CSI S0230A Principleof Operating Systems (ClassA)
Assignment 3
Real-time game under terminal
Tutor:kncheung@si s. hku. hk, DeadlineDec29,2001,11:59pm.

In this assignmentyou are provided with a library (actually headerfile) that supportsall
operation®of a gamethatis very similar to anarcadegamecalled“tetris”. Usingthis library,
you shouldwrite a programwhich do the gameinteractvely on a terminalemulatorik e kterm,
gnome-terminalterm,rxvt or theLinux console.

Thisis agroupassignmenallowing at most3 studentsn eachgroup.

1. Thegamelogistic

Thefollowing describeshegamelogistic. It assumethereadethasanideaaboutwhatistetris.
If you don't, you canfirst run the sampleprogramavailablein the courseweb page whichis
compiledfor Redhat.2. Notethatthe sampleprogramis nota completeamplementatior{e.g.,
high scoreis not shavn at the beginning,reliablesignalis not used high scoreis not storedin
theright directoryetc.)

 The gamestartswith a screenshaving the currenthigh scores. After the userpressa
specifickey, thegamestarts.

*  Thesizeof the gameboarddependon the size of the terminalwindow. In particular
the boardwidth is 10 lessthanthe window width, andthe boardheightis 1 lessthanthe
window height.

» At ary time, thereis a currentpieceto be addedto the gameboard,anda next pieceto
becomehecurrentpieceafterthe currentpieceis addedo thegameboard.

*  Theboard(which shavs alsothe currentpiece)andthe next piecearedisplayedon the
terminalwindow.

« Initially, thecurrentpieceis placedat the centerof thetoprow.

* Therearefive operationdo manipulatethe locationand orientationof the currentpiece:
shift left, shift right, rotateclockwise rotatecounterclockwis@anddown. Eachof thefirst
four aremappedo akey. If amovementfailed,the programtellstheuserby beeping.

*  The down operationwill be automaticallydone every sometime. Initially, at level O,
thiswill be doneevery second.Every increasedevel (explainedbelow) will reducethis
by 20%.

« If adown operationcannotbe completedbecauseét would hit somethingalreadyon the
board,it is addedto the gameboard. All completelyfilled rows areremoved. The game
level incrementgvery 5 rowsremoved.

» By pressinga particularkey, the playercanrequesthatthe down operationbe repeatedly
doneuntil thecurrentpieceis addedo theboard.

Thegameendsf, afteradown operationthenew piececannotoeaddedo theboard. The
gamealsoendsf theuserchangesheterminalsize.

»  Thescoreobtainedn agameisthetotalnumberof rowsremoved. Thehighscores stored
globallyin afile/ var/ games/ tt. hi scor e. It containdivelines,eachcontainingalogin
namefollowedby the scoreobtainedby theuserin plaintext.



2. Thelibrary

You arenot requiredto write the coregameengineit is alreadydonefor you. You cangetit
from thewebpageof thecourse.It providesa classwith thefollowing operations:

classtetris_board {
public:
/I Emptyclassthrovn whenthewindow sizeis too small
/[ duringconstructoyresizeor restart
class CreateBoardError {};
/I Constructorpassingvidth andheightof board
tetris_board(int w=10,int h=10);
/I Resizetheboard(which alsorestartthe game)
void resize(int w, int h);
/I Restarthegame:clearboard renav thecurrentandnext piece
void restart();
/I Getthe piecedown onerow
/ ReturnO if new pieceis createdlif gameover
/I 2 if nothingbadhappens
/['1f O or lisreturnedthenumberof rowsremovedis storedin nr
int down(int &nr);
/I Generaimovements.Returntrueif andonly if successful.
bool shift_left();
bool shift_right();
bool rot_cw();
bool rot_ccw();
/I Gettherepresentationf theboardandcurrentpiece
/[ whichis representedsa vectorof string,
/I eachstringrepresenting row from thetop.
const std::vector<std::string>& get_board();
/I Gettherepresentatioof thepiece
/[ whichis representedsa structure,
/I containinga 2-D arraymembetrcalledpiece.
/ The2-D arrayis 4 by 4, row major.
const tetris_piecef get_next_piece();
}

Everythingelsein thefile is unimportanfor thisassignmentin thewebpageyou canalsofind
afile plain_tt.cc which callsthislibrary in themostprimitive way.

3. Requirementsand hints

To allow cursor moving operationsand clearing screensgscapesequenceof the ter
minal mustbe used. You canfind the escapesequencesf the terminalusingthe ncurs
eslibrary, usingthe cup andcl ear capabilitiesrespectiely (seet er mi nf o(5) and
curs_term nfo(3)).

Use the ncursedibrary only for fetchingand printing of escapesequencesand not to
managethe keyboardor screen.In particular only 4 functionsare allowed: setupterm(),
tigetstr(), tparm() andputp(). Thisrestrictionis madesothatyou learnthel/O primitives
for terminaldevices.
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Thewindow sizecanbe obtainedby anioctl call (TIOCGWNSZ) of the standardutput
descriptor(i.e., 1). Seei octl (2) to find the descriptionof theioctl systemcall. See
ioctl_list(2) tofindtheparametergvolved.

You will needto configurethe input to non-canonicamode(ICANON). Theinput mode
should be fetchedand set using ioctl calls (TCGETS, TCSETS) to the standardinput
descriptor(i.e.,0). Seet er mi os(3) for information.

Whenthe size of the terminalwindow changesa signal (SIGWINCH) is sentto your
process.Usethissignalto determinghatthe currentgameshouldbeabandoned.

Yourprogramshouldnothaveraceconditionwhendealingwith signals.In particularthere
shouldnotbecircumstanceshenasignalraisedor capturedslost. In practicethismeans
your wholeprogrammustbe completelydrivenby signalswith thefollowing mainloop:

Block all signals (see sigprocmask)
Setup all handlers (see sigaction)
Setup timers (see setitimer)
Setup standard input (seefcntl about F_SETFL, O_NONBLOCK and O_ASYNC)
done=falsg
while (! done) {
Unblock, wait and block signals (see sigsuspend)
if (key—pressed){// SIGIO
/I Proceskey
} elseif (@larmoccurred) { // SIGALRM
/I Callthedown methodof tetris_board
} elseif (window size changed) { // SIGWINCH
done=true
}
}
Unblock all signals
Reset timersand standard input
Reset all signal handlers

Note:thereis actually anotherpossibility using the pselect() systemcall. Readits man
pageand find the end of the DESCRIPTIONSsectionto seehow to useit to support
reliablesignals.

Thehighscorefile shouldbereadablendwritableonly by aseparatgroup,andshouldbe
installedby the systemadministratomndnever be createdy the program.Need-to-knav
principle mustbe followed: mostof the time, your programhave the specialgid only as
SGID,notUGID or EGID.

File locking mustbedoneto protectraceconditionwhentwo persorplay thegameonthe
machineat the sametime andaccesshe high scorefile simultaneouslyReadf | ock( 2)
to find thedetails.

Sincewe will needto performlow-level configurationsywe recommendhatyou avoid the
C++library to dealwith inputandoutput.

4. Other useful manpage

C library input and output: getchar(3), putchar(3), fflush(3), puts(3),



printf(3).
e Dealingwith permissionsget gi d(2) ,get egi d(2),setgi d(2),setegi d(2).
* Handlingfiles:open(2),cl ose(2),ftruncate(2),| seek(2).

»  Dealingwith signalsetsfor signalmaskssi gset ops(2).

5. Appendix: Some example codeto get you started

Terminfo: The ncursedibrary canbe usedto fetch and print escapesequencepplicablefor
the current terminal. For example,from t erm nfo(5), you can seea capability called
erase_chars with terminfo codeech, which saysto “erase#1 characters”.So the capa
bility needsone argument. To useit, you shouldhave somethingsimilar to the following in
your code:

setupterm(0, 1, 0);// At thebeginningof programjnitialize terminfo

char rerase_esc_template =tigetstr("ech");
if (erase_esc_template==0||erase_esc_template==(char *)(-1)){
// Error andexit
}
char ~erase_esc = tparm(erase_esc_template, 5);// Eraseb characters
putp(erase_esc); // Printouttheescapeequence

Bothcharactearrayseturnedelongto ncursesandshouldnotbedeallocatedby yourprogram.
If acapabilityneedshoargumentyoudon't needto call tparmy).

Reliablesignal: Earlysignalimplementationsuffer from araceconditionthatmaycausesignal
to belost. For example,supposeg/ou have setupa timer, andwantto wait for the SIGALRM
signalin somepieceof your code. Thisshouldbe doneby paus().

/I Setupthetimer

.../l dootherthings
pausg(); // Wait for signal
...l ProcesSIGALRM

But it canhappenthat the signaloccursduring the “do otherthings” section,beforepause()
functionexecutes.In thiscase pausg() cannever getthesignalit waitsfor. Thesignalis saidto
belost. To combathispossibility, thesigsuspend() systencallis designed.Theideais to block
thesignaluntil we arereadyto wait for it, andthenunblockandwait for it atomically It isused
asfollows.

sigset_t newmask, oldmask, zeromask;

sigemptyset(& zeromask); // Emptysetof signals

sigemptyset(& newmask);

sigaddset(& newmask, SSGALRM); // Setcontainingust SIGALRM

sigprocmask(S G_BLOCK, &newmask, & oldmask); // Block SIGALRM

/I Setupthetimer

.../l dootherthings,with SIGALRM blocked

sigsuspend(&zero_mask); // Unblock SIGALRM, wait, andblock SIGALRM again
.../l ProcesSIGALRM

sigprocmask(SG_SETMASK, &oldmask, 0);// Unblock SIGALRM



