Univerzita Karlova v Praze

Matematicko-fyzikalni fakulta

BAKALARSKA PRACE

Ondrej Dusek

BashCommander

Katedra softwarového inZenyrstvi
Vedouci bakalarské prace: RNDr. Jan Kofron

Studijni program: Informatika, programovani

2007






Chtél bych na tomto misté podékovat panu RNDr. Janu Kofronovi za
vedeni mé prace a cenné rady a poznamky. Také bych rad vyjadril dik své
rodiné za podporu a trpélivost.

Prohlasuji, Ze jsem svou bakalafskou praci napsal(a) samostatné a
vyhradné s pouzitim citovanych pramenti. Souhlasim se zapiijc¢ovanim
prace.

V Praze dne 7. srpna 2007 Ondrej Dusek






PN 1] 8 1 1« SRR 7
TEXE PIACE. . veeiieiieeeeeeeeee ettt eeett e e e e st e e e s stte e e e ssbee e s s aaeeesssssaeesssssaaeessssaessssssaaesnnes 9
L UIVOM. ettt e et e e ete e eee e teseaeee et e e aeemeaeseenesensseneaeeseneeseseeneneenenes 9

3 B0 0L 0] 5 A= TR 9

1.2 ZAAANT PTACE. .. eeeeieeiiieiieiiieeecciteesesitteeesetaeesesstaeeesssseeeessssaesssssseeesssnseaeens 9

1.3 Gl PIACE ettt ettt et ettt e et et et e s s e e s neeseeseneeas 10

1.4 Volba jazyka a platformy.........ccccecceeeeieiecieeeiieeecreccceeecee e e eevee e 11

2 ANalyza ProbIEMU........cooviiriiirierieeteeeeteete ettt e saeeeaeene 12

2.1 NAVI Nttt s e e 12

2.2 Technické problémy implementace..........ccccceevueeeviernernnensiensenceeeeeene 12

2.3 Analyza MOZNoSt TESENI......cccieeviiieiiiiiiieeircieteeecrreesesreeeeeeaeeeesereeeeeans 14

2.4 Zvolené postupy — hlavni struktura........cccccceeveeeviinneniiinninniinieeeene 16

3 NeEkteré detaily FESENI......ccieciieiieiiieiircieececieeceeeeeeseseee e s sere e e s saae s e s sannaes 20
3.1 Komunikace GUI a shellu........ccccoieieeiiiiiicieeeceeeeeee e 20

3.2 Dva druhy panelll Vv GULL.........coociiieiiieieieeeieeecreeccee e cee e eae e e en 22

3.3 KOnzolovy VStUP @ VISTUP...cccieiriieiriieiniieesieeesieesseeeeseeseseeesssseesssseesnns 22

3.4 Parser a prikazy v shellU........cooooieiiiciiiiniiiiicrecccreececee e 24

3.5 Proménné prostiedi shellU.........ccccceeeeiiiiiiiiiiiiniiiciecccecceeceeee, 25

W/ 5 LoTe s eTelc) o | VTR 27
4.1 Srovnani s jinymi implementacemi Bashe ve Windows........ccccccceveuvennne 27

4.2 Hodnoceni spInéni cile Prace.......cccceeeeeiueeeiieiieeeieiieeeiecneesecneeeeeenneeens 28

5 ZLAVET euvveeeeeeeeeirrreeeeeeeeeessseeeeeeeeeessssssssseeeeesasssssseeeesssessssssseseessessssssseeeseensnsssnnees 29
OARAZY ..ccvveeeireieiieiecieeecte e eeeee e e e st e e ste e e saeesssbeeessaeeessaeesssesssaessssaeessseesnsssessnees 30
Priloha A: dokumentace (AaNgliCKy).......ccceevuerrierniiniieetenieeceeeieeeee e 31
1 ADOUL the PrOZIaI......ccccuiiieiieiciieeeeeeeee et e e e ae e e ae e e e e e e saeeeneas 31

) B D116 1 0] 010 o FORR PP PSSR 31

1.2 FEATUTES.ccoeneieeeeee e eereeee e e e et e e e eesan e e eessnne s eessnnnnnaaens 31

3 B30 0110 DA U6 (0) o - PO 32

2 USEI MANUAL....coiurriiiieiiieeiiiiieeeecceerrree e e e eeeearreeeeeeeeeeasssraeeeeeeessssssseseeeeenns 33
2.1 Installation, uninstallation.........cccccoeeeeeiiieieeeeiccceeeee e 33

2.2 USING the GU.....uoiiiieiciieecteectecetee et cee e eee e e e e svee e s vae e s aae e s aaeenns 33

2.3 The Bash scripting language...........occccveeieeiiieiceiieeececeeeeecceee e 34

2.3.1 COMIMANAS.....uurrriiiieeiiieiiiiieeeeeeeeeirtreeeeeeeeessssreeeeeeeeessssssssreeseesssnns 35

2.3.2 Plain COMMANAS.......evvviiiieeeiiiriieeeeeeeeciireeeeeeeeeerrreeeeeeeeeesnnreeeeeeeenns 35

2.3.3 Structured COMMANAS.........cooevrrrereeiiiiiiiirieeeeeeeeerrre e eeeeeeanrreeeees 36

2.3.4 EXPANSIONS..cciiiiiiiiiiiieeeiieeeeiirteeeeeseeeserreeeeeessseaensaeeeesssssssssnseeesesas 38

2.3.5 Environment, variables.......cccueveieiiiiiiiiieieiiieeeiieeeeeec e 39

PR T30 X 00 (18 (0) o 1= F 41

2.3.7 ATTENIMELIC. c.vvvvieeee ittt e e e e aaae e 41

2.3.8 TSt ittt e e e e e e e e e e e ar e e e e e eaaeaas 42



P e T T 21 (<3 o 0 1 F N 43

2.4 Supported internal cOmMmMAaNdS.........cceeeeeevieeiieiiieeeeeiiee e eeeeee e 43
2.4.1 Bourne shell built-ins.......coooovveviiiiiiiiiiiiiieeccccereeee e 43
2.4.2 Bash bUilt-ins........cooeoiiiiieiiieecceeeeee e 45

2.5 Supplemented Unix file operating programs..........ccccceeeeveeeceeeecreeennnnen. 46

2.6 Settings and start-up SCIiPLS.....ccecuieieeiiieeieciie e e 48

2.7 GUI ShOrt-Cuts table......cccooiurriiiieieiieeeieeee et ceeeaeees 49

3 Programmer's manual...........cccceeiieeiiiiiiiiieecciee e ar e 50

3.1 USed langUAZE........ccecueeieiieieiieeeieecctee et eete e cae e s ere e ree s aee e s aaeesnaaeenns 50

3.2 Source code files SIIUCLUTE. ........eeeeieeeeiiieieeeecceecereeee e e e enaens 51
3.2.1 Common supportive libraries........ccccceeeveeeecieeeciieeeceeecieeeceeeeceeenn. 51
3.2.2 The simple file operating programs...........ccccceeeeeveveeeeciveeeeecinneeeennne 52
3.2.3 The Bash application..........cccceeeieeeeiieeecieicieeeieeeee et e eee e 52
3.2.4 The GUI.....eeeeeeeeee ettt e e rrrre e e e e e e e snraaseeeeeeennnnnes 53

3.3 Supportive libraries — 0bjectS......ccceeeuiircieieiiiiccieeecre e 53
3.3.1 The input and output handles.........c.ccceeeieiiiiiiiiiiiicceeeceeeee 54

3.4 GUI — COAE SCREIMA.....uuvviiiiiiiieitiiieeeeee ettt ee e e 55
3.4.1 The Main WINAOW.......cceeieeeeiiiriiieeeeeecrrreeee e eeeerrreeee e eeeeenraareeeeeens 55
3.4.2 The Shell tabs......uvvviiiiiiiieeeeee e 56
3.4.3 The file manager Windows..........cccccvueeeeeeiieeeecciieeeeceeee e e e e 56

3.5 Bash application Code.........ccuireiiiieiieieiieccieeece e 57
3.5.1 The Main ODJECL....cccccviieieciiieececeeeeeee et e ee e e 57
3.5.2 ENVIFONIMENT...cciiiiiiiiiiiiiiiiiieeeeeeeeeeceeeccccceccc e eeeeeseaeeeees 57
3.5.3 The PATSET..ccccueiiieeeieeeccee ettt e rae e e e aae e e e 59
3.5.4 Command ODJECES.......cccvuerreiieeiieeeiieeecteeeeeeereeeetee e eee e reessseeenns 59
3.5.5 Expansions and eXecution...........ccccveeeeecieeeieiieeeeccieeeeecreeeee e 60
3.5.6 Signal handler...........coccviiiiiiiiiieceececeecee e 61
3.5.7 Internal commands..........ccceevvuriereeieiiciiiieeeeeeeeeee e 61

3.6 Process COmMMUNICATION. ......cceeiiiiiiiiiiiiieiiieieieeieeeeeeeeceenenanenennneeeeeaeeeeenes 62
3.6.1 Message thread in Bash.........ccccoooeeiiiiiiiiiiicceeccceeeceeece, 62
3.6.2 Shared MEeMOTY......ccueeieiiieciieecieeecte et e eaee e e e ae e e eaeeeseaeeeans 63

3.7 Doxygen-generated documentation...........ccceeeecvieeeeciieeecccieeeeecree e 64

Priloha B: 0bSah CD........cuviiiiiieeccceeeeeee ettt ree e e aree s e raae e e 65



Nazev prace: BashCommander

Autor: Ondrej Dusek

Katedra (iistav): Katedra softwarového inzenyrstvi
Vedouct bakalarské prace: RNDr. Jan Kofron
e-mail vedouctho: jan.kofron@mff.cuni.cz

Abstrakt: Prace se zabyva implementaci programu BashCommander,
slouziciho k efektivni spraveé soubortt ve Windows s pouzitim textovych prikazd.
Jde o dvoupanelovy souborovy manazer, tésn€ provazany s konzoli pro textové
prikazy, kde se pouziva syntaxe jazyka Bash. Implementace sestava z grafického
uzivatelského rozhrani se souborovym manazerem a terminalovym programem
pro zobrazovani konzole, interpretu jazyka Bash pro Windows a nékolika
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v tomto jazyce, aplikace se snazi zajistit jejich snadnou prenositelnost. Soucasti
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Abstract: The thesis deals with the implementation of the BashCommander
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system environment, with the use of text commands. It combines a two-panel file
manager with a text command console that uses Bash language syntax. The
implementation covers a graphical user interface with file manager and terminal
program (to display the console window), Bash language interpreter for Windows
and several simple file operating programs, well-known from the Unix-like
operating systems. The program itself is not an execution environment for Unix
applications, nor does it require one to run. Any Windows application may be run
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Text prace

1 Uvod

1.1 Motivace

Pro operace se soubory ma na vétsiné soucasnych operacnich systémt uzivatel
nékolik moznosti jaky pristup zvolit. Pravdépodobné nejpouzivanéjsim, ale
z hlediska rychlosti a efektivity neprili§ vykonnym je pouziti béznych souborovych
manazert, jako napt. Prizkumnik Windows, kde se predpokladaji hlavné akce
provadéné s pouzitim mysi a prepinani mezi nékolika otevirenymi okny programu.

Druhou, efektivnéjsi moznost predstavuji dvoupanelové souborové manazery
(,commandery“), znamé jiz z prostfedi MS-DOS a pouzivané i na modernich
systémech (Norton Commander, Total Commander). Umoznuji rychlejsi praci
s vice soubory, podporuji rizné klavesové zkratky a nékteré z nich maji mnoho
pokrocilejSich funkei, jejich hlavni piednosti je vSak diiraz na ovladani klavesnici
a zobrazeni ve dvou panelech.

Dalsi moznost je vyuziti prikazové radky — textového shellu. Zjednodusuje
uzivateli opakované tikony pomoci skriptti a davkovych souborti. Naopak tplné
zakladni akce (jako vypis seznamu souborti v adresati) jsou oproti predchozim
variantdm o trochu tézkopadnéjsi. Navic na v dne$ni dobé nejvice pouzivaném
operacnim systému, Windows (nejcast€ji stale ve verzich XP a 2000), je i
automatizace davkovymi soubory (.bat) ponékud nepohodlna. Operaéni systémy
typu Unix nabizeji vybér nékolika shellti a tedy i skriptovacich jazykd, z nichz
nejbéznéjsi a pomérné pristupny a Gcinny je Bash[1]. Tato bakalarska prace se
bude vénovat jeho zaclenéni do systému Windows a spojeni s druhym efektivnim
zplisobem préace se soubory — dvoupanelovym souborovym manazerem.

1.2 Zadani prace

Predmeétem préace je vytvorit program pro efektivni spravu soubort a pouzivani
textovych prikazi pro Windows. Piijde o dvoupanelovy souborovy manazer, tésné
provazany s konzoli pro textové prikazy, pouzivajici syntaxi unixového Shellu. Pti
praci s programem bude uzivatel moci rychle pfepinat mezi ovladanim panelt
s vypisem souborti v adresaiich a psanim do textového okna konzole. Zména
pracovniho adresare v panelovém vypisu se odrazi i v konzolovém okné.

Vystup spousténych textovych aplikaci bude mozné zobrazit v konzoli.
Konzolovych oken program umozni oteviit nékolik a prepinat mezi nimi
v panelech, podobné jako u linuxovych terminélovych programi. Pro textové
okno konzole i vypis souborti bude mozné nastavit font, barvy a jejich rozlozeni a
toto nastaveni ulozit.



Konzolova c¢ast aplikace se pokusi svym ovladanim co nejvice priblizit
unixovému Bashi - hlavné syntaxi piikazi a jazykovych konstrukei, ale i napft.
automatickym doplhovanim nazvi soubori nebo nastavenim promptu.
Integrovany budou i zakladni unixové prikazy pro praci se soubory (cd, cp, Is, In,
rm, mv apod.), neptijde ale o prostiedi pro béh unixovych aplikaci. Jako prikazy
bude mozné spoustét nativni aplikace pro Windows. Program bude podporovat i
zpracovani soubort s bashovymi skripty.

Projekt bude psan v jazyce C++ s vyuzitim funkci Win32-API, bude urcéen pro
operacni systémy Windows 2000 a XP.

1.3 Cil prace

Cilem prace je vytvorit program BashCommander pokud moZno podle
definovaného zadani, s tim, ze hlavni diraz je kladen na spojeni a spolupraci
jednotlivych ¢asti — konzole a souborového manazeru; dilezita je také co nejlepsi
kompatibilita s unixovym Bashem. Hlavnim pfinosem programu by meélo byt
(pokud mozno co nejhladsi) spojeni konzolovych operaci s praci v souborovém
manazeru a tim zefektivnéni operaci se soubory ve Windows.

Pijde také o dosazeni pouZitelnosti jako o néco pohodlnéjsi nahrady prikazové
radky Windows, diky moznosti otevrit vice oken soucasné a vét§imu rozsahu
nastaveni a prizptisobeni uzivateli. Aplikace by déale méla byt vyuZzitelna pro
samostatné spousténi skripti (piimo z prostredi OS).

V praci nejde o implementaci unixového prostredi na platformé Windows (jak
toto provadi napi. projekt Cygwin[2]) — BashCommander bude co nejvice
provazan se systémem Windows a jeho nastavenim — napt. domovskych adresari
uzivateld, cest ke spustitelnym soubortim apod. Navic z néj bude mozné spoustét
vSechny nativni aplikace pro Windows (at uz konzolové, nebo grafické), podobné
jako je to mozné v unixovych systémech s grafickou nadstavbou (napt. KDE a
Bash bézici pod terminalovym programem Konsole[3]).

Také se nejedna jen o preneseni Bashe pod Windows, i kdyz pravé tato ¢ast
prace je z hlediska naprogramovani ¢asové nejnaro¢n€jsi. Prace bude obsahovat i
hlavni unixové programy pro praci se soubory a hlavné terminalovy program
kombinovany se souborovym manazerem — po tom se nepozaduji prili§ pokrocilé
funkce, ostatné napt. prenos soubort po FTP nebo pristup do komprimovanych
archivii, bézné funkce souborovych manazertd, ptili§ nevyhovuji spolupraci
s konzolovou casti.

V programu budou zahrnuty jen prikazy z Unixu pro praci se soubory, ne
programy pro automatizovanou tupravu textu. Tyto mohou byt pro aplikaci
cennym prinosem, diky provazanosti s nativnimi programy pro Windows je
mozné (a vhodné) pouzit dohromady s BashCommanderem jejich implementaci
odjinud, napr. GnuWin32[4].
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1.4 Volba jazyka a platformy

Pro praci byl zvolen programovaci jazyk C++, vzhledem ke spojeni rychlosti
vysledného kédu s moznosti objektového piistupu k problému. Reseni navic
nutné vyzaduje pouziti relativné nizkouroviiovych API-funkci, které jsou z
prostiredi vyssich jazykt jako Java nebo C# dostupné jen obtizné. Protoze byl od
zacatku jako cilovy operacéni systém vybran Windows (a preneseni Bashe pod
Windows je jednim z cili prace), neni tfeba uvazovat prenositelnost na jiné
systémy. Windows verzi NT4, 95, 98 a ME a starSich jsou v dnes$ni dobé i
Microsoftem povazovany za jiz prekonané a pouzivaji se pouze na velmi malém
procentu vSech pocitacti s Windows, proto je program urcen jen pro novéjsi verze
a profituje z vyuziti n€kolika novych funkci Win32-API, které jsou dostupné az
pro Windows 2000 a novéjsi.

Pro systémova volani je pouzito Cisté Win32-API bez rozsiteni MFC jednak
vzhledem k mym predchozim zkuSenostem, jednak kvili otazce rychlosti kodu,
nutnosti pouziti specidlnich dynamickych knihoven a umoznéni kompilace
zdrojovych kodi ve volné dostupné verzi Microsoft Visual C++ (prestoze k vyvoji
bylo pouzito plné MS Visual Studio .NET).
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2 Analyza problému

2.1 Navrh

Pri uvazovani rozdéleni celé aplikace se objevuje nékolik otazek. Prvni z nich je
propojeni terminalového programu, souborového manazeru, samotného shellu a
funkei pro praci se soubory — je mozné vse integrovat do jednoho spustitelného
modulu, nebo naopak funkce vice ¢i méné striktné oddé€lit. V takovém piipadeé je
dale nutné fesit zptisob a miru komunikace mezi takto vzniklymi soucastmi. Na
druhou stranu sloudeni vSech komponent c¢asteéné nebo zcela zamezi jejich
oddélenému vyuziti zvenci, coz povazuji za dost vyraznou nevyhodu.

Bez ohledu na GUI aplikace a funkce pro praci se soubory je nutné dale
navrhnout vnitfni stavbu samotného shellu, ktery je ziejmé technicky nejslozitéjsi
soucasti aplikace. Jde napi. o problém déleni funkci pro ¢teni a zpracovani
prikazii (a vSechny operace které s nimi shell musi provést), pripadné jejich
uchovavani s ohledem na znovupouziti. ReSeni vyzaduje i nalezeni zptisobu,
jakym bude shell operovat s objekty opera¢niho systému — napt. rourami nebo
procesy, tedy i zplisob spousténi jinych programi, pripadné ¢teni jejich vystupu.
V praci se uvazuje i spousténi shellu sebou samym, jehoz efektu 1ze dosdhnout i
jinak nez formalné opétovnym spusténim vlastniho modulu.

Podstatnou otazkou je také ovladani GUI aplikace, podle cile prace nutné
zamérené hlavné na praci s klavesnici. Je teba vyresit jednak prevadéni stiski
klaves na znaky v konzolovém okné (v¢. specidlnich znakd pro pohyb kurzoru
apod.) a jednak jejich oddéleni od klavesovych zkratek pro praci s GUI programu.
Také spolupréace vypisu seznamu souborti v souborovém manazeru s konzolovym
oknem musi byt co nejefektivnéjsi a pro uzivatele co nejprijemnéjsi, problém
souborového manazeru otvira i dalsi otazky jeho integrace s Bashem.

Vzhledem ke zvolené platformé, tedy ¢istému Win32-API, a programovacimu
jazyku C++ je nutné i FeSeni provazani objekti jazyka C++ s navenek
neobjektovym pristupem funkei operac¢niho systému, designovanych pro pouziti
z jazyka C.

Podstatnou otazkou je také rozsah podpory internich piikazi a vlastnosti
Bashe — jde hlavné o uvazeni frekvence jejich pouzivani, uzitecnosti véetné vztahu
k systtmu Windows a jejich smyslu v ném a také narocnosti jejich
naprogramovani s prostredky Win32-API.

2.2 Technické problémy implementace

Vétsina technickych prekazek, které se objevily pri vyvoji aplikace
BashCommander, méla ptivod v rozdilnosti systémi typu Unix, z kterych pochazi
Bash a jeho zptisob prace, a systémi rodiny Windows — cilové platformy.
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Standardni knihovny funkci, které se nachézeji na vétsiné pocitacti s opera¢nim
systétmem Linux a jemu podobnymi, jsou mnohem lépe uzptisobeny pro praci
s konzolovymi aplikacemi nez API systémti Windows. To je mnohem vice
zameéreno na grafické uzivatelské rozhrani (které je v unixovych systémech reseno
jako nadstavba, ale s konzoli provazana). Windows poskytuje programéatortim
funkce pro praci s textovymi okny (vcetné zmény jejich velikosti, barev apod.), a
to funkce dvou typt — tzv. vysokodroviiové a nizkouroviové, prvni pro bézné
operace (s relativné snadnym pouzitim), druhé pro primy pristup k vstupu a
vystupu na konzoli (a tedy docela tézkopadné). Nizkoaroviovy vstup vypada jako
proud udalosti mysi, klavesnice apod., které je nutné rozliSovat a dale z nich
zjistovat, jaky maji vliv na praci programu; vystup je ve Win32-API feSen pomoci
bufferu, ktery obsahuje dvourozmérné pole znakli spolu s jejich vlastnostmi
(barvy). Vysokouroviiové funkce bohuzel neumoznuji prili§ mnoho pokrocilych
operaci (napfr. ¢teni s ¢ekdnim na dany znak na vstupu nebo time-out) a jsou dost
jednostranné zaméreny na praci se standardni prikazovou radkou systému, takze
se pro pouziti v projektu vétSinou nehodi. Nékteré operace se navic ve Windows
neprovadi viibec (preformatovani textu pii zméné velikosti konzolového okna).

Pravdépodobné nejvétsim problémem konzolovych oken ve Windows je
praktickd nemoznost detekce zmény na vystupu — pokud aplikace spusténa
zevnitt konzolového programu néco vypise do této konzole, vnéjsi program se
ozmeéné nedozvi a nema moznost ji nijak propagovat ven, tedy ani do GUI
terminalového programu (viz [5]).

V diskutovanych operacnich systémech je také pristup k vstupu a vystupu do a
ze soubort pojat rozdilné. V Unixu je v podstaté libovolné zarizeni oznaceno jako
soubor (v¢. konzole) a je udrZzovan seznam tzv. file-descriptorti (specialnich
popisnych datovych struktur) otevirenych soubori, ktery se predava ,potomkam*
spusténym ,rodi¢ovskym®“ programem. Naproti tomu ve Windows se pro pristup
k soubortim (ale i jinym objektiim, jejich druh je ovS§em mnohem podrobnéji
rozliSovan) pouziva specialniho typu HANDLE — jde vlastné o identifikac¢ni ¢islo
otevieného objektu, které je mozné jednak predavat spousténym ,,potomkim* a
jednak posilat jinym procestim dal§imi zptisoby.

Problém s HANDLE a dalSimi operacemi se objevuje pri pokusu o kontrolu
spousténych aplikaci — ta ve Windows na rozdil od unixovych systémi prakticky
neexistuje, pokud jeden proces spusti jiny, ten se stavad naprosto nezavislym a
napft. i po skonéeni ptivodniho bézi dal. Pro komunikaci mezi procesy navic nelze
vyuzit v Unixu velmi ¢astych signald (oproti unixovym 32 druhtim je prakticky
pouzitelny jen jediny) a vétSinu jimi provadénych operaci bez predchozi
,domluvy“ aplikaci nelze feSit ani jinou cestou. Pro Bash implementovany
v BashCommanderu z toho plynou néktera omezeni.

Komplikaci predstavuje také jiny pristup k pristupovym pravim soubori
v obou systémech. V Unixu lze standardné pocitat s pristupovymi pravy pro
uzivatele, skupinu a ostatni, ve Windows nic takového neexistuje a stoji vedle sebe
dva systémy soubori — FAT32 bez jakychkoliv pristupovych prav a NTFS
s mnohem slozitéjsi strukturou tzv. ,access control listd“.
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V GUI ¢asti se navic objevuje dalsi problém — ovladani klavesnici. Nutné se celé
okno programu musi skladat z nékolika dil¢ich oken (napf. konzolovy vypis,
hlavni okno, panel nastroji), ve Windows vsak jen jedno z nich miize dostavat od
systému informace o stiscich klaves (ma tzv. ,keyboard-focus“). Toto opravnéni
I1ze mezi okny predavat.

2.3 Analyza moznosti feSeni

Z hlediska celkového rozdéleni aplikace 1ze uvazovat dva sméry — k oddéleni
jednotlivych funkénosti do rtznych spustitelnych modulii, versus ke slouceni
vSech c¢asti do jedné. Druha alternativa ma vyhodu v tom, Ze odpada reSeni
komunikace mezi ¢astmi pomoci prostifedkli opera¢niho systému a vse je mozné
provést primym volanim funkci a predavanim parametra. Problém je ovSem to, Ze
nékteré funkce vyzaduji GUI program a nékteré naopak konzolovou aplikaci —
napt. pouhé kopirovani souborti nebo vypis adresare, piripadné zpracovani
souboru skriptu zddné GUI nepottebuje, pro interaktivni praci je ale nezbytné. Ve
Windows ale nelze uspokojivé napsat aplikaci, ktera by vyhovovala obéma — lze
vytvorit bud konzolovou aplikaci, ktera sice mtize vytvorit okno, ale jeji konzole
zlstane viditelna (Ize ji schovat, ale vidy bude néjakou dobu vidét), nebo GUI
program, ktery se ale nebude schopen pripojit k jiz existujicimu konzolovému
oknu, ze kterého byl spustén, a vidy bude mit jen moznost vytvorit nové —
programatory Microsoftu navrhované feseni tohoto problému (je tak upraveno i
napt. MS Visual Studio) je pouziti dvou samostatnych moduli (detaily viz [6]).
Slouceni vSech funkci do jednoho modulu navic komplikuje pouziti jednotlivych
soucasti zvenci (napf. prikazu cp jako samostatného programu, nebo samotného
Bashe jako interpret skripti) — bylo by nutné pouzit predavani tajného
parametru, coz je pro vnéjsi kompatibilitu s unixovymi programy nemozné,
pripadné posilani specialni zpravy systému, coz zas pro uzivatele pti spousténi
neni proveditelné.

Druhou moznosti je oddéleni vSech funkei — souborového manazeru,
terminalového programu, Bashe i vSech unixovych pomocnych programt. To
ovSem prindsi nemalé naroky na komunikaci mezi takto vzniklymi moduly
(predevsim GUI aplikacemi a Bashem) — celé reseni je ale technicky s pomoci
prostiredkili opera¢niho systému proveditelné. Implementacné jednodussi (odpada
dost komunikace navic a dalsi problémy nevznikaji) se jevi slouceni vSech GUI-
funkei do jednoho modulu. Slouceni né€kterych GUI a konzolovych éasti vytvari
vySe popisovany problém, slouceni vsech konzolovych ¢asti opét zamezuje pouziti
unixovych prikazti samostatné, proto neni vhodné.

V kontextu samotného Bashe existuji dvé alternativy pristupu ke spousténi
dalsich programt (hlavné sebe sama) a vytvareni pipelines (fada programu
spojenych rourami, kazdy cte vystup predchoziho a zapisuje do vstupu
nasledujiciho), totiz ptivodni unixova, tedy spousténi dalsiho Bashe pro vystup
z vnorenych piikazi a pipelines, a jako druha pouziti novych prosttedki — hlavné
vldken. Prvni moznost je zfejmé€ kompatibiln€jsi s unixovou verzi Bashe, ale ve
Windows narazi na problém neexistence funkce fork (klonovani jiz spusténého
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programu), kterd je hlavné pro rychlost tohoto feSeni kli¢ova. Alternativa —
pouziti vlaken — vyzaduje dodatecnou synchronizaci, kterou ale lze pomoci
prostiedki OS zajistit. Navic otvirdA moZnost vétsi integrace proménného
prostfedi Bashe (které se kviili mnoha spousténym ,,potomkim® v Unixu tristi —
naprt. pii ¢teni z pipeline ptrikazem while), coz je sice vlastnost odlisn4 od unixové
verze, ale pro programatora skriptli v naprosté vétsiné piipad ptizniva.

Technic¢téjsim problémem je pristup ke konzolovym funkcim Windows — je sice
mozné je uplneé ignorovat a implementovat vlastni pseudokonzoli s pomoci rour,
ale tim dojde ke ztraté dalsich informaci (napi. o barvach a stiscich klaves, které
se neprevadé€ji na platné znaky), takze pro jednoduché programy by byl takovy
systém vhodnéjsi, ale slozit€jsim, které pouzivaji nizkodrovnové konzolové
funkce, by wuzaviral cestu. Dalsi alternativou je pouziti nizkodrovnového
konzolového API Windows — to sice predstavuje naprogramovat znovu vyssi
funkce textovych oken, protoze pro bézné pouziti v programu je nutny jednotny
pristup ke konzolim, rouram i soubortim, zato dovoluje spoustét libovolné
programy a provadét s konzoli i slozitéjsi operace (vyZadované napt. bashovou
funkci read). Pouziti vysokoturovinového API je implementacné nenaroc¢né a pro
spousténi libovolnych programii vyhovujici, ale omezuje to nékteré funkce Bashe
(napr. automatické dopliiovani nazvii souborti).

Prti feSeni problému s pristupem k souboriim také existuji dva postupy — bud’
emulace zplisobu prace se soubory v Unixu (plné feSeni vcetné rtiznych
pseudosouborti atd. nelze neZ pienechat projektim typu Cygwin, ale emulace
sfile-descriptorii“ je proveditelnd), nebo omezeni se na standardni vstupy a
vystupy (ty jsou naprosto nezbytné) a ponechani zbytku podle filosofie Windows.
V otazce prav k souborlim nelze nez pristoupit na urcity stupen predstirani,
pokud je vyZadovana kompatibilita s Bashem — primo zasahovat do slozitého
systému prav NTFS s naprosto jinym zpisobem fungovani by nemélo smysl (a
mohlo by zptisobovat problémy), navic by operace stejné nefungovaly na stale
pouzivaném souborovém systému FAT32.

Detekce zmén ve vystupu na konzoli je, jak uz bylo popsano, ve Windows
standardné neproveditelna, feSeni proto musi problém obchéazet. Jednou
moznosti je pravidelné piekreslovani obrazovky bez ohledu na zmény, coz
bohuzel nemusi zachytit vSechny zmény a navic jde o plytvani hardwarovymi
prostiredky pti Spatné konfiguraci obnovovaci frekvence. Kromé toho ale zbyvéa jen
prim4 fyzicka integrace konzolového okna do GUI aplikace, coz naopak prinasi
komplikace pti zméné jeho pozice a velikosti a predavani prikazti a klavesovych
zkratek.

Problém kontroly aplikaci spusténych z prostiedi Bashe lze TeSit jen ¢asteéné —
takovy program je mozné ukoncit pri ukoncovani samotného Bashe, ten ale uz
nema prehled o jim spusténych programech — alespon ne béznymi prostiedky;
navic takové ukonceni programu je povazovano za nestandardni a nemusi dojit
k uvolnéni systémovych prostredki timto programem alokovanych (viz
TerminateProcess v[7]).
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V souborovém manazeru je nutné fteSit problematiku prechazeni mezi
konzolovym oknem a dvéma panely vypisu seznamu souborti. Pokud by uzivatel
mezi obéma ¢astmi pirepinal (zfejmé mysi nebo klavesovou zkratkou), znamenalo
by to sice komplikovanéjsi ovladani, ale tyto dvé casti by mohly reagovat mnohem
samostatnéji. Naopak lze celou véc pro rychlejsi praci implementovat tplné bez
prepinani kontextu — uzivatel by si musel zvyknout na vice riznych klavesovych
zkratek, protoZe se pro praci v konzoli a v souborovém vypise musi pouzivat
rizné, ale ve vysledku by prace s takovym oknem byla snadnéjsi. Celé toto reseni
navic skryva problém s prenasenim informaci z klavesnice a implementaci vypisu
soubort (pfi pouziti standardniho ovladaciho prvku Windows — listboxu).

Problém s informacemi o stiscich klaves lze feSit zfejmé jejich primym
preposilanim, coz ale neni mozné v pripadé pouziti standardnich dialogovych
ovladacich prvki, protoZe ty nedodavaji tplné udaje, jen notifikace stiski klaves.
Windows totiz pouzivaji pro dodavani informaci systémové zpravy (hlavni nastroj
komunikace systému s aplikacemi i aplikaci mezi sebou), a to 3 druhy: pro stisk
klavesy, pusténi klavesy a napsani znaku, pricemz treti typ zprav se vyrabi
(nepfimo) z prvnich dvou pomoci systémového volani. Pfimy pievod z informaci
o stiscich klaves na napsané znaky neni mozny, stejné tak preposilani stiski
klaves mezi aplikacemi (to lze jen pro zpravy o napsani znaku). Navic neni mozné
ze znakid nebo kodi klaves jednoduse syntetizovat zpravy o stiscich klaves — nejde
to v pripadé stisku ,modifikatord“ jako je Ctrl nebo Shift. I pii pouziti
standardnich ovladacich prvki 1ze problém vytesit pfrepinanim keyboard-focusu,
je ale nutné rozhodnout, které okno bude vSechny stisky klaves dostavat —
vuvahu pripadd bud hlavni okno GUI, nebo terminalové okno aktualné
zobrazovaného shellu; vobou reSenich neni velky rozdil, snad jen to, zZe
terminalové okno ma lepsi pristup k shellu a hlavni okno zas snadnéji rozhoduje
o (globalnich) klavesovych zkratkach.

2.4 Zvolené postupy — hlavni struktura

Z moznosti rozdéleni jednotlivych funkei aplikace do samostatnych modul
jsem vybral tuto: celad GUI cast je jeden spustitelny program, Bash je druhy jako
samostatna konzolova aplikace a kazdy unixovy prikaz (netyka se téch v Bashi
integrovanych) je jeden samostatny program. Tim odpada slozitd komunikace
mezi soucastmi GUI a je umoznéno samostatné pouziti Bashe nebo unixovych
podptrnych prikazi. Komunikaci mezi GUI a shellem ale bylo nutné vytesit — pro
cil prace se nejlépe hodilo pouziti systémovych zprav Windows v kombinaci se
sdilenou paméti. GUI cast programu standardné zpracovava systémové zpravy
Windows jako kazda bézna graficka aplikace na tomto systému, mezi nimi ale
mize dostavat i specialni od Bashe, ve kterém je na ptijem zprav od GUI
dedikovano jedno specialni vlakno.

Bylo by mozné pouzit i roury, ale bez systémovych zprav Windows by se potom
feSeni nevyhnulo tajnym parametrim spousténi aplikace; ty diky své rychlosti a
neviditelnosti pro uzivatele predstavuji nejvyhodnéjsi reseni. Takto sice pti
spousténi Bashe samostatné stile cekd jedno vldkno programu na prichozi
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inicializa¢ni systémovou zpravu od GUI, ale diky tomu setrvava v klidovém stavu
a nespotrebovava systémové prostredky.

Jak uz bylo zminéno na pocatku, bylo nutné néjak propojit Win32-API
s objektovym modelem aplikace. Toto neni priliS problém Bashe a textovych
prikazi, kde nejsou jeho funkce volany prili§ ¢asto a povétSinou nejsou svazany
s néjakym konkrétnim objektem, jediny slozit€jsi pripad, o kterém se jesté
zminim pozdé€ji, je spojeni HANDLE pro vstup nebo vystup s objektem a funkce na
ném. V GUI bylo reSeni nejcaste€jsiho problému, to jest spojeni okna s objektem
nalezicim k nému (vé. vSech potrebnych proménnych), realizovino pomoci
programatorem definovaného pointeru, ktery je diky funkci Win32-API mozné
ulozit ke kazdému vytvarenému oknu, a ktery okno dostane v parametrech
vytvarejici funkce (detaily viz SetWindowLongPtr vVv[7]). Procedura
standardniho tvaru, ktera prijima systémovou zpravy pro dané okno, potom
hodnotu tohoto pointeru zjisti a pouzije jako odkaz na prislusny objekt, kterému
preda zpravu. Béhem zpracovani zpravy se tak volaji uz funkce na konkrétnim
objektu.

Schéma Bashe a jeho rozdéleni na rtzné ¢asti podle funkce je zhruba
nasledujici: hlavni objekt typu WinShell zprostredkovava nacteni i spousténi
vSech prikazli. Obsahuje objekt Parser, ktery je zodpovédny za spravné déleni
prikazli a jejich jednotlivych typti — podle nich vyrabi ze vstupu riazné objekty
vSelijjak strukturovanych prikazl (napf. while, for, jednoduchy prikaz a ostatni
druhy prikazii Bashe maji své C++ tfidy), béhem prace uchovava casteéné
zpracovany vstup. Hlavni objekt od parseru dostava objekty prikazi, které
postupné spousti a nasledné shromazduje pro opétovné pouziti. Mohou byt
ulozeny ve specidlnich polich, ktera implementuji funkce pro jejich celkové nebo
casteéné provedeni najednou — takto si je uchovava jak hlavni objekt, tak
jednotlivé strukturované nadrizené prikazy. Detaily prace s nimi viz oddil 3.4.
Celé proménné prostredi shellu je obsazeno v objektu tfidy Env, prikazy a ostatni
objekty celé aplikace na néj uchovavaji ukazatel. Interni piikazy Bashe jsou
implementovany jako statické funkce pro tento acel vytvorené tridy.

Vzhledem k rychlosti vysledného programu a jiz popisované moznosti lepsi
integrace proménného prostiredi bylo pred spousténim stale novych kopii Bashe
pro vnorené prikazy a roury uprednostnéno pouziti viaken. Bash tedy, pokud neni
primo voldno provadéni skriptu v externim souboru, nevytvari svoje kopie —
proménné prostiedi zistava zachovano spole¢né pro vsechny prikazy, které
nejsou spoustény na pozadi (to se tyka i vSech prikazti v pipeline kromé
posledniho). To znamena, Ze ostatni prikazy vidi zmény prostiredi provedené i ve
vnorenych prikazech a poslednich piikazech v pipeline — s unixovym Bashem toto
sice neni kompatibilni, ale v praxi k pouziti vhodnéjsi. Synchronizace s takto
vytvarenymi vlakny nemusi byt prilis slozita, vétSinou se jedna o prosté ¢ekani na
jejich skonceni.

Prace s konzolovyim oknem byla vyfeSena pomoci nizkoturoviiového
konzolového Win32-API. Funkce pro bézné cteni z konzole musely byt
implementovany znova, aby obsahovaly pokrocilejsi moznosti nastaveni,
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vyuzivané automatickym doplnovanim néazvii soubori nebo historii piikazi.
S HANDLE na vstup nebo vystup (libovolny) je svazany objekt, ktery poskytuje
obecné funkce cteni nebo zapisu. Ty pak rozliSuji typ daného vstupu nebo
vystupu. Dalsi detaily operaci s konzolovym oknem a vstupem a vystupem viz 3.3.
Tridy pro ¢teni a vypis jsou pouzivany jak v Bashi, tak v jednotlivych unixovych
prikazech.

Simulace unixovych file-descriptorit do Bashe zavedena nebyla, protoze nativni
aplikace Windows, které jim budou nejcastéji spoustény, by tuto moznost
neumeély vyuzit — zbylo by upotifebeni uvniti Bashe samotného, které ale neni
prilis casté; pravdépodobné by nevyvazilo naro¢nost implementace. Proto se
operace presmérovani vstupli a vystupli musi omezit na soubory, standardni
vstup a standardni a chybovy vystup.

Stejné tak prava pristupu k soubortim jsou pouze simulovana — tedy lze zménit
prava soubort, pripadné i jejich standardni masku (umask), na realitu to ale
nema efekt. Jediné, co prikaz chmod a prikazy jako 1s berou v potaz, je
standardni atribut souborii ve Windows ,jen pro ¢teni“ — k takovym soubortim se
chovaji stejné, jako kdyby na soubor Zadna ze skupin uzivateli neméla pravo
zapisu. Tento priznak lze také ptikazem chmod ménit.

Bash také neresi problém ukonceni jim spusténych aplikaci — pii bézné praci
toto neni prili§ problém (konzolové aplikace je ve Windows typicky mozné
ukondit pomoci signalu Ctr1-c), kromé toho by i pti hlidani vytvorenych procesti
vznikaly jiz zminované potize pro programy z nich spousténé. Proto neni
implementovana ani kontrola procesti spousténych z Bashe ,na pozadi“.

S provazanim GUI a Bashe je spojend otazka zjistovani zmény na vystupu
konzole — to je provedeno jiz nastinénym automatickym obnovovanim stavu
zobrazeni — zde na frekvenci max. cca 20x/sec., kazdé obnoveni musi mit od GUI
potvrzené prekresleni (takZe nehrozi zahlceni grafické casti systémovymi
zpravami); takto se navic obnovuje jen to okno shellu, které je zrovna viditelné
(aktivni, ,topmost“), takze nejde o ptilis hardwarové naroc¢ny proces. Oproti
jinym podobnym aplikacim (viz Unix pseudoterminal emulation frustrations
v [5]) navic bézné nemiize dojit ke ztraté zobrazovanych dat prili§ rychlym
vypisem — je totiZ mozné pomoci systémovych zprav vyvolat scrollovani pfimo v
bufferu konzolové aplikace (ktery by mél byt pro toto dost velky), zobrazeni je
preposilano do GUI.

~Keyboard-focus“ v GUI, tedy pfijem zprav o stisknutych klavesach, je za
kazdych okolnosti (kromé pripadu, kdy nejsou oteviené zZadné panely shelll)
prevadén na aktuilni okno shellu — i pokud je toto okno zobrazovano jako soucast
commanderu. MiZe tak jednoduseji posilat vstup své instanci Bashe, k testovani
klavesovych zkratek vola funkce na objektu hlavniho okna. Pro praci
vcommanderu byla zvolena varianta bez pirepinani kontextu, tedy vstup
z klavesnice prijima vyhradné okno shellu a pripadné ho preposila praveé
aktivnimu panelu s vypisem souborti. To vynucuje pouziti vice klavesovych
zkratek (které se nesméji kryt), ale zase je mozné nastavit i ovladani pohybu mezi
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soubory ve vypisu (coZz by v pripad€, zZe by tento standardni ovladaci prvek
skutecné prijimal vstup z klavesnice, nebylo mozné). Prace s commanderem bez
prepinani kontextu navic vyzaduje rozliSovani mezi spousténi aplikaci z vypisu
(stiskem klavesy Enter) a odfadkovanim na konzoli — to je feSeno pomoci
prikazii, které konzolovéa ¢ast posila GUI (vice viz 3.1). Pokud v bashové casti bézi
prikaz, nelze spoustét dalsi (ani prechazet mezi adresari).

Commanderové casti byla pro vétsi provazani s Bashem déana jesté jedna
vlastnost — samotny souborovy manazer umi jen vypisovat soubory a spoustét
prikazy v Bashi — pro ty lze ale nastavit klavesové zkratky a do jejich textu je
mozné vlozit nazvy vybranych souborii z panelového vypisu, pripadné jméno
adresare nebo i pozadovat pred jejich spusténim vstup od uZivatele a ten v nich
pak pouzit. Commander jen vlozi do vysledného prikazu aktualni hodnoty
pozadovanych ,proménnych” (viz uzivatelskd dokumentace) a pteda Bashi ptikaz
kjeho spusténi. Takto jde vytvorit (napf. s pomoci v projektu obsazenych
unixovych programi) vSechny bézné funkce souborovych manazert — kopirovani,
prepisovani, vytvoreni adresare apod., pricemz moznosti jejich nastaveni se
neomezuji zdaleka jen na toto.

Pokud jde o podporu vsech vlastnosti Bashe, snazil jsem se o co nejvétsi a
zaroven smysluplny rozsah, ktery je s prostredky Win32-API a v ramci tohoto
projektu dosazitelny. Jako vychozi popis vlastnosti slouzil referenéni manual
Bashe[1], pripadné pro testy neprili§ podrobné zdokumentovanych funkei GNU
Bash ve verzi 3.1. V ramci podporovanych funkci by mély byt obé verze
ekvivalentni. Z jazyka je mozné pouzit veskeré konstrukce kromeé substituce
procesti (,process substitution®) a here dokumentii, nékteré ridké syntaktické
obraty (hlavi¢ky funkei bez ,, () “, presmérovani ,,>s“) také podporovany nejsou.
Omezeni ma i podpora wildcardii a nastaveni vlastnosti chovani shellu.
Vynechany byly nékteré neprilis diilezité (nebo ve Windows implementac¢né prilis
narocné ¢i nesmyslné) interni prikazy, jmenovité: bind, enable, local,
logout, printf, shopt, type, typeset and ulimit. Uréité prepinace
nékterych internich prikazi jsou navic ignorovany (jde zejména o ty, které by v
cilovém operaénim systému nemély smysl, detailni popis viz uZivatelska
dokumentace). Jak uz bylo vySe popsano, prikazy spusténé na pozadi nelze nijak
kontrolovat. Tim ale vycet nepodporovanych vlastnosti konci.
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3 Nékteré detaily feseni

Tento oddil obsahuje do detailu rozvedenou diskusi feSeni problémd, z nichz
nékteré byly jiz obecné probrané v predchozi sekci. Jde hlavné o komplikovanéjsi
casti projektu, castecné zhlediska pouziti API systému Windows, castecné
objektovym navrhem a integraci jazyka Bash. Technicky popis vSech hlavnich
soucasti projektu je mozné nalézt v priloZené programatorské dokumentaci.

3.1 Komunikace GUI a shellu

Zakladem komunikace mezi grafickou ¢asti aplikace a shellem jsou, jak uz bylo
naznaceno, zpravy systétmu Windows. Obecné kazda systémova zprava ma sviij
identifikator druhu a miiZe nést az dva parametry (vSechno jsou 32-bitova cisla).
Ve Win-API je urcity rozsah ¢isel druhii zprav ponechan k volnému upotiebeni
aplikacnim programatoriim, c¢ehoz BashCommander vyuziva. Celkem je
v programu definovano 28 druhti zprav pro komunikaci jednak mezi jednotlivymi
castmi grafické aplikace, a jednak mezi GUI a shellem. Ty slouzi k navazani
komunikace a potom k posilani ptikazi a informovani o jejich provedeni. Pro
predavani objemnéjsich zprav je k dispozici oblast sdilené paméti.

V ramci GUI se mezi jednotlivymi okny misto volani funkci na jim ptislusnych
objektech (viz popis prifazeni okna k objektu v predchozi sekei) ¢asto pouzivaji
pravé systémové zpravy. Takto jsou napi. panely informovéany o aktivovani
(zobrazeni ,navrchu“) nebo hlavni okno o stisku nékteré klavesové zkratky.
Hlavni divodem volby tohoto postupu je vicevlaknovost grafické ¢asti programu
— kromé prvniho threadu, obsluhujiciho hlavni okno, je po otevieni kazdého
panelu spustén dalsi, ktery se vénuje jen zobrazovani okna shellu a komunikace
snim. Pouziti systémovych zprav je nejjednodussi cesta k zajiSténi provedeni
pozadované operace v jiném vlakné, pokud neni prilis dilezita doba vykonani, coz
u vétSiny akci programu nenastdvda — malé zpozdéni napt. uzminovaného
stisknuti klavesové zkratky je akceptovatelné. Systémové zpravy vramci jedné
aplikace navic maji tu vyhodu, Ze jako jejich parametry lze predavat primé
ukazatele na rtizné datové struktury (napr. kdyz nové spustény shell pozaduje
pridani do seznamu panelti hlavniho okna, posild ukazatel sam na sebe).
Samozriejmé, pokud nezalezi na tom, ve kterém vldkné bude akce provedena,
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prosté volani metod na vykonném objektu je jednodussi a tedy preferované.

Systémové zpravy mezi bézicim procesem Bashe a GUI maji n€kolik funkei.
Jednou z nejdilezitéjsich je samotné navazani komunikace — po spusténi shellu
graficka aplikace stfidavé nékolik okamzikli éekd a pokousi se poslat nové
vytvofenému procesu specialni zpravu pro otevieni komunikace. V ném je totiz
hned po spusténi vyroben specidlni thread pro prijem rozkazti od GUI,
reprezentovany tfidou MsgThread, ¢ekajici pravé na inicializaéni zpravu. Toto
teoreticky muze selhat (a pak dojde k vypsani chyby a otevieni nového panelu
neni provedeno), v praxi se to vSak stane jen v pripadé problémi se samotnym
operacnim systémem. Navazani dialogu mezi obéma procesy je nakonec shellem

20



potvrzovano. Spolu s témito zpravami se piredavaji HWND (identifikatory) cilovych
oken pro nékteré dal$i zpravy (konzole shellu, okno panelu GUI za shell
zodpovédného) a také HANDLE sdilené paméti.

Shell potom svému ,panu“ (master) — grafickému oknu — posila zadosti
o piekresleni vystupu a zménu nazvu panelu (nizev aktuilné spusténého
programu) a dostava potvrzeni o jejich provedeni (coz za cenu o néco vétsiho
sprovozu“ prredchézi zahlceni zpravami stejného typu, ke kterému v praxi bez
tohoto opatfeni skutecné dochéazelo); GUI shellu (a to prfimo onomu
dedikovanému vlaknu) predava rozkazy k vykonani vSemoznych akei, napft.
scrollovani konzolového okna, stisk nékterych specialnich klaves (F10, TAB, Sipky
apod.), zobrazeni historie ptikazi nebo automatické doplnovani nazvii soubort.
Zpravy o stiscich klaves — béZznych znak — jsou posilany ve standardnim
systémovém tvaru WM CHAR piimo konzolovému oknu shellu, takze se projevi pii
volani libovolnych API funkei ¢teni.

Automatické dopliiovani nazvii souborti a historii piikazti kvili zptisobu
implementace nelze pouzit pii samostatném spusténi Bashe bez GUI; to ale
projekt predpoklada jako vétSinou neinteraktivni cisté za Ucelem provadéni
skriptii, takze to nepredstavuje prili§ vyraznou nevyhodu. Vyhodou je naopak
moznost nastaveni klavesové zkratky pro provedeni téchto dvou akei.

Jak jsem jiz predeslal, kromé systémovych zprav pouzivaji procesy pro
predavani informaci také sdilenou pamét (vytvorenou ve Windows bé€znym
zpisobem — mapovanim fiktivniho docasného souboru do paméti). Pii
navazovani kontaktu se shellem je vytvorena jedna stala oblast sdilené paméti
(HANDLE na ni se shellu posila v inicializaéni zprave), ktera slouzi po éas celého
jeho béhu. Obsahuje parametry konzolového okna (méni se primo a na zménu se
upozoriiuje k tomu uréenou zpravou), nazev pravé spousténého programu a
prostor pro kopirovani aktualniho vzhledu konzole. Pred odeslanim kazdé zadosti
o prekresleni shell prekopiruje pravé zobrazovany pohled pravé na toto misto.
GUI odtud nacita znaky a postupné je zobrazuje. Sdilen4 pamét se pouziva jesté
pro ovladani shellu ze souborového manazeru. V takovém pripadé je pro kazdy
piikaz posilany commanderem Bashi vytvorena nova oblast sdilené paméti (miize
se znovu pouzit jiz existujici, piijemce toto ale nepozna a mapovani provadi
pokazdé) a do ni prepsan jeho text. Stejné se d€je i pri zméné pracovniho adresare
v commanderu.

Neobvyklym pripadem v komunikaci mezi GUI a shellem je vydani prikazu ke
spusténi souboru vybraného ve vypisu v okné commanderu. Pokud uzivatel
stiskne Enter a mé v souborovém manazeru vybrany néjaky radek v seznamu,
napred se o této udalosti dozvi sdm shell — jeho GUI okno ma vzdy privilegium
prijimat vstup z klavesnice a automaticky ho (i véetné stisku této klavesy)
preposila primo k nému. Pouze shell je navic schopen rozhodnout o nasledné
provadéné akci — pokud totiz jeho vstup jiz obsahuje néjaky zadany prikaz, musi
se provadeét ten, a kdyZ ne, je zadouci, aby commander oteviel nebo spustil soubor
podle uzivatelova vybéru. Proto shell posila své ridici aplikaci vysledné
rozhodnuti a pokud jde o spusténi programu pod kurzorem, dostava jeho cestu a
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prikaz ke spusténi, v pripadé zmény pracovniho adresare vypada vysledek dost
podobné. V jiném piipadé dostava jen potvrzeni ptijeti ptivodni zpravy — GUI
miZe samo otevrit soubor dokumentu v systémem prifazeném programu. Po
dobu ¢ekani na reakci GUT je cely proces shellu zmrazen.

3.2 Dva druhy paneli v GUI

Grafické prostredi BashCommanderu dava uZzivateli moznost otevrit né€kolik
panelt a rychle mezi nimi piepinat. Navic jsou na vybér jejich dva druhy — prosté
okno shellu a kombinace se souborovym manazerem. V kddu aplikace jsem pro to
musel vytvorit pokud mozno mozno co nejnenarocnéjsi osSetfeni — hlavnim
problémem byl vztah mezi jednotlivymi okny (a jejich prislusSnymi C++ tridami):
hlavnim oknem programu, oknem shellu a oknem souborového manazeru. Hlavni
okno (predstavované tfidou MainWin) totiZ musi udrZovat seznam zobrazenych
paneld, nejlépe bez rozdilu druhu, spustény shell (tfida Shellwindow) by se
nemél chovat rzné v zavislosti na tom, bézi-li pod commanderem nebo ptimo
pod hlavnim oknem (jako jeden vlastni panel) a pro okno manazeru (neboli tfidu
Commander) je tfeba spoluprace s obéma ostatnimi soucastmi.

Pro vyreSeni situace by bylo mozné pouzit dvé rtzné tridy zobrazujici okno
Bashe, znamenalo by to ale problémy v pripadé pieposilani piikazi k nim od
hlavniho okna pres commander. Jako vyhodnéjsi se ukazalo vyuziti dédi¢nosti
pro tiidy oken a pristupu k ostatnim oknim pres spole¢nou zakladovou tiidu.
Byla vytvofena obecna tfida Controller pro cokoliv, co mize ovladat okno
shellu (hlavni okno, commander) a Shell pro cokoliv, co miZe bézici Bash
zobrazovat a kontrolovat (commander, okno shellu). V pripadé okna souborového
manazeru se tu tedy objevuje vicenasobna dédi¢nost — vzhledem k hlavnimu oknu
je povazovan za obecny panel, vzhledem k oknu shellu jde o jeho nadrizeného.
Volani metod a systémové zpravy ¢asto predava dal prislusSnym smérem, muze ale
vysledky upravovat (napft. v pripadé zjistovani velikosti konzolového okna vraci
mensi vysku, aby se do zbylého prostoru mohl vmeéstnat vypis seznami souborti
v adresarich).

Protoze jsou obé zakladové tridy de facto abstraktni a neobsahuji zadné datové
polozky ani téla metod a jde o ,virtualni“ dédi¢nost, nedochézi s jejim zavedenim
k Zadnym problémim. Vjazycich typu Java by bylo mozZné pouzit misto
zakladovych trid interface a vysledek by byl ekvivalentni, C++ tento syntakticky
obrat nenabizi a tak je ndsobna dédi¢nost zptisob, jak dosahnout jeho efektu.

3.3 Konzolovy vstup a vystup

Pro ¢teni z (libovolného) vstupu a vypis vystupu je v celém Bashi i dodavanych
unixovych prikazech pouzivino trfid InputHandle a OutputHandle
(odvozenych od zakladni tiidy Hand1le), které tvori nadstavbu nad standardnimi
Windows-API funkcemi. Zvnéjsku jde o obecné vstupy a vystupy, pro s témito
objekty pracujici funkce tedy neznamena prace s rourami, konzoli a souborem
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zadny rozdil. Jednotlivé instance téchto trid lze také témér neomezené
konvertovat z a na standardni typ HANDLE — pro tento ucel jsou v kodu napsany
specialni C++ operatory. Tfida Handle vlastné obsahuje jen onen identifikator
vstupu nebo vystupu a moznost zjisténi, zda jde o konzoli ¢i presmérovani do
souboru.

Z obou odvozenych typt je OutputHandle ten jednodussi, nebot jeho metody
mohly byt vytvoreny s pouzitim standardni API funkce WriteFile, ktera vétSinu
pottebnych kroki zajisti sama. Vystup do souborti a rour pouziva dle soucasnych
zvyklosti interni kddovou stranku Windows (prred volanim WriteFile jsou do ni
prevedeny), pro zapis na konzoli je pro zachovani znakti v kdédovani Unicode
pouzito volani WriteConsole, které je na rozdil od piedchoziho schopné se
s SirSimi znaky vyporadat bez dalSich aprav. Zapis do zvoleného OutputHandle
se provadi volanim pretizeného operatoru operator << aje tak mozné pouzivat
tento typ podobné jako ostreamz C++.

Vytvoreni tfidy pro ¢teni ze vstupu bylo pon€kud slozitéjsi. Je zde nutné
rozliSovat mezi riznymi druhy vstupu, a pokud jde o konzoli, pouzivat pouze
nizkourovnové API spole¢né s mnoha dalsimi funkcemi pro dosazeni schopnosti,
které potiebuji funkce spolupracujici s GUI (dopliiovani nazvt soubort, historie
prikazii) a interni ptikaz Bashe read. Pri ¢teni se pak strida ¢ekani na udalost na
vstupu (konzoli nebo roure, pro ¢teni ze souboru toto odpada) a volani pomocné
funkce, kterd dod4 pozadovany (nebo mensi) pocet znaké. Cteni zkonzole je
zajisfovano nizkouroviiovou funkeci ReadConsoleInput, kdy se obdrZené
informace o stiscich klaves nasledné prevadéji na znaky a pohyb kurzoru.

Pokud nékteré funkce pozaduji vraceni vysledku ihned po nacteni urceného
znaku, je nutné obdrzeny text kontrolovat na vyskyt onoho znaku a zkracovat —
jeho zbytek se ulozi do vnitiniho bufferu a je odtud vracen pri pristim ¢teni. Tento
zasobnik se navic musi ménit stejné pro vSechny instance InputHandle
s identickym internim HANDLE, aby byla zachovana koherence nactenych dat. To
je FeSeno pouzitim zjednodusenych pocitanych odkazt pti kopirovani objektti této
tiidy. Problém by samoziejmé vyiesilo i prosté nacditani po jednom znaku, to ale
neni prili§ vyhodné z hlediska rychlosti — volani funkei operac¢niho systému vzdy
predstavuje zdrzeni.

Pri cekani na vstup se mize aplikovat i (pribézné piepocitavany) time-out,
potfebny pro zajisténi jedné vlastnosti prikazu read. Samoziejmé je mozné
nastavit i horni limit na pocet naétenych znakt. Kviili funkeim vyzadovanym GUI
lze také vnitini buffer jiz nactenych znaki (které jesté nevyhovuji podminkdm pro
navrat z funkce, a ¢ekd se tedy na dalsi) za béhu ménit — napf. automatické
dokoncovani nazvli souborti si zjisti jeho obsah, vezme posledni napsané slovo a
snazi se ho dokoncit podle nazvii souborti v daném adresati, pokud uspéje, dopise
konec bufferu a ten vrati zpét. Protoze jsou prikazy predané z GUI provadény
v jiném threadu nez samotné prace shellu, vSechny operace s vnitinim bufferem
jsou synchronizovany s pomoci kritické sekce, jednoho z k tomu uréenych
prosttedki operacniho systému.
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Zobrazovani aktualniho obsahu bufferu konzole bylo také nutné reSit —
nizkodrovnové nacitdni nevypisuje napsané znaky automaticky. Kromé toho by
po zméné obsahu celého bufferu také dochéazelo k problémim. Proto si
InputHandle musi pamatovat pozici kurzoru v okamziku, kdy ¢teni zacalo, a od
ni vypisovat znaky z bufferu (to se provadi jednoduse pomoci funkce
WriteConsole, pouzivad se standardni vystup programu bez ohledu na jeho
presmérovani v ramci prikazi Bashe). VEtsi problém je aktualni pozice kurzoru —
ta se musi podle Sitky konzole a poétu stiskli klavesy Enter dopoditat. Vnitfné je
totiz pozice kurzoru reprezentovana jen jednorozmérné, coz usnadnuje
prechazeni po napsaném vstupu, ktery bylo nutné zobrazit do vice radkt (pozice
je upravovana na zakladé obdrzenych informaci o stiscich klaves Sipek, Home, End
i samotnych znaki).

Pro pfijem ptikazi ze souborového manaZeru je Vv InputHandle
implementovana jesté jedna funkce — kromé samotného vstupu je mozné cekat
jesté na uréenou udalost (synchronizacni objekt systému), a pokud ta nastane,
prerusit ¢teni a vyvolat specidlni vyjimku. Nacitani vstupu v hlavnim objektu
Bashe (a nikde jinde, ne napt. pfi presmérovani vystupii prikazi apod.) takto
nastavi pred ¢tenim tuto udalost a v piipadném osetteni vzniklé vyjimky provede
commanderem pozadovany prikaz. Tak je zajiSténo jeho synchronni vykonani —
uzivatel béhem néj nemiize spoustét dalsi prikazy (které by zptsobovaly
nesrovnalosti na vystupu nebo problémy se synchronizaci).

3.4 Parser a prikazy v shellu

Parser (reprezentovany stejnojmennou tfidou) je jednou z nejdilezitéjsich
soucasti Bashe — stara se o kompletni prevedeni vstupu na jednotlivé (i
strukturované) prikazy, vynechavd jen nahrazovani provadéné po spusténi
prikazu a také déleni vnorenych prikazi, aritmetiky a testti (o coZ se stara jina
trida nebo i jiny Parser). Vstup, dodavany do néj po radkach, se de€li podle
metaznaki shellu, jejichz vyznam je dale bran v potaz (diky nékolika priznakim,
které se mohou vrstvit na zasobnik). Pro zpracovani slozité€jSich jazykovych
konstrukei parser operuje s dalsim zasobnikem, na ktery se ukladaji nac¢tené dil¢i
prikazy nedokoncenych struktur — napft. vSechny operace jedné while smycky.
Kjejich ulozeni se pouziva specialnich tfid (odvozenych od tfidy Control),
zavislych na druhu konstrukce (odpovidaji fidicim klicovym slovim jazyka, které
ji uvozuji — napf. case, elif, until). Pokud je nalezeno ukoncovaci slovo,
parser vytvori z obsahu vrcholu zasobniku finalni objekt prikazu, ktery je vloZen
do nového vrcholu po odebrani pouzitych struktur. Kdyz je po vytvoreni hotového
prikazu tento zasobnik prazdny, miize byt piikaz vracen ven k provedeni (parser
vraci vzdy vSechny prikazy dokonéené na aktualni radce, takze jich miize byt i
vice).

Kazdy bashovy prikaz je instanci néjaké tridy odvozené od (abstraktni) tridy
Command, ktera poskytuje funkce spoleéné pro vSechny druhy, jako napf.
presmérovani vystupti. Vyjimku tvori pipelines a podminéné konstrukce, kdy
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kazdy jejich ¢len je reprezentovan samostatnym objektem; pti vykonavani se na
tento fakt ale bere ohled. Nékteré typy piikazi mohou obsahovat dalsi — napft.
vSechny prikazy v cyklu — a takto vytvareji v podstaté stromovou strukturu. Na
trfidé Command je definovana virtualni funkce exec, ktera prikaz provede — proto
je mozné spoustét postupné vSechny operace cyklu bez ohledu na jejich strukturu.
Vsechny se také uméji prevést (véetné svych vnorenych) zpét na text, coz slouzi
zejména historii prikazti. Pro veskeré operace, které potiebuji pro svoje vykonani
— nahrazovani jmen soubord, proménnych, aritmetiku apod., inicializuji
jednotlivé prikazy specialni objekty (bézné jde hlavné o tfidu Expandor) a volaji
jejich funkce béhem svého provadéni. Kontrola toku pomoci bashovych volani
break a continue je zajiSténa specidlnimi typy C++ vyjimek, které zachycuji
praveé jen strukturované prikazy — pri béhu strukturované jazykové konstrukce se
tak tok kodu vrati presné na potirebné misto.

Jako hlavni kontejner pro prikazy je pouzivana specidlni tfida Cmdvect,
odvozena od standardni Sablony vector z knihoven STL, a to jak uvnitt
samotnych strukturovanych ptikazi, tak globalné v hlavnim objektu shellu pro
udrzeni historie prikazi. Slouzi také k predavani prikazi ze vstupu po analyze
parserem. Diky jejim funkcim lze prikazy jednodusSe spoustét skupinove, vcéetné
pipelines nebo podminénych konstrukei s operatory s& a | |. Pouziti odvozenin
standardnich sablon obohacenych o dalsi funkce pro jednoduchou praci s danou
strukturou je obecné v bashové ¢asti programu docela casté.

3.5 Proménné prostredi shellu

Veskeré informace o proménnych a jinych objektech nachézejicich se
v prosttedi béziciho shellu jsou uloZeny (az na vyjimky pfi spousténi prikazi na
pozadi) vjediné instanci tfidy Env. Ta mize kromé hodnot proménnych
poskytovat i dalsi funkce, vypisy apod. Nejde z hlediska navrhu o nejcistsi reseni,
ale, vzhledem k viceméné ndhodné potiebé riznych funkei riznymi programy a
nutnosti jejich centralniho uloZeni, o zfejmé nejjednodussi. V proménném
prostiedi se tak nachazi seznam vSech proménnych (véetné specialnich jako je
kod skonceni posledniho spusténého piikazu), aliasti, hasht cest ke spousténym
programi, poli i uzivatelem nadefinovanych funkci (ten je implementovan
kontejnerem typu multimap s vyhledavanim podle néazvii) spolecné se
zasobnikem volani funkci, zasobnikem veskerych presmérovani, objektem
nastaveni a objektem oSetfeni signali.

Diky zasobnikové struktuie seznamu piesmérovani je mozné uchovavat
informace o vSech otevienych vstupech a vystupech bez jejich vzajemného
prepsani a jednoduse vracet na dotaz trojici aktualné platnych standardnich
handles bez jejich vzajemného prepsani. Tato funkce je velice ¢asto vyuzivana
(vSechny cteci a vypisové funkce i nastaveni vstupli a vystupt pro spousténé
programy se bez ni neobejdou), proto bylo uzito jednoduché ,,vyrovnavaci paméti*
pro navratové hodnoty.
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Osetieni signali je soucasti proménného prostfedi hlavné kvili nutnosti
zpristupnéni jejich nastavovani z interniho prikazu trap. Je sice mozné upravit
oSetieni vSech unixovych signalii, realné funguje ale jenom SIGINT, tedy Ctrl-
C, spole¢né s internimi bashovymi signaly (DEBUG apod.). Z podobného diivodu
Env obsahuje i objekt nastaveni shellu. Operace s proménnymi a poli slouzi
hlavné nahrazovani jejich hodnot v textu, ostatni funkce jsou vyuzivany
povétSinou pro interni prikazy shellu, jako napf. declare, readonly, hash
apod., jimi provadéné nastaveni ale berou v potaz v§echny soucasti shellu.
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4 Hodnoceni

4.1 Srovnani s jinymi implementacemi Bashe ve
Windows

Pokud je mi znamo, neexistuje zadna aplikace, ktera by méla alespon zhruba
stejné vlastnosti jako BashCommander, a tedy se s nim prfimo dala srovnavat.
Samoziejmé ale je mozné ho porovnat s jinymi projekty, které pirevadéji Bash pod
operacni systém Windows, uz proto, Ze pravé Bash je zhlediska kdédu
nejobjemnéjsi ¢asti projektu. Srovnani s béznymi souborovymi manaZery neni
prili§ na misté — je jasné, Ze v poctu funkei tento projekt zdaleka prevysuji,
integraci se textovym shellem vsak u nich nalézt nelze.

Pravdépodobné nejzndméjsi projekt, ktery se zabyva prevadénim unixovych
programd, tzn. i Bashe, do prostfedi Windows, je Cygwin[2]. Je tedy ziejmé
prvnim kandidatem ke srovnavani. Na rozdil od BashCommanderu vtomto
projektu jde o zajisténi vSech béznych unixovych API-funkci a tim pfenos
jednoduse prekompilovanych zdrojovych souborii napt. linuxovych programi na
operacni systém od Microsoftu. Pro Cygwin tedy existuje obrovské mnozstvi
unixovych utilit a Bash je jen jedna znich. V soucasné dobé (srpen 2007) jde
o aktualni verzi Bashe 3.2 — je vytvorena ze stejnych zdrojovych kodh jako GNU
Bash, takze je s nim naprosto kompatibilni. Lze pro néj pouzit i néktery graficky
terminalovy  program  diky podpofe  systémi = X-Window. Bash
v BashCommanderu ma urcita omezeni (viz sekce 2.4), nicméné na druhou stranu
je 1épe provazan se systémem Windows — béhové prostiedi Cygwinu vytvaii pro
své programy specialni kofenovy adresar, vlastni domovské adresare uzivatelti
atp., takZze nutné dochazi k déleni programi na ty, které jsou v Cygwinu, a ty
,venku“. Mij projekt se naopak snazi o integraci do jiz existujicich struktur. Navic
pro n€j neni treba zadné zvlastni béhové prostiedi ani Zadné podptirné dynamické
knihovny.

Velice podobnym piipadem je Bash jako soucast projektu MSYS pod
MinGW[8]. MinGW taktéz prevadi unixové (GNU) programy na Windows, MSYS
je zaméren hlavné na umoznéni spusténi konfiguracnich a instalac¢nich skriptd,
nikoliv na interaktivni praci uzivatele, ktera je ale také mozna. Oproti Cygwinu
nebo i BashCommanderu vsak nelze nez se spokojit se standardnim konzolovym
oknem, které nabizi operacni systém. Podpora vlastnosti GNU Bashe je taktéz
stoprocentni a to aktualné ve verzi 3.1 — také dochazi ke kompilaci z ptivodnich
zdrojovych kodt, ale pro Bash je (alespon pfi stazeni binarnich soubort pfimo od
zdroje) stale potieba podptrnych knihoven a integrace do systému také vypada
podobné jako u Cygwinu.

Na internetu lze také nalézt samostatné bashové aplikace pro Windows, které
nejsou soucasti vétsich projektti — napt. Steve.org.uk GNU Bash for Windows[9],
zalozeny na zdrojovych kodech starsi verze Bashe 2.03. Jeho podpora je tedy také
upln4, ale dnes jde o jiz zastaralou verzi (z roku 1999). Nepottebuje zddné béhové
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prostiedi, jen jednu dynamickou knihovnu, ktera je s nim ale dodavana (jde ve
skutec¢nosti 0 kod od GNU kompilovany s pomoci piedchidce Cygwinu). Tato
implementace funguje, ma ale problémy pii spolupraci s textovymi utilitami
GnuWing2 (citlivost na znaky konce radki CR LF) a integrace do Windows také
neni Uplna. Lepsi vysledky v tomto ohledu dosahuje win-bash[10] (také nejde o
primé prepsani, ale port existujicich kodi od GNU, zde tplné bez potteby
néjakych dynamickych knihoven), podpora funkei je ale zaloZena na velice staré
verzi GNU-Bashe 1.14.2 (1994). U obou téchto projekti je ale uZivatel opét nucen
pouzivat konzoli systému Windows.

Bash v BashCommanderu tedy neposkytuje tolik funkei a aplnou kompatibilitu
jako jeho kolegové z projektti Cygwin nebo MinGW, nepottebuje ale zadné béhové
prostiredi se slozitou konfiguraci a mnohem vice spolupracuje s Windows a jeho
programy. Mnoziny funkci Bashe mého projektu a popisovanych dvou
samostatnych implementaci pro Windows jsou zfejmé neporovnatelné — v kazdé
verzi chybi jiné a BashCommander navic nékteré operace provadi jinak; pridava
ale emulaci terminalu (odhlédnéme od souborového manazeru) a proti prvnimu
pripadu vyrazné lepsi integraci do operacniho systému, vzhledem k druhému jen
o néco lepsi. Pii prenaseni bashovych skriptii je nutné provadeét Gpravy ziejmeé ve
vSech pripadech, i kdyz pro miij projekt jich zfejmé bude vyzadovano o néco vic;
pro interaktivni praci je BashCommander pravdépodobné o néco pohodInéjsi.

4.2 Hodnoceni splnéni cile prace

Moje hodnoceni bude zrejmé nutné subjektivni, pii pokusu o néj se ale budu
snazit soustredit na fakta. Pokud jde o splnéni zadani projektu, bylo ho z vétsi
casti dosazeno — vysledny program je souborovy manazer, tésn€ provazany
s oknem shellu (jeSté tésné€ji, nez byl plivodni predpoklad — bez prepinani
kontextu a se spousténim ptikazi klavesovymi zkratkami), ptipadné terminalovy
emulator, oboji kombinované s interpretem jazyka Bash. Podpora syntaxe Bashe a
unixovych prikazi také odpovida zadani, jediné, co jsem predpokladal ve vétsim
rozsahu, jsou moznosti nastaveni barev pro konzolova okna, automatické
doplnovani nazvi soubori a obecné vétsi privétivost k uzivateli. Za hlavni pfinos
prace povazuji jednak implementaci jazyka Bash pod Windows, ktera je
s operacnim systémem tésné provazana, a jednak kombinaci souborového
manazeru s textovym shellem bez nutnosti prepinat mezi dvéma aplikacemi.

UzZiteénost programu by rozhodné pravé snadné€jSi operace s grafickym
rozhranim o hodné zvysily — zadani prace s nééim takovym nepocitalo, ale
vyraznym vylepsenim by byla rozhodné spoluprace s wvnitfni ,schrankou®
Windows pro vkladani a kopirovani textu na konzoli nebo podpora technologie
drag-and-drop v pripadé presouvani souborti v commanderu. BashCommander
nyni spolupracuje s operac¢nim systémem velice tésné, pokud jde o textové
prostrredi Bashe, v GUI vsak je co zlepSovat.
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5 Zaveér

Program by mél nalézt vyuziti zejména u uzivateldi, kteii ve Windows casto
operuji se soubory pomoci dvoupanelového manaZeru a zaroven pouzivaji
prikazovou radku nebo nékterou z jiz existujicich implementaci Bashe. Spojeni
commanderu a shellu je novy pristup, proto miru jeho vyuzivani nelze jesté
odhadovat. RozSitovani schopnosti programu a dalsi vylepsovani jisté vyrazné
zlepsi pohodlnost prace s programem, ale dle mého nazoru je uz vtéto verzi
v praxi pouzitelny.

Prehled vSech funkci aplikace a jejich technicky popis obsahuje prilozena
dokumentace. Jeji text je v anglictiné, nebot vSechny identifikatory v kdédu
programu, komentare v kodu i vypisy konzolové aplikace a popisky grafického
uzivatelského rozhrani jsou napsany v tomto jazyce, ktery je napf. pro planované
zpristupnéni programu na internetu vhodné€jsi. Druhou ptilohou je obsah
prilozeného CD, ktery zahrnuje i popis funkce ukazkovych skriptii — demonstrace
schopnosti implementace Bashe.
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Priloha A: dokumentace (anglicky)

1 About the program

1.1 Description

BashCommander is an implementation of the Bash language for Windows
2000/XP — i.e. a shell application, along with a set of common little Unix file
handling programs, such as Is, rm, mv, c¢p, and a GUI terminal application,
capable of running several instances of the shell in tabs, in the same way as the
well-known Linux terminal applications — e.g. Konsole for KDE, all combined
with a two-panel file manager (the so-called ,commander®). It covers most of the
features of the GNU-Bash as known today, including the language constructions,
variables, arrays, arithmetic and the most important internal commands, and
aims to provide an efficient command-line interface for Windows. However,
support of some common Unix features, e.g. file access rights or file descriptors,
is quite limited due to differences between the two operating systems. Some of the
implemented commands are tweaked so that they fit the Windows environment
better (that covers mostly the line feed character and backslashes in pathnames).
There are also some minor differences in the language, so it's not 100%
compatible with GNU-Bash, but most of the Bash scripts should work under
BashCommander without need for major changes. The file-manager is closely
connected to the shell window — i.e. a change of directory in the shell window
reflects in the active panel of the commander and vice versa, and all the
operations of the commander just launch appropriate commands in the shell
window. It's possible to simulate all the typical file-manager functions (copying
and moving of files, creation of a directory) that way.

All the programming code is written in C++ using bare Win32-API. For almost
all of the internal operations, BashCommander does not need to use child
processes and works rather with threads. Therefore the execution speed is
relatively high. The whole set of applications is available under BSD-style license,
including the source code (Visual Studio 2005 may be needed to compile the
sources easily).

1.2 Features

The BashCommander implementation of Bash scripting language contains
almost all of the main language constructions, including simple commands,
command lists, pipes, loops, such as while, until or for-loops, conditional
constructs, functions, case commands, aliases and more. Variables, including
one-dimensional arrays with number indices are also supported. Splitting of the
commands and several types of substitutions are done in the same way as in
GNU-Bash. This includes brace expansion, tilde expansion, variable (parameter)
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expansions, command and arithmetic substitutions, word splitting and quote
removal. Process substitution is not supported and file name expansion is little bit
more limited (patterns support only ** and "?' as wildcards). Built-in Bash also
supports arithmetic and test commands with most of the usual options. Start-up
scripts are also supported, the bash application reads the .bashrc file in the
Application data folder upon its launch.

Some of the Bash features are implemented differently, mostly due to
implementation reasons or better conformity with the Windows environment, i.e.
the pipes are created via background threads, so the last command in the pipe
may affect the current environment (if it's an internal command), as opposed to
Bash.

BashCommander also includes all of the commands found in the original
Bourne shell — some of them may have limited features (i.e. the signal command,
since the signals under Windows don't have such a great significance as in Linux).
Some Bash commands, at least the most important, such as echo or read, are
supported.

There are a few basic file operation programs that come with the
BashCommander installation. It's Is for listing the contents of directories, cp, mv
and rm for copying, moving and deleting files; mkdir and rmdir to operate
directories and chmod, which is used to alter file access rights — but only the
‘read-only' Windows file attribute is changed. Most of the other programs
support all the options that make sense even under Windows. Other programs,
such as the Unix text utilities, are not supplied and I recommend using their
GnuWing32 implementation.

The GUI provides the execution of several Bash or commander instances in
easy-to-switch tabs. It's aimed at simple keyboard control — the user may
customize the keyboard short-cuts for most of the operations, such as console
scrolling, tab creation or switching. The GUI saves its settings and window
position in a file in the Application data folder.

All the commander windows work in close connection with their shell window
— the user may customize keyboard short-cuts that launch commands in the shell.
The commands may contain values of several variables, such as names of selected
files in the active listing panel, the name of the current directory or a value that
will be asked for via input box. There's no need to switch between the file listing
panel and the shell window in the commander, the user types in the shell window
and may control the listing at the same time.

1.3 Limitations

As mentioned earlier, this Bash language implementation does not include all
the features of the GNU-Bash. Some of them have no meaning under Windows,
due to different access e.g. to file rights, some may be implemented, but the
complications of this process were not worth the effort (or at least not for now
and for me). BashCommander currently does not support process substitution,
several rare syntax phrases (such as " >&' for redirecting output and error stream
to the same file, or function headers without *()') and some Bash commands. It
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also doesn't have some common Bash variables set-up (such as
BASH_VERSION). The background job control is also not supported.

For more comfortable user experience, it would also be appropriate to add
some more features, such as integration with the Windows clipboard, more
customization options (colours etc.), improve the auto-completion (allow the user
to switch backwards) and maybe add more mouse support (scrolling). More Unix
programs than those supplied are usually needed, but since their GNU-Win32
implementations are usually sufficient, it's not a very significant problem.

2 User manual

2.1 Installation, uninstallation

BashCommander is designed for Windows 2000 and newer (and has been
tested on Windows 2000 and Windows XP). On older versions of Windows, such
as Windows 95, 98 and ME, the application will not start up (and the behaviour of
the installer is undefined).

The program is provided as an easy-to-use installation package. To install, just
run the executable and follow the instructions. For some steps, the administrator
rights are needed — the program adds its installation directory to Windows PATH
environment variable, in order for the user to be able to comfortably execute the
Unix file handling routines provided. The program short-cuts in Start menu and
Desktop are also created for all users. However, the program settings and start-up
scripts are stored separately for each user, in their Application data folders
(under BashCommander folder). The existence and access to this folder is vital
for smooth application run.

The user must agree with the BSD-licence under which is this program being
released, and select an installation directory. There are no limitations in this step,
but I recommend leaving the default setting. Whether the Start menu and
Desktop short-cuts are created is up to user's selection. However, the program
always tries to change the PATH variable.

Uninstallation may be done via the short-cut in the Start menu, which is added
upon installation, or through the common Windows Add/Remove programs
interface. Just select the uninstallation and confirm its proceeding.

2.2 Using the GUI

To start the program GUI, click the icon in Start menu or on the Desktop, or
execute the bashcom.exe program in the installation directory. When launched,
an empty window with no open tabs appears. There are six icons for the most
basic operations with shells. The first of them creates a new shell instance, which
is run in a tab. The second one opens a new commander window (including the
shell). The third tries to (force) close the currently active tab (no matter what type
of tab). The next two buttons serve to switch between the shell tabs (in both
directions, left and right). You may also switch the shells and commanders by
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clicking on the tab names in the bottom. If a shell is closed (e.g. by typing an " exit'
command), its tab (either shell window or file manager) disappears instantly. The
last button opens the settings window (simple dialogue window involving several
settings, for detailed description see section Settings and start-up scripts).

To use the shell in an open tab, just click or otherwise activate the window (tab
switching, opening a new window) and simply type. The console supports most
usual editing features, such as Home and End keys, the auto-completion of file
names, and command history. The default auto-completion key is Tab, but this
may be customized in the settings window. The same is for command history keys
(by default Alt-Up and Alt-Down). The command history always displays whole
commands, even if they were structured or spanned across multiple lines. The
history and auto-completion features are unusable when running the shell
application outside of GUI.

Using the file manager window is also very simple. You may type into the
console the same way as when opening a simple shell window, but at the same
time it's possible to operate the files in the listing panels — you may select and de-
select files using mouse or keyboard (the default selection key is Ctrl-Space),
switch between the two panels (using Ctrl-Tab), change the current drive (Alt-F1,
Alt-F2) and toggle some action with the highlighted file in the active panel (by
double-clicking or hitting Enter). If the file is an executable, it's run in the shell. If
it's a directory, the listing view and shell's working directory change to that
directory. Otherwise the commander tries to open the file in the default program.
However, the behaviour of the Enter key changes if you have previously typed an
unfinished command in the console. In that case, this command will be executed
and the selected and highlighted files in the listings have no effect on that. At the
time a command is being run in the shell window, no other operations than file
selections are allowed in the list-view: hitting Enter or double-clicking will toggle
no action.

When working with the file manager window, you may also use custom
keyboard short-cuts to run some previously defined commands in the shell
window. These may contain some variables regarding the current state of the file
manager view — e.g. the current directory, list of selected files etc., and therefore
provide the functionality of the usual file manager. You may define them using a
special dialogue window in settings (for details, see Settings and start-up scripts).

2.3 The Bash scripting language

The language is almost the same as GNU-Bash, so for detailed descriptions
please see the Bash reference manual. The following section describes the
language very briefly, but mentions the differences from the "original" version.
The Bash implementation executable for BashCommander is winbash.exe,
located in the installation folder.
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2.3.1 Commands

The whole Bash language consists of commands. The commands may be
"simple", such as executing a program or a shell built-in (a small subroutine that
does a simple operation), or compound, such as list of commands connected with
&& or | | etc. The input is separated by the parser into commands (regarding the
so-called shell meta-characters, such as [new-1ine] or ;, and the individual
commands are split into words, regarding blank characters ([space], [tab],
[new-line]).

The first word of a command is the command name — it may be a name of a
shell built-in, an external program or a shell function; the rest of the command
are parameters. A simple command may also contain some variable assignments
(preceding the command name, see Environment, variables) and redirections.
Before a command is executed, variable assignations and redirections are applied
and it undergoes several types of expansions (same as GNU-Bash).

A redirection means that the command input or output is being written or read
from somewhere else than usually. In BashCommander, you may redirect the
input or output or the error stream from/to a file (and you may append to the
file), or redirect error stream to output and vice-versa. The syntax is quite
straightforward — for input redirection, it's (0)< [file], for output (1]2)>
[file], appending to a file (1|2)>> [file] and combination of the outputs
(112)>&(11]2). Other types of redirections (involving file descriptor numbers
other than standard o-input, 1-output, 2-error stream) are not supported. Here
documents, here strings and manipulation with file descriptors are also not
supported.

When a command is executed in a normal way, Bash waits for it to finish (also
if an external program is executed). If you want a command to be executed on the
background (then you don't have any means of controlling it from within
BashCommander), divide the command from others with " &', instead of [new-
line] or °;'. Each command also returns its exit status — a small non-negative
number. If this equals zero, that means the command ended without any errors.
The return status is set as a special environment variable and may be tested for.

2.3.2 Plain commands

When a command is read, its first word is checked to see if it has an alias (as
soon as upon parsing) — and if found, it's expanded (and may be expanded
recursively). Upon execution, Bash first takes the command name and tries to
find such user-defined function. If this fails, a built-in command is searched for.
If there is no built-in command, Bash searches for a program of that name
(and/or path).

When searching for the program, the common executable file suffixes (" .bat',

.com', ".exe') are appended to its name if needed, so you may use
‘program.exe' as well as "program’' only. If the program name contains any
(forward or backward — they are always converted to backslashes upon search)
slash characters, it's regarded as a pathname and only this path is tested.
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Otherwise BashCommander looks for the program in all the directories defined in
the PATH environment variable — and same as Bash does not include the current
directory in the search, which is what the standard Windows command-line does.

2.3.3 Structured commands

BashCommander also supports all the structured commands you may find in
Bash — this includes the code flow control commands usually found in any
programming language, as well as command lists to simplify redirections or
execute something in a sub-shell. The list of the supported commands:

e command lists — sequences of commands, connected with “&«&' or
“1]" , which means that a command is executed only if the commands
that precede it in a command list have exited normally (for " &&') or with
errors (for | | '). In other cases, the given command and all its successors
are not going to be executed.

e pipelines — sequences of commands, connected with * | '. The second
command in a pipeline reads the output of the first one, and gives its
output to the third and so on. The first command in the pipeline reads
from the standard input, the last one writes to the standard output (if not
redirected). As opposed to GNU-Bash, there is no child process creation for
all the pipeline members (if they are not external programs). However, all
the commands except the last one are executed in background (using
different threads), so they cannot affect the shell environment, but the last
pipeline member can.

e until - the syntax is: until test; commands; do executive;
commands; done. This is almost the usual "repeat-until" loop, except
that the condition is tested in the beginning. It behaves exactly the same as
in Bash — runs the test commands, and if the exit status of the last one of
them is non-zero, runs the executive commands and test commands again.
Otherwise the looping ends.

e while - is similar: while test; commands; do executive;
commands; done. As in GNU-Bash, this continues looping until the exit
status of the last of the test commands is non-zero.

e for - a different kind of loop (and also same as that in Bash). The
syntax is: for var name (in words); do commands; done. This
takes the variable and for each iteration, sets it a value from the list given,
or from the positional arguments (see Environment, variables) if there is
no list. The loop iterates as many times as the number of values given (or
the number of positional arguments the shell has got).

e arithmetical for — different from the usual for loop, more similar to
the one that is found in C/C++ and other programming languages. The
syntax: for (( 1initial expression ; test expression ;
iterate expression )); do commands; done. It treats the things
it finds in the brackets between the semicolons as arithmetical expressions
and evaluates them in the same way. Repeats the loop as long as the test
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expression has a value of non-zero. For details on arithmetical expressions,
see Arithmetic.
e if — the usual conditional construction — the conditions are also
commands, that are being tested for non-zero status. The first branch for
which a non-zero status is found is executed. This behaves the same way as
in Bash. The syntax is: if conditionl; commands; then
executive; commands; elif condition2; commands; then
executive; commands; else executive; commands; fi. As in
GNU-Bash, there may be more e1if branches, or the else and/or elif
branch may be missing.
® case — matches a word against sets of shell patterns and executes the
commands corresponding to the first fitting one (if the word matches one
of the patterns in the set). Has the same behaviour as in GNU-Bash, the
syntax is following: case word in patternla | patternlb )
commands ;; pattern2 ) commands  ;; esac . The
BashCommander parser, however, does not allow the lists of patterns to be
enclosed in both parentheses as in GNU - there must be the right
parenthesis only. For details on patterns (there are some limitations), see
Patterns.
e select — allows for user selections, i.e. simple menus. The syntax is
similar to the for command (including the fact that given no value list, it
uses the positional arguments): select var name in (valuel value2
.); do commands; done. It also has the same behaviour as Bash —
repeats asking user for input (the line number), sets the control variable
accordingly and executes the commands in the loop.
e arithmetical command — computes a given arithmetical expression,
along with any side effects it may have (variable assignations) and returns
a zero (OK) exit status, if the value of the expression was non-zero. The
behaviour is the same as in Bash, arithmetical expressions are described in
detail in the Arithmetic section. The syntaxis: ( ( expression )).

e test command - tests for a given condition (see Tests) and returns a
zero exit status if it was fulfilled. Also has the same behaviour as the test
commands in GNU-Bash. The syntax: [ [ expression ]].

e command groups — lists of commands put together either to simplify
redirection (one redirection for all the commands), or to be executed in a
sub-shell and not affect the current environment (i.e. variables, current
directory etc.). This also has the same behaviour as in Bash. The
commands look like this: { commands; } for plain command group and
( commands ) for sub-shell execution. The commands that are about to
be executed in a sub-shell are written to a temporary file and a new
BashCommander process is created to execute them. The temporary file is
deleted afterwards. Be sure to have your Windows temporary files
directory set-up and accessible.

All the types of commands may, of course, be nested, which creates the
structure of the whole scripts.
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2.3.4 Expansions

Before the execution of each (simple) command, BashCommander performs
several expansions — most of them work the same as in GNU Bash. All the
common expansions are performed, except for process substitution, which is not
supported by BashCommander. They are done in this order:

1. Brace expansion - parameters within braces are expanded, i.e.
d{a,b,c}e is expanded to dae dbe dce, numeric or one-character
parameters separated with two dots are expanded as a whole sequence, i.e.
1{1..5} expands to 11 12 13 14 15 . This may be turned on or off
using the set built-in.

2. Tilde expansion — expands parameters beginning with unquoted
tilde. All the characters up to the first unquoted slash are considered "tilde-
prefix". If the tilde-prefix is just the tilde character, it's expanded to the
current user home directory path (usually c:\Documents and
Settings\User or similar), if it's *~+"', it expands to the current directory
path (PWD environment variable), " ~-' expands to OLDPWD environment
variable. If the tilde prefix is a user name of a user of this computer (which
has his/hers home directory in Documents and Settings), it expands to
his/hers home directory. Other types of tilde expansion found in Bash
(using directory stack, or in variable assignments) are not performed in
BashCommander.

3. Variable expansion — expands the environment variable names
(prefixed with $, may and in some cases must be enclosed in curly braces,
e.g. S{var}) to their value. The array variables with subscripts (see
Environment, variables) must be enclosed in curly braces. Unset
environment variables have a value of empty string. Other, more complex
types of parameter(variable) expansions are also supported (same as in
GNU-Bash):

- ${var:-word} expands to var, if var is set, to parameter otherwise

« S${var:=word} expands to var; if var is not set, expands to word
and word is assigned to var.

- S${var:?word} expands to var; if var is not set, words is written to
error stream and an non-interactive shell exits.

- S{var:+word} expands to word if var is set, to empty string
otherwise.

+ S{var:offset:length} expands to sub-string of var of given
length, starting at given offset. The length setting may be omitted.

« S$S{prefix*}, ${prefix@} expand to list of names of environment
variables whose names start with prefix.

- S{larray[*]}, ${'array[@]} expand to list of indices set in the
array variable.

-  S{#strlen} expands to length of the given variable value.
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- S{param#pattern}, ${param##pattern},
S{param%pattern}, S{param%%pattern},
${param/pattern/string}, ${param//pattern/string} may
be used to strip parts of a parameter matching the pattern off the
beginning or end, or replacing them with a given string. For details
please see the Bash reference manual.

4. Command substitution - runs the contents of this string as a
command and then replaces it with its output. The syntax is " command
text’, or $( command text ). BashCommander creates a special
thread to run the command and read its output. This command may access
and change the BashCommander environment, no sub-shell is created. The
command substitutions may be nested, but for the backward-apostrophe
syntax, the nested apostrophes must be backslashed. BashCommander
does not allow the $ (< file) construct.

5. Arithmetic expansion — expands arithmetical expressions to their
values. The expressions must be enclosed in double parentheses, such as
$(( expression )). The expressions may be nested. This works the
same way as the Bash version, except that the behaviour upon computation
error is undefined. For details on the expression syntax, see Arithmetic.

6. Word splitting — splits the words, regarding the characters of the IFs
environment as blanks (i.e. word delimiters). Quoted, apostrophe-enclosed
and backslashed blanks are retained. Unquoted empty words are removed.
If 1Fs is unset, no splitting occurs.

7. File name expansion - for any word with an unquoted wildcard
character (*?' or “*'), a file name expansion is performed, i.e. the word is
treated as a pattern and expanded to a list of file names, that match it. If no
file names match the pattern, no expansion is performed. The pattern
support is quite limited in comparison with GNU-Bash. For details see
Patterns.

8. Quote removal — as the last thing just before the execution,
BashCommander removes all the "outer" quotes, apostrophes and
backslashes — i.e. those that are not backslashed, or enclosed in quotes or
apostrophes themselves. The quotes and backslashes that resulted from
tilde expansion, variable or command substitution or file name expansion
are retained (because the results of those expansions have their value
backslashed) — this works the same way as Bash.

2.3.5 Environment, variables

Like Bash, BashCommander has its execution environment — a set of things
common for all executed commands. The environment may contain (string)
variables, aliases, functions (described in the next section) and one-dimensional
arrays. Variables and arrays may be set as integer (with the declare command),
but BashCommander does not treat them in any special way (like GNU-Bash), or
they may be set as read-only (functions too) using the readonly command. The
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BashCommander environment is not identical to the Windows program
environment — it's operated internally. You may, however, declare variables (and
functions) as exported (via the export command), and then they are copied to
the Windows program environment, too., and therefore they are visible in all the
programs launched from within BashCommander (e.g. running scripts etc.).

Variables (and arrays) may be assigned to at the beginning of each command —
the syntax is: var name=value. Shell expansions (except word splitting and file
name matching) are performed on the value before the assignation. If the
command following the assignation is not empty, given values are valid for this
command only. Otherwise they're valid for all the following commands (until any
further change). Array variables may be assigned to directly -
array=([subscript]=value [subscript]=value ...), or through their
subscripts — array[subscript]=value . Arrays are one-dimensional, with
numerical subscripts (they are evaluated as arithmetical expressions). If you
assign a non-array value to an array variable, it's assigned to the array element
with zero subscript. The same happens with variable substitution. This behaves
the same as in GNU-Bash.

Aliases are in fact also string variables. They may be declared using the alias
command and are expanded upon command parsing — and may replace the
command name.

There are some variables with special meaning, that are always set — the most
usual Bourne shell and some Bash special variables:

® 1,2, 3, ... etc. contains the values of the positional arguments of this
shell instance (useful in scripts) — and may be altered using the set or
shift commands.

® °,$, -, # contain the last command's exit status, this instance of Bash'
Windows process ID (the same you find in the Windows Task Manager),
the list of currently active settings (that may be changed via the set built-
in), and the number of shell positional arguments, respectively.

® PS1, PsS2, Ps3, PS4 — the values of the various prompts
BashCommander may display — is exactly the same as in Bash.

® IFS — the separator, used to split words in the shell expansions
performed.

® PWD — the current home directory.

e *, @ - all the command arguments together. for the differences between
the two and further details, see Bash reference manual.

There are more variables, such as HOME or PATH, that are always set on any
correct Windows installation, because all the Windows environment variables are
imported into BashCommander environment upon its launch. BashCommander
therefore uses Windows PATH variable for programs search, and Windows home
directory settings e.g. for tilde expansion.

The BashCommander environment is shared for all the commands that are
being executed synchronously, including nested commands (command
substitution), the last elements of pipelines and commands executed upon
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request from the file manager window. The environment is always copied for all
the commands that are executed in background — that means the changes made
by these commands are not visible to others. All the elements of pipelines except
the last one are also executed in background, so their changes to the environment
are also not visible. Note that for other programs executed by BashCommander
(i.e. running a script, or another executable, or executing a list of commands in a
sub-shell), only the values of the exported variables (and functions) are visible.
The environment behaves differently from GNU-Bash in some ways — it is much
more shared in general.

2.3.6 Functions

Functions are a way of storing lists of commands for later (and repeated)
execution. Functions in BashCommander behave equally as in Bash, with some
limitations. Its Bash parser does not allow all the usual ways of declaring them.
The declaration of function looks like this: function fc_name () {
commands; } .Theword "function' may be omitted, but the parentheses are
required, and the declaration must be a separate command.

To execute a defined function, just use its name as a command name, e.g.
execute command fc name paraml param?2 ... . The parameters you use
are available inside the function in special variables named 1, 2, etc. (the same as
the positional arguments outside of a function). All the variables in
BashCommander are global — you may not create local variables (unlike in GNU-
Bash) — i.e. if you change a variable inside a function, the change persists even
after the function execution finishes (unless the function is executed on
background). Inside of a function, you can also see the variables declared
previously outside it.

Functions may be set as exported — in that case, they are converted to their
string value and set as variables in the Windows environment. All the
BashCommander instances search for function code in the Windows environment
and import it, if any code is found — so you may export a function and use it
inside a script then. This works equally to GNU-Bash.

2.3.7 Arithmetic

Like Bash, BashCommander has the ability to compute simple integer
arithmetical expressions — they are implemented completely and behave equally
as in GNU-Bash 3.1. The arithmetical expressions are used in array subscripts,
arithmetical commands and arithmetical expansions. Inside of an expression,
normal variable substitution is performed, but apart from it, you may use
variables directly by name (i.e. a instead of $a) even if just reading the value.

The syntax of the expressions is the same as in Bash and similar to any usual C-
like programming language. You may assign variables, compute compound
expressions using parentheses, and access array subscripts, too. The supported
operations are:
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® var++, var--, ++var, --var — Incrementation and
decrementation
® unary+, -, !, ~ -plus, minus,logical and bitwise negation
® varl ** var2 — exponentiation
® binary *, /, %, +, -, <<, >> - multiplication, division,
remainder, addition, substraction and bitwise shifts
® <=, >=, <, >, ==, !=-comparisons (their value is o0 (false) or 1
(true))
® &, ~, | -bitwise AND, XOR, OR
® ||, &&-logical AND and OR
® ecxpr ? exprl : expr2 — ternary operator — conditional expression
@ =, *=, /=, %=, +=, -=, <<=, >>=, &=, "=, |= — various
types of assignations
® cxprl, expr2 — comma (both expressions are computed, the first
value is thrown away)
Constants are also interpreted the same as in Bash — decimal, hexadecimal,
octal and [base#]number syntax is supported. As in Bash, no overflow checking

is done, just the division by zero raises an error. For operator precedence and
further details see the Bash reference manual.

2.3.8 Tests

As in GNU-Bash, you may let the program test for some actualities, e.g. the
existence of a file, or non-emptiness of a string. The tests are used in test
commands and in the “test'/ [' built-in. The test commands consists of
expressions — they may be enclosed in brackets, negated with * ! ', or connected
with "&&'/-a (for test built-in) and " | | ' /-o. The possible expressions are:

® -a, -e, -u, -0, -G file —trueiffile exists

® -d, -g file —trueiffile exists and is a directory

® -f file — true iffile exists and is not a directory

® -n string — true if string is not empty

® -0 option name — true if the shell option with this name is enabled
(details in the description of set built-in)

® -p file — true iffile exists and is a named pipe

® -r file — true iffile exists and is readable

® -s file — true if file exists and its size is non-zero

® -t number — true if given number is a file descriptor referring to a
terminal (i.e. if it's 0, 1 or 2 and the given standard handle is not
redirected)

® -w file — true if given file is writeable

® -x file — true if given file is executable (tests it according to the file's
suffix).
® -z string - true if the length of the given string is zero
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® -N file — true if file exists and its last access time is lower or equal to
its modification time.

® string == pattern, string != pattern — in test commands,
matches a string against pattern. In test built-in, just tests for equality of
the two strings.

® stringl < string2, stringl > string2 — tests for string
alphabetical order,

® filel -ot file2, filel -nt file2, filel -ef file2 —
tests for age (older-than, newer than) or equality of two files (same file-

nodes).
® intl -eq, -ne, -1lt, -le, -ge, -gt int2 — compares two
integer values

For other options found in GNU-Bash, BashCommander returns always false,
for they cannot be meaningfully tested in Windows (e.g. actualities involving
sockets and others). The -u, -0, -G and -g expressions have different
meaning in BashCommander, since the ownership of a file cannot be tested in the
Unix way.

2.3.9 Patterns

Shell pattern implementation in BashCommander is limited in comparison to
GNU-Bash. A pattern in BashCommander is a word that contains one or more
unquoted characters " 2' or ** ', known as wildcards. The quotation mark stands
for exactly one arbitrary character, the asterisk may represent any number
(including zero) of any characters. A word matches a pattern, if there exists any
allowed replacement for all the wildcard characters so that its result sums up to
the word.

2.4 Supported internal commands

BashCommander supports all of the Bourne shell built-in commands, but some
of them may have limited options (as some of the options don't have any meaning
on Windows). It also supports a set of most used Bash built-ins, sometimes with
limitations, too. By "same as in Bash" here, the GNU version of Bash is meant.
The list of all supported commands may be displayed with the help command.

2.4.1 Bourne shell built-ins

@ . file [arguments] (dot) command - reads and executes
commands from a file (with given arguments), in the current shell context.
The file, if its name does not contain any slashes or backslashes, is
searched for in all the PATH directories and current directory (as in GNU-
Bash non-POSIX mode).

® : [args] (colon) — does nothing beyond argument expansion and
redirections (same as in Bash).
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® [ [expression] ] - the same as test command, except for the
square brackets (same as in Bash).

® break [n] —exitsa for, while, until or select loop. Exits as
many nested loops as the number specifies (default is 1). (same as in Bash)
® cd [-L|-P] dir - changes the current directory. The -1 and -P
options are accepted, but don't change the behaviour of the command.

® continue [n] — continues a while, for, until or select loop in
its next iteration, exits one nested loop less than the number specifies
(same as in Bash).

® cval [args] — the arguments are read and executed as a command
again, so that the expansions are performed twice (same as in Bash).

® exec [-cl] [-a name] [command [arguments]] — executes
another process and immediately after that exits (there's no exec() function
on Windows, so this is a simulation). The -1 option is accepted, but has no
meaning. -c clears the environment for the new process, and -a passes the
given string as a new program name.

® exit [n] — exits the shell, returning a given exit status (default is 0)
(same as in Bash).

® export [-fn] [-p] [name[=value]] ... - exports (or reverts
the export for -n) given variables (or functions for - £). With -p, just lists
exported variables/functions (same as in Bash).

® getopts optstring var name [args] — simulates the Unix
getopts() function — takes subsequently the options from either positional
arguments or supplied arguments and returns them in given variable
(same as in Bash).

® hash [-rl] [-p filename] [-d] [name] — hashes a program
name to a path, so there's no need to search for it later. With default
settings, this is done automatically for all commands. hash displays the
paths found for supplied command names (-1 — in a reusable format),
clears the table or just given hashes (-r, -d) or forces hashing a command
to given file name. The -t option is currently not supported.

® pwd [-L|-P] — prints the current directory name. The options are
accepted, but don't have any meaning.
® readonly [-apf] [name] ... - may set a variable, an array or a

function as read-only. Lists the read-only variables or functions for -p
(same as in Bash).

® return [n] — returns from a function or a script executed with
source command (with given exit status) — same as in Bash (remark:
currently does not return the right exit status in source scripts).

® set [+/-aBheknfutvCx] [+/-0 opt name] [args] - switches
on or off some shell settings and/or replaces the shell arguments. The
other possible settings characters are accepted, but don't do any change.
Otherwise the behaviour is same as in GNU Bash. The list of possible
settings:
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- -a / allexport — exports all variables

-+ -e / errexit — exits upon ERR trap signal

- -f / noglob — disables file name expansions

- -h / hashall - hashes all paths of the commands executed
(default — on)

- -k / keyword — the search for variable assignments in a command
won't stop after finding the command name

- -n / noexec — just parses the commands, doesn't execute them

« -u / unset — triggers an error upon the usage of an undefined
variable

-« -v / verbose — echoes all the read shell input

- -B / braceexpand — turns on brace expansion (default — on)

- -t / onecmd — exits after the execution of one command

« -C / noclobber — file redirections are not allowed to overwrite

existing files
+ -x / xtrace — prints the commands before executing them
® shift [n] — shifts shell the positional arguments (variables 1, 2

) by given offset to the left. The value of the " #' variable is adjusted
accordingly (same as in Bash).
® test [expression] — tests for a given expression, similarly as in test
commands. For details on the expression syntax see Tests (same as in
Bash).
® times — prints the CPU times under user and kernel mode for this shell
instance and its child processes (which is not guaranteed by Windows, just
an estimation) (same as in Bash).
® trap [-1lp] [arg] [sigspec] — sets a trap command (arg) to
handle a signal — it' s possible to set a trap for all the Unix signals, but most
of them will never be hit since Windows does not support them.
Meaningful values of sigspec are SIGINT, ERR or DEBUG — executed
upon Ctrl-C, command with non-zero exit status or the execution of any
command. For -1, prints a list of available signal specifications, for -p,
prints the trap for given signals (same as in Bash).
® umask [-p] [-S] [mode] — sets the internal umask (file access
rights creation mask) — under Windows, it has no effect, but pretends to be
behaving equally to umask in Bash.
® unset [-fv] [name] — unsets a function or a variable in the
environment (for -v the name refers to a variable, for - f to a function)
(same as in Bash).

2.4.2 Bash built-ins

The bind, enable, 1local, logout, printf, shopt, type,
typeset and ulimit built-ins are not supported.
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® alias [-p] [name[=value]] — sets the aliases or displays current
settings (with -p) (same as in Bash).

® builtin [name [args]] — runs a shell built-in, used to override
functions with same name (same as in Bash).
® command [-pVv] [name [args]] — either runs a shell built-in or an

external command (and overrides functions), or prints a description of the
given command (for -v/-Vv which vary in the amount of details). The -p
option is ignored, otherwise behaves equally to Bash.

® declare [-afFirtx] [-p] [name[=value]] - declares new
environment variables, arrays (-a), functions (-f/-F) or lists their values
(-p), or sets/finds out the integer (-i), read-only (-r) and export (-x)
status. The -t attribute is ignored, (and integer attribute may be set, but
has no special meaning) otherwise behaves same as Bash.

® ccho [-neE] [arg ...] - prints its arguments to the standard
output. If -n is set, the ending new-line character is suppressed. The other
options are ignored (escape-characters are not interpreted).

® help [-s] [command pattern] — displays a usage message for
commands that match given patterns. The detailed description is not
supplied, so the -s option is assumed always turned on. If no parameters
are given, help displays the list of all commands supported by

BashCommander.
® let expression [expression...] - each expression (one
argument) is evaluated the same way as in an arithmetical command (same
as in Bash).
® read [-rs] [-t timeout] [-p prompt] [-a array] [-n
nchars] [-d delim] [name ...] - reads the values of given

variables from standard input. May read elements of an array (-a), end
when given number of characters is read (-n) or a timeout (seconds)
elapses (-t), divide the values with a custom delimiter (-d) and display a
prompt (-p). For -r, reads raw input, -s suppresses the echoing of
characters read. Splits the characters using IFS and sets the resulting
fields in the variables supplied, or in REPLY variable (the supported
options work in the same way as in Bash).

® source filename —seethe . (dot) command (same as in Bash).

® unalias [-a] [name ...] —removes the aliases for given names,
or all aliases (for —a) (same as in Bash).

2.5 Supplemented Unix file operating programs

BashCommander installation contains a small set of most-used Unix file
operating programs. Their executables are copied to the BashCommander
installation directory which is added into Windows PATH environment variable,
and so they may be executed comfortably from within BashCommander (and also
Windows Command Line, for example) by just typing their name. Usually they
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work the same as their GNU versions, except that they lack long option names
and some options may also be unsupported. They are:
® cat [-AbeEnstTv] [file ...] - echoes the contents of files (or
standard input, if none are given) on the standard output. It's able to
number non-blank lines (-b), print *$' at the end of the lines (-E),
number all the lines (-n), suppress blanks longer than one line (-s), show
[tab] characters as ~~I' (-T) and show non-printing characters except
[new-line] and [tab]. -A is the equivalent of -vET, -e is -vE, -t is
-vT. The supported options work equally to GNU cat.
® chmod [-Rcvf] mode file [file ...] -in Unix, this changes
the file access rights, this implementation supports only the changes in the
read-only attribute of files (this means that if you take away the right to
write to a file for the owner, the file is marked as read-only). Otherwise the
supported options work the same as in GNU chmod (see chmod reference

for details).
® cp [-abfipRTuvx] [-t target dir] [-S Dbackup suffix]
filel file2 [file ...] - copies source files to given destination. It

can create backups of existing files (-b) with default or pre-set suffix (-3),
force overwrite of existing read-only files (-£), prompt before overwrite of
all (-1i), preserve file attributes (-p), work recursively (-R/-r), copy all
files into target directory (-t) or not consider any target directory (-T),
omit newer files from rewriting - "update" (-u), display the names of files
being copied (-v), or never copy across physical drives (-x). The -a option
is equivalent to -pR. Other options of GNU cp are ignored.
® 1s [-aAbBcCdfFgGhklmnopgQrRsStUxX1 ] [-I
ignore pattern] [-w width] [file ...] - lists the contents of a
directory. The supported options are (other options are ignored):
-a/-A — display also files whose names begin with *.' that are
hidden by default (-A does not display . "and *..")
-b/-qg — print non-graphic characters as their octal escapes/as " '
-B — ignore files whose names end with *~'
-c — if used with 1t or none of these, sort the files by their access
time, for 1 only display access time (instead of modification time)
-C — list entries by columns (default)
-d — treat directories same as files (do not list their contents)
-F/-p/-Q — append file type indicator, append /' to directory
names, append double quotes
-g/-G,-o/-n — in long listing (-1), display no owner/group
specification/with their numerical values (all of which in fact under
Windows have no real meaning)
-h — display human readable size (in kilo/mega/gigabytes instead of
bytes)

-1 pattern - ignore files matching the given pattern
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-k — size of block should be one kilobyte (instead of 512 bytes)

-1 — long listing (with modification time, size, owner, group and
access rights)

-m — comma separated listing

-r — reverse sort order

-R — recursive

-s — prefix the output with the total size of listed files (in blocks)

-S/-t/-X/-U — sort by size/modification time/extension/don't sort
(default — sort by name)

-w — force given screen width

-X — list entries by lines

-1 — one-per-line output

® mkdir [-pv] dir [dir ...] - creates a directory. If -p is set,
creates all the parent directories if they don't exist. For -v, shows output
for current actions.

® mv [-bfiRTuvx] [-t target dir] [-S backup suffix]
filel file2 [file ...] - moves files (i.e. gives them a new
pathname). Its options are equivalent to cp, except that it lacks -a and -p
(file attributes are always preserved, as long as the file is moved, not
copied). cp and mv executables are in fact the same and the action is
decided by the name they were called.

@ rm [-frRiIv] file [file ...] -removes a file from the disk. It's
possible to force the removal of read-only files (-f), recursively remove
directories, too (-r/-R), prompt before each removal (-i) or only before
removal of more than 3 files or a recursive removal of a directory (-I) and
display a message for all the actions performed (-v).

® rmdir [-pv] dir [dir ...] - removes a directory (directories) —
they must be empty, the options are the same as for mkdir (the mkdir and
rmdir executables are identical).

2.6 Settings and start-up scripts

In the settings window, the user may alter several program options. It's
possible to turn off the toolbar and and use all the space for shell windows. In that
case, you may only turn the toolbar back on using a keyboard short-cut (Ctrl-
Shift-P by default). You may also alter the font setting — only mono-spaced fonts
are suitable. The font is changed in a standard Windows font dialogue window. A
background colour for the shell windows may be set-up, too. The most important
setting is the keyboard short-cuts. It's possible to customize the short-cuts for
most of the operations. The set-up is very straightforward — just select the
“Settings' button near to Keyboard short-cuts caption in the dialogue window,
then select the desired action from the list, double-click its name and press the
desired short-cut. Only the short-cuts involving some valid key are accepted (valid
keys are character keys + arrows, PgUp, PgDn etc. and Fi1-Fi2 keys). Be sure not
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to use just plain characters (e.g. D' as a short-cut), since you will need to type
them in the console window, which this would prevent. You may also reset the
keyboard settings to default.

To define the file manager commands short-cuts, click the custom commands
Settings button in the settings dialogue window. You may then add a new
command or delete an existing one by clicking the corresponding button, or edit a
previously defined command by double-clicking it. A custom command definition
window appears, where you need to set-up the keyboard short-cut (by clicking the
appropriate button) and fill in the command syntax. You may also want to add
titles to any input boxes that may appear when executing the command (which
will be explained in a moment). The command syntax may contain anything a
Bash command may contain, as well as some special variable values. These
variables are connected to the running file manager instance; the Bash
commentary mark " # ' is used as their prefix. They may be the following;:

® #1,#2 .. #9 — these expand to the first, second etc. file that is selected in
the active file listing panel.

e #* #@ — expand to the list of all files selected in the active/inactive
panel.

® #D, #O — expand to the name of the current/opposite panel directory.

e #F — expands to the name of the currently highlighted file

e #A, #B, #C — when these are used, an input box with given question
(that is to be filled in the mentioned edit fields) appears and the variable is
expanded to the input the user types in.

® {## - is the same as "#' alone, so that you may even supply the
commands with a commentary.

The settings are saved immediately after clicking the OK button of the main
settings dialogue window, which also closes it. The application also remembers its
window size and position, and starts always in the same position it was previously
closed in. All the GUI settings are stored in the file settings.conf in the
Application data\BashCommander directory. If you delete the file, you revert all
the settings back to default.

2.7 GUI short-cuts table

This table shows the actions, along with the default short-cuts that are pre-set
upon program installation (and the user may revert back to them in the short-cut
settings window by clicking the Reset defaults button). The first set of short-cuts
may be used anywhere in the program:

Action Short-cut
Close the active tab Ctrl-w
Command history — back Alt-Up
Command history — forward Alt-Down
Move one tab to the left Ctrl-PageUp
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Action Short-cut
Move one tab to the right Ctrl-PageDown
Open a new Bash instance (tab) Ctrl-N
Open a new commander tab Ctrl-Shift-N
Open the settings dialogue window Ctrl-Shift-P
Scroll the console — one line up Shift-Up
Scroll the console — one line down Shift-Down
Scroll the console — one page up Shift-PageUp
Scroll the console — one page down Shift-PageDown
Shell auto-complete function Tab

The second one is for use within file manager windows only (however, the two
set must not overlap — i.e. if you set the same key combination for second action
in any of the sets, the first action will not have any short-cut assigned.

Action Short-cut
Move the highlight one line up Up
Move the highlight down Down
Move one page up PageUp
Move one page down PageDown
Switch between panels Ctrl-Tab
Select/deselect highlighted file Ctrl-Space
Toggle file selection and move up Ctrl-Up
Toggle file selection and move down Ctrl-Down
Select all files Ctrl-A

3 Programmer's manual

3.1 Used language

The whole application code is written in C++ language, with heavy use of the
STL libraries (mostly <string>, <sstream>, <vector> etc.). Many of the
internal supportive structures are derived classes of some STL containers or have
STL container features. Use of parameter pointers is preferred over the use of
plain parameters to improve speed at most places — this means that most of the
structures have internal pointers and need to have explicit destructor functions.
The return values of supportive functions may be either const pointers, and then
they should not be deleted, or a normal pointers and then it's up to the calling
function what to do with the pointer. In most cases it's written in the source code
commentaries at the function definition what the function returns (a direct
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pointer or a copy), and also what it does with its parameters — some functions
take their parameters and save them in some internal structure, after which the
parameter pointer must not be used in calling function.

For all the input and output operations, window creations etc., bare Windows-
API functions are used. There are some functions used that are not available in
Windows NT4/95/98/ME or older, so the application won't run on older versions
of Windows. Some common controls library functions are used, too, so
comctl32.1ib is needed for compilation. The definition of the Windows version is
in the header file common.h, which is included in most other files. For the code
editing and compilation of the binaries, Microsoft Visual Studio .NET 2005 has
been used — the Visual Studio project and solution files are supplied with the
sources.

All the string operations are done with wide-strings (Unicode) — i.e. the
std::wstring and std::wstringstream classes are used instead of
std::string and so on. Even all the hard-coded constants in the application
are wide-strings. All the input that is read from files and pipes is automatically
transferred to wide strings, using Windows-API functions.

3.2 Source code files structure

The BashCommander sources are divided into four directories — BASH, that
contains all the sources exclusive to the shell application itself, COMMAND,
containing the source files of all the implemented Unix file operation commands,
COMMON, in which there are files needed for more than one part — i.e. all the
support functions for both Bash and Unix utilities, or a header file for memory
mapping definition, shared by Bash and the GUI. The last directory — GUI —
contains the files needed exclusively by the GUI. All the C++ code is divided into
object declarations (in .h files) and definitions (in .cpp files) — one header
(declarations) file may contain declarations of more than one C++ class, and the
definitions may be contained in more code files.

3.2.1 Common supportive libraries

There are some objects that are shared by Bash and the Unix file utilities —
mostly related to reading standard input and writing output, and to matching the
shell patterns. Some definitions of commonly-used exceptions are also shared. All
the files of this type are located in the COMMON folder.

The most significant of them are probably the definitions of input and output
objects, in the files streams.h and streams.cpp. The exception definitions are in
except_common.h, except_common.cpp and outofmem.h, outofmem.cpp — all
the exception classes for both Bash and Unix file operations are derived from the
class AbstractException which is to be found in the first pair of files. The other
one contains special exceptions used to handle out-of memory errors (new
failures). All the pattern matching is done using the Matcher class, from the files
matcher.h and matcher.cpp. The last thing shared by Bash and the Unix utilities
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is ArgVector class — simple class, derived from a vector of wide-string pointers —
this is used almost everywhere for command arguments and similar objects.

3.2.2 The simple file operating programs

All the sources of the Unix file operation utilities reside in the COMMAND
folder. It's just the commands' main files (with same names as the commands)
itself and four support libraries. First of them is cmdexcept.h & cmdexcept.cpp,
containing a definition of the commands' standard exception. The other is
cmdenv.h & cmdenv.cpp — definition of the CmdEnv class that stores all the
settings for the command (i.e. what options were turned on). The next pair of files
contains the Question class — it's used to ask the user questions and return
yes/no/always/never as an answer. The last one is fileop.h and fileop.cpp with the
File class — an abstraction of a Windows file, containing functions to test its
attributes, size etc.

All the utilities also use the input and output objects from the COMMON folder
and exceptions, too. Matcher class is required by 1s only (to test the ignore
patterns). The rmdir and mv utilities don't have sources of their own, because
their features are included in mkdir and cp commands — their executables are
created simply by copying (which is set-up in the Visual Studio project).

3.2.3 The Bash application

The Bash application has its sources located in the BASH folder — the wmain
function is in main.cpp, the rest are definitions of the main classes and supportive
classes. All of the source files for Bash implementation include the winsh.h, which
contains all the standard-defined constants. Some more constants, closely
connected with the Bash language (i.e. meta-characters, blank charcters etc.) are
in lang_ const.h. The main program object is located in winshell.h & winshell.cpp.
The environment, which is shared by most of the objects, is in env.h & env.cpp, in
a class named Env. Definitions of various kinds of variables (arrays, functions,
hashes, aliases) are in var.h and var.cpp.

All the classes that ensure the parameter expansions etc. are declared in
expandor.h, and defined in several files — argexpandor.cpp, expansionbase.cpp
and expandor.cpp. Other classes serve as support for the expansions, such as
tester.h and tester.cpp, or arithm.h with arithm.cpp. All the expansion classes
along with the Executor class (executor.h, executor.cpp) serve the various
command classes (for them to be able to execute themselves) — these are located
in the command.h, command.cpp pair of files.

The parser, responsible for splitting the input into commands, uses the files
parser.h and parser.cpp, as well as some supportive objects from control.h and
control.cpp. All the classes that throw some exceptions use execept.h and
except.cpp, that contains definitions of most of the exceptions. Special exceptions,
used for control-flow changes (break, continue etc.) are written in
flowctrlexcept.h and flowctrlexcept.cpp. The files intcmds.h, intcmds.cpp and
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intcmds-support.cpp contain the implementation of all the supported shell
internal commands.

The rest of the files are mostly some supportive structures, such as signal
handler (sighandler.h, sighandler.cpp), shell settings (settings.h, settings.cpp) or
definitions of various containers (e.g. the command container, or input and
output handles container), residing in supstruct.h and supstruct.cpp. The
routines needed for communication with the GUI (if run under GUI) are located
in msgthread.h and msgthread.cpp.

3.2.4 The GUI

The GUI code consists of relatively small number of files, in the GUI folder.
The wmain function is located in the main.cpp file. The most important GUI
object, enclosing the main window, is in the mainwin.cpp file. Its declaration,
along with the some supportive declarations, is to be found in the mainwin.h file.
The object responsible for displaying one shell tab is in shellwindow.h and
shellwindow.cpp, the file manager window is represented by commander.h and
commander.cpp, with a support class in inputbox.h and inputbox.cpp. The
abstract base classes for these windows are located in controller.h and shell.h.

The rest of the files involve mostly the settings of the whole GUI and keyboard
shortcuts —  keycode.h,  guisettings.h,  guisettings.cpp,  shortcuts.h,
shortcutdata.cpp and shortcutdialog.cpp; and custom commands settings in
customemds.h and customemds.cpp. In the other files, the GUIException class is
defined (which is thrown for GUI errors and should not occur in the ideal case)
(guiexcept.h, guiexcept.cpp) and some constants (gui_const.h).

The source code also contains some resource files needed by the Windows
applications — dialogue windows and icons for the buttons and the application
itself. These involve all the *.ico files, as well as common resource.h and
winbash__gui.rc files.

3.3 Supportive libraries — objects

The supportive libraries, shared by Bash and Unix file utilities contain a few
small, but very important classes that are used all across the project. All of them
are enclosed in the namespace cmdcommon. The most important of them are the
input and output handles, which are going to be discussed in the subsection.

Then there are a few exception classes — it's AbstractException - the base class
for all the exceptions (outside of GUI), which defines a simple interface with the
what() function (as seen in std: :exception, that, alas, does not support wide
strings), the WException which is the base class for command/file exceptions and
contains an error message, and the special OutOfMemoryException, set in all the
non-GUI programs as the handling routine in case new fails due to memory
shortage (this is done via the Win32-API function set new handler).

The perhaps most used class of all is ArgVector — in the Bash application, its
more sophisticated derivative is used. It's itself derived from the std: :vector<
std::wstring * > class, but has more features — it's possible to decide
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whether you want a member of it being just erased from vector, or erased and
freed in the memory — most of them involve freeing or not freeing memory, this
provides an easy way to insert and delete string pointers without the need of
copying the actual strings. It also has the ability to convert itself to a string (by
concatenating all its elements).

The Matcher class is responsible for all the pattern matching operations in the
whole project (except for file name matching, which is currently done via the
Win32-API FindFirstFile function). It contains static public functions match
and replaceLongestMatch, that provide the all the interface needed — it has not
got any constructors, so all the usage of this class is just through its static
functions.

3.3.1 The input and output handles

The input and output handle are used in all the console programs from the
project. They, in fact, beyond other things, recreate the insufficient Win32-API
high-level console functions, using the low-level ones. All the objects contain a
Win32-API HANDLE value, and may be converted to and from it. The base class
for handles is Handle, its derivatives are InputHandle and OutputHandle (the
names are self-explanatory).

The OutputHandle enables the Windows file or console output or pipe handles
to be used in a same way as C++ streams — it has a heavily overloaded
operator <<, able to output wide strings, numbers and other things. The
operator is also NULL-proof. Otherwise, the OutputHandle is the simpler class —
it does not need to alter any Win32-API console functions.

The InputHandle, on the other hand, contains many internal variables and
functions to be able to recreate the feel of console input, and at the same time
support such things as auto-completion (resetting the buffer) or time-outs for
input. The main functions are the two overloads of readLine, one of which has
more features (such as the above-mentioned time-out) and uses the other. Both
the functions use readFile and for console handles also processConsoleInput and
others.

All the internal variables (buffers, flags etc.) are created as mutable, because
const handles are used in many places of the code. And logically, the truly one
needed thing that must not be changed when reading input from the handle is the
handle value itself. All the functions that change the buffer (buf member) are
thread-safe — i.e. they need to initialize and enter the critical section that is
connected with this handle (the critSect member). Because for file and pipe input,
it is never known which character is going to be the delimiter and calling the read
operation for one char only in a loop would be a waste of system resources, the
handle also contains a buffer of pre-loaded input (preloaded member). Therefore
one must be very careful when copying the handle — the buffer is not copied
completely in the copy constructor, only the pointer is copied and a special
parameter — instance count is incremented. So the copying from InputHandle to
another InputHandle is correct, but a copy through standard Win32-API HANDLE
spoils the pre-load buffer.
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The InputHandle class also contains various support functions — i.e. to return
the last error that occurred when reading from the file, or check whether the
buffer contains requested amount of characters or the delimiter. To enable
console scrolling (any redrawing of the buffer spoils it), for console input handles
there is a flag that turns the redraw off, until a first valid character is read (i.e. a
key is pressed).

To support receiving of commands from the file manager, InputHandle has
another feature — it's possible to set-up another handle to be waiting for (i.e. an
event handle) other than the internal one and if this handle is OK with the wait
function (i.e. the event occurs), an exception (of type InterruptedException) is
raised. This is used in the Bash application itself only.

3.4 GUI - code schema

The GUI code is quite simple — the main object is (practically) the main
window — MainWin class. It controls the individual shells (each of which has its
own thread) and commanders run in tabs (classes ShellWindow and
Commander) and may open the settings dialogue, represented by the
SettingsDialog class. The MainWin, ShellWindow and Commander classes and
their C++ inheritance connections are described in detail in the subsections.
There are several settings dialogue windows in the GUI, and corresponding to
them there are setting dialogue classes: SettingsDialog, ShortcutDialog and
CustomCommandDialog.

Generally, if a class is bound with a window, its instance is the window itself,
i.e. upon window creation, the pointer to the object the window belongs to is set-
up at the standard Win32-API GWLP USERDATA place holder, and in the window
procedure, all the messages are redirected to a similar procedure invoked on this
object. So the window is totally bound with its instance of a class and all the
actions are processed through this instance. The class itself has the window
Win3g2-API HWND value as one of its members, so the connection is mutual.

The GUI settings are stored and loaded from a file via the Settings class.
There's a special struct to represent the settings in the memory — SettingsData.
The keyboard short-cuts have their settings stored in special classes, which are
enclosed in the global settings. The most important is ShortcutData — a container
capable of testing for the presence of a given shortcut. For the file manager
custom command short-cuts, there's the CustomCommandData class that
controls and stores all the settings.

3.4.1 The main window

The application main window is bound with and created in the class MainWin
— this class is a singleton. It contains all the data for program settings, keyboard
shortcuts and also windows settings (which mostly overlap). This class also stores
a list of pointers to Shell classes — currently open tabs (there's no difference as to
whether it is a commander or shell window — both of them inherit all the
members of Shell class). It is responsible for creating new and closing the running
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(both types of) shells. To communicate with the shells, it uses windows messages
(each of them has its own message processing procedure).

It also does some services for the individual shells/commanders — i.e. it is
responsible for changing the caption of a tab when a shell asks for it. Because the
shells need to access the application global settings (as read-only), it provides a
method of receiving a pointer to them (getWinInfo). It also provides a way to
access the keyboard short-cuts settings, or search within them (there are two
functions, one for file manager windows and one for plain shells), the actual work
is, however, done within the settings member (which is of SettingsDialog type).

3.4.2 The shell tabs

One ShellWindow instance is responsible for all the communication with its
Bash instance, for reposting any key presses and redrawing the output of its
screen buffer. It also receives the messages from the main window (i.e. to close
the shell). The object itself has a private constructor and must be created via the
Create function, which runs a special thread for its instance, too. The thread
function is shThreadFunc. The shell graphical window may be created and
controlled either by the main window directly or by a commander — it holds a
pointer to a general Controller object, which is a common base class of both of
them.

Apart from the reposting of input and receiving messages from the Bash
instance and main (or commander) window, which is handled directly in the
processMessage method (sometimes through postShellKey and other supportive
methods), it needs to be able to redraw the output of the Bash console
(updateScreen) and also resize the console, if the user resizes the main window
(resizeConsole). If the user switches between the Shells, they are notified by the
main window that they are, or are not, going to be the topmost ones from that
time on (setTopmost). If a Shell is not set as topmost, it does not redraw the
console output (because it's not visible anyway).

3.4.3 The file manager windows

The file manager windows needed to be put somewhere in between the main
window and shell windows, because they are created as tabs under the main
window, and themselves create the shell windows. The C++ multiple inheritance
has been used to achieve this effect. There are two abstract classes — Controller
and Shell — that serve as common base classes for Commander and MainWin or
Commander and ShellWindow. Both of them have no data members and no
function code defined, so there are no problems with the fact that Commander
class is derived from both (it in fact needs to have all the functions — some of
them are invoked by the main window, some of them by the shell).

Therefore, it serves mostly as an intermediate stage between the shell and main
window. Many of the functions are just passed on in the right direction, but some
values are altered by the commander — e.g. the height of the console window for
shells (that is lower within file manager, there needs to be place to put the file
listings to). It also ensures the redrawing and selecting of files in the listing panels
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is done and requests to run custom commands are passed to the shell
(executeUnderCursor, postShell Command, postShellCd).

3.5 Bash application code

The application code, except for the above mentioned support libraries that are
shared with the file utilities, is stored in the BASH folder. The most important
object are the WinShell and Env, which represent the shell instance itself (and not
only one in the whole program) and the execution environment. They then use
and/or contain the other objects as their members. The most important of them
are described in the following sections.

3.5.1 The main object

The main object is WinShell — it represents the whole program. Upon start-up,
one instance of WinShell is created by the wmain function. Its main method is
work — this tries to read and subsequently execute commands, until the end of
input or an ending command is found. It also catches the various exceptions the
program may raise, i.e. syntax errors or program execution errors, as well as
control flow exceptions. The normal way of handling an exception is to display its
message and continue.

WinShell has its own Parser object that receives the input and returns it split
into command objects. It also has its own Env object, that means the
environment where all the variables and other settings are stored, e.g. the
standard handles, shell settings and signal handles. However, not every WinShell
instance has an Env of its own — it is to say that in several situations, such as
when running a command substitution, or for sourced scripts, other WinShell
objects may be created. Those shell objects share the Env with the main and basic
one (which is by that time waiting until their execution ends).

This objects also retains its command cache, which is used for storing
commands before their execution as well as for command history. Some methods
involve reading the commands (from the standard input handles that are stored
in Env!) or displaying the prompt. This object is also responsible for processing
the command arguments (i.e. running the right script file) or the start-up scripts.

A lot of work of WinShell is done in cooperation with its member — the
message thread (MsgThread). This means mainly sending keys to its own input,
displaying the commands in history or the auto-completion feature. The shell
object also stores the current script file name and line number which is needed by
most of the commands for displaying error messages.

3.5.2 Environment

The Env class represents the shell environment. A pointer to the (usually only
one, except for background threads) instance is spread across the whole memory
— each command has a pointer to it, the parser and WinShell class, too, it's
needed for all the expansions that are performed — it's a service class almost for
every other "executive" class in the application.
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This class stores all the user variables, arrays, command hashes, functions and
aliases in its globalEnv member (it is a map, name-to-value) — these are all
derived classes of the Var class. It's capable of setting, unsetting, swapping
values, listing all values etc. — all the functions directly correspond to the needs of
the internal commands and expansions. It also handles export and read-only
statuses of variables. Some special variables have also special means of setting
them, i.e. the command exit status and the shell arguments (setLastExitStatus,
setShellArgs). All of the setting functions take directly the pointers supplied to
them and store them in the environment — no copying is done, but the pointers
must not be used after the call to the setting function. The getter functions return
a direct constant pointer to the inside of the environment (unless specified
otherwise in the code), so the value of e.g. a string may be used directly, but for
write operations, a copy is required. Some of the getter functions just return the
value e.g. of an array element, some return directly the object that stores it.

Besides that, Env is used to store all the input and output handles. The
getStdHandles method returns a const pointer to the handles that are currently
valid for the application — all commands, before their execution, push their
input/output handles (containing any redirected handles, or NULL's) onto Env's
so-called pipe stack (pipeStackPush). After their execution, they are no longer
valid for the environment and may be pushed off (pipeStackPop). The
getStdHandles function browses the stack from the upper side until it finds valid
(non-NULL) handles for all the standard streams and returns the result in a copy.
If some of the handles are still NULL all the way through the stack, it returns the
standard handles for the shell process. This computation is moreover buffered
and performed only when the handles change. Env also stores a copy of the
process input handle (needed because of the buffering, see Input and output
handles) and a copy of the input handle from the time the shell was launched
(needed if the read function is called from within a script, that has its main input
handle redirected (to read the commands)).

The Env class also stores some other settings, e.g. whether a nested thread is
currently run, whether the Ctrl-C has been sent, whether a command list is being
run, umask setting and a few more. It has the signal handler as its member object
(and that is shared by all the instances of Env, as only the first is created via the
plain constructor, the others must be clone-d and take only the pointer). The
current loop depth (for break and continue commands) is stored there
(loopDepthGet etc.) and a directory stack is implemented, but currently remains
unused.

Last but not least, the Env objects store the shell call stack for functions —
when a function is launched, it's pushed on the call stack (callStackPush) and for
subsequent requests for positional arguments or return command, the right
information is supplied. After the execution of the function call command, it's
pushed off again (callStackPop).
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3.5.3 The parser

The parser splits the input into the commands as the lines are read. Its main
function is parse, which is given a line of input and always returns all the
complete commands that were found — if a line is read, and contains an
incomplete command, it is temporarily saved in the parser's internal structures,
until its end is reached. Therefore, the function may return an empty vector as
well as several commands — if they are on the same line of input. With
"commands", even structured commands, including loops and nested loops are
meant here. Other functions return status of whether it contains an incomplete
command in its member structures, and allow for complete parser reset (e.g.
upon Ctrl-C hit).

Internally, the parser stores a control stack (ctriStack - consists of Control
objects) for keeping the various incomplete structured commands, such as the
parameters of a while or for loops. The beginnings of compound commands are
pushed on the stack, and if and end, such as “done' or "fi' is found, the whole
command is completed (created as an object) and stored in the buffer to return it.
For reading simple commands (even as parts of compound commands), the
parser has a tokenStorage vector, containing all the read words (split by blanks).
It also stores some flags (nestStack) in a stack, to search for the matching quotes,
or the end of arithmetical expression or command substitution and so on. The
behaviour of the parser is influenced by the contents of the ctriStack, as well as
cmdExeFlags — a set of flags useful for pipelines, command list, function
definitions and sub-shell execution. The main parsing function is splitWords,
with the help of checkMetaCharacters.

The parser also expands the aliases (and may do that recursively), and parses
all the redirection information — and cuts it out of the command to be handled
separately. All the functions may throw exceptions, which are caught outside, in
WinShell. The parser is reset by WinShell after that.

3.5.4 Command objects

All the shell commands, except for command lists (¢& and || - connected
commands) and pipelines, are objects of their own. All the types of commands are
derived from the Command class, which is abstract and contains the member
functions and variables common for all kinds of commands — that means pointer
to Env, redirections, standard handles and execution flags. The command object
has also virtual methods to exec itself, or to convert itself to string (getAsString)
predefined. All the commands also are able to create redirection files and open
them (and clean that up afterwards) and print debug trace. All the commands
may be also executed on background — the backgroundThread serves for this.

The simple commands are represented by PlainCommand, which is able only
to execute the one function call, internal built-in or external program. Other kinds
of commands usually contain vectors of sub-commands (or even vectors of
vectors of commands, e.g. for elif branches, as well as vectors of commands
bound to a pattern, for case branches) and execute them one-by-one or
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selectively (see e.g. CmdVect and execAll method). There's IfCommand for all
types of i f-then-else tests, TestLoopCommand for while and until loops,
ForCommand for for and select commands, ArithmCommand for
arithmetical commands and TestCommand for test commands, special
ArithmForCommand class for representing arithmetical for-loops,
CaseCommand for the case branches, FunctionCommand, representing the whole
code of a function, and finally ListCommand that serves for sub-shell execution
and plain command lists. All the commands have their execSync method
overridden the right way for their execution.

All the commands must have all their arguments (and sub-commands)
supplied upon creation, which happens in parser — the subcommands of the
incomplete commands are stored in ctriStack and then put together into the
constructor for the specific command. The commands may be also copied — using
the clone method, which is also virtual and always creates the right type for the
given command.

3.5.5 Expansions and execution

For all the shell expansions, the command objects use the Expandor class. That
is derived from ArgExpandor class, which is able to perform the expansions on
everything except variable assignations and file redirections. The ArgExpandor
class is used in some cases where those are not needed. There are also several
supportive expansion classes, i.e. for to split test expressions or to create variables
from given name and value strings, or to be used in the auto-completion feature
(AutoCompletor). All the expansion classes are derived from the
ExpansionBasicFunctions class that provides several vital functions for any
expansion — the most important is findNestedEnd, that, given a string and a
position, searches for the end of the nesting (e.g. parameter expansion, nested
command) using a nest stack. There are also several support functions for the
other classes.

The ArgExpandor class' main function is expand, which uses several other
functions, that correspond to all the kinds of expansions shell is supposed to
perform, i.e. expandBraces, expandTilde, expandVars, expandNestedCommands
(which, moreover, use e.g. performNestedCommand or performVarSubstitution
to do the executive work). Because the quotes and backslashes that come as a
result of an expansion must be retained, these methods must have an indication
of whether they are currently inside of quotes or not (the inQuotes parameter). If
not, the quotes, apostrophes and backslashes that result from the expansion are
all backslashed (backslashUnquoted). This holds only for the variable and nested
commands substitution, the other types either don't result in any quotes
(arithmetical substitution), or are always unquoted (tilde expansion, file name
matching) - for such types, doubleBackslashReplace is used (and no indication of
being in quotes required). For the command substitution, ArgExpandor uses a
special thread - created from within performNestedCommand and represented
by the nestedCmdThread function.
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3.5.6 Signal handler

The signal handler is represented by the SigHandler class. There's only one
instance of it in the program, which is shared by all the Env instances. Upon
startup, the default Ctrl-C event handler is set up — ctrlCSignalHandler — which
resets the parser and sets a flag indicating that the command has been
interrupted in Env, it also sends the shell's console input the Esc and Enter keys
to reset the current line. For this, the SigHandler class must have a pointer to the
instance of WinShell that created it (it's given in its constructor). The flag in Env
is checked for by all the types of commands and upon the execution of a next one,
a special exception is raised. However, the Ctrl-C signal in fact doesn't interrupt
the innermost plain commands, for the flag is checked only once, upon the launch
of a command.

The Ctrl-C signal handler may be changed to perform some given commands
using the trap built-in, as well as other signals, but there is probably no situation
upon which they could be raised by Windows. There is one method -
signalHandler, that's always set as a handler (except for the default Ctrl-C
handler) and performs the commands that it's given upon a signal raise — it
decides which commands to launch by the signal number. The trap commands
are performed in a dedicated thread, because Windows signal handlers must not
contain such things as memory allocation and others.

SigHandler also supports the user-preset Bash events, such as DEBUG or ERR
traps. These are triggered with the triggerEvent and triggerDebugEvent
functions, their commands are executed synchronously. They also heed the
errexit shell setting and may set a flag in the Env telling the shell to exit.
There's also a function in SigHandler that lists all the names of signals (which are
stored there in a hard-coded constant) — that is used by Env as a support for the
trap -1 command.

3.5.7 Internal commands

All the internal shell commands' functions are located in the IntCmds class. All
the members of this class are static, that means no object needs to be created
upon the launch of an internal command. Every command has its own main
function, always called cmd<command name>, e.g. cmdEcho or cmdPwd, which
may then call other supportive functions. The command functions are all declared
private, so they must not be called directly. For all the other classes' use, there
is the main function, exec, which, given an ArgVector that includes a command
name, searches for such command (in a list of string constants corresponding to
function pointers) and launches the appropriate function — or returns false if no
built-in has such name. This may be done because all the commands' main
functions have the same set of parameters — the ArgVector with the commands,
pointer to Env and line number and script file name indication (to display error
messages correctly).

Most of the commands use the getOpts method to parse their options. It is also
used by the getopts command and has therefore a wide variety of parameter
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settings, it also supports the more complicated options of the set built-in. Other
support functions, such as declareVars or splitToVars are only used by some
specific built-ins. The supportive functions that may be called by more than one
internal command have a pointer to its main function as a parameter, to display
the error messages right. For the error messages, there's a special exception class
— IntCmdsException, which has the command function pointer as one of its
parameters and when displaying the message, it always prefixes it with the right
command name.

3.6 Process communication

The process communication between the GUI and shell instances is done via
Windows application messages (so-called "user-defined" message types from the
range of constants not used by Microsoft). When the Bash application is run from
within the GUI, the GUI associates it with its Shell object (by sending a
WM ASSOC_ MASTER message) and from that time on it may be controlled by it
and send back status messages (such as WM_ASSOC SLAVE confirmation). In the
association messages, the Window HWND of the shell GUI window and a HANDLE
to the shared memory area are always sent. The shared memory is a place where
some vital informations about the current size and actualities of the Bash console
window are stored, as well as a copy of the current shell window view.

3.6.1 Message thread in Bash

The Bash application has a special thread — encapsulated in a MsgThread
object, to receive and send the messages. The messages are sent to it from the
master application (the GUI) using the PostThreadMessage function. There's a
usual Windows message loop in its thread function (threadProc) that lasts for all
the application life. It handles only the messages from the master application —
upon start-up, it waits for the WM ASSOC MASTER with the right parameters (for
shells that aren't run under GUI this waiting never ends) — when it's given this
message, it creates the shared memory and sends a handle back in
WM _ASSOC SLAVE (from associateMaster). From that time on, the
communication is established and the message thread sends the main application
refresh status messages (WM UPDATESCREEN) which must be confirmed by the
master (WM SCREENOK). The screen is updated once in a while (pre-set at 50 ms,
may take longer if the WM_SCREENOK message is not received) — a timer is always
set to ensure this. The redrawing messages may be switched on or off on request
from the master (WM SETTOPMOST). The application may be also forced to close
by the GUI — when it sends a WM CLOSEAPP message, the MsgThread calls a
function in WinShell telling it to exit (by a direct call to ExitProcess).

Bash, when being run under GUI, has its console window hidden and does not
receive any input from Windows — all the input is sent by the master application
either directly to the console window (the WM CHAR messages) or also through the
message thread (WM_KEYUP, WM KEYDOWN that are then converted and written
as console input by the corresponding WinShell object). This thread also ensures
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that the console is resized properly, when the user sizes the GUI window
(WM RESIZECONSOLE).

The messages are also used for some less vital functions of the GUI-Bash
cooperation, such as console window scrolling. There are four messages, telling
the Bash application to scroll the console up or down by one line or whole page —
MsgThread ensures this in the scrollConsole function. For the auto-complete
feature of the GUI, the wM AUTOCOMPLETE message is used. It calls the
appropriate function on the WinShell object. The same is with WM HISTORYFW
and WM HISTORYRW messages that provide the Bash history functionality. Only
because of these messages, and them being handled from a different thread than
the main shell one — asynchronously and instantly, must the input handles have
their buffer protected by synchronization functions and CRITICAL SECTION.

Several messages are also needed to provide the connection of file manager
with the shell — the most important of them are WM RUNCMD that triggers the
execution of a command in the shell (the command is passed in as a handle to a
shared memory area that contains it) or WM CHANGEDIR to change the directory
(may be sent in both directions, depending on whether the user changes the
directory by typing in the console or entering it in file listing). To execute the
commands synchronously (and only when the shell is waiting for some input from
the user), there's a Windows event object, that is passed to the main input reading
procedure as a second HANDLE to wait for. When a WM RUNCMD or
WM CHANGEDIR message arrives, this event is set, the waiting ends with an
exception that is caught by the WinShell object and the command may be run
synchronously. Some other messages, such as WM EXECUTEUNDERCURSOR and
WM _ENABLE PANELS are used to coordinate the functions of shell and file
manager.

3.6.2 Shared memory

The shared memory is used as a storage space for all the GUI-Bash messages
that need more than two pointer parameters (except command running and
directory messages that use a shared memory of their own, which may be
reinitialized every time a message is sent). It's created as a shared file memory
mapping in the associateMaster function of the Bash message thread. The handle
to the mapping is then duplicated and sent to the master application. It contains a
buffer to store a copy of the current console view (must be as big as largest
console window that may be created in the system), information about the size
and position of the console screen buffer (which is updated as the console scrolls
or is resized) and the cursor position, as well as a name of the program currently
running in Bash (which is refreshed by Bash, and notifications are sent to the
master application). The definition of the shared memory "file" format is located
in comm.h file in the COMMON sources folder, along with the definition of all the
window messages.
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3.7 Doxygen-generated documentation

The BashCommander source codes have their in-line commentaries scheme
designed for easy Doxygen documentation generation — the documentation is
included with the sources.
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Priloha B: obsah CD

Tato ¢ast zahrnuje seznam adresaid (pripadné soubort v nich umisténych) na
CD, spole¢né s popisem jejich obsahu:

e bin — predkompilované verze vSech spustitelnych moduli: i bez
instalace je l1ze pouzit, pro jejich spravnou kooperaci vsak musi byt vSechny
ve stejném adresari, ktery je navic uveden v proménné PATH operacniho
systému.

® doc — text bakalarské prace ve formatu PDF
® example — nékolik ukazkovych skriptii:

- for.sh — demonstrace prikazu for, vypiSe vSechny soubory v
adresari (jednotliveé podle vystupu z 1s).

+ helloworld.sh — nejjednodussi ,,Hello World!“ skript.

- makelist.sh — vypiSe HTML kod s odkazy na vSechny soubory v
zadaném adresari (1. parametr), pripadné s vlastni hlavickou a patickou
(2. a 3. parametr). Vyzaduje pritomnost unixového programu sed v
adresari uvedeném v PATH.

- renamer.sh — automatické piejmenovani souborti, detaily viz
komentare v samotném skriptu; také vyzaduje sed.

- square.sh — demonstrace ¢teni ze vstupu a pouziti funkci, podita
druhou mocninu ¢isla, které si vyzada na vstupu.

«  txt2htm.sh — oddé€leni odstavcl (rozpoznava je podle prazdnych
radki) HTML tagy <p> a </p> v souboru (1. parametr). Vysledek
vypisSe na standardni vystup.

« until.sh — demonstrace pfikazu until, pocita od 20 do 10.
while.sh — demonstrace prikazu while, poéita od o0 do 9.

® install — obsahuje spustitelny instala¢ni bali¢ek aplikace (detailni
popis instalace, ktera vSak probiha dplné béznym zplisobem, lze nalézt v
uzivatelské dokumentaci).

® src — veSkeré zdrojové kody celé aplikace
- BASH — zdrojové kody implementace Bashe
COMMAND — implementace unixovych programi pro praci se soubory
COMMON — v kédu vSeobecné pouzivané podpiirné knihovny

- DOC - dokumentace zdrojovych kodG generovana programem
Doxygen

GUI — implementace grafického rozhrani
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