1.txt" ),
expect_1 = "included foo\n"
"included bar\n"
"xo0\n"
"foo\n",
actual_2 = cpp( "zz.preproc_2.txt" ),
expect_2 = "included bar\n"
"included baz\n"
"included bar\n";
assert( actual_1 == expect_1 );
assert( actual_2 == expect_2 );
}
return 8;
}
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Cast S.3: Souttové typy, fetézce

1. a_machine - jednoduchy virtualni stroj s paméti,

2. b_chess - hrajeme Sach,

3. c_real - realnd ¢isla (dale rozsifuje s2/a_natural),

4. d_json - reprezentace JSON-u pouZitim std::variant,

5. e_robots - rozsifeni s2/c_robots o programovatelné roboty,
6. f_network - natitani vstupu pro simulator z s2/d_network.

V prikladech a aZ c vyuZijete zejména znalosti z prvnich dvou blokd, vyZaduji navic pouze vyctové typy
(enum) z 9. kapitoly. Priklad d vyZaduje znalosti 9. kapitoly a pfiklady e, f vyZaduji znalost 11. kapitoly.

S.3.a: machine

V této uloze budete programovat jednoduchy registrovy stroj (model potitate). Stroj bude mit libovolny
pocet celo¢iselnych registri a pamét adresovatelnou po bajtech. Registry jsou indexované od 1 po INT_MAX.
Kazda instrukce jmenuje dva registry a jednu primo zakddovanou hodnotu (angl. immediate).

V kazdém registru je uloZena hodnota typu int32_t, tzn. velikost strojového slova jsou 4 slabiky (bajty).
hodnoty registrd i paméti jsou nuly.

Stroj méa nésledovné instrukce (kdykoliv je reg_X pouZito v popisu, mysli se tim samotny registr -
jeho hodnota nebo UloZigé - nikoliv jeho index; sloupec reg_2 ma opacny vyznam, vztahuje se k indexu
ulozenému v instrukci).

opcode | reg_? description

mov > 1 kopiruj hodnotu z reg_2 do reg_1

= nastav reg_1 na immediate

add > 1 uloZ reg_1 + reg_2 do reg_1
= pricti immediate do reg_1
mul > 1 uloZ reg_1 * reg_? do reg_1
jmp = sko¢ na adresu uloZenou v reg_1
> sko¢ na reg_1 je-li reg_2 nenulové

load | =1 |nacti hodnotu z adresy reg_? do reg_1
stor | 21 zapi§ hodnotu reg_1 na adresu reg_?
halt | = zastav stroj s vysledkem reg_1

>1 | totéZ, ale pouze je-li reg_2 nenulovy

KaZzda instrukce je v pam&ti uloZena jako 4 slova (adresy slov rostou zleva doprava). Vykondni instrukce,
ktera neni skokem, zvysi programovy ¢itac o 4 slova.

opcode immediate reg_1 reg_?

Vykonan{ jednotlivé instrukce smi zabrat nejvySe konstantni ¢as, krom pripadd, kdy tato pristoupi
k dosud nepouZité adrese nebo registru. Pamét potiebnd pro vypocet by méla byt v nejhorsim prtipadé
umérnd souctu nejvyssi pouzité adresy a nejvyssiho pouZitého indexu registru.

enum class opcode { mov, add, mul, jmp, load, stor, hlt };

struct machine

{

Cteni a zépis paméti po jednotlivych slovech.

std::int32_t get( std::int32_t addr ) const;
void set( std::int32_t addr, std::int32_t v );

Spusténi programu, potinaje adresou nula. Vrati hodnotu uloZenou v reg_1 zadaném instrukci hlt, ktera
vypocet ukonéila.

std::int32_t run();
};

S.3.b: chess

Cilem tohoto Ukolu je naprogramovat béZna pravidla Sachu. Predepsané typy position, piece_type, player
ani result neni dovoleno upravovat.
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struct position

{
int file; /* sloupec (,pismeno®) —a =1, b =2, ... */
int rank; /* radek (,Cislo*) -1, 2, .., 8 %/
position( int file, int rank ) : file( file ), rank( rank ) {}
bool operator== ( const position & ) const = default;
auto operator<=>( const position & ) const = default;
%
enum class piece_type
{
pawn, rook, knight, bishop, queen, king
%

enun class player { white, black };

Metoda play miZe mit jeden z nasledujicich vysledkd. MoZnosti jsou uvedeny v prioritnim pofadi, tzn.

skutecnym vysledkem je vZdy prvni aplikovatelnd moZnost.

capture | tah byl platny a sebral soupefovu figuru
ok tah byl platny

no_piece na pozici from neni Zadna figura
bad_piece figura na pozici from nepatfi hraci
bad_move tah neni pro tuto figuru platny

blocked tah je blokovan jinou figurou

lapsed brani mimochodem jiZ nelze provést

has_moved nékterd figura rosady se uZ hybala
in_check | hrac byl v Sachu a tah by jej neodstranil

would_check

tah by vystavil hréce Sachu

bad_promote pokus o proménu na pésce nebo krale
Pokus o brani mimochodem v situaci, kdy jsou figury ve Spatné pozici, je bad_move. Krom vysledku
has_moved mdZe pokus o ro$adu skon€it témito chybami:

« Dblocked - v cesté je néjaka figura,
e in_check - krél je v Sachu,
¢ would_check - kral by prosel nebo skon¢il v Sachu.

enum class result

{
capture, ok, no_piece, bad_piece, bad_move, blocked, lapsed,
in_check, would_check, has_moved, bad_promote
%
struct piece
{
player owner;
piece_type type;
%

using occupant = std::optional< piece >;

class chess

{
public:

Sestroji hru ve vychozi startovni pozici. Prvnf volani metody play po sestrojeni hry indikuje tah bilého
hréce.
chess();

Metoda play presune figuru z pole from na pole to:

« umisti-li tah péSce do jeho posledni fady (i‘ada 8 pro bilého, resp. 1 pro ¢erného), je proménén na
figuru zadanou parametrem promote (jinak je tento argument ignorovan)

¢ roSada je zadana jako pohyb kréle o vice neZ jedno pole,

« je-li vysledkem chyba (cokoliv krom capture nebo ok), stav hry se nezméni a dal$i volani play provede
tah stejného hrace.
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result play( position from, position to,
piece_type promote = piece_type::pawn );

Metoda at vrati stav zadaného pole.

occupant at( position ) const;

};

S.3.c: real

Predmétem této Ulohy je naprogramovat typ real, ktery reprezentuje redlné ¢islo s libovolnou presnosti
a rozsahem.

Z hodnot:

e a, b typu real,

e k typu int

necht je lze utvofit tyto vyrazy, které maji vidy presny vysledek:

e a+b,a-baxbal/b,

e a+=Db,a-=Db,axb,a/=b,

e a==Db,al!=b,a<b,a<=b,a>b a>b,

e -a - opatna hodnota,

» a.abs() - absolutni hodnota,

 a.reciprocal() - prevracend hodnota (neni definovéno pro 0)

» a.power( k ) - mocnina (véetng zaporné)

Vyrazy, které nemaji presnou explicitni (Giselnou) reprezentaci jsou parametrizované pozadovanou
presnosti p typu real:

e a.sqrt( p ) - druha odmocnina,

» a.exp( p ) - exponencidlni funkce (se zékladem e),

e a.loglp( p ) - prirozeny logaritmus 1o(1 +a), kde a € (—1,1)

Presnosti se mysli absolutni hodnota rozdilu skutetné (presné) a reprezentované hodnoty. Pro aproximaci
odmocnin je vhodné pouZit Newtonovu-Raphsonovu metodu (viz ukazka z prvniho tydne). Pro aproximaci

transcendentélnich funkci (exponencidla a logaritmus) 1ze s vyhodou pouzit prislugnych mocninnych fad.

Nezapomeiite ovérit, Ze rady v potiebné oblasti konverguji. PFi urCovani piresnosti (pottu Glend, které
je potieba sedist) si dejte pozor na situace, kdy ¢leny posloupnosti nejprve rostou a aZ poté se zatnou
zmenSovat.

Kone¢né je-li d hodnota typu double, necht jsou pfipustné tyto konverze:

« real x( d ), static_cast< real >( d )

Poznamka: abyste se vyhnuli problémim s nejednoznaénymi konverzemi, je vhodné oznatit konverzni
konstruktory a operdtory pro hodnoty typu double kliovym slovem explicit.

struct real;

S.3.d: json

Naprogramujte syntakticky analyzator pro zjednoduSeny JSON: v nasi verzi nebudeme vibec uvaZovat
,uvozovkované® retdzce - skalary budou pouze Cisla, klite budou slova bez uvozovek (a tedy napfiklad
nebudou moct obsahovat mezery). Cely dokument se tedy skladd z objektd (mapovani kli¢-hodnota ve
slozenych zavorkéch), poli (seznam hodnot v hranatych zéavorkach) a celych Cisel

Gramatika ve formatu EBNF:

(* toplevel elements *)

value = blank, ( integer | array | object ), blank ;
integer = [ '-' ], digits | '0' ;

array = '[', valist, ']" | '[1' ;

object = '{', kvlist, '}' | '{}';

(* compound data *)

valist = value, {',', value }
kvlist = kvpair, { ',', kvpair }
kvpair = blank, key, blank, ':', value

(* lexemes *)

digits = nonzero, { digit } ;

nonzero = |/|| | \2\ ‘ 13| | |4| ‘ \5\ | |6| | |7\ ‘ \8| | |9| y
digit = '0" | nonzero ;
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key keychar, { keychar } ;
keychar = 7 ASCII upper- or lower-case alphabetical character 7 ;
blank { 7 ASCII space, tab or newline character ? }

Pro implementaci neterminalu blank mdZete pouZit funkci std::isspace. Rozhrani necht je nasledovné:

struct json_value;
using json_ptr = std::unique_ptr< json_value >;
using json_ref = const json_value &;

enun class json_type { integer, array, object };

struct json_error

{

const char *what() const;

%
Typ json_value reprezentuje nactenou stromovou strukturu dokumentu. Klademe na néj tyto poZadavky:

¢ metoda item_at necht skonéi vyjimkou std::out_of_range neexistuje-li poZadovany prvek

e je-li metodé item_at objektu typu json_type::object predano ¢islo n, vrati n-tou hodnotu v abecednim
pofadi klicy, pritom odpovidajici kli¢ lze ziskat metodou key_at,

» metoda length neselhava (pro celoCiselné uzly vrati nulu).

struct json_value
{
virtual json_type type() const = @;
virtual int int_value() const = @;
virtual json_ref item_at( int ) const = ©;
virtual json_ref item_at( std::string_view ) const = 9;
virtual std::string key_at( int i ) const = 8;
virtual int length() const = ©;
virtual ~json_value() = default;

5

Cist4 funkce json_parse analyzuje dokument a vytvori odpovidajici stromovou strukturu, nebo skonéi
vyjimkou json_error

¢ nevyhovuje-li fetézec zadané gramatice gramatice,
e objevi-li se v kterémkoliv objektu zdvojeny klic.

json_ptr json_parse( std::string_view );

Konetné Cista funkce json_validate rozhodne, je-li vstupni dokument sprévng utvoreny (tzn. odpovida
zadané gramatice). Tato funkce nesmi skon&it vyjimkou (krom std: :bad_alloc v situaci, kdy béhem analyzy
dojde pamét).

bool json_validate( std::string_view );

S.3.e: robots

UvaZme hru s2/c_robots — VaSim Ukolem bude nyni naprogramovat jednoduchy interpret, ktery bude hru
Fidit. Vstupni program sestéva ze tr{ ¢asti:

1. deklarace, které popisuji jak roboty ve hi'e a jejich startovni pozice, tak pfipadné pomocné proménné,
2. pfikazy, které se provedou jednou na zacatku hry,

3. prikazy, které se provedou kaZdy tik, dokud hra neskonéi.

Program by mohl vypadat napfiklad takto:

std::string_view example_1 = R"(with
a =red 10-5.000

b =red 10 500880

c =red 20 066080

gl =green 20 -9.680

g2 =green 20 9.6080

init

let g1 chase a

let g2 chase b

repeat

"
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std::string_view example_2 = R"(with
r=red 20 0.000
g=green2 0 0.608
b=blue 10-9.6086
tick = 0

init

let r chase g
letggoto@1.600
repeat

if tick > 9

if g is_alive

let b chase g

set tick := tick + 1
"

Nasleduje gramatika ve formatu EBNF, ktera popisuje syntakticky platné programy; termindly gramatiky
Jjsou tokeny, které jsou od sebe vZdy oddéleny alespori jednou mezerou, nebo predepsanym koncem radku.

prog = 'with', { decl },
'init', { stmt },
"repeat’, { stmt } ;
decl = ident, '=', init, '"\n' ;
init = color, num, coord | coord | num ;

color = 'red' | 'green' | 'blue'
coord = '@", num, num, num ;

stmt = ond, "\n'
'if', cond, stmt ;
cnd = 'let', ident, 'chase', ident |
'let', ident, 'go_to', expr
'set', ident, ':=', expr
'do', stmt, { stmt }, 'end' ;
cond = atom, '=', atom |
atom, '<', atom
atom, '>', atom
ident, 'is_alive' ;
expr = atom |
atom, '+', atom
atom, '-', atom
atom, 'x', atom
T expr, '
(Y expr, )

atom = ident | coord | num;

Krom terminalnich fetdzcd ('red' a pod.) povazujeme za tokeny také symboly num a ident, zadané t&mito
pravidly:

nun = [ '-' ], digit, { digit }, [ '.', { digit } ]
ident = letter, { letter | digit }

digit='8" | "' | .|'9" ;

letter = 'a' | o' | .| ‘2" | '

V programu se objevuji hodnoty ti{ typd:
1. ¢tisla (hodnoty typu double)

2. trojice Gisel (reprezentuje pozici nebo smér),
3. odkaz na robota.

S hodnotami (a proménnymi, které hodnoty danych typl aktualné obsahuji), lze provadét tyto operace:

1. tisla lze stitat, odeGitat, ndsobit a srovnavat (netermindly expr a cond),
2. trojice lze stitat, odetitat a srovnat (ale pouze rovnosti),
3. roboty lze posflat za jinym robotem nebo na zadané souradnice (piikaz let),
4. operace hranaté z&vorky hodnotu zjednoduSuje
> [ robot ] je aktudlni pozice robota (trojice),
o [ point ] je Euklidovska vzdalenost bodu od poCétku, resp. velikost smérového vektoru ([ p, -
p, J tak spocitéa vzdalenost badi p; a p,
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Operace, které nejsou vySe popsané (napi. pokus o se¢teni robotd), nemaji uréené chovani. TotéZ plati
pro pokus o pouZiti nedeklarované proménné (véetnd prifazeni do ni). Podobné neni urteno chovani,
nevyhovuje-li vstupni program zadané gramatice

Robot, kterému bylo uloZeno pronasledovat (chase) jiného robota, bude na tohoto robota zamden, aZ ne
mu bude uloZen jiny cil, nebo cilovy robot zanikne. Nem-1i robot Zadny jiny piikaz, stoji na mistg (bez
ohledu na barvu).

Program je predan metodé run tiidy game jako hodnota typu std::string_view, ndvratova hodnota i zde
nezminéna pravidla zOstavaji v platnosti z prikladu v druhé sadé.

S.3.f: network

struct network;

Navrhnéte textovy format pro ukladani informaci o sitich tak, jak byly definované v prikladu s2/e_network,
ktery bude mit tyto vlastnosti:

¢ do jednoho fetézce musi byt moZno uloZit libovolny pocet siti, které mohou byt vzajemné propojené
smérovati,

» vysledek naGteni z retézce nesmi byt mozné odlisit (pouZitim verejného rozhrani) od hodnot, kterych
uloZenim fetézec vznikl

¢ obsah fetézce musi byt plné uréen aktudlnim stavem vstupnich siti, bez ohledu na posloupnost operaci
kterymi vznikly - zejména tedy nezmi zaleZet na poradi pridavani a propojovani (pripadné rozpojovani)
uzlo,?

« jako specialni pripad predchoziho, natteni a nasledovné uloZeni sité musi byt idempotentni (vysledny
fetézec je identicky jako ten, se kterym jsme zatali).

Rozhrani je dané témito dvéma Cistymi funkcemi (zejména se Zadna sit nesmi zménit pouZzitim funkce

serialize)

std::string serialize( const std::list< network > & );
std::list< network > deserialize( std::string_view );

Aby se Vam serializace sndze implementovala, pridejte metodam add_bridge a add_router parametr typu
std::string_view, ktery reprezentuje neprazdny identifikator sestaveny z ¢islic a anglickych pismen.
Identifik&tor je unikatni pro danou sit a typ uzlu.

Kone¢né aby bylo moZné s nattenou siti pracovat, pridejte metody endpoints, bridges a routers, které
vrati vzdy std::vector ukazateld vhodného typu. Konkrétni poradi uzll v seznamu neni uréeno.

Cast K: Vzorovéa reseni

K.1: Tyden 1

int factorial( int n )

{
intr=1;
for (; n>8;n-)
rox=
return r;
}

std::uint64_t concat( std::uintb4_t a,
std::uintB4_t b, int b_bits )

return a << b_bits | b;

}

int zeros( int n, int base, int &order )

{

int result = @;

i

for ( int current_order = 8; n; current_order ++ )

{

Samozrejmé zdlezi na poradi, ve kterém jsou sité predany serializaéni funkci - serializace siti a, b se miZe obecné lisit od
serializace b, a.
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if (n%base ==0)

{
order = current_order;
++ result;
}
n /= base;
}
return result;
}
void normalize( int &p, int &g )
{
int a = std::max( p, q ),
b = std::min( p, q );
while (b >8)
{
a=ak%b;
std::swap( a, b );
}
p /=g
q /=4
}
bool table( std::uint8_t op, bool a, bool b, bool ¢ )
{
intshift=(a?4:86)+(b?22:8)+(c?1:0);
return op & 1 << shift;
}
auto bitwise( std::uint8_t op, auto a, auto b, auto ¢ )
{
decltype( a ) r = ;
for ( decltype( a ) mask = 1; mask != 8; mask <<= 1)
if ( table( op, a & mask, b & mask, ¢ & mask ) )
r|= mask;
return r;
}
long phi( long n )
{
long r = n;
long p = 2;
while (p<=n)
{
if(n%p==0)
{
r*x=p-1;
r/=p;
}
while (n% p==10)
n/=p;
- p;
}
return r;
}

int even_parity( std::uint8_t x )
{

bool r = true;
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for (5 x 1=8; x>>=1)

if (x81)
r=1Ir;
return r;
}
bool h84_decode( std::uint8_t data, std::uint8_t out )
{
bool ok = even_parity( data ) 8&
even_parity( data & 80010818101 ) &&
even_parity( data & 8000116611 ) 8&&
even_parity( data & 6000881111 );
if (ok )
out = (data & 7 ) | ( data & 16 ) >> 1;
return ok;
}

bool table( bool a, bool b, bool ¢ )

{
return (a8 'c) || ( 'a 8 !'b8&& lc);
}
bool bit( auto word, int pos )
{
const int bitsize = 8 * sizeof( word );
const decltype( word ) one = 1;
if (‘pos <8 || pos >= bitsize )
return false;
else
return word & one << pos;
}
auto cellular_step( auto word )
{
const int bitsize = 8 * sizeof( word );
decltype( word ) result = 8, new_bit;
for (int 1 =8; i < bitsize; ++1i )
{
new_bit = table( bit( word, i +1 ),
bit( word, 1 ),
bit( word, i -1 ) );
result |= new_bit << i;
}
return result;
}

K.2: Tyden 2

void fibonacci( std::vector< int > &v, int n )

{
v.clear();
if (n>8) v.push_back( 1 );
if (n>1) v.push_back( 1 );
for (int i =2;1i<n; ++ 1)
v.pushback( v[ i -1 ]+v[i-21]);
}

using _pub_::relation;
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relation reflexive( const relation &r )

{

relation out = r;

for Cauto [ x, vy J:r)
{
out.emplace( x, x );
out.emplace( v, v );
}

return out;

std::vector< int > unique( const std::vector< int > &v )

std: :vector< int > out;
std: :set< int > seen;

for (int x : v )
if ( !seen.count( x ) )

{
out.push_back( x );

seen.insert( x );

}

return out;

int mode( const std::vector< int > &in )

std::map< int, int > freq;
int max_val = @, max_freq = ©;

for (int x : in)
fregl x ] ++;

for (auto [ v, f ] : freq)
if (f > max_freq )
{

max_val = v;
max_freq = f;

}

return max_val;

}
using _pub_::graph;

std::map< int, int > shortest( const graph &g, int initial )
{

std::map< int, int > dist;

std: :queue< int > queue;

queue.push( initial );

dist[ initial ] = 0;

while ( !queue.empty() )
{

int from = queue.front();
queve.pop();

for (auto to : g.at( from ) )

{
if ( dist.count( to ) )
continue;

dist[ to ] = dist[ from ] +1;
queue.push( to );
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return dist;

}

bool recurse( int pos, std::vector< bool > &visited,
const std::vector< int > &jumps )
{
if ( pos == int( jumps.size() ) )
{
int cnt = std::count( visited.begin(), visited.end(),
true );
return int( jumps.size() ) == ont;

}

if (‘pos < 0 || pos >= int( visited.size() ) || visited[ pos ] )
return false;

visited[ pos ] = true;

bool won = recurse( pos - jumps[ pos ], visited, jumps ) ||
recurse( pos + jumps[ pos ], visited, jumps );

visited[ pos ] = false;

return won;

}

bool solve( std::vector< int > jumps )

{
std::vector< bool > visited( jumps.size(), false );
return recurse( 8, visited, jumps );

}
using _pub_::bucket;

std::vector< int > sort( const std::vector< int > &stones,
const std: :vector< bucket > &buckets )

{
std::vector< int > out( buckets.size(), 0 );
for (int s : stones )
for ( size_t i =0; i < buckets.size(); ++ i)
{
auto [ min, max ] = buckets[ i 1;
if (s >=min && s <= max )
outl 1 ] +=s;
}
return out;
}

using _pub_::grid;

int flood( const grid &pixels, int width,
int x@, int y@, bool fill )
{
grid work = pixels;
int count = @;
int height = pixels.size() / width;
std: :queue< std::pair< int, int > > todo;

if ( pixels.size() % width )
++ height;

while ( static_cast< int >( work.size() ) < width * height )
work . push_back ( false );

auto flip = [8]( int x, int y )
{

int idx =y * width + x;

{isubject(, 16. Unora 2024



if ( x >=0 8& x < width &&
y >= 0 8& y < height && work[ idx ] != fill )

{
todo.emplace( x, vy );
work[ idx ] = fill;
++ count;

}

};
flip( x8, y0 );

while ( !todo.empty() )

{

auto [ x, vy ] = todo.front();

todo.pop();

for (intdx : {-1,0,1%})

for (intdy : { 1,6, 11})
if (dx || dy )
flip( x + dx, y + dy );

}

return count;

K.3: Tyden 3

This is a solution that uses the friend syntax. For a solution which uses the method syntax, see
cartesian.alt.cpp.

struct cartesian

{

double real, imag;

friend cartesian operator+( cartesian a, cartesian b )

{

You may not know this syntax yet. In a return statement, braces without a type name call the constructor
of the return type. L.e. { a, b } in this context is the same as cartesian( a, b )

return { a.real + b.real, a.imag + b.imag };

}
friend cartesian operator-( cartesian a, cartesian b )
{
return { a.real - b.real, a.imag - b.imag };
}
friend cartesian operator-( cartesian a )
{
return { -a.real, -a.imag };
}
friend bool operator==( cartesian a, cartesian b )
{
return a.real == b.real && a.imag == b.imag;
}
};
cartesian make_cartesian( double r, double i )
{
return { .real = r, .imag = i };
}

struct poly
{

std::vector< int > cs;
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void set( int p, int ¢ )

{
cs.resize( std::max( degree(), p + 1), 0 );
eslpl=c;

}

int get( int p ) const

{
return p < degree() ? cs[ p ] : 9;

}

int degree() const { return cs.size(); }

static void check_bounds( int64_t v )

{
brqg: :precondition( v >= INT_MIN 8& v <= INT_MAX );
}
poly operator+( const poly & ) const
{
poly rv;
for (int i =8; i < std::max( degree(), o.degree() ); ++i )
{
check_bounds( int64_t( get( i ) ) + o.get( i) );
rv.set( 1, get( i) +o.get( i) );
}
return rv;
}
poly operator+( const poly & ) const
{
poly rv;
for (int i =0; i < degree(); ++i )
for (int j = 8; j < o.degree(); ++j )
{
check_bounds( intB4_t( get( i ) ) * o.get( j ) );
check_bounds( rv.get( i + j ) + inte4_t( get( i) ) * o.get( j ) );
rv.set( 1+ j,
rv.get( i+ 3 ) +get( i) *o.get( j));
}
return rv;
}
bool operator==( const poly & ) const
{
for (int i =8; i < std::max( degree(), o.degree() ); ++i )
if (get( i) '=o.get(i))
return false;
return true;
}

struct array

{

std::vector< int > vec;

int get( int i ) const { return vec[ i ]; }
void append( int x ) { vec.push_back( x ); }

int partition( int pivot, int low, int high )
{
while ( vec[ low ] < pivot ) / the pivot must be in there */
++ low;

130/160 {isubject(, 16. Unora 2024



int p_index = low;

shuffle anything < pivot to the front while remembering where (in the second half) we stashed the pivot
itself

for (int i = low +1; 1 < high; ++1 )

{
if (vec[ i ] < pivot )
std::swap( vec[ low++ ], vec[ 1 1);
if (vec[ i ] == pivot )
p_index = 1i;
}

put the pivot in its place between the partitions

std: :swap( vec[ p_index 1, vec[ low ] );

return low;
}
void partition( int pivot )
{
partition( pivot, 8, vec.size() );
}
void sort( int low, int high )
{
if (high - low <= 1)
return;
int pivot = vec[ low J; /* whatever */
int p_index = partition( pivot, low, high );
sort( low, p_index );
sort( p_index + 1, high );
}
void sort()
{
sort( 8, vec.size() );
}

struct tictactoe

{
int player = -1;
std::array< int, 9 > board{};

int index( int x, int y ) const { return x * 3 +y; }

int read( int x, int y ) const

{
return board] index( x, v ) 1;

}

void play( int x, int y )

{
board[ index( x, y ) 1 = player;
player *= -1;

}

int all_of( int x, int y, int dx, int dy ) const
{

int w = read( x, y );

for (int i =8; 1 <3; ++1 )
if (wi'l=read( x +dx i, y+dy*xi))
return 0;

131/160



return w;

}
int winner() const
{
for (int i =18; 1 <3; ++i )
{
if (intw=allof(i,0,08,1);w!=0)
return w;
if (intw=allof(B,1,1,0);w!=8)
return w;
}
if (intw=allof(8,0,1,1);w!=08)
return w;
if (intw=all_of( 8,2, 1, 1);w!=0)
return w;
return 8;
}

struct flight

{
using bound_t = std::tuple< double, double >;

double climb = 8, y = 6;

int x = 8;

std: :vector< bound_t > bounds{ { -10, 18 } };
bool flying = true;

void append( double 1, double h )
{
brg: :precondition( 1 < h );
bounds.emplace_back( 1, h );
}

int size() const { return bounds.size(); }
bool finished() const { return x == size() - 1; }
void set_climb( double ¢ ) { climb = ¢; }

bool clear() const

{
auto [ 1, h ] = bounds[ x J;
return 1 <y &y < h;

}

bool move( int 1)

{
if ( !flying )
return false;

while ( 1-- > 9 8& x < size() - 1)
{

++ X

y += climb;

if ( !clear() )
return flying = false;

}

return true;
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struct qf;

qf make_gf( int a_nom, int a_den, int b_nom, int b_den );
qf make_gf( rat a, rat b );

struct gf
{

rat u, v;
friend bool operator==( const qf &, const gf & ) = default;

friend qf operator+( const gf &, const gf 8b )

{
return make_qf( a.u + b.u, a.v + b.v );
}
friend qf operator=( const gf &, const gf 8b )
{
auto two = make_rat( 2, 1 );
return make_qf( a.u * b.u + two * a.v * b.v,
a.uxb.v+av*bu);
}
h
qf make_gf( int a_nom, int a_den, int b_nom, int b_den )
{
return make_qf ( make_rat( a_nom, a_den ),
make_rat( b_nom, b_den ) );
}
qf make_gf( rat u, rat v )
{
return gf{ .u=u, .v=Vv };
}

using _pub_::grid;

bool updated( int x, int y, const grid &cells )
{

int count = 0;
bool alive = cells.count( { x, v } );

for (intdx : {-1,8,11})
for (intdy : {-1,6,1})
if Cox || dy)
count += cells.count( { x + dx, y + dy } );

return alive ? count == 2 || count == 3 : count ==

}

grid life( const grid &cells, int n )

{
if (n==0)
return cells;

grid todo, ngen;

for Cauto [ x, y ] : cells)
for (intdx : {-1,6,1})
for (intdy : {-1,8,1})
todo.emplace( x + dx, y + dy );

for Cauto [ x, y ] : todo )
if (updated( x, y, cells ) )
ngen.emplace( x, y );

return life( ngen , n -1 );
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K.4: Tyden 4

struct force

{

double x, vy, z; /* cartesian components of the force */

force( double x, double y, double z )
cxCx ), yCy ), z(z) {3

We only define multiplication by a scalar (double) from left, since we only need that here, but it would
be equally valid to flip the operand types (and define scalar multiplication on the right).

friend force operator+( double s, force f )

{
return { s * f.x, s x fy, s* f.z };

}
Bog-standard vector addition.

friend force operator+( force a, force b )

{

return { a.x + b.x, a.y + b.y, a.z + b.z };

}
Fuzzy vector equality. Two vectors are equal when all their components are equal.

friend bool operator==( force a, force b )

{
return std::fabs( a.x - b.x ) < 1e-10 &
std::fabs( a.y - b.y ) < 1e-10 8&
std::fabs( a.z - b.z ) < 1e-10;
}

%
K.5: Tyden b

struct iota_iterator

{
using iterator = iota_iterator;
int _val;
bool operator==( iterator o ) const { return _val == 0._val; };
bool operator!=( iterator o ) const { return _val != o._val; };
iota_iterator &operator++() { ++ _val; return *this; }
int operator=() const { return _val; }
5
struct iota
{
int _start, _end;
iota_iterator begin() const { return { _start }; }
iota_iterator end() const { return { _end }; }
iota( int's, int e ) : _start( s ), _end( e ) {}
5

struct node

{

using ptr = std::unique_ptr< node >;

int value;

ptr next;

node( int v, ptrn ) : value( v ), next( std::move( n ) ) {}
5

class zipper

{

int _focus;
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using node_ptr = std::unique_ptr< node >;
node_ptr _left, _right;

public:
zipper( int £ ) : _focus( f ) {}

bool shift( node_ptr &, node_ptr &b )

{
auto new_b = std::move( b->next );
auto new_a = std::move( b );
new_a->next = std::move( a );
std: :swap( new_a->value, _focus );
b = std::move( new_b );
a = std::move( new_a );
return true;
}
void push( node_ptr &p, int v )
{
p = std::make_unique< node >( v, std::move( p ) );
}
bool shift_left()
{
return _left ? shift( _right, _left ) : false;
}
bool shift_right()
{
return _right ? shift( _left, _right ) : false;
}

void insert_left( int v ) { push( _left, v ); }
void insert_right( int v ) { push( _right, v ); }

)

int &focus() { return _focus; }
int focus() const { return _focus; }

struct node

{
using ptr = std::shared_ptr< node >;
enum op_t { cnst, var, add, mul, exp } op;
int num = 0;
ptr 1, r;
%
class expr
{
public:

node: :ptr ptr;
expr() : ptr( std::make_shared< node >() ) {}
expr( int ¢ ) : expr() { ptr->num = c; ptr->op = node::cnst; }
expr( node::op_t o, node::ptr 1 = nullptr,
node: :ptr r = nullptr )

:expr()
{
ptr->0p = 0;
ptr—>1 = 1;
ptr—>r =r
}

expr( node::ptr p ) :ptr( p ) {}

friend expr expnat( expr e )
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return { node::exp, e.ptr };

}

friend expr operator+( expr a, expr b )

{

return { node::add, a.ptr, b.ptr };

}

friend expr operator+( expr a, expr b )

{

return { node::mul, a.ptr, b.ptr };

b

const expr x{ node::var };

double eval( expr e, double v )

{
switch ( e.ptr—>o0p )
{
case node::cnst: return e.ptr->num;
case node::var: return v;
case node::add: return eval( e.ptr—>1, v ) + eval( e.ptr—>r, v );
case node::mul: return eval( e.ptr->1, v ) * eval( e.ptr—>r, v );
case node::exp: return std::exp( eval( e.ptr->1, v ) );
}
abort();
}
expr diff( expr e )
{
switch ( e.ptr—>o0p )
{
case node::cnst: return { 8 };
case node::var: return {1 };
case node: :add:
return diff( e.ptr->1 ) + diff( e.ptr->r );
case node::mul:
return diff( e.ptr->1 ) * e.ptr—>r +
diff( e.ptr—>r ) * e.ptr—>1;
case node: :exp:
return e x diff( e.ptr->1 );
}
abort();
}

K.6: Tyden 6

The base class. We keep track of the inputs using raw pointers, since we do not own them. We use a
protected virtual method to implement the ‘business logic’ that changes from class to class, while the
outside interface is defined entirely using standard (non-virtual) methods.

class component

{

component *left = nullptr,
*right = nullptr;

protected:

virtual bool eval( bool, bool ) = 8;

public:

void connect( int n, component &c )

{

(n?right : left ) = &c;

}

bool read()
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return eval( left ? left->read() : false,
right ? right->read() : false );
}

virtual ~component() = default;

5
The NAND gate and the source component are trivial enough.

class nand : public component

{
bool eval( bool x, bool y ) override { return !( x && vy ); }
5
class source : public component
{
bool eval( bool, bool ) override { return true; }
};

The delay component provides one bit of memory. Reading the component will cause the value to be updated
(read always calls eval internally). This class is also the reason why eval cannot be marked const.

class delay : public component

{
bool _value = false;
bool eval( bool x, bool ) override
{
bool rv = _value;
_value = x;
return rv;
}
H

class statement;
using state = std::map< char, int >;
using stmt_ptr = std::unique_ptr< statement >;

class statement

{
public:
std::string print() const
{
brqg::string_builder b;
b << "\n'";
print( b, 0 );
return b.buffer();
}
virtual void print( brq::string_builder &, int ) const = @;
state eval( state s, int counter ) const
{
update( s, counter );
assert( counter >= 8 );
return s;
}
virtual void update( state &s, int &ctr ) const = 8;
virtual ~statement() = default;
H
class stmt_inc : public statement
{
char _var;
public:

stnt_inc( char v ) : _var( v ) {}
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void print( brg::string_builder 8b, int i ) const override

{
b << brg::pad( i, ' ' ) << brg::mark << brq::rawchr( _var ) << "++\n";
}
void update( state &s, int &ounter ) const override
{
if ( !counter )
return;
auto & = s[ _var ];
oV
v %= 16;
}
%
class stmt_while : public statement
{
char _v_1, _v_2;
stmt_ptr _body;
public:
stmt_while( char v1, char v2, stmt_ptr b )
v (v ), vee(v2 ), _body( std::move( b))
{
void print( brq::string_builder &b, int i ) const override
{
b << brg::pad( i, ' ') << brq::mark
<< "while " << brg::rawchr( _v_1 ) << " =" << brg::rawchr( _v_2 ) << "\n";
_body->print( b, i + 2 );
}
void update( state &s, int &counter ) const override
{
while ( counter 8& --counter 8& s[ v.1 ] '=s[ v2 ])
_body->update( s, counter );
}
%
class stmt_block : public statement
{
std: :vector< stmt_ptr > _body;
public:
void append( stmt_ptr stmt )
{
_body.emplace_back( std::move( stmt ) );
}
void print( brq::string_builder &b, int i ) const override
{
for ( const auto & : _body )
s—>print( b, i );
}
void update( state 8s, int &ctr ) const override
{
for ( const auto &stmt : _body )
stmt->update( s, ctr );
}
%

K.7: Tyden 7

using _pub_::counter;
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struct counted

{

counted() { ++ counter; }

counted( const counted & ) { ++counter; }
counted( counted 8& ) { ++counter; }

counted &operator=( const counted & ) = default;
counted &operator=( counted && ) = default;

~counted() { --counter; }

class job

{
int _id;
int _owner;
int _pages;

public:

job( int id, int owner, int pages )
: _id( id ), _owner( owner ), _pages( pages )

{

job( job && ) = default;
job( const job & ) = delete;
job &operator=( const job & ) = delete;

int id() const { return _id; }
int page_count() const { return _pages; }
int owner() const { return _owner; }

};

class queue

{
std::map< int, job > _jobs;
int _count = 0;

public:

int dequeue()

{
const auto &item = *_jobs.begin();
int id = item.first;
_count —= 1item.second.page_count();
_jobs.erase( id );
return id;

}

void enqueue( job 88&j )

{
int id = j.1d();
_count += j.page_count();
_jobs.emplace( id, std::move( j ) );

job release( int id )
job rv( std::move( _jobs.at( id ) ) );
_jobs.erase( id );

_count -= rv.page_count();
return rv;

int page_count() const

return _count;
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using _pub_::token;

class flat_map

{
std: :vector< std::pair< int, token > > _data;
public:
std::pair< int, bool > index( int k ) const
{
int low = 6, high = _data.size();
while ( low < high )
{
int mid = ( low + high ) / 2;
if ( k < _data[ mid ].first )
high = mid;
else if ( k > _datal mid ].first )
low = mid + 1;
else
return { mid, true };
}
assert( low <= int( _data.size() ) );
assert( low == int( _data.size() ) || _data[ low ].first !=k );
return { low, false };
}
bool contains( int k ) const
{
return index( k ).second;
}
bool emplace( int k, int v )
{
auto [ idx, found ] = index( k );
if ( !found )
_data.emplace( _data.begin() + idx, std::move( k ), v );
return !found;
}
int index_or_throw( int k ) const
{
auto [ idx, found ] = index( k );
if ( !found )
throw std::out_of_range( "indexing flat_map" );
return idx;
}
token &at( int k )
{
return _data[ index_or_throw( k ) J.second;
}
const, token &at( int k ) const
{
return _data[ index_or_throw( k ) J.second;
}
%

using _pub_::token;
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using _pub_::insufficient_space;

struct tiny_vector

{
std::array< uint8_t, 32 > _menm;
int _count = @;
token *slot( int i)
{
assert( i>=0);
assert( i < _count );
return reinterpret_cast< token * >( _mem.begin() ) + i;
}
const token *slot( int i ) const
{
return reinterpret_cast< const token * >( _mem.begin() ) + i;
}
const token &front() const { return *slot( 8 ); }
const token &back() const { return *slot( _count - 1 ); }
token &front() { return xslot( 8 ); }
token 8back() { return *slot( _count -1 ); }
~tiny_vector()
{
while ( _count )
erase( _count - 1 );
}
void erase( int idx )
{
std: :destroy_at( slot( idx ) );
for (int i =idx; i < _count - 1; ++i )
{
std::uninitialized_move_n( slot( i +1 ), 1, slot( i) );
std::destroy_at( slot( i +1 ) );
}
-- _count;
}
void insert( int idx, token &&v )
{
const unsigned count = _count;
if ( count == _mem.size() / sizeof( token ) )
throw insufficient_space();
++ _count;
for (int i = _count - 1; i > idx; —-i )
{
std::uninitialized_move_n( slot( i -1 ), 1, slot( i) );
std::destroy_at( slot( 1 -1 ) );
}
std::uninitialized_move_n( &v, 1, slot( idx ) );
}
};

using _pub_::mutex;

class lock

{

mutex *_mutex;
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public:
lock( mutex &m );
~lock();

lock( const lock & ) = delete;
lock &operator=( const lock & ) = delete;

lock( lock 8&& );
lock &operator=( lock && );

%
lock: :lock( mutex &m )
- _mutex( &n )
{
_nutex->lock();
}
lock: :~lock()
{
if ( _mutex )
_mutex->unlock();
}

lock: :lock( lock &80 )
: _mutex( 0._mutex )

{
o._mutex = nullptr;

}

lock &lock: :operator=( lock &80 )

{
if ( _mutex )

_mutex->unlock();

_mutex = o._mutex;
o0._mutex = nullptr;
return *this;

}

K.8: Tyden 8

auto accumulate( auto f, const std::vector< int > &vec )

{

int sum = @;

for (int x : vec )
sum += f( x );

return sum;

H
K.9: Tyden 9

auto filter( const auto &seq )

{
std::vector< std::decay_t< decltype( *+seq.begin() ) > > out;
for ( const auto & : seq )
if ( x.has_value() )
out.push_back( *x );
return out;
}

auto zip( const auto &seq_a, const auto &seq_b, auto f )

{
using res_t = decltype( f( **seq_a.begin(), *+seq_b.begin() ) );
std: :vector< std::optional< std::decay_t< res_t > > > out;
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auto it_a = seq_a.begin();
auto it_b = seq_b.begin();

while ( it_a != seg_a.end() && it_b != seq_b.end() )

{
if ( it_a->has_value() && it_b->has_value() )
out.push_back( f( *xit_a, *+it_b ) );
else
out.push_back( std::nullopt );
++ it a;
w+ itb;
}
return out;
}
auto join( const auto &seq_a, const auto &seq_b, auto f )
{
using type_a = std::decay_t< decltype( **seq_a.begin() ) >;
using type_b = std::decay_t< decltype( **seq_b.begin() ) >;
std: :vector< std::tuple< type_a, type_b > > out;
for ( const auto & : seg.a )
for ( const auto & : seq.b )
if ( a.has_value() 8& b.has_value() 8& f( *a, *b ) )
out.emplace_back( *a, *b );
return out;
}

struct relation

{
std::map< int, std::set< int > > rel;
std::function< bool( int, int ) > filter;
void set_filter( auto £ ) { filter = f; }
void unset_filter() { filter = {}; }
bool test( int a, int b ) const
{
return ( !filter || filter( a, b ) ) &
rel.contains( a ) &&
rel.at( a ).contains( b );
}
auto get( int a ) const
{
std::set< int > out;
if ( rel.contains( a ) )
for (int b : rel.at( a ) )
if ( Ifilter || filter( a, b))
out.insert( b );
return out;
}
void add( int a, int b )
{
rel[ a J.insert( b );
rell b J.insert( a );
}
5

using _pub_::walk;
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using _pub_::turn;
using _pub_::toggle;

struct program

{
using command = std::variant< walk, turn, toggle >;
std: :vector< command > commands;

void append( auto ¢ )

{

commands . emplace_back( ¢ );

}

struct grid
{

using position_t = std::tuple< int, int >;
intx=08,y=6;

bool horizontal = true;

std::set< position_t > marked;

position_t robot() const

{

return { x, y };

}

bool on_marked() const

{

return marked.contains( robot() );

}

void exec( toggle t )

{
if ( on_marked() )

{
if ( 1t.sticky )
marked.erase( robot() );

}

else
marked. insert( robot() );
}

void exec( turn )

{

horizontal = !horizontal;

}

void exec( walk w )

{
auto &coord = horizontal ? x : v;
coord += on_marked() ? w.if_marked : w.if_unmarked;

std::tuple< int, int > run( const program &, grid &g )

for (auto omd : p.commands )
std::visit( [8]( auto ¢ ) { g.exec( ¢ ); }, ond );

return { g.x, 9.y };

using _pub_::choice;

auto select( const auto &1, const auto &r, auto choose )

{
using type_l = std::decay_t< decltype( *1.begin() ) >;
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using type_r = std::decay_t< decltype( *r.begin() ) >;
std: :vector< std::variant< type_l, type_r > > out;

auto it_1 = 1.begin();
auto it_r = r.begin();

while (it_1 '= l.end() && it_r != r.end() )

{
switch ( choose( *it_l, xit_r ) )
{
case choice::left: out.emplace_back( *it_1 ); break;
case choice::right: out.emplace_back( *it_r ); break;
}
it
++ it r;
}
return out;
}
auto project( const auto &seq, auto proj )
{
using type = std::decay_t< decltype( *proj( &*xseq.begin() ) ) >;
std: :vector< type > out;
for ( const auto & : seq )
if (auto ptr = proj( & ) )
out.push_back( *ptr );
return out;
}
auto left( const auto &seq )
{
return project( seq, [J( auto *x ) { return std::get_if< @8 >(x ); } );
}
auto right( const auto &seq )
{
return project( seq, [J( auto *x ) { return std::get_if<1 >( x ); } );
}
auto map( const auto &seq, auto left, auto right )
{
using common_t = decltype( left( std::get< 8 >( *seq.begin() ) ) );
std: :vector< std::decay_t< common_t > > out;
for ( const auto & : seq )
if (auto ptr = std::get_if< 8 >( & ) )
out.push_back( left( =ptr ) );
else
out.push_back( right( *std::get_if< 1 >( & ) ) );
return out;
}

K.10: Tyden 16

using _pub_::task;

bool sched_cmp( const task &, const task 8b )

{
auto key = [J( const task &t )
{
return std::pair( t.priority, -t.id );
H
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return key( a ) < key( b );

}
struct sched_queue
{
std::vector< task > tasks;
bool complete = true;
void fix()
{
if ( !complete )
std: :push_heap( tasks.begin(), tasks.end(), sched_cmp );
complete = true;
}
void add( task t )
{
fix();
tasks.push_back( t );
complete = false;
fix();
}
task &demote()
{
fix();
std: :pop_heap( tasks.begin(), tasks.end(), sched_cmp );
complete = false;
-- tasks.back() .priority;
return tasks.back();
}
void reset()
{
for ( auto &t : tasks )
t.priority = t.static_priority;
std: :make_heap( tasks.begin(), tasks.end(), sched_cmp );
complete = true;
}
const task &peek() const
{
const auto &top = tasks.front(), &emoted = tasks.back();
if ( complete || sched_cmp( demoted, top ) )
return top;
else
return demoted;
}
%

void join( auto a, auto b, unsigned i, unsigned j, auto &out )

{
auto a_cmp = [&]( const auto &u, const auto &v )
{
return ol 1 ] <v[ 1 1;
H
auto b_cmp = [8]( const auto &u, const auto &v )
{
return ul j J<v[ j I;
H

std::sort( a.begin(), a.end(), a_cnp );
std::sort( b.begin(), b.end(), b_cmp );

auto it_a = a.begin();
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auto it_b = b.begin();

for (; it_a != a.end(); ++it_a )

{
while ( it_b != b.end() 8& ( *it.b )[ j ] < (*ita)[ i ])
++1t_D;
for (auto it = it_b;
it = b.end() && ( xit )[ j == (*ita)[ i J;
++1t )
{
auto &out_row = out.emplace_back();
unsigned col = 6;
unsigned n = it_a->size();
unsigned m = it->size();
for (col = @; col <n; ++ col )
out_row[ col ] = ( *it_a )[ col J;
for (;col <n+m-1; ++ col )
out_row[ col J = (*xit )[ col -n<j?col-n:col-n=+17;
}
}

auto sorted_ranges( const auto &in, int n )

{
std::vector< std::tuple< int, int > > out;
auto row_b = in.begin(), row_e = row_b + n;

while ( row_b '= in.end() )
{

int len_max = ©;

int idx_max;

auto it = row_b;

while ( it != row_e )

{

auto next = std::is_sorted_until( it, row_e );
int len = std::distance( it, next );

if ( len > len_max )

{
idx_max = std::distance( row_b, it );
len_max = len;

}

it = next;

}

out.emplace_back( idx_max, len_max );
std::advance( row_b, n );
std::advance( row_e, n );

}

return out;

bool rotate_sort( auto &seq, int n )

{

std::vector< int > rot;

for (auto it = seq.begin(); it != seq.end(); std::advance( it, n ) )
{

auto end = std::next( it, n );
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auto mid = std::is_sorted_until( it, end );

if ( mid == end )
rot.push_back( 8 );

else if ( std::is_sorted( mid, end ) 8& *it >= xstd::next( it, n-1) )
rot.push_back( std::distance( it, mid ) );

else
return false;

}
auto b = seq.begin();

for (unsigned i = 8; i < rot.size(); ++1i )
std::rotate( std::next( b, i *n),
std:rmext( b, i*n+rot[ 1] ),
stdimext( b, i*n+n));

return true;

}
using _pub_::to_digits;

unsigned from_digits( const std::vector< unsigned > &digits, int base )

{
unsigned r = @;
for (unsigned d : digits )
{
r *= base;
r+=d;
}
return r;
}
std::vector< unsigned > permute_digits( unsigned n, int base )
{
std::set< unsigned > r;
auto digits = to_digits( n, base );
std::sort( digits.begin(), digits.end() );
do
r.insert( from_digits( digits, base ) );
while ( std::next_permutation( digits.begin(), digits.end() ) );
return std: :vector< unsigned >( r.begin(), r.end() );
}

K.11: Tyden 11

struct strmap

{
std::map< std::string, int > m;
int operator[]( std::string s ) const
{
return m.contains( s ) ? m.find( s )->second : B;
}
void add( std::string s )
{
nl s ]+
}
%

strmap digraph_freq( std::string_view s )
{

strmap m;
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for ((size_t 1 =0; i <s.size() -1; ++1 )
if ( std::isalpha( s[ i ] ) & std::isalpha( s[ i+1 7))
m.add( std::string( s.substr( i, 2 ) ) );

return m;

struct validate

{

std::string_view todo;

char peek() { return todo.empty() ? 8 : todo[ 0 1; }
char fetch() { auto ¢ = peek(); todo.remove_prefix( 1 ); return c; }

void ws()
{
while ( std::isspace( peek() ) )
feteh();
}
bool maybe_ident()
{
int 1 = 0;
while ( std::isalpha( peek() ) )
++1, fetch();
return 1;
}
bool maybe_nun()
{
int i =0;
while ( std::isdigit( peek() ) )
++ 1, fetch();
return 1;
}
bool factor()
{
ws();
if (peek() == '(")
{
feteh();
if ( lexpr() ) return false;
if (ws(), feteh() '= ")' ) return false;
return true;
}
else
return maybe_nun() || maybe_ident();
}
bool list( auto f, char ¢ )
{
ws();
if ( 'f() ) return false;
while ((ws(), peek() == ¢ )
if ( feteh(), 'f() )
return false;
return true;
}
bool expr()
{
return 1ist( [&]{ return term(); }, '+' );
}

bool term()
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return 1ist( [8J{ return factor(); }, '«' );

}
bool top()
{
return expr() 8& todo.empty();
}
5
bool expr_valid( std::string_view s )
{
return validate{ s }.top();
}

struct validate

{

std: :string_view todo;

std: :string_view peek()

{
while ( 'todo.empty() & std::isspace( todo[ 8 ] ) )
todo. remove_prefix( 1 );
unsigned i = @;
while ( i < todo.size() & !std::isspace( todo[ i ] ) )
++ i;
return todo.substr( 9, i );
}
std::string_view fetch()
{
auto rv = peek();
todo. remove_prefix( rv.size() );
return rv;
}
bool is_ident( std::string_view s )
{
for (autoc :s)
if ( !std::isalpha( ¢ ) )
return false;
return true;
}
bool ident()
{
return is_ident( fetch() );
}
bool atom()
{
auto next = feteh();
if ( next == "8" || next == ™" )
return true;
else
return is_ident( next );
}
bool expr()
{
if ( latom() ) return false;
if ( peek() == "+" || peek() == "-")
{
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feteh();

if ( latom() )
return false;

}
return true;
}
bool stmt()
{
auto next = fetch();
if ( next == "if" )
{
if ( lexpr() ) return false;
if ( fetch() != "then" ) return false;
if ( Istnt() ) return false;
}
else if ( next == "while" )
{
if ( lexpr() ) return false;
if ( fetch() != "do" ) return false;
if ( Istnt() ) return false;
}
else if ( next == "set" )
{
if ( lident() ) return false;
if ( fetch() !'= ":=" ) return false;
if ( lexpr() ) return false;
}
else if ( next == "begin" )
{
if ( Istmt() ) return false;
while ( peek() != "end" )
if ( !stmt() ) return false;
if ( fetch() '= "end" )
assert( false );
}
else if ( next == "skip" )
return true;
else
return false;
return true;
}
bool top()
{
return stmt() 8& todo.empty();
}
h
bool stmt_valid( std::string_view s )
{
return validate{ s }.top();
}

K.12: Tyden 12

class force
{
double x =8, y =0, z=0;
public:
force( double x, double y, double z )
sx(x ), yCy ), 2(z)
¢
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force() = default;

bool operator==( const force & ) const

{
return std::fabs( f.x - x ) < 1e-18 &&
std::fabs( f.y -y ) < 1e-10 &
std::fabs( f.z - z ) < 1e-16;
}

friend std::ostream &operator<<( std::ostream &o,
const force &f )

{
I"eth'ﬂ O << H[H << f.X << mnon << f.v << mnon << f.z << II]II;
}
friend std::istream &operator>>( std::istream &, force &f )
{
char ch;
if (1(i>>ch) [|ch!="'[")
i.setstate( i.failbit );
1> fox > fiy > f.z;
if ('(i>>ch) [|ch!="]")
i.setstate( i.failbit );
return 1;
}

using _pub_::str_dict;

std::string escape( const std::string &in )
{

std: :ostringstream ostr;

for (charc : in)
{
if (o= W\ o= ")
ostr << "\
ostr << ¢;

}

return ostr.str();

st

(=8

::string to_json( const str_dict &dict )

std: :ostringstream ostr;

ostr << "{"";
bool comma = false;

for (auto [ k, v ] : dict)
{

oo

ostr << (comma ? ", "o " "),
comma = true;
Ostr << II\IIII << escape( k ) << H\H: \IIII << escape( v ) << II\HH;

}
ostr << (comma ? " }" "} );

return ostr.str();

inline auto split( const std::string &sv, char delim )
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}

if (auto offset = sv.find( delim ); offset != sv.npos )
return std::pair( sv.substr( 8, offset ), sv.substr( offset + 1, sv.npos ) );

else
return std::pair( sv, std::string() );

class preprocessor

{

std: :set< std::string > defs;
std::stack< bool > _emit;

public:

};

std: :string out;

bool emit() const { return _emit.empty() || _emit.top(); }

void process( const std::string &line )

{
auto [ dir, args ] = split( line, ' ' );

if (dir == "tifdef" )

_emit.push( defs.count( args ) );
if (dir == "fendif" )

_emit.pop();

if (Cemit() )
{
if ( dir == "#define" )
defs.insert( args );
if ( dir == "fundef" )
defs.erase( args );
if ( dir == "finclude" )
read( args.substr( 1, args.size() - 2 ) );

}

void read( const std::string &filename )

{

std::ifstrean in( filename ); /+ NB. Fails quietly. */

std::string line;

while ( std::getline( in, line ) )
if ( !line.empty() 8& line[ 8 ] == '#')
process( line );
else if (emit() )
out += line + "\n'";

std::string cpp( const std::string &filename )

{

Tato kapitola obsahuje informace o technické realizaci predmétu, a to zejména:

preprocessor p;
p.read( filename );
return p.out;

C4st T: Technické informace

jak se pracuje s kostrami vloh,

jak sdilet obrazovku (terminal) ve cviteni
jak se odevzdavaji ukoly,

kde najdete vysledky testl a jak je prectete,
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 kde najdete hodnoceni kvality kodu (utitelské recenze)
e Jjak ziskate kod pro vzajemné recenze.

T.1: Informacni systém

Informaéni systém tvori primérni ,rozhrani“ pro stahovéni studijnich materidlt, odevzdavani reseni,
ziskani vysledkd vyhodnoceni a ¢teni recenzi. Zaroven slouZi jako hlavni komunikacni kanal mezi studenty
a utiteli, prostrednictvim diskusniho féra

Mate-1i dotazy k Ulohdm, organizaci, atp., vyuZijte k jejich poloZeni prosim vZdy pfednostné diskusni
forum.® Ke kazdé kapitole a ke kaZdému prikladu ze sady vytvorime samostatné vldkno, kam patiti
dotazy specifické pro tuto kapitolu nebo tento priklad. Pro feSeni obecnych organizatnich zéleZitosti a
technickych problémd jsou podobné v diskusnim féru nachystand vldkna.

NeZ poloZite libovolny dotaz, prec¢téte si relevantni ¢ast dosavadni diskuse - je mozZné, Ze na stejny
problém uZ nékdo narazil. Mate-1i ve féru dotaz, na ktery se Vam nedostalo do druhého pracovniho dne
reakce, pripomeiite se prosim tim, Ze na tento svij prispévek odpovite.

Mate-1i dotaz k vysledku testu, nikdy tento vysledek nevkladejte do prispévku (podobné nikdy nevkladejte
Gasti reSeni prikladu). Utitelé maji pristup k obsahu Vagich poznamkovych bloky, i k Vami odevzdanym
soubortm. Je-li to pro pochopeni kontextu ostatnimi ¢tendri potreba, odpovidajici ucitel chybéjici
informace doplni dle uvazeni.

Kostry naleznete ve studijnich materidlech v ISu: Student — PB161 — Studijni materdly — Utebni
materialy. Kazda kapitola mé4 vlastni slozku, pojmenovanou 86 (tento Uvod a materidly k nultému cviteni),
01 (prvni bézna kapitola), 82, ..., 12. Veskeré soubory stdhnete jednoduse tak, Ze na slozku kliknete
pravym tlatitkem a vyberete moZnost Stahnout jako /ZIP. StaZeny soubor rozbalte a miZete feSit

Vypracované priklady miZete odevzdat do odevzdavarny v ISu: Student — PB161 — Odevzdavérny. Pro
pripravy pouZivejte odpovidajici slozky s nazvy 01, ..., 12. Pro piiklady ze sad pak s1_a_csv, atp. (slozky
zatinajici s1 pro prvni, s2 pro druhou a s3 pro tieti sadu).

Soubor vloZite vyb&rem moZnosti Soubor - nahrat (prvni ikonka na 1igté nad seznamem soubor(). Timto
zpUsobem miZete najednou nahréat soubord nékolik (napfiklad vdechny pripravy z dané kapitoly). Vidy
se ujistéte, Ze vkladate spravnou verzi souboru (a Ze nemate v textovém editoru neuloZené zmény).
Pozor! V3echny vloZené soubory se musi jmenovat stejné jako v kostrach, jinak nebudou rozeznany (IS
pil vkladani automaticky predadi Vage UCO - to je v poradku, nézev souboru po vloZeni do ISu neméiite)
0 kazdém odevzdaném souboru (i nerozeznaném) se Vam v poznamkovém bloku log objevi zaznam. Tento
zéaznam 1 vysledky testu syntaxe by se mél objevit do nékolika minut od odevzdani (nemate-1i ani po 15
minutach vysledky, napite prosim do diskusniho féra).

Archiv v8ech soubor(, které jste Uspésné odevzdali, naleznete ve sloZce Private ve studijnich materidlech
(Student — PB161 — Studijni materidly — Private)

Automatickou zpétnou vazbu k odevzdanym uUlohdm budete dostavat prostrednictvim tzv. poznadmkovych
blokl v ISu. Ke kaZdé odevzdavarné existuje odpovidajici poznamkovy blok, ve kterém naleznete aktualni
vysledky testl. Pro pripravy bude blok vypadat pribliZzné takto:

testing verity of submission from 2022-689-17 22:43 CEST
subtest p1_foo passed  [0.5]
subtest p2_bar failed
subtest p3_baz failed
subtest p4_quux passed [0.5]
subtest pb_wibble passed [0.5]
subtest pb_xyzzy failed
{bliZ&1 popis chyby}
verity test failed

testing syntax of submission from 2022-09-17 22:43 CEST
subtest p1_foo passed
subtest p2_bar failed
{bliz&i popis chyby}
subtest p3_baz failed
{bliZ&1 popis chyby}
subtest p4_quux passed
subtest pb_wibble passed
subtest p6_xyzzy passed

& Nebojte se do féra napsat - kdyZ si s nétim nevite rady a/nebo nemiZete najit v materidlech, rédi Véam pomiZeme nebo Vas

nasmérujeme na misto, kde odpovéd naleznete.
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syntax test failed

testing sanity of submission from 2022-09-17 22:43 CEST
subtest p1_foo passed [ 1]

subtest pZ_bar failed

subtest p3_baz failed

subtest pd_quux passed [ 1]

subtest pb_wibble passed [ 1]

subtest pB_xyzzy passed [ 1]

sanity test failed

best submission: 2022-69-17 22:43 CEST worth *5.5 point(s)

Jednak si vSimnéte, Ze kaZdy odstavec ma vlastni asové razitko, které urtuje, ke kterému odevzdani
dany vystup patfi. Tato Casova razitka nemusi byt stejnd. V hranatych zévorkéach jsou uvedeny dilci body,
za hvézdickou na poslednim Fadku pak celkovy bodovy zisk za tuto kapitolu.

Také si v&imnéte, Ze best submission se vztahuje na jedno konkrétni odevzdani jako celek: v situaci,
kdy odstavec ,verity” a odstavec ,sanity“ nemaji stejné ¢asové razitko, nemusi byt celkovy bodovy
zisk souctem vSech diléich bodd. O konecném zisku rozhoduje vZdy posledni odevzdani pred pfislusnym
terminem (opét jako jeden celek).®

Vystup pro priklady ze sad je podobny, uvaZme napiklad:

testing verity of submission from 2022-16-11 21:14 CEST
subtest foo-small passed

subtest foo-large passed

verity test passed [ 10]

testing syntax of submission from 2022-16-14 23:54 CEST
subtest build passed
syntax test passed

testing sanity of submission from 2022-16-14 23:54 CEST
subtest foo passed
sanity test passed

best submission: 2822-10-11 21:14 CEST worth #10 point(s)

Opét si vsimnéte, Ze Casova razitka se mohou ligit (a v pripadé prikladd ze sady bude k této situaci
dochézet pomérné Casto, vZdy tedy nejprve ovérte, ke kterému odevzdani se ktery odstavec vztahuje a
pak aZ jej déle interpretujte).

Vam adresované recenze, podobné jako archiv odevzdanych soubor®, naleznete ve sloZce Private ve
studijnich materidlech (Student — PB161 — Studijni materialy — Private). Shrnuti bodového zisku
za tyto recenze pak naleznete v poznamkovém bloku reviews

Blok corr obsahuje zéznamy o manualnich bodovych korekcich (napf. v situaci, kdy byl Va3 bodovy zisk
ovlivnén chybou v testech). Podobné se zde objevi zaznamy o penalizaci za opisovani.

Blok log obsahuje zaznam o vSech odevzdanych souborech, véetng téch, které nebyly rozeznany. Nedostanete-
1i po odevzdani prikladu vysledek testd, ovérte si v tomto poznamkovém bloku, Ze soubor byl spravné
rozeznan

Blok misc obsahuje zaznamy o Va3i aktivité ve cviteni (netyka se bodd za vzajemné recenze ani vnitrose-
mestralni testy). Nemate-li pied koncem cvigeni, ve kterém jste fesili priklad u tabule, zaznam v tomto
bloku, pripomerite se svému cvi¢icimu.

Konecné blok sum obsahuje souhrn body, které jste dosud ziskali, a které jesté ziskat miZete. Dostanete-
1i se do situace, kdy Vam ani zisk v8ech zbyvajicich bodd nebude stacit pro splnéni podminek predméty,
tento blok Vas o tom bude informovat. Tento blok ma navic pristupnou statistiku bodd - moZete tak
srovnat svij dosavadni bodovy zisk se svymi spoluzaky.

Je-1i blok sum v rozporu s pravidly uvedenymi v tomto dokumentu, pfednost maji pravidla zde uvedend.
Podobné maji v pfipadé nesrovnalosti prednost diléi pozndmkové bloky. Dojde-1i k takovéto neshodg,
informujte nas o tom prosim v diskusnim féru. Pripadnd znémka uvedena v poznamkovém bloku sum je
podobné pouze informativn{ - rozhoduje vZdy zndmka zapsané v hodnoceni predmétu.

MoZete si tak odevzdanim nefunkénich feSenf na poslednf chvili sniZit vysledny bodovy zisk. Uvazte situaci, kdy mate v patek 4
body za sanity pfikladd p1, p2, p3, p6 a1 bod za verity p1, p2. V sobotu odevzdate feSeni, kde p1 neprochdzi sanity testem, ale p4
ano a navic projdou verity testy priklady p4 a p6. V4s vysledny zisk bude 5.5 bodu. Tento mechanismus Vam nikdy nesniZi vysledny
bodovy zisk pod jiZ jednou dosaZenou hranici ,best submission®.
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T.2: Studentsky server aisa

PouZiti serveru aisa pro odevzdavani prikladd je zcela volitelné a vSe potiebné miZete vzdy udélat i
prostrednictvim ISu. Nevite-1i si s né¢im z niZe uvedeného rady, pouzijte IS.

Na server aisa se prihlasite programem ssh, ktery je k dispozici v prakticky kaZdém modernim operacnim
systému (v 0S Windows skrze WSLY' - Windows Subsystem for Linux). Konkrétni prikaz (za xlogin dopliite
ten svij):

$ ssh xlogin@aisa.fi.muni.cz

Program se zeptd na heslo: pouZijte to fakultni (to stejné, které pouZivate k prihlaSeni na ostatni
fakultni poGitate, nebo napf. ve fadmin-u nebo fakultnim gitlab-u).

VeSkeré instrukce, které zde uvadime pro pouZiti na stroji aisa plati beze zmén také na libovolné skolni
UNIX-ové pracovni stanici (tzn. z fakultnich poitatu neni potreba se hlasit na stroj aisa, navic maji
sdileny domovsky adresar, takZe svoje soubory z tohoto serveru primo vidite, jako by byly uloZeny na
pracovni stanici).

Aktualni zdrojovy balik stéhnete pitikazem:
$ pb161 update

StaZené soubory pak naleznete ve sloZce ~/pb161. Je bezpetné tento prikaz pouZit i v pripadg, Ze ve své
kopii jiz mate rozpracovana feSeni — systém je pfii aktualizaci nepfepisuje. Doslo-1i ke zméné kostry
u prikladu, ktery mate lokalné modifikovany, aktualizovanou kostru naleznete v souboru s dodatecnou
priponou .pristine, napf. 81/e2_concat.cpp.pristine. V takovém pripadé si miZete obé verze srovnat
prikazem diff:

$ diff -u e2_concat.cpp e2_concat.cpp.pristine

Pripadné relevantni zmény si pak jiZ lehce prenesete do svého feSeni.

Krom samotného zdrojového baliku Vam piikaz pb161 update stahne i veskeré recenze (jak od ugiteld,
tak od spoluzaky). To, Ze mate k dispozici nové recenze, uvidite ve vypisu. Recenze najdete ve sloZce
~/pb161/reviews.

Odevzdat vypracované (nebo i rozpracované) feSeni mizete ze sloZky s relevantnimi soubory takto:

$ cd ~/pb161/01
$ pb161 submit

Pridate-li prepinat --wait, prikaz vycka na vyhodnoceni testd faze ,syntax” a jakmile je vysledek
k dispozici, vypiSe obsah prislusného poznamkového bloku. Cheete-1i si ovérit co a kdy jste odevzdali,
moZete pouzit prikaz

$ pb161 status

nebo se podivat do informagniho systému (bliZe popséno v sekci T.1).
Pozor! Odevzdavate-li stejnou sadu priprav jak v ISu tak prostrednictvim prikazu pb161, ujistéte se, Ze
odevzdavate vzdy vSechny priklady.

Reite-1i priklad typu r ve cviteni, bude se Vam pravdpodobng hodit rezim sdileni terminalu s cvigicim
(ktery tak bude moct promitat Vas zdrojovy kod na platno, pripadné do néj jednoduse zasahnout).
ProtoZe se sdili pouze terminal, budete se muset spokojit s negrafickym textovym editorem (doporutujeme
pouzit micro, piipadné vim umite-li ho ovladat). Spojeni navazete prikazem:

$ pb1671 beaner
Protoze prikaz vytvor'i nové sezeni, nezapomeiite se presunout do spravné slozky prikazem cd ~/pb161/NN.

Prikaz pb161 update krom zdrojového baliku stahuje také:

1. zdrojové kody, které mate moZnost recenzovat, a to do slozky ~/pb161/to_review,

2. recenze, které jste na svij kod obdrzeli (jak od spoluzékd, tak od vyucujicich), a to do stavajicich
sloZek zdrojového baliku (tzn. recenze na piiklady z prvni kapitoly se Vam objevi ve sloZce ~/pb161/61
- Ze se jednd o recenzi poznate podle jména souboru, ktery bude zaCinat uZivatelskym jménem autora
recenze, napf. xrockai.#9123.p1_nhamming.cpp).

Chcete-li vypracované recenze odeslat:

1. presutite se do slozky ~/pb161/to_review a

¥ Jako alternativu, nechcete-li z néjakého divodu WSL instalovat, 1ze pouZit program putty.
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2. zadejte prikaz pb161 submit, pripadng doplnény o seznam soubord, které hodlate odeslat (jinak se
odeslou vSechny, které obsahuji jakykoliv pridany komentar).

T.3: Kostry uloh

Pracujete-li na studentském serveru aisa, miZete pro preklad jednotlivych prikladd pouzit priloZeny
soubor makefile, a to zadanim pfikazu

$ make priklad

kde priklad je nazev souboru bez pripony (napf. tedy make e1_factorial). Tento piikaz postupng:

1. prelozi VaSe fFeSeni prekladatem gec,

2. spusti priloZené testy,

3. spusti kontrolu nastrojem valgrind.

SelZze-1i néktery krok, dal$i uZ se provadét nebude. Povede-li se preklad v prvnim kroku, v pracovnim
adresari naleznete spustitelny soubor s nazvem piiklad, se kterym moZete déle pracovat (napf. ho
ladit/krokovat nastrojem gdb).

Existujici preloZené soubory mizete smazat prikazem make clean (vynutite tak jejich op&tovny preklad
a spudténi vSech kontrol).

Na stroji aisa je k dispozici jednoduchy editor micro, ktery ma podobné ovladani jako klasické textové
editory, které pracuji v grafickém reZzimu, a ktery ma sluSnou podporu pro praci se zdrojovym kdédem.
Doporucujeme zejména méné pokroCilym. Dal$i moZnosti jsou samozrejmé pokrocilé editory vim a emacs.
Mimo lok&lné dostupné editory si miZete ve svém oblibeném editoru, ktery mate nainstalovany u sebe,
nastavit rezim vzdalené editace (pouZitim protokolu ssh). Minimalng ve VS Code je takovy reZimk dispozici
a je uspokojivé funkéni.

KaZdy priklad je zcela obsaZen v jednom standardnim zdrojovém souboru, proto je jejich preklad velmi
jednoduchy. Pravdépodobné kazdé IDE zvladne s piiklady bez problémd pracovat (spoustét, ladit, atp.),
musi ale béZet na systému typu POSIX (spliuji vSechny 0S krom Windows - zde ale miZete vyuzit WSL a
pripadng jeho integraci do VS Code®).

Krom IDE mOZete také pouzit dodany soubor makefile, pouze si v nadiazené sloZce (tzn. vedle sloZek 01,
02, atd.) vytvorte soubor local.mk, ve kterém nastavite, jak se na Vagem systému spoudti potiebné
prikazy. Implicitni nastaveni je toto, a funguje-li Vam, neni potieba soubor local.mk vibec vytvaret:

CC = cc
VALGRIND = valgrind

MdZete samoziejmé priklady prekladat a kontrolovat i rucng.

Cast U: Doporuceni k zépisu kddu

Tato sekce rozvadi obecné principy zapisu kddu s dirazem na Citelnost a korektnost. Samozfejmé Zadna
sada pravidel nemdZe zarutit, Ze napiSete dobry (korektni a Gitelny) program, o nic vice, nez miZe
zaruCit, Ze napiSete dobrou povidku nebo namalujete dobry obraz. Presto ve vSech téchto pripadech
pravidla existuji a jejich dodrZovani mé obvykle na vysledek pozitivni dopad.

Kazdé pravidlo ma samozrejmé néjaké vyjimky. Tyto jsou ale vyjimkami proto, Ze nastévaji vyjimecné.
Néktera pravidla prripousti vyjimky Castéji nez jina:

Vibec nejdileZzitéjsi Ulohou programatora je rozdélit problém tak, aby byl schopen kaZdou ¢ast spravné

vyresit a dilei vysledky pak poskladat do korektniho celku.

A. K6d musi byt rozddlen do ucelenych jednotek (kde jednotkou rozumime funkci, typ, modul, atd.)
primérené velikosti, které lze studovat a pouZivat nezavisle na sobé.

B. Jednotky mus{ byt od sebe oddéleny jasnym rozhranim, které by mélo byt jednodussi a uchopitelngjsi,
neZ kdybychom pouZiti jednotky nahradili jeji definici.

C. Kazda jednotka by méla mit jeden dobfe definovany ucel, ktery je zachyceny predevsim v jejim
pojmenovani a pfipadné rozvedeny v komentari.

D. Mate-li problém jednotku dobre pojmenovat, miZe to byt znamka toho, Ze déla prili§ mnoho véci.

E. Jednotka by méla realizovat vhodnou abstrakci, tzn. méla by byt obecnd - zkuste si predstavit, Ze
dostanete k Fedeni néjaky jiny (ale dostatetné pribuzny) problém: bude Vam tato konkrétni jednotka
k ndtemu dobrd, aniZ byste ji museli (vyraznd) upravovat?

%2 https://code.visualstudio.com/docs/remote/wsl
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F. Mé&-1i jednotka parametr, ktery fakticky identifikuje misto ve kterém ji pouzivate (bez ohledu na to,
je-li to z jeho ndzvu patrné), je to Casto znamka Spatné zvolené abstrakce. Mate-1i parametr, ktery
by bylo 1ze pojmenovat called_from_bar, je to jasna znamka tohoto problému.

G. Dany podproblém by mél byt vyfeSen v programu pouze jednou - nedafi-li se Vam sjednotit rizné
varianty stejného nebo velmi podobného kédu (aniZ byste se uchylili k taktice z bodu d), miZe to
byt zndmka nespravné zvolené dekompozice. Zkuste se zamyslet, neni-1i moZné problém rozloZit na
podproblémy jinak.

Dobre zvolena jména velmi ulehtuji ¢teni kddu, ale jsou 1 dobrym voditkem pfi dekompozici a vystavbé

abstrakei.

A. VSechny entity ve zdrojovém kddu nesou anglickd jména. Anglictina je univerzalni jazyk programatord.

B. Jméno musi byt vystiZné a popisné: v misté pouZiti je obvykle jméno nas hlavni (a Gasto jediny) zdroj
informaci o jmenované entité. Nutnost hledat deklaraci nebo definici (protoZe ze jména neni jasné,
co volana funkce déla, nebo jaky mé pouZitd proménna vyznam) Gtendfe nesmirng zdriuje.s

C. Jména lokalniho vyznamu mohou byt méné informativni: je mnohem vétsi Sance, Ze vyznam jmenované
entity si pamatujeme, protoZe byla definovana pred chvili (napf. lokdlni proménné v kratké funkci).

D. Obecnéji, informacni obsah jména by mél byt pfimo umérny jeho rozsahu platnosti a nepfimo umérny
frekvenci pouZziti: globdlni jméno musi byt informativni, protoZe jeho definice je ,daleko® (takZe si
ji uZ nepamatujeme) a zaroveri se nepouziva prilig Casto (takZe si nepamatujeme ani to, co jsme se
dozvédgli, kdyZ jsme ho potkali naposled).

E. Jnéno parametru ma dvoji funkci: krom toho, Ze ho pouZivame v téle funkce (kde se z pohledu
pojmenovéni chova podobné jako lokalni proménna), slouZi jako dokumentace funkce jako celku. Pro
parametry volime popisnéjSi jména, nez by zarucovalo jejich pouziti ve funkci samotné - maji totiz
dodateény globalni vyznam.

F. Nekteré entity maji ustdlené nazvy - je rozumné se jich drZet, protoZe ¢tenadr automaticky rozumi
jejich vyznamu, 1 prfes obvyklou strucnost. Zaroverl je potieba se vyvarovat pouZiti takovychto
ustalenych jmen pro nesouvisejici entity. Typickym prikladem jsou iteraéni proménné i a j.

G. Jména s velkym rozsahem platnosti by méla byt také zapamatovatelnd. Je vZdy lepsi si pfimo vzpomenout
na jméno funkce, kterou pravé potiebuji, neZ ho vyhledavat (podobné jako je lepdi znat slovo, neZ ho
jit hledat ve slovniku).

H. PouZity slovni druh by mél odpovidat druhu entity, kterou pojmenovava. Proménné a typy pojmenovavame
prednostné podstatnymi jmény, funkce prednostné slovesy.

1. Rodiny pribuznych nebo souvisejicich entit pojmenovavame podle spoletného schématu (table_name,
table_size, table_items - nikoliv napf. items_in_table; list_parser, string_parser, set_parser;
find_min, find_max, erase_max — nikoliv napf. erase_maximum nebo erase_greatest nebo max_remove).

J. Jména by méla brat do uvahy kontext, ve kterém jsou platna. Neopakujte typ proménné v jejim
nazwu (cars, nikoliv list_of_cars ani set_of_cars) nema-li tento typ specidlni vyznam. Podobné
jméno nadiazeného typu nepatii do jmen jeho metod (trida list by méla mit metodu length, nikoliv
list_length).

K. Davejte si pozor na pieklepy a pravopisné chyby. Zbytetné znesnadiiuji pochopeni a (zejména v kombinaci
s naSeptavatiem) lehce vedou na skutetné chyby zpisobené zaménou podobnych ale jinak napsanych jmen.
Navic kdd s preklepy v nazvech pisobi znacné neprofesiondlng.

UdrZet si prehled o tom, co se v programu déje, jaké jsou vztahy mezi rdznymi stavovymi proménnymi, co

moZe a co nemiZe nastat, je jedna z nejtézsich ¢asti programovani.
TBD: Vstupni podminky, invarianty, ...

Prehledny, logicky a co nejvice linearni sled krok nam ulehduje pochopeni algoritmu. Casté, komplikované
vétven{ je naopak téZké sledovat a odvadi pozornost od pochopeni dileZitych mySlenek.
TBD.

TBD.

Nejde-li my3lenku predat jinak, vysvétlime ji doprovodnym komentarem. Cim t&%81 myslenka, tim v&tsi je

potreba komentovat.

A. Podobné jako jména entit, komentére které jsou soutdsti kddu piseme anglicky.*

B. Pripadny komentar jednotky kddu by mél vysvetlit predevsim ,co* a ,prot* (tzn. jaky plni tato
jednotka Utel a za jakych okolnosti ji 1ze pouzit).

Nejde zde pouze o samotny fakt, Ze je potieba néco vyhledat. Mohlo by se zdat, Ze tento problém fesi IDE, které nds umi ,poslat”
na pfislusnou definici samo. Hlavn{ zdrZeni ve skutetnosti spotivé v tom, Ze musime prerusit ¢teni pfedchoziho celku. Na rozdil
od pocitace je pro ¢lovéka ,zanofovani“ a zejména pak ,vynorovani“ na pomyslném zasobniku docela drahou operaci.

Tato shirka samotnd predstavuje Ustupek z tohoto pravidla: smyslem naSich komentard je nau¢it Vas pomérné té7zké a ¢asto nové
koncepty, a jeji cirkulace je omezend. ZkuSenost z difvéjsich let ukazuje, Ze pro studenty je anglicky vyklad znatnou bariérou
pochopeni. Presto se snazte vlastni kdd komentovat anglicky - vyjimku lze udélat pouze pro rozsadhlejsi komentare, které byste
Jjinak nedokézali srozumitelng formulovat. V praxi je angli¢tina zcela b&Zné bezpodminetné vyZadovana.
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C. Komentar by také nemél zbytetné duplikovat informace, které jsou k nalezen{ v hlaviéce nebo jiné
»nekomentarové® ¢asti kédu - jestli mate napriklad potiebu komentovat parametr funkce, zvazte,
jestli by neslo tento parametr lépe pojmenovat nebo otypovat.

. Komentar by nem&l zbytetnd duplikovat samotny spustitelny kod (tzn. nemél by se zdlouhavé zabyvat
tim ,jak jednotka vnitiné pracuje). Zejména jsou nevhodné komentér'e typu ,zvySime proménnou i o
jedna“ - komentdr 1ze pouZit k vysvétleni pro¢ je tato operace potrebnd - co dand operace déla si
moZe kazdy pretist v samotném kddu.

TBD.
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