CS213,Spring2003
Lab AssignmentL5: Writing Your Own Unix Shell
Assigned:March.7, Due: Thu.,March.20, 11:59PM

Mike Nollen (mol | en@ndr ew. cnu. edu) is theleadpersonfor this assignment.

Intr oduction

The purposeof this assignmenis to becomeamorefamiliar with the conceptof processcontrol, signalling
andfile manipulation.You'll do this by writing a simpleUnix shellprogramthatsupportgob controland
I/O redirection.

Logistics

Thisis agroupassignmentWe encouraggouto talk to yourclassmateaboutsolutionstratgies. However,
your groupmustwrite your codeyoursehes. The only “hand-in” will be electronic.Any clarificationsand
revisionsto theassignmenwvill be postedon the courséWebpage.

Hand Out Instructions

Startby copying the necessarfiles for this assignmentrom

[ af s/ cs. cnmu. edu/ academ c/ cl ass/ 15213-s03/ | abs/ L5/ shl ab- handout . t ar
to the protecteddirectoryin which you planto do yourwork. Thendo thefollowing:

e Typethecommand ar xvf shl ab- handout .t ar to expandthetarfile.
¢ Typethecommandrake to compileandlink sometestroutines.

e EnteryournamesandAndrew IDs in theheadeicommentatthetopoft sh. c.



Looking atthet sh. ¢ (tiny shel) file, you will seethatit containsa functionalskeletonof a simple Unix
shell. To helpyou getstartedwe have alreadyimplementedhelessinterestingfunctions. Your assignment
is to completethe remainingempty functionslisted belov. As a sanity checkfor you, we've listed the
approximatenumberof lines of codefor eachof thesefunctionsin our referencesolution(which includes
lots of comments).

e eval : Main routinethatparsesandinterpretshe commandine. [90 lines]

e bui |l ti n_cnd: Recognizesndinterpretsthe built-in commands:qui t , f g, bg, andj obs. [80
lines]

e do_bgf g: Implementghebg andf g built-in commands[80 lines]

e wai t f g: Waitsfor aforegroundjob to complete [25 lines]

e si gchl d_handl er : CatchesSIGCHILD signals.[80 lines]

e si gi nt _handl er : CatchesSIGINT (ct r | - ¢) signals.[15 lines]

e si gt st p_handl er: CatchesSIGTSTP(ct r| - z) signals.[15 lines]

Eachtime you modify yourt sh. c file, typemake to recompileit. To runyourshell,type. /t sh atthe
commandorompt:

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

General Overview of Unix Shells

A shellis aninteractve command-lingnterpreterthatrunsprogramson behalfof theuser A shellrepeat-
edly printsa prompt,waitsfor acommandine onst di n, andthencarriesout someaction,asdirectedby
the contentsof thecommandine.

The commandline is a sequencef ASCII text words delimited by whitespace. The first word in the

commandine is eitherthenameof abuilt-in commandrthepathnamef anexecutabldile. Theremaining
wordsarecommand-lineaguments If thefirst wordis abuilt-in commandtheshellimmediatelyexecutes
the commandn the currentprocess.Otherwise the word is assumedo be the pathnameof an executable
program.In this casethe shellforks a child processthenloadsandrunsthe programin the contet of the

child. Thechild processesreatedasa resultof interpretinga singlecommandine areknown collectively

asajob. In generalajob canconsistof multiple child processesonnectedy Unix pipes.

The useris ableto controlwhereinput andoutputcomefrom with the useof I/O redirection.Thisis done
usingthe”<” and”>" operatorseachfollowed by afilename.”<” redirectsinput from STDI N to thefile
following the <. ">" redirectsoutputoriginally goingto STDOUT to thefile following the >. A shellcan
redirecteitherinput, output,bothor neither However, it is illegal to usethe sametype of redirectiontwice
in the samecommand.

For example typing thecommandine



tsh> /bin/ls -1 -d > outputl > output2

is not allowed - how would the shellknow which oneto write to? The sameideaappliesfor input. Your
shellshouldalsobeableto handlesimultaneousnput andoutputredirection.

For example typing thecommandine
tsh> ./myrw < input > output
or
tsh> . /myrw > out put < input

causesheshellto executethe nyr wprogram readingfromi nput andwriting to out put .

If the commandine endswith anampersand&”, thenthe job runsin the badkground which meanghat
the shelldoesnot wait for thejob to terminatebeforeprinting the promptandawaiting the next command
line. Otherwise thejob runsin the foreground which meanshat the shellwaits for the job to terminate
beforeemitting the next commandine. Thus,atary pointin time, at mostonejob canbe runningin the
foreground.However, anarbitrarynumberof jobscanrunin thebackground.

For example typing the commandine
tsh> j obs

causesheshellto executethe built-in j obs command.Typingthecommandine
tsh> /bin/ls -1 -d

runsthel s programin the foreground. By corvention, the shell ensureghat whenthe programbegins
executingits mainroutine

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

thear gc andar gv agumentshave thefollowing values:

e argc == 3,

e argv[0] == “*/bin/ls ",
eargv[1l]== *“"-1"",

e argv[2]==*"'-d’

Alternatively, typing thecommandine

tsh> /bin/ls -1 -d &



runsthel s programin thebackground.

Unix shellssupportthenotionof job contol, whichallows userso move jobsbackandforth betweerback-
groundandforeground,andto changethe processstate(running,stoppedpr terminated)of the processes
in ajob. Typingct rl - ¢ cause| SIGINT signalto bedeliveredto eachprocessn theforegroundjob. The
default actionfor SIGINT is to terminatethe process Similarly, typingct r | - z causes SIGTSTPsignal
to be deliveredto eachprocessn theforegroundjob. The default actionfor SIGTSTPIis to placea process
in the stoppedstate whereit remainsuntil it is awakenedby thereceiptof a SIGCONTsignal. Unix shells
alsoprovide variousbuilt-in commandghatsupportob control. For example:

j obs: List therunningandstoppedackgroundobs.
bg <j ob>: Changea stoppedackgroundob to a runningbackgroundob.
f g <j ob>: Changeastoppedor runningbackgroundob to a runningin theforeground.

kKill <job>: Terminateajob.

Thet sh Specification

Yourt sh shellshouldhave the following features:

Thepromptshouldbethestring“t sh> ”.

Thecommandine typedby the usershouldconsistof ananme andzeroor moreargumentsall sepa-
ratedby oneor morespaceslf nane is abuilt-in commandthent sh shouldhandleit immediately
and wait for the next commandline. Otherwise,t sh shouldassumehat nane is the pathof an
executabldfile, which it loadsandrunsin the contet of aninitial child procesgIn this context, the
termjob refersto thisinitial child process).

t sh neednot supportpipes(| ).

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
no foregroundjob, thenthe signalshouldhave no effect.

If the commandline endswith an ampersand, thent sh shouldrun the job in the background.
Otherwisejt shouldrunthejob in theforeground.

Eachjob canbeidentifiedby eithera procesdD (PID) or ajob ID (JID), whichis a positive integer
assignedyt sh. JIDsshouldbe denotedbn the commandine by the prefix’%. For example,*%b”
denotes)ID 5, and“5” denotesPID 5. (We have provided you with all of the routinesyou needfor
manipulatingthejob list.)

t sh shouldsupportthefollowing built-in commands:

— Thequi t commanderminatesheshell.
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— Thej obs commandists all backgroundobs.

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

— Thef g <j ob>commandestarts<j ob> by sendingt a SIGCONTSsignal,andthenrunsit in
theforeground.The<j ob> agumentcanbeeitheraPID oraJID.

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

Checking Your Work

We have provided sometoolsto helpyou checkyourwork.

Referencesolution. TheLinux executabld shr ef isthereferencesolutionfor theshell. Runthisprogram
to resole ary questionsyou have abouthow your shellshouldbehae. Your shellshouldemitoutputthatis
identicalto therefelencesolution(exceptfor PIDs, of coursewhich changdrom runto run).

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

Usethe-h agumentto find outtheusageof sdri ver. pl :

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 Generate out put for autograder

We have alsoprovided20tracefiles (t r ace{01- 20}. t xt ) thatyouwill usein conjunctionwith theshell
driver to testthe correctnes®f your shell. The lowernumberedracefiles do very simpletests,andthe
highernumberedestsdo morecomplicatedests.

You canruntheshelldriver onyour shellusingtracefile t r ace01. t xt (for instancey typing:
uni x> ./sdriver.pl -t traceOl.txt -s ./tsh -a "-p"

(the-a "-p" agumenttells your shellnotto emita prompt),or

uni x> nmake test01

Similarly, to compareyour resultwith thereferenceshell,you canrunthetracedriver onthereferenceshell
by typing:



uni x> ./sdriver.pl -t traceOl.txt -s ./tshref -a "-p"
or

uni x> nmake rtestO01

Foryourreferencet shr ef . out givestheoutputof thereferencesolutiononall 20traces.This mightbe
morecorvenientfor you thanmanuallyrunningthe shelldriver on all 20 tracefiles.

Theneatthing aboutthetracefilesis thatthey generatéhe sameoutputyou would have gottenhadyou run
your shellinteractiely (exceptfor aninitial commenthatidentifiesthetrace).For example:

bass> nmake test15

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

# tracelb.txt - Putting it all together
#

tsh> ./ bogus

./ bogus: Command not found.

tsh> ./nyspin 10

Job (9721) terminated by signal 2

tsh> ./nmyspin 3 &

[1] (9723) ./nyspin 3 &

tsh> ./nyspin 4 &

[2] (9725) ./nyspin 4 &

tsh> j obs

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

Job [1] (9723) stopped by signal 20
tsh> j obs

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

%3: No such job

tsh> bg %

[1] (9723) ./nyspin 3 &

tsh> j obs

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

tsh> quit

bass>

Hints

¢ Readeveryword of Chapter8 (ExceptionalControlFlow) in your textbook.



Use the tracefiles to guide the developmentof your shell. Startingwith t race01. t xt , make
surethatyour shell produceghe identical outputasthe referenceshell. Thenmove onto tracefile
trace02. t xt ,andsoon.

Thepsignal ,wai tpid,kill,fork,execve, setpgi d, andsi gpr ocnmask functionswill
comein very handy The WUNTRACED andWNOHANG optionsto wai t pi d will alsobeuseful.

Whenyou implementyour signalhandlerspe sureto sendSI G NT andSI GTSTP signalsto theen-
tire foregroundprocesgyroup,using”- pi d” insteadof "pi d” in theagumentto theki | | function.
Thesdri ver. pl programtestsfor thiserror

Oneof thetricky partsof the assignmenis decidingon the allocationof work betweerthewai t f g
andsi gchl d_handl er functions.Werecommendhefollwing approach:

— Inwai t f g, useabusyloop aroundthesl! eep function.
— Insi gchl d_handl er , useexactly onecall towai t pi d.

While othersolutionsarepossiblesuchascallingwai t pi d in bothwai t f g andsi gchl d_handl er,
thesecanbevery confusing.lIt is simplerto do all reapingin the handler

In eval , the parentmustusesi gpr ocmask to block SI GCHLD signalsbeforeit forks the child,
andthenunblockthesesignals,againusingsi gpr ocnmask afterit addsthe child to thejob list by
callingaddj ob. Sincechildreninheritthebl ocked vectorsof their parentsthe child mustbesure
to thenunblockSI GCHLD signalsbeforeit execsthe new program.

Theparentneeddo blockthe SI GCHLD signalsin thisway in orderto avoid theraceconditionwhere
the child is reapedby si gchl d_handl er (andthusremoved from the job list) befoe the parent
callsaddj ob.

Programssuchasnor e, | ess, vi , andemacs do strangethingswith theterminalsettings.Don't
run theseprogramsfrom your shell. Stick with simple text-basedprogramssuchas/ bi n/ | s,
/ bi n/ ps,and/ bi n/ echo.

Whenyou runyour shellfrom thestandardJnix shell,your shellis runningin theforegroundprocess
group. If your shellthencreatesa child processby default that child will alsobe a memberof the

foregroundprocessgyroup.Sincetyping ct r | - ¢ sendsa SIGINT to every processn theforeground

group,typingct r | - ¢ will senda SIGINT to your shell,aswell asto every procesghatyour shell

createdwhich obviouslyisn’t correct.

Here is the workaround: After the f or k, but beforethe execve, the child processshouldcall
set pgi d( 0, 0), which putsthechild in a newv procesggroupwhosegrouplD is identicalto the
child’s PID. This ensureghattherewill be only oneprocessyour shell, in the foregroundprocess
group. Whenyou typect r| - ¢, the shell shouldcatchthe resulting SIGINT and thenforward it
to the appropriatdoregroundjob (or more precisely the procesggroupthat containsthe foreground
job).

In orderfor your shellto be ableto handlel/O redirection,you will needto find away to inform the
job beingrun by the shellthatit shouldread(or write) from afile insteadof STDI N (or STDOUT). A



helpfulfunctionfor accomplishinghisis thedup?2 function.dup2 will take two file descriptorand
make onepointto the other For moreinformationreadthe manpage(nman dup?2).

e Asfarasthebuilt-in commandsreconcernedyou arecontrollingwherethel/O is going,soyou can
simply readfrom or write to afile if appropriate.

e Also usefulfor the I/O redirectionarethe open, cl ose, read andw i t e functions. You can
usetheseto do low-level manipulationsof files. For moreinformation,typeman 2 func_nane.
Notethatif youtypenan wri t e youseethemanualpagefor theshellversionof wri t e, notvery
helpful for this course.

e STDI N and STDOUT have built-in file descriptorghat you canaccesswith STDI N_LFI LENO and
STDOUT _FI LENO, respectitely. You canusethosewith ther ead andwr i t e functions.

Evaluation

Your scorewill becomputedout of amaximumof 90 pointsbasedon the following distribution:

80 Correctness20tracefiles at4 pointseach.

10 Style points. We expectyou to have goodcommentg5 pts) andto checkthe returnvalue of EVERY
systemcall (5 pts).

Your solutionshellwill betestedfor correctnessn aLinux machineusingthe sameshelldriver andtrace
filesthatwereincludedin yourlab directory or releasedanidway throughthelab. Yourshellshouldproduce
identical outputon thesetracesasthereferenceshell,with only two exceptions:

e ThePIDscan(andwill) bedifferent.

¢ Theoutputof the/ bi n/ ps commandsntracell.txt,tracel2.txt,tracel3.txt,and
tracel7. t xt will bedifferentfrom run to run. However, the running statesof any nyspl it
processes theoutputof the/ bi n/ ps commandshouldbeidentical.

Hand In Instructions

e Make sureyou have includedyourteams namesandAndrew IDs in theheadercommenibft sh. c.
¢ Createateamnameof theform:

— “ID1 + ID2” wherelD1 is your Andrew ID andID2 is your partners Andrewn ID. No spaces
please.

We needyou to createyour teamnamesn this way sothatwe canautogradeyour assignments.

e Tohandin yourt sh. c file, type:



make handi n TEAM:t eammane

wheret eammane is theteamnamedescribedabore.

e After thehandin,if you discorer a mistale andwantto submitarevisedcopy, type

make handi n TEAMEt eammane VERSI ON=2

Keepincrementinghe versionnumberwith eachsubmission.

¢ You shouldverify your handinby lookingin

[ af s/ cs. cnu. edu/ academi c/ cl ass/ 15213- s03/ | abs/ L5/ handi n

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

Goodluck!



