15-213,Spring2002
Lab Assignmen6: Writing Your Own Unix Shell
Assigned:Thu.,Mar 14,Due: Tue.,Mar. 26,11:59PM

Pleaseseeoneof usor emailst af f - 213@s. cnmu. edu with ary questionor concerns.As always—
we’re hereto help.

Intr oduction

The purposeof this assignmenis to becomemore familiar with the conceptsf processcontrol and sig-
nalling. You'll do this by writing a simpleUnix shellprogramthatsupportgob control.

Logistics
As always,you maywork in a groupof up to two peoplein solvingthe problemsfor this assignmentThe

only “hand-in” will beelectronic.Any clarificationsandrevisionsto theassignmentvill be postedon the
courseélebpage.

Hand Out Instructions
All filesyouneedarein thedirectory

| af s/ cs. crmu. edu/ academ c/ cl ass/ 15213-s02/ | abs/ L5

Startby copyingthefile L5. t ar in thatdirectoryto the protecteddirectory(the lab directory) in which
you planto do yourwork. Thendothefollowing:

e Typethecommand ar xvf L5. tar toexpandthetarfile.
e Typethecommandrake to compileandlink sometestroutines.

e TypeyourteammembemamesandAndrew IDs in theheadelrcommenitatthetopoft sh. c.



Looking atthet sh. c (tiny shel) file, you will seethatit containsa functionalskeletonof a simpleUnix
shell. To helpyou getstarted we have alreadyimplementedhelessinterestingunctions. Yourassignment
is to completethe remainingemptyfunctions. As a sanitycheck,we've listed the numberof linesof code
for eachof thesefunctionsin our referencesolution,includingcomments.

e eval : Main routinethatparsesandinterpretshecommandine. [40 lines]

e buil ti n.cnd: Recognizesandinterpretsthe built-in commandsqui t, f g, bg, andj obs. [25
lines]

e do_bgf g: Implementghebg andf g built-in commands[50 lines]
e Wai t f g: Waitsfor aforegroundjob to complete [46 lines]

e si gchl d_handl er: CatchesSIGCHILD signals.[38 lines]

e si gi nt _handl er: CatchesSIGINT (ct r | - ¢) signals.[14 lines]

e sigtstp_handl er: CatchesSIGTSTP(ct r| - z) signals.[16 lines]

Eachtime you maodify yourt sh. c file, type nake to recompileit. To run your shell,typet sh to the
commandine:

uni x> tsh
tsh> [type commands to your shell here]

General Overview of Unix Shells

A shellis aninteractive command-lindénterpreterthatrunsprogramson behalfof theuser A shellrepeat-
edly printsa prompt,waitsfor acommandine on st di n, andthencarriesout someaction,asdirectedby
the contentof thecommandine.

The commandline is a sequenceof ASCII text words delimited by whitespace. The first word in the
commandineis eitherthenameof abuilt-in commandr thepathnamef anexecutabldile. Theremaining
wordsarecommand-lineargumentsIf thefirstwordis abuilt-in commandthe shellimmediatelyexecutes
the commandn the currentprocess.Otherwise theword is assumedo be the pathnameof an executable
program.In this casethe shellforks a child processthenloadsandrunsthe programin the context of the
child. Thechild processesreatedasaresultof interpretinga singlecommandine areknown collectively
asajob. In generalajob canconsistof multiple child processesonnectedy Unix pipes.

If thecommandine endswith anampersand&), thenthe job runsin the badkground which meansthat
the shelldoesnot wait for the job to terminatebeforeprinting the promptandawaiting the next command
line. Otherwisethejob runsin the foreground which meansthatthe shell waitsfor the job to terminate
beforeawaiting the next commandine. Thus,at ary pointin time, at mostonejob canberunningin the
foreground.However, anarbitrarynumberof jobscanrunin thebackground.

For example typingthecommandine



tsh> j obs
causesheshellto executethebuilt-in j obs commandTyping thecommandine
tsh> /bin/ls -1 -d

runsthel s programin theforeground.By corvention,theshellensureshatwhenl s beginsexecutingits
mainroutine:

int main(int argc, char *argv[])

thear gc andar gv amgumentshave thefollowing values:

e argc == 3,
e argv[0] == “*/bin/ls"’,
e argv[l]==""-1"",
e argv[2]==""-d .

Alternatively, typing thecommandine

tsh> /bin/ls -1 -d &

runsthel s programin thebackground.

Unix shellssupporthenotionof job control, which allowsusergo move jobsbackandforth betweerback-
groundandforeground,andto changethe processstate(running,stoppedor terminated)of the processes
in ajob. Typingct r | - ¢ causes SIGINT signalto bedeliveredto eachprocessn theforegroundjob. The
defaultactionfor SIGINT is to terminatethe process Similarly, typingct r | - z causea SIGTSTPsignal
to bedeliveredto eachprocessn theforegroundjob. The defaultactionfor SIGTSTPis to placea process
in the stoppedstate whereit remainsuntil it is awakenecdy thereceiptof a SIGCONTsignal. Unix shells
alsoprovide variousbuilt-in commandghatsupportob control. For example:

e j obs: List therunningandstoppedackgroundobs.
e bg <j ob>: Changeastoppedackgroundob to arunningbackgroundob.
e f g <j ob>: Changeastoppedrrunningbackgroundgob to arunningin theforeground.

e kill <job>: Terminateajob.

The t sh Specification

Yourt sh shellshouldhave the following features:



Thepromptshouldbethestring“t sh> .

e Thecommandine typedby theusershouldconsistof ananme andzeroor moreagumentsall sepa-
ratedby oneor morespaceslf nane is a built-in commandthent sh shouldhandleit immediately
andwait for the next commandine. Otherwise,t sh shouldassumehat namne is the pathof an
executabldfile, which it loadsandrunsin the contet of aninitial child procesgIn this context, the
termjob refersto thisinitial child process).

t sh neednotsupportpipes(| ) or I/O redirection(< and>).

Typingctrl -c (ctrl - z) shouldcausea SIGINT (SIGTSTP)signalto be sentto the currentfore-
groundjob, aswell asary descendentsf thatjob (e.g.,ary child processethatit forked). If thereis
noforegroundjob, thenthesignalshouldhave no effect.

If thecommandine endswith anampersandhent sh shouldrunthejob in thebackgroundOther
wise, it shouldrunthejob in theforeground.

Eachjob canbeidentifiedby eithera procesdD (PID) or ajob ID (JID), which is a small positive
integerassignedby t sh. JIDsshouldbedenotebnthecommandine by theprefix’ %. For example,
“9%” denotedID 5,and“5” denotes?ID 5. (We have providedyou with all of theroutinesyouneed
for manipulatinghejob list.)

t sh shouldsupportthe following built-in commands:

— Thequi t commanderminategheshell.
— Thej obs commandistsall backgroundobs.

— Thebg <j ob> commandestarts<j ob> by sendingt a SIGCONTsignal,andthenrunsit in
thebackgroundThe<j ob> aigumentcanbeeithera PID or aJID.

— Thef g <j ob> commandestarts<j ob> by sendingt a SIGCONTsignal,andthenrunsit in
theforeground.

e t sh shouldreapall of its zombiechildren. If ary job terminateshecauset recevesa signalthat
it didn’t catch,thent sh shouldrecognizethis eventand print a messagevith the job’s PID anda
descriptiorof the offendingsignal.

Checking Your Work

We have provided sometoolsto helpyou checkyour work.

Referencesolution. TheLinux executabld shr ef isthereferencesolutionfor theshell. Runthisprogram
to resole ary questions/ou have abouthow your shellshouldbehae. Your shell shouldemit outputthat
is identicalto thereferencesolution(moduloPIDs, of coursewhich changdrom runto run).

Shelldriver. Thesdri ver . pl programexecutesashellasachild processsendst commandsandsignals
asdirectedby atracefile, andcapturesanddisplaysthe outputfrom the shell.



uni x> ./sdriver.pl -h
Usage: sdriver.pl [-hv] -t <trace> -s <shellprog> -a <args>

Opt i ons:
-h Print this nessage
-V Be nore verbose
-t <trace> Trace file
-s <shell> Shell programto test
-a <args> Shel | argunents
-g CGenerate out put for autograder

We have alsoprovided15tracefiles (t r ace{01- 15}. t xt ) thatyoucanusein conjunctionwith theshell
driver to testthe correctnes®f your shell. The lowerrnumberedracefiles do very simpletests,andthe
highernumberedestsdo morecomplicatedests.

You canruntheshelldriveronyour shellusingtracefile t r ace01. t xt (for instance)by typing:
uni x> ./sdriver.pl -t traceOl.txt -s ./tsh -a "-p"

or

uni x> make testO1

(The-a "-p" amgumenttells your shellnotto emita prompt.) And, if youwantto run all of thetestson
your shell,you cantype:

uni x> make tests

Similarly, you canrunthetracedriver onthereferenceshellby typing:
uni x> ./sdriver.pl -t traceOl.txt -s ./tshref -a "-p"
or

uni x> make rtest01

And you canrun all thetestson thereferenceshellby typing

uni x> nmake rtests

For yourreferencet shr ef . out givestheoutputof thereferencesolutiononall 15 traces.Thismightbe
morecornvenientfor you thanrunningtheshelldriver.

Theneatthing aboutthetracefiles is thatthey generateéhe sameoutputyou would have gottenhadyou run
your shellinteractively (exceptfor aninitial commenthatidentifiesthetrace).For example:

bass> make test15

./sdriver.pl -t tracel5.txt -s ./tsh -a "-p"
#

# tracelb5.txt - Putting it all together



#

tsh> ./ bogus

./ bogus: Conmand not found.

tsh> ./myspin 10

Job (9721) term nated by signal: Interrupt
tsh> ./myspin 3 &

[1] (9723) ./nyspin 3 &

tsh> ./myspin 4 &

[2] (9725) ./nyspin 4 &

tsh> j obs

[1] (9723) Running .Inmyspin 3 &
[2] (9725) Running .Inyspin 4 &
tsh> fg %

Job [1] (9723) stopped by signal: Stopped
tsh> j obs

[1] (9723) Stopped .Inmyspin 3 &
[2] (9725) Running .Inmyspin 4 &
tsh> bg 93

%3: No such job

tsh> bg %

[1] (9723) ./nyspin 3 &

tsh> j obs

[1] (9723) Runni ng .Inmyspin 3 &
[2] (9725) Running Inyspin 4 &
tsh> fg %

tsh> quit

bass>

Hints

e Readeverywordof Chapter8in yourtextbook.

e Usethe tracefiles to guide the developmentof your shell. Startingwith trace0O1. t xt, make
surethatyour shell produceghe identicaloutputasthereferenceshell. Thenmove on to tracefile
trace02. t xt, andsoon.

e Thepsignal, waitpid, kill, fork, execve, andset pgi d functionswill comein very
handy The WUNTRACED andWNOHANG optionstowai t pi d will alsobeuseful.

e Programssuchasnor e, | ess, vi , andenacs do strangethingswith theterminalsettings.Don't
runtheseprogramsrom your shell. Stick with simpleprogramssuch/ bi n/ | s and/ bi n/ ps.

e Whenyourunyourshellfrom thestandardJnix shell,your shellis runningin theforegroundprocess
group. If your shellthencreatesa child processhy defaultthat child will alsobe a memberof the
foregroundprocesgroup.Sincetypingct r | - ¢ sendsa SIGINT to every processn theforeground
group,typingct r | - ¢ will senda SIGINT to your shell,aswell asto every procesghatyour shell
createdwhichobviouslyisn't correct.



Hereis the workaround: After the f or k, but beforethe execve, the child processshouldcall
set pgi d( 0, 0), which putsthechild in anew procesgroupwhosegrouplD is identicalto the
child’s PID. This ensureghattherewill be only oneprocessyour shell,in the foregroundprocess
group. Whenyou typect r | - ¢, the shell shouldcatchthe resulting SIGINT andthenforward it
to the appropriatdoregroundjob (or moreprecisely the procesggroupthat containsthe foreground

job).

Evaluation
Your scorewill becomputedut of amaximumof 85 pointsbasedn thefollowing distribution:

75 Correctnessib5tracefilesat5 pointseach.

10 Stylepoints.We expectyouto have goodcommentg5 pts)andto checkthereturnvalueof every system
call (5 pts).

Your solutionshellwill betestedfor correctnes®n a Fishmachine usingthe sameshell driver andtrace
files thatwereincludedin yourlab directory Your shellshouldproducedentical outputonthesetracesas
thereferenceshell,with only two exceptions:

e ThePIDscan(andwill) bedifferent.

e Theoutputof the/ bi n/ ps commandsntracell.txt,tracel2. txt, andtracel3.txt
will be differentfrom run to run. However, the running statesof any nyspl i t processe# the
outputof the/ bi n/ ps commandshouldbeidentical.

Hand In Instructions

e Makesureyou haveincludedyour namesandAndrew IDs in theheadeccommentft sh. c.

o Createateamnameof theform:

— “ID" wherelD is your Andrew ID, if you areworkingalone,or

— “ID{+1ID;"” wherelID; is the Andrew ID of thefirst teammemberand /D, is the Andrew ID
of thesecondeammember

We needyouto createyourteamnamesn thisway sothatwe canautogradeyour assignments.

e Tohandin yourt sh. c file, type:
make handi n TEAM:t earmane
wheret eammane is theteamnamedescribedibore.

e After thehandin,if you discoseramistakeandwantto submitarevisedcopy, type
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make handi n TEAMEt eammane VERSI ON=2

Keepincrementinghe versionnumberwith eachsubmission.

e Youshouldverify your handinby lookingin

/ af s/ cs. crmu. edu/ academ c/ cl ass/ 15213-s02/ | abs/ L5/ handi n

You have list andinsertpermissionsn this directory but no reador write permissions.

Goodluck!



