
CSIS0230A Principle of Operating Systems (Class A)
Assignment 3

Real-time game under terminal
Tutor:kmcheung@csis.hku.hk, DeadlineDec29,2001,11:59pm.

In this assignment,you are provided with a library (actually, headerfile) that supportsall
operationsof a gamethat is very similar to anarcadegamecalled“tetris”. Usingthis library,
youshouldwrite a programwhichdothegameinteractively ona terminalemulatorlikekterm,
gnome-terminal,xterm,rxvt or theLinux console.

Thisis agroupassignmentallowing atmost3studentsin eachgroup.

1. The game logistic

Thefollowingdescribesthegamelogistic. It assumesthereaderhasanideaaboutwhatis tetris.
If you don’t, you canfirst run thesampleprogramavailablein thecoursewebpage,which is
compiledfor Redhat6.2. Notethatthesampleprogramis notacompleteimplementation(e.g.,
high scoreis not shown at thebeginning,reliablesignalis not used,high scoreis not storedin
theright directory, etc.)

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

• The sizeof the gameboarddependson the sizeof the terminalwindow. In particular,
theboardwidth is 10 lessthanthewindow width, andtheboardheightis 1 lessthanthe
window height.

• At any time, thereis a currentpieceto be addedto the gameboard,anda next pieceto
becomethecurrentpieceafterthecurrentpieceis addedto thegameboard.

• The board(which shows alsothe currentpiece)andthe next piecearedisplayedon the
terminalwindow.

• Initially, thecurrentpieceis placedat thecenterof thetoprow.

• Therearefive operationsto manipulatethe locationandorientationof thecurrentpiece:
shift left, shift right, rotateclockwise,rotatecounterclockwiseanddown. Eachof thefirst
four aremappedto akey. If amovementfailed,theprogramtellstheuserby beeping.

• The down operationwill be automaticallydoneevery sometime. Initially, at level 0,
this will bedoneevery second.Every increasedlevel (explainedbelow) will reducethis
by 20%.

• If a down operationcannotbecompletedbecauseit would hit somethingalreadyon the
board,it is addedto thegameboard. All completelyfilled rows areremoved. Thegame
level incrementsevery5 rowsremoved.

• By pressinga particularkey, theplayercanrequestthat thedown operationberepeatedly
doneuntil thecurrentpieceis addedto theboard.

• Thegameendsif, afteradown operation,thenew piececannotbeaddedto theboard.The
gamealsoendsif theuserchangestheterminalsize.

• Thescoreobtainedin agameis thetotalnumberof rowsremoved. Thehighscoreisstored
globallyin afile/var/games/tt.hiscore. It containsfivelines,eachcontainingalogin
namefollowedby thescoreobtainedby theuserin plain text.
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2. The library

You arenot requiredto write thecoregameengine:it is alreadydonefor you. You canget it
from thewebpageof thecourse.It providesaclasswith thefollowing operations:

class tetris_board {
public:

// Emptyclassthrown whenthewindow sizeis toosmall
// duringconstructor, resizeor restart
class CreateBoardError {};
// Constructor, passingwidth andheightof board
tetris_board(int w = 10,int h = 10);
// Resizetheboard(whichalsorestartthegame)
void resize(int w, int h);
// Restartthegame:clearboard,renew thecurrentandnext piece
void restart();
// Getthepiecedown onerow
// Return0 if new pieceis created,1if gameover
// 2 if nothingbadhappens
// If 0 or 1is returned,thenumberof rowsremovedis storedin nr
int down(int &nr);
// Generalmovements.Returntrueif andonly if successful.
bool shift_left();
bool shift_right();
bool rot_cw();
bool rot_ccw();
// Gettherepresentationof theboardandcurrentpiece
// which is representedasavectorof string,
// eachstringrepresentinga row from thetop.
const std::vector<std::string>& get_board();
// Gettherepresentationof thepiece
// which is representedasastructure,
// containinga2-D arraymembercalledpiece.
// The2-D arrayis 4 by 4, row major.
const tetris_piece& get_next_piece();

}

Everythingelsein thefile isunimportantfor thisassignment.In thewebpage,youcanalsofind
afile plain_tt.cc whichcallsthislibrary in themostprimitiveway.

3. Requirements and hints

• To allow cursor moving operationsand clearing screens,escapesequenceof the ter-
minal mustbe used. You canfind the escapesequencesof the terminalusingthe ncurs-
es library, using the cup and clear capabilitiesrespectively (seeterminfo(5) and
curs_terminfo(3)).

• Use the ncurseslibrary only for fetchingand printing of escapesequences,and not to
managethe keyboardor screen.In particular, only 4 functionsareallowed:setupterm(),
tigetstr(), tparm() andputp(). This restrictionis madesothatyou learntheI/O primitives
for terminaldevices.
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• Thewindow sizecanbeobtainedby an ioctl call (TIOCGWINSZ) of thestandardoutput
descriptor(i.e., 1). Seeioctl(2) to find the descriptionof the ioctl systemcall. See
ioctl_list(2) to find theparametersinvolved.

• You will needto configuretheinput to non-canonicalmode(ICANON). Theinput mode
should be fetchedand set using ioctl calls (TCGETS, TCSETS) to the standardinput
descriptor(i.e.,0). Seetermios(3) for information.

• When the size of the terminalwindow changes,a signal (SIGWINCH) is sent to your
process.Usethissignalto determinethatthecurrentgameshouldbeabandoned.

• Yourprogramshouldnothaveraceconditionwhendealingwith signals.In particular,there
shouldnotbecircumstanceswhenasignalraisedor capturedis lost. In practice,thismeans
yourwholeprogrammustbecompletelydrivenby signals,with thefollowing mainloop:

Block all signals (see sigprocmask)
Setup all handlers (see sigaction)
Setup timers (see setitimer)
Setup standard input (see fcntl about F_SETFL, O_NONBLOCK and O_ASYNC)
done = false;
while (! done) {

Unblock, wait and block signals (see sigsuspend)
if (key−pressed) { // SIGIO

// Processkey
} else if (alarm occurred) { // SIGALRM

// Call thedown methodof tetris_board
} else if (window size changed) { // SIGWINCH

done = true
}

}
Unblock all signals
Reset timers and standard input
Reset all signal handlers

Note: thereis actuallyanotherpossibility usingthe pselect() systemcall. Readits man
pageand find the end of the DESCRIPTIONsectionto seehow to use it to support
reliablesignals.

• Thehighscorefile shouldbereadableandwritableonly by aseparategroup,andshouldbe
installedby thesystemadministratorandneverbecreatedby theprogram.Need-to-know
principlemustbe followed:mostof the time,your programhave the specialgid only as
SGID,notUGID or EGID.

• File lockingmustbedoneto protectraceconditionwhentwo personplay thegameon the
machineat thesametime andaccessthehigh scorefile simultaneously. Readflock(2)
to find thedetails.

• Sincewewill needto performlow-level configurations,werecommendthatyouavoid the
C++ library to dealwith inputandoutput.

4. Other useful manpage

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

• Dealingwith permissions:getgid(2), getegid(2), setgid(2), setegid(2).

• Handlingfiles:open(2), close(2), ftruncate(2), lseek(2).

• Dealingwith signalsetsfor signalmasks:sigsetops(2).

5. Appendix: Some example code to get you started

Terminfo: The ncurseslibrary canbe usedto fetch andprint escapesequenceapplicablefor
the current terminal. For example, from terminfo(5), you can see a capability called
erase_chars with terminfo codeech, which saysto “erase#1 characters”.So the capa-
bility needsoneargument. To useit, you shouldhave somethingsimilar to the following in
yourcode:

setupterm(0,1,0); // At thebeginningof program,initialize terminfo
...
char *erase_esc_template = tigetstr("ech");
if (erase_esc_template == 0 ||erase_esc_template == (char *)(−1)) {

// Errorandexit
}
char *erase_esc = tparm(erase_esc_template, 5); // Erase5characters
putp(erase_esc); // Printout theescapesequence

Bothcharacterarraysreturnedbelongtoncurses,andshouldnotbedeallocatedbyyourprogram.
If acapabilityneedsnoargument,youdon’t needto call tparm().

Reliable signal:Earlysignalimplementationssuffer from araceconditionthatmaycausesignal
to be lost. For example,supposeyou have setupa timer, andwant to wait for theSIGALRM
signalin somepieceof yourcode.Thisshouldbedoneby pause().

// Setupthetimer
... // dootherthings
pause(); // Wait for signal
... // ProcessSIGALRM

But it canhappenthat the signaloccursduring the “do other things” section,beforepause()
functionexecutes.In thiscase,pause() cannevergetthesignalit waitsfor. Thesignalis saidto
belost. Tocombatthispossibility, thesigsuspend() systemcall isdesigned.Theideais toblock
thesignaluntil wearereadyto wait for it, andthenunblockandwait for it atomically. It isused
asfollows.

sigset_t newmask, oldmask, zeromask;
sigemptyset(&zeromask); // Emptysetof signals
sigemptyset(&newmask);
sigaddset(&newmask, SIGALRM); // SetcontainingjustSIGALRM
sigprocmask(SIG_BLOCK, &newmask, &oldmask); // Block SIGALRM
// Setupthetimer
... // dootherthings,with SIGALRM blocked
sigsuspend(&zero_mask); // UnblockSIGALRM, wait,andblockSIGALRM again
... // ProcessSIGALRM
sigprocmask(SIG_SETMASK, &oldmask, 0); // UnblockSIGALRM


