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2€ auThV TNV Aaoknon Ba TTPETTel va UAOTTOINOETE éva Kalvouplo system call, Ta otroia Ba XpnoIUOTTOINCETE
Kal oTnVv €TOEVN GoKnaon Tou pabriuartog (4n doknon). Mo cuykekpipgéva Ba xpeiaoTei va TTpooBEoeTe
otov Truprjva (kernel) Tou AeiroupyikoU cuoThpaTog Linux Tta éva véo system call To “set_deadlines”.
‘Emrerra 6a 1a SOKINACETE XPNOIMOTIOIWVTAG TOV TTPocoMoIwTH (emulator) QEMU (degite avaAuTiKEG 0dnyieg
otnv mapdypago B. oeA.3) k&dvovtag compile Tov Linux kernel pe TiIg ahAayég oag, Ba Tpé€eTte TO Linux pe
TOV Kaivoupyio kernel otov Trpocopoiwt QEMU kai, TEAOG, ekei Ba ypdyeTe Kal Ba TpELeTE £va user-level
demo Tmpdéypaupa TTou Ba xpnoigoTroliei To Kaivoupylio system call. Z10xo¢ Tng doknong eival va
e€olkelwBeiTe Pe ToV source code Tou Linux kernel, pe Tov 1pd1T0 TTOU €ival dopnuévo éva system call oTto
Linux, he TNV HETAYAWTTION Tou Kkernel, Kai Pe TN Xprion €vog TTPOCOUOIWTH.

A. MpooBnkn véwv system calls otov Linux kernel

H aAAayn 1Tou Ba kdveTe oTov Linux kernel 2.6.38.1 gival va TpooBéoeTe £va kaivoupylo system call (deite
avaAuTikEG odnyieg atnv TTapdypago M. oeA.8) TTou Ba Aéyotal “set_deadlines”. Emiong, Ba mpétrel va
TTpooBéoeTe oTn doun task_struct, n otoia avatrapioTd yia digpyacia atov Linux kernel, éva kaivoupylo
TTedio:

unsigned long deadline /* To deadline Tng diepyaaciag */
unsigned long computation_time I* O xpovog TTou XpeladeTal yia va oAokAnpwOei n digpyaaia*/

H miyf oto medio Ba aAAdlel ato 1o system call “set_deadlines”.
ZUYKEKPIMEVA:

e set_deadlines(int pid, unsigned long deadline, unsigned long computation_time)

AnAwvel 0To CUCTNUA TNV OTTAITNON TNG DIEPYATIAG HE TO OUYKEKPIPEVO pid yIa TNV EKTEAECN TNG
oto CPU. MO6Aig Bpel Tn owaoTh digpyacia (TpExouca digpyadia av To TTPWTO OpIicpa gival -1
Olepyaoia pe pid == pid), o kernel Ba TTpéTTel va BETEI oTa avTioTOoIXA TTESIA TIG TIMEG TWV OPICUATWY
Tou system call. Mia digpyacia Tpétrel va ptropei va opioel MONO TiG SIkEC TNG TTAPAPETPOUG Kal
Twv Quyarpikwyv diepyaciwyv TnG. To system call emoTpé@er emTuxnuéva e v TiuA 0 av o kernel
MTTOPET va TTpayuaToTToINCEl TNV atraitnon mng diepyaaciag, dnAadr av deadline > computation_time.
Av kdatoia a1rd TIG TTApauETPoUG i To pid cival AavBaopéva, 101 To system call Ba Trpémel va
emMOTPEPEI TO error value EINVAL

ZNUEIWOEIG:

1. Katd tnv KARon Twv cuvaptAcewy auTwy av To pid eival -1, T0TE pag evdlagEpel n TpExouca
diepyacia Tou KaAei To system call. Av €xel GAAN TIPA, TOTE Ba TTPETTEl Va Bpeite TN diepyaaia TTou



éxel autd 1o pid kai Eeita va aAlGEeTe To TTapatmavw Tedio o€ auTtrjv T digpyacia. Av n TiuA Tou
pid gival apvnTikr] (GAAG Ox1 -1), fj av dev AVTIOTOIXEI 0€ KATTOIA TPEXOUOA dlEpyaaia, TOTE TO system
call Ba Trpétrel emoTpéPel To error value EINVAL. To EINVAL kai Ta utréAoitra error values gival
OpIoHEVQ OTO:

linux-2.6.38.1/include/asm-generic/errno-base.h

2. To pid_t opilete oTO:
linux-2.6.38.1/include/linux/types.h

3. MNa va Bpeite TNV Tpéxouoa dlEpyaaia KOITAETE OTO apXEio:
linux-.6.38.1/arch/x86/include/asm/current.h

Ekei utrdpxelr 10 inline function current mmou emoTpépel TO task_struct entry Tng Tpéxouoag

dlgpyaoiag.

4. Kabe @opd trou KaAegital To system call set_deadlines oTo emmiTredo TOU TTUPRVA, Ba TTPETTEl va
TUTTWVETE PE TNV ouvdpTtnon printk pia ypapuni ye 1o évoua oag, Tov A.M. 0ag, Kal To Gvoud Tou
system call. Ta ynvopara TTou TUTTWVETE O0TOV Kernel pe Tnv ouvdptnon printk ptropeite va Ta
BAETTeTE OTAV £XETE POPTWOEI TO Linux e To cuykekpipévo kernel Tpéxovtag To dmesg 1) KavovTag
cat /var/log/messages. 'ET0ol, KG0s @opd TTOU KAAEITAI TO OCUYKEKPIPEVO system call atmd éva user-
level TTpOypauMa, Ba TTPETTEI HE AUTOV TOV TPOTTO VA BAETTOUME TO PAVUPA TTOU EKTUTTWOATE UE TO
6voud oag atrd Tov kernel. Mg Tov id10 TpéTTO (printk) ptropeite va ekTuTTWVETE OTI AAAQ PnvUaTO
BéAeTe atrd TOV kernel (11.X. €vag atrAdg TpoTTOC va Kavete debugging 1o system call Tou @TidyveTe)
Kal va Ta BAETTETE, agpou kaAéoeTe To system call, ammdé To dmesg.

5. O Linux kernel atmmoBnkeuel TIG avaAuTIKEG TTANPOPOPIES yIa OAEG TIC TPEXOUTEG DIEPYOTiEG O€ [ia
doubly linked list amd task_struct structs. Mropeite va XpnOIMOTTOINCETE TO macro
for_each_process() yia va mpootreAdoeTe OAeg TIG digpyaaieg Tou ocuoThpaTog (task_struct) tmou
gival o€ autrjv T AioTa, pia Tpog pia. To struct task_struct opideTal oTo apxeio:

linux-2.6.38.1/ include/linux/sched.h
Ekei ptropeite va Bpeite OAeg TIG TTANPO@OpIcS yia kK&Be diepyaaia: To pid, To évopa TnG digpyaaciag,
TO XPOVO TTou &eKivnoe n eKTEAEON TNG, Kal Ta user, system time kdBe diepyaaiag.

6. ©Oa péTrel va opioeTe TO struct d_params apxeio:
linux-2.6.38.1/include/linux/d_params.h

TToU Ba dnuioupyAoeTe. OTTwG eitTape, auTtd To struct Ba TTepIEXEI TIG TTANPOYPOPIES TTOU XPEIAlOUAOTE
yia Tn digpyacia pe 1o pid TTOU diveTe OTO TTPWTO OpIcPa Tou system call get_deadlines. Autég ol
TTAnpoopieg Ba eivail o1 TINEG yia Ta TTedia deadline kol computation_time TTou 1I0XUOUV yia auTr TN
diepyaacia. AvaAuTikd, To struct t_params Ba TTpETTEl va £XEI TO TTOPAKATW TTEDIO:
struct d_params {
unsigned long deadline;
unsigned long computation_time;

3
7. Av 10 system call set_deadlines ekteAeoTei eMITUXWG, Ba TTPETTEl va eTIOTPEPEN 0. Av OXI, TOTE TO

system call 6a TTpétrel va emoTpépel pe 10 error value EINVAL. To user-level rpdypappa tTou
XpnoipoTroigi To system call Ba TTpETTel va EAEYXEI TNV ETIOTPEPOUEVN TIUN Yia EVOEXOPEVO AGBOUG.

B. Running Linux on QEMU Emulator

O1 emulators €ival diadedopévol yia TTOANOUG Adyoug. Mag eTTITPETTOUV VO EYKOTACTACOUUE KAl VO TRPEEOUE
éva Asitoupyiké ouoTnPa oav atTAoi XpHOTEG € €vav UTTOAOYIOTH TToU £Xel KATTOI0 GAAO AEITOupyIKO



oloTnua, Xwpic va xpelaoTei va aAAdfoupe KT o€ autd. Autdv Tov UTTOAOYIOTA MTTOPEI va TOV
XPNOIUOTIOIOUV APKETOI XPAOTEG, Kal KABE £vag UTTOPET va TPEXEI DIAPOPETIKO AEITOUPYIKO oUOTNUA HE Evav
emulator xwpig va ernpeddovTal ol UTTOAOITTOI XPAOTEG. 1dIaiTEpa OTav BEAOUPE VA BOKINACOUNE KATTOIEG
aAAayég oTov kernel evog AsitoupyikoU GUCTHPATOG, OTTWG Ba KAVOUUE O€ auTrv TNV Aoknaon, o emulator
gival apkeTd Xprioi1pog yia évav akopa Adyo: av Adyw KATToIoU TTpoypauuaTioTikou AdBoug otov kernel 1o
ouoTnpa karappevoel (T1.X. kernel panic) PTTopoUue €UKOAQ Kal ypryopd va EeEKIVIOOUPE Eavda To
Aeiroupyiké ouoTnua Pe katroia aAAayn (debugging) xwpig va eTTnpeacTei TO PAcIKG AEITOUPYIKO

ouoTnua Tou uttoAoyioTr (host operating system).

O QEMU uTtrdpxel Ndn €yKATECTNUEVOG OTA PNYXAVAKOTA TOU TUAPATOG (Man gemu yio TTEPICOOTEPEG
TANpo@opicg). O QEMU emulator ptropei va dnuioupyroel kai va diaBdoel évav gikoviko dioko (virtual disk
image) Kal o€ auTdV PTTOPOUNE VA EYKATACOTACOUUE £vVA OTTOIOdNTTOTE AEITOUPYIKO CUCTNHA (TT.X. aTTO £va
€Ikovikd cd rom). Na Toug OKOTTOUG TNG AoKNOoNG £XOUNE EYKATAOTHOEI yIa oag éva atTAG Linux OS (ttylinux
distribution) yia apxitektovikr) 32-bit x86 (i386) ¢ éva virtual disk image 1TTou Ba TTpPETTEl va XpNOIMOTIOINCETE
yla Tnv aoknon oag. Eccic Ba mpétrel apyikd va avtiypayeTte auto 1o disk image (63 MB) amé Tnv mepioxn
Tou paBnuarog (~hy345/gemu-linux/hy345-linux.img) og évav KatdAoyo oTo /spare Tou PnNXavAPaTog (TT.X.
/spare/[username]) TTou XPNOIUOTTOIEITE, WOTE VO PNV €XETE TTPORBANKA XWpou (TT1.X. quota exceeded) e Tnv
TTEPIOXN OOG:



$ cp ~hy345/gemu-linux/hy345-linux.img /spare/[username]/

MpooécTe va €xeTe Ta KOTAAANAQ permissions oTov KAaTtdAoyo [username] woTe va £XETE JOVO £OEIG
read/write access:
$ chmod 700 /spare/[username]

To mapamdvw disk image €xel eykareotnuévo 10 Linux OS 110U B0 Ypnoiyotroioete Mepiéxel 1o root
filesystem (/) oTo oTToio UTTAPYOUV Ta BaCIKG TTPoyPAUMATA Kal tools Tou cuoThUaTOG. MepiExer eTTiong Tov
apylké Linux kernel 2.6.38.1 TTOU XpnoIdoTrolEl yia va &ekiviioel To AeItoupyikd ouotnua. OTtréte
XPNOIUOTIOIWVTAG TO image auTo PTTOPEITE va DOKINACETE va EeKIVAOETE auTo TO Linux OS pe tov QEMU
emulator, atrAd pe Tnv TTapaKkAaTw EVTOAR:

$ gemu-system-i386 -hda hy345-linux.img

H mapduetpog -hda hy345-linux.img kavel tov QEMU va xpnoigoTtrolei 1o apxeio hy345-linux.img cav
virtual disk image, To oTroio Ba @aivetal cav 10 device /dev/hda oto emulated OS (guest operating system).
Tpéxovtag Tnv Tapatdvw evioAA Ba deite va Eekivdel To Linux OS 1mou Trpocopoiwvoule. Otav oag {nTRoEl
va Kavete login xpnoiyotroifoTe 1o account pe username "user" kai password "csdhy345", émmwg 8a cag
TUTTWOEI KAl TO oUoTNua. ETTiong ytropeite va kavete login kal e To account Tou "root" pe password "hy345".

MeTayAwTTion Tou aAAaypévou Linux kernel

To emduevo Prpa sival va aAAdgeTe Tov Linux kernel, va tov yetayAwTticete (compile), kai va @TIAEETE £va
Kavoupyio kernel image pe 10 otroio Ba utropeite va EekivijoeTe To guest Linux OS pe Tov QEMU, avri yia
10 original kernel image 1Tou uttépxel oTo disk image TTou cag divouue. @a ptropoucaTte va aAAAEETE Kal
va petayAwTtTioete Tov kernel yéoa ammé 1o guest OS. Na eukoAia Ouws Ba douléweTte oTo host OS, dnAadn)
KateuBgiav 01O PNXAvVNUa TOU TUAMATOG TTOU XPNOIUOTIOIEITE yIA TNV AoKNon. ApXIKA Ba XPEIaoTEITE TOV
source code Tou Linux kernel 2.6.38.1 yia va KAveTe TIG ATTAITOUNEVEG AAAAYEG KaI VO TOV KAVETE compile.
OT1réte Ba TTPETTEI Va QVTIYPAWETE TOV source code aTrd TNV TTEPIOXN TOU JaBrPaTOg
~hy345/gemu-linux/linux-2.6.38.1.tar.bz2

OTOV KATAAOYO TTOU XPNOIUOTTOIEITE OTO /spare/[username] Tou UnNXavruaTog.

A@ouU avTiypdyeTe Kal Kavete decompress Tov source code Tou Linux kernel 2.6.38.1, utropeite va Kavete
OTI aAAaYEG aTTaITouvVTal YIa TNV UAOTTOINCN Twv Kaivoupylwyv system calls. ‘Etreita utrdpyxouv duo atrAd
BripaTta TTou TTPETTEI VO AKOAOUBAOETE yia va kaveTe compile Tov aAAayuévo kernel kai va @TIGEETE éva
Kaivoupyio kernel image: configure kai make.

Ymapyxouv did@opol TpoTToI yia va Kavel Katrolog configure Tov Linux kernel (17.x. make menuconfig, make
config, KTA). TeAikd To configuration Tou kernel ypdgeTtal 010 apxeio .config péoa otov katdAoyo linux-
2.6.38.1. Emeidni utrdpyouv TTOAAEG eTTIAOYEG yia TO configuration Tou Linux kernel, oag divoupe guegic £ToIMO
éva configuration tou eivar oupBatd pe 10 Linux OS 10U €x0UME eykaTaoTroel oTo disk image. Oa
QVTIYPAWETE aTTd TNV TTEPIOXN Tou pabruartog 1o configuration file (~hy345/gemu-linux/.config) woTe va 10
XPNOIUOTIOINCETE yia Tov kernel TTou Ba @TIdgeTe. To povo option TTou TTpéTTel va aAAdEeTe oTO .config cival
TO
CONFIG_LOCALVERSION.

Ekei pétTel va TTpooBéoeTte pia kataAnén yia 1o dvopa (version) Tou Kaivoupylou kernel Tou Ba @TidéeTe,
€101 WOTE va €i0TE Oiyoupol OTI XpNnoIPoTrolEiTeE ToV BIKO oag kernel 6tav Ba Tov opTwaoeTe ye Tov QEMU
(kar 6x1 Tov original kernel). ETriong, av emravaAdpete Tnv diadikacia TEPICTOTEPES POPES, Ba UTTOPEITE Va
cexwpilete Ta SIOQPOPETIKA revisions Tou kernel TTou £xete dokipdoel, aAAdlovtag 1o kernel version TTpiv
atrd KaOe petayAwttion. OmoéTe oto CONFIG_LOCALVERSION Ba tpétrel va BAAETE TO username Cag,
Kal av B€AeTe Kal éva revision number. To version Tou kernel 6a ptropeite va 1o deite dTav ekivael 1o OS,
| a@ouU £XETE KAVEI login pe TNV EVTOAN:



uname -a

TéNog, yia va yivel compile o kernel pe TI¢ dIKEG oag aAAayég, Ba TpégeTe make ARCH=i386 bzimage. To
Kaivoupyio kernel image (bzlmage) 6a €ivail To apxeio:
linux2.6.38.1/arch/x86/boot/bzimage

(AgpouU Tov kaivoupylo kernel dev Ba Tov xpnoiyotroifoete oto host OS, dev xpeldletal va kavete make
install). MapakdTw TTEPIYPAPOUE GUVOTITIKA Ta BAMATA yia va KaveTe compile Tov kernel.

$ cp ~hy345/gemu-linux/linux-2.6.38.1.tar.bz2 /spare/[username]/

$ cd /spare/[username]

$ tar -jxvf linux-2.6.38.1.tar.bz2

$ cd linux-2.6.38.1

Edit kernel source code to implement the new system calls

$ cp ~hy345/gemu-linux/.config . # << Mind the dot

Edit .config, find CONFIG_LOCALVERSION="-hy345", and append to the kernel's version name
your username and a revision number

$ make ARCH=i386 bzlmage

EktéAgon Tou aAAaypévou Linux kernel pe To QEMU

To emduevo Brpa gival va XpnolPoTToINcETe To Kaivoupylo kernel image
linux2.6.38.1/arch/x86/boot/bzimage

ME TIC aAAayEg TTou KAvaTte aTov kernel yia va ekivijoeTe To Linux pe 1o QEMU. @a xpnoigoTtroifoete Eava

10 virtual disk image 1Tou cag dwoape, aAld Ba dwoete etriong oto QEMU T10 kernel image 1mou Ba Tpéer:

$ gemu-system-i386 -hda hy345-linux.img -append "root=/dev/hda" -kernel linux-
2.6.38.1/arch/x86/boot/bzimage

Me 10 -kernel linux-2.6.38.1/arch/x86/boot/bzImage To QEMU Ba &ekivrjoel ue 10 kKaivoupylo kernel image.
Me 10 -append "root=/dev/hda" To QEMU Ba kdvel mount to root filesystem atré 10

/dev/hda, TTou €ivai 10 disk image TTou QOPTWVETE OTTWG Kail TTPIV. AQoU KAVETE login, pe TNV evioA; uname
-a BAétreTe TNV €kdoan Tou kernel TTou TPEXEI TO oUCTNMA.

X11 Forwarding - lNa va douAgvuete remotely ye QEMU
Linux:

Av OouhAeleTe remotely o€ KATTOIO PNXAvnua Tou TPAWATOG, yia va &ekivioete To QEMU oTto remote
pnxéavnua Ba trpétrel va ouvdebeite pe X11 forwarding ammd tov dikd oag uttoAoyIoTH. Av XpNOIKOTTOIEITE
pNxavnua Linux, étav kavete enable atré 1o gate1/gate2 Ba cag emoTpéwel TO command TTou XpeIddeTal
va eKTEAEOETE yIa va ouvdeDeiTe OTO , TT.X.

$ ssh username@gatel.csd.uoc.gr -p 17724 —-Y

AokiyaoTe va TpEgeTe xterm, Ba TTpéTTel va oag avoigel To xterm. E@doov Asitoupyei To xterm, ptropeite va
xpnoipotroioete To QEMU. EvaAAakTiké, prropeite atmAd va Tpéxete 1o QEMU xwpig ypa@ikd TepIBGAAoV
(TTOAU AiyéTepo lag) pe Tnv BIBAIOBAKN ncurses:

$ gemu-system-i386 -hda hy345-linux.img —curses

Eite va avTtiypdwete 10 kernel image (a@ou €xete aANGEel kal £xeTe kAvel compile Tov Linux kernel o€ kdtrolo
M nxévnua Tou TuAPaTog) Kail To disk image, kai £mreita va Tpégete To QEMU (agpoU TO £yKOTOOTHOETE)
TOTTIKA OTOV UTTOAOYIOTH 0AG.



Windows:

KatefdoTe To Xming, EYKATAOTACTE TO Kal TPEETE TO:
http://sourceforge.net/projects/xming/files/Xming/6.9.0.31/Xming-6-9-0-31-setup.exe/download

2710 putty TTPETTEI VO KAVETE TIG TTOPAKATW PUBUICEIC:

Session -> Hostname: gatel.csd.uoc.gr
Session -> Port: 10 port Tou 8a oag emoTpéYel To "enable”, Tr.x. 17724
Connection -> ssh -> X11.: tick oto enable X11 forwarding.

Metd open oTo putty yia va ocuvdeBeite. Av €xete firewall TrpéTrel va kavete unblock To Xming. Etriong av
éxel lag dokipdoTe va ouvdebeite pe VPN.

MeTagopd apxeiwv amrd 1o guest OS o1o host OS

MNa va petapépete apyeia atmo 1o guest OS (1Tou TpéxeTe pe 70 QEMU) oT0 host OS (TTou KaveTe TNV BACIKA
0aG UAOTTOINGN) Kal avTioTPOQYa, YTTOPEITE va XPNOCIUOTTOINCETE TO TTIPOYpAuMa scp. Méoa atrd 1o guest OS
pTTOpEiTE Va TTpooTreAdoeTe To host OS pe Tnv (virtual) IP address 10.0.2.2. TNa Tapddeiyua, yia va
peTapépeTe TO apyeio test1.c ammd 10 guest OS oT10 host OS oTnv TTEPIOXA 0ag O¢ évav Katdhoyo hy345
MTTOPEITE OTTAA VO KAVETE:

$ scp testl.c [username]@10.0.2.2:~/hy345

péoa amd 10 QEMU (guest OS). To [username] cival TO username TTOU £XETE OTA WNXAVIMOTO TOU
TMAMATOS. Oa xpelaoTei va dwoete TO password TTOU €XETE OTA WNXOVAMATO TOU TUAMOTOS YIa va
OAOKANPpWOEI N avTiypa@r Pe TO scp. AvTioToixXa, yia va avtiypdwete atmmo 1o host OS (11.x. éva unxavnua
TOou TUANATOG) To apxeio test1.c ammd Tov katdAoyo hy345 tTou eival oTnv TTEPIOYXT) 0ag oTo Linux OS 1Tou
Tpéxel oto QEMU, Ba 1pé€ete yéoa ammd To QEMU tnv evioAn:

$ scp [username]@10.0.2.2:~/hy345/testl.c .

I Mpoooxn 10 «.» YETA TO «test.c» dev gival TUTTOYPAPIKO AGBOG !

. Odnyigg yia Tnv Tpoodikn véou system call otov Linux Kernel

eVIKEG TTANPOPOPIES IO Ta BrOTA TTOU TTPETTEI VA AKOAOUBNOETE KOl TA APYXEIQ TTOU TTPETTEI VA AAAGEETE A
va dnuioupynoeTe yia va TTpooBéoeTe éva system call otov Linux kernel 2.6 utropeite va Bpeite €dw . O
TTAPAKATW 0dNyod¢S TTEPIYPA@el CUVOTITIKA TTWG gival dounuévo €va system call oTtov Linux kernel kal TTwg
MTTOpPEITE Va TTPO0BECETE £va KavoUpylo. YTTApYouV Tpia Bacikd BriaTa yia va UAOTTOINCETE £va Kalvoupyio
system call otov Linux kernel:

1. Na mpoobéoete Eva kaivoupyio system call number otov kernel yia 1o 81k6 oag system call.

2. Na mpooBéoete éva entry oTtov system call table Tou kernel pe 10 system call number Tou &ikou
oag Kaivoupyiou system call. Auto 1o entry Ba kaBopioel Toia cuvdapTnon Tou kernel Ba ekTeAeoTEI
oTav oupPei éva trap pe 10 dikd oag system call number (6tav dnAadr) kaAeaTei To system call atrd
user level kal 0 éAeyxog petafei otov kernel yia Tnv eKTEAEON TOU CUYKEKPIPEVOU system call, TTou
Eexwpilel atrod 1o system call number).

3. Mpétmer va mpooBéoete kwdika oTov kernel TTou va uAotroiei Tnv AsitoupyikétnTa TOU Ba
TTpoo@épel To system call. Na autd TTpéTTel eTTiong va TTPocBEoeTe Ta KATAAANAa header files, yia
VO OPIOETE KAIVOUPYIOUG TUTTOUG Kal structs TTou xpnoigotrolei To system call yia va petagépel
TTAnpo@opia peTagu kernel kal user space. AkOua, Ba TTPETTEl va avTiypd@eTe arguments Kai


http://sourceforge.net/projects/xming/files/Xming/6.9.0.31/Xming-6-9-0-31-setup.exe/download

atmmoteAéopata peTagu kernel kai user space e TIG AVTIOTOIXEG OUVAPTACEIG TTOU UTTAPXOUV OTOV
kernel.

"Eva atrAé mrapddsiypa:

‘EoTtw 611 B€Noupe va TTpooBécoupe éva system call ye dvopa dummy_Sys To OTToio TTaipvel éva OpICUa
atmd 10 user-level TTpdypaupa TTOU Tov KAAECE: évav aképalo apiBud. To dummy_sys system call 6a
TUTTWVEI aTTAG auTéV Tov apIBuo TTou 6BnKe cav GpIcHUa Kal Ba eTIOTPEPEI TOV BITTAACIO Tou OTO userlevel

TTPOYPANUA.

1. Avoiyoupe 10 apxeio:
linux-2.6.38.1/arch/x86/include/asm/unistd_32.h

Me kaTrolov editor, Bpiokoupe Ta system call numbers yia 1a system calls TTou uttdpyouv Adn oToV
kernel, kai uetd 1o TeAeuTaio system call number (11.x. 340 oTov OIkO yag kernel) TTpooBETouuE pia
YPOUUA HE TOV ETTOPEVO apPIOUOG, T1.X. 341 oTov BIKO uag kernel:

#define NR_dummy_sys 341

Emiong augdvoupe 1o NR_syscalls katd éva (11.x. ammd 341 oe 342 otov dIkd pag kernel). ‘ETol
opiocape 10 system call number 341 yia 10 system call dummy_sys. Autdg o apiBuédg Ba
xpnoiuotroinBei perd amd éva trap wote va Bpei o kernel otov system call table Tnv Kat@dAAnAn
ouvapTtnon (system call function pointer) Tou uAoTroigi To system call.

2. 270 0eUTEPO BAMO avVOiyouUE TO apxEio:
linux-2.6.38.1/arch/x86/kernel/syscall_table 32.S

Kal TTpo0BETOUNE OTNV TEAEUTAIA PN TO dvopa TNG ouvAPTNONG TTOU UAOTTOIEI TO KaIvoUpylo system
call (system call function pointer):
Jlong sys_dummy_sys /* 341 */

3. Z10 TpiTO BriPa Ba uAoTToIoOUNE TO system call dummy_sys. £10 TEAOG TOU apxEiou:
linux-2.6.38.1/include/asm-generic/syscalls.h

Ba TmpoagBéooupe To function prototype Tou system call:
asmlinkage long sys_dummy_sys(int arg0);

Av éxete va TTpooBéoete type definitions Trpétrel va @TIdEETE Kal éva header file oT0
linux- 2.6.38.1/include/linux/

T0 oTT0i0 B KAveTE include 6TToU XpelddeTal (dev XpelaldpaaTe yia To dummy_sys, aAAG eo€ic Ba XpelaoTeiTe
yla Ta dikd cag system calls). ‘Emema @midxvoupe €va kaivoupyio apyeio dummy_sys.c oT1o linux-
2.6.38.1/kernel, m.x. To

linux-2.6.38.1/kernel/dummy_sys.c

TO OTTOIO TTEPIEXEI TOV KWOIKA TOou system call:

#include <linux/kernel.h>
#include <linux/syscalls.h>
#include <asm/uaccess.h>



asmlinkage long
sys_dummy_sys(int arg0)

printk("Called system call dummy_sys with argument: %d\n", arg0);
return ((long)arg0 * 2);
}

Av éxete arguments trou Tepvave by reference amd user space oe kernel space Ba mpétrel va Ta
avTIypAWeTe: a@oU KoAEoeTe TO access_ok(), Oa T1a avriypdyete KOAWVTIAG TNV OuvapTnON
copy_from_user(). AvtioToixn diadikacia 8a KAVETE yia va avTiypdyeTe Ta dedopéva TTiow OTO user space
(access_ok kai copy_to_user). TéAog, Ba TTpETTEl va aAAGEETE TO:

linux2.6.38.1/kernel/Makefile

yia va ocuutrepIAGBer kal va kdvel compile To kaivoUpylo source code apxeio TTPooBETOVTAG UIa YPAUML OTO
KataAAnAo onueio:
obj-y += dummy_sys.o

Znueiwon:

Eival onuavTikd va deite Twg €xouv uAotroinBei katroia TTapouolia system calls Tou uttdpyxouv \dn oTov
Linux kernel (11.x. gettimeofday, times, getpid ka1 dAAa.)

Hints:
1. MTTopeite va paBete kal va akoAoubrjoeTe To coding style Tou Linux Kernel katd Tnv uAotroinon
Twv system calls.
https://www.kernel.org/doc/Documentation/CodingStyle

2. To Linux Cross Reference 6a cag Bon6roel va mrepinynBeite otov source code Tou Linux Kernel.
To “Identifier Search” mBavwg va oag @avei xprioIUo yIa VA EVTOTTIOETE CUVAPTAOCEIG Kal DOUEG OTA
dlapopa apxeia Tou source code.

http://Ixr.free-electrons.com/

3. MNa va TpotrotroinoeTe apxeia péoa atrd 1o VM (guest OS) Ba utropeite va Xpnol- JOTTOINCETE
Tov editor Vi o otroiog Aeitoupyei TTapouola pe Tov editor Vim. ESw Ba BPeiTe CUYKEVTPWHEVEG
OAEG TIG ATTAPAITNTEG EVTOAEG:

http://www.lagmonster.org/docs/vi.html

A. Aokiyni Twv véEwyv system calls

2710 TeAEUTaIO BrAMA TNG GOKNONG Ba TTPETTEl va BOKINACETE Ta Kalvoupyla system calls. AQoU €XeTe KAVEI
compile pe emTuxia Tov kernel pe 1o system call TTou @TIagaTe, Kan €xeTe Cekivrioel Tov QEMU pe Tov
Kaivoupyio Linux kernel, Ba tpétrel va ypdyete k&tmola test Tpoypduuata TTou va XPNOIUOTIoIOUV TO
set_deadlines o1o guest Linux OS. ZuvBwg éva system call koAgital yéow KATTOIAG CUVAPTAONG TTOU
Tpéxel o€ user level kai uttdpyxel oe katmola PiIBAIOBAKN (TT.X. libc). ZTnv ouvéxeia, auti n user- level
ouvaptnon KaAei To macro syscall pe 10 system call number Tou cuykekpipévou system call yia va
peTaBiBaocl Tov éAeyxo oTov kernel (trap) kai ekei va TpéCel autd 1o system call. Av dev €xel uhoTToInBei
auTn n ouvapTnon o€ katola user-level library (Ba pétel autod va yivel yéoa oto guest Linux OS) éva test
TTPOYPAUUa UTTOPET va TpEXEl KaTeuBeiav To syscall macro e 1o system call number TTou €x€1 opiOTEi yia TO
system call otov aAayuévo kernel. IMNa Tapddeiyua, 1o TapakdTw test Tpdypappa kaAei To dummy_test
system call pye 1o system call number 341, divovrag cav 6pioua Tov apiBud 42. Mmopeite va kavete compile
TO test TTPOYpPANPA KAVOVIKA PE TOV gCC.


https://www.kernel.org/doc/Documentation/CodingStyle
http://lxr.free-electrons.com/
http://www.lagmonster.org/docs/vi.html

#include <stdio.h>

#include <unistd.h>

#include <errno.h>

#define NR_dummy_sys 341

int main(void) {

{
printf("Trap to kernel level\n");
syscall( NR_dummy_sys, 42);
/* you should check return value for errors */
printf("Back to user level\n");
}

Eocic Ba mrpétrel, €ite va kavete define éva macros yia 1o set_deadlines, woTe 10 syscall va poidfouv pe
function calls, cite va @mid&ete Eva wrapper function 1o set_deadlines (ue Ta opicuarta TTou EXETAI AUTO TA
system calls) TTou va kaAouv ecwTepiké 1o avTioToixo syscall. ‘Etol 8a kaAeite To set_deadlines pye macro
r wrapper function avti yia 1o syscall yéoa oto Tpdypapud cag, cuuewva ue 1o function prototype trou
opicape.

MNa mapadeiyua, yia 1o dummy_sys:

[* either macro */
#define dummy_sys(argl) syscall(341, argl)

[* or wrapper function */

long
dummy_sys(int argl)
{
syscall(341, argl);
}

210 demo TTpoypaApua KAAOUUE:
dummy_sys(42);

Demo program:

Oa eTiageTe éva TTPOYypaua To 0TToi0 Ba KaAei apyikd 1o set_deadlines yia Tnv Tpéxouca diepyacia e
KaTroieg TIPEG yia Ta TTedia deadline kal computation_time. ‘Eteira 8a kdvete Tnv avtioTtoixn diadikagia yia
Mia BuyaTtpikn) digpyacia kabBwg kal AavBaopéveg kKAioeig Tou system call 1.x. set_deadlines pe 6piopa pid
diepyaciag n omoia dev uTTapxEl. To demo TTpdypappa Ba TTPETTEI va KOAUTITEI DIAPOPES TNIBAVEG EKTEAETEIG
Tou system call kai va TTapouaiadel OAeG TIG AeIToupyieg, T.X. ZwoTh Kal AavBaouévn dAwan opioudTwy,
KANON yia uTTaPKTH GAAG Un BuyaTtpikr diEpyaaia KATT.

Ti TpETTEI VA TTOPAOWOETE:

A@OU KAVETE AUTHV TNV AOKNON Ba TTPETTEI va TTAPASWOETE TA TTAPAKATW:



1. To kaivoupylo kernel image, dnAadn 1o apxeio linux-2.6.38.1/arch/x86/boot/bzimage.

2. OAa Ta apxeia TTOU TPOTTOTTOINCATE 1) dNuIoUpyrHoaTte oTov source code Tou Linux kernel 2.6.38.1
yia va uhotroifjoeTe Ta system calls. AnAadr 6Aa ta apxeia .c, .h, Makefile kTA TTou kdvare kaTToIx
aAAayn, i dnuioupyroate eo€ic. Mpv TTOpadWOETE ApXEia TTOU deV XPEIACTNKE VA TA TPOTTOTTOINOETE
yia Tnv uAotroinor] oag. (11.X. OAo 1o utréAoitTo src tree Tou kernel.)

3. To source code atd OAa Ta test Tpoypduuara Tou ypdware Kal TpEgaTe péoa oTo guest Linux
OS via va dokiudoete Ta system calls TTou uAottoifjoarte. Etriong 61 header files xpnoiyotroijoare
yia type kai function definitions (11.x. To unist.h). AnAadn Ta apxeia .c, .h kai Makefile ka1 611 Ao
apyeio dnuioupynoarte oto guest OS yia va dokipydoeTe Ta system calls (k160G aTTd Ta executables).

4. 'Eva README file oTo otroio va Trepiypd@ete GUVOTITIKA (aAAG TTEPIEKTIKG Kai ekGBapa) OAa Ta
Bripata TTou akoAouBnoate yia Tnv dnuioupyia Twy Kaivoupylwyv system calls. Etriong mrpétel va
OXoNdoeTe TI TTapatnproarte atrd Ta test Tpoypdpparta TTou TREEATE. AV £XETE KAVEI KATI BIAQOPETIKG
N TTapaTrédvw a1Td 060G AvaPEPOUE OTNV EKQYWVNON TG AOKNONG O€ OTTOIOOATTOTE BAUA UTTOPEITE
etmiong va 10 avagépere oto README. KaAd Ba fqtav 1o README va eivar amé 20 péxpr 30
YPAMMEG.

Mrtropeite va @TIAgETE évav KATAAOYOo WE Ta TpOTTOTToINUEVA source code apxeia Tou kernel (av BéAeTe Ba
gival KaAd va KpaTAoEeTe TNV douA KAaTaAOywv TTou uttdpxel oTtov linux kernel), évav katdAoyo pe Ta test
Tpoypdpuata kal header files ammd 1o guest OS, kal TEAOG va TOUG PETAPEPETE O€ Eva KATAAOYO padi To
bzlmage kai To README file yia va TTapadwaoeTe TNV GOKNGN KE TOV YVWOTO TPOTIO.

Mpoooxn:

1. AEN xpeidZetai va tmapadwoete 10 disk image (hy345-linux.img) akéua kol av autd €xel
TpoTroTToINdei (6vTwg, TO disk image ptropei va aAAGgel 600 XpnolpoTroleite To guest OS, oav évag
KQVOVIKOG BioKOG, aAAG dev XpeIAdeTal va TO TTOPOOWOETE).

2. AEN xpeidZeTal €mmiong va TTapadwaoeTe KATTOIO apXEio Je 0AOKANPO Tov source code Tou Linux
kernel, TTpETTEl va ONPEIWOETE KOl vO TTAPAOWOETE MOVO Ta APXEiO TTOU TPOTIOTIOINCATE N
onuioupynoate To kernel image (bzlmage), Ta header files, kai Ta test Tpoypduuarta mmou Ba
TTapadWaoEeTe Ba TTPETTEI VA €ival APKETA WOTE N AOKNOT] 0OG VA JTTOPE va TPELEI e TO apXIkO disk
image kai To QEMU, é101 woTe va @aiveTal n owaoTr) UAOTToinon Tou {nTouuevou system call.

Maparnpnoeig:

1. H doknon cival atopikr). Tuxov avTiypa@Eg ITTopouv va avixveuBouv eUKoAa atrd KatdAAnAo
TTPOYpappa Kal Ba undevioTouv. ZUPTTEPIAGRETE TO OVOUQ 0AG Kal TO Aoyapliaouo oag (account) o
OAa Ta apxeia.

2. I'payre éva apyeio README, 10 TT0AU 30 ypappwy, YE ETTEENYACEIS yIa TOV TPOTTO UAOTTOINONG
Twv system calls.

3. Kataokeudote éva apxeio Makefile, €101 woTte mAnkTpoAoywvtag make all va yiveral n
peTayAwTtTion (compilation) Twv TTPOypOUUATWY TTOU XPNOIYoTTolouv Ta system calls kai va
TTapayovTtal Ta ekTeAéOINa apxeia. Ettiong TAnkTpoAoywvTtag make clean va kaBapiovTal 6Aa 1a
TTEPITTA apxeia, Kal va Yévouv Jovo Ta apxeia TTou xpelddovtal yia Tn HETAYAWTTION

4. TomroBeTtrioTe 0€ éva KaT@Aoyo OAa Ta apxeia mpog mapddoon yia Tnv aoknon 3. MapadwoTe Ta
TTAPATTIAVW  OPXEId  XPNOIYOTIOIWVTAG  TO  TIPOypaupa  turnin - (TTANKTpoOAOyAOTE  turnin



assignment_3@hy345 directory name amd Tov KOTAAOYOo TIoU TIEPIEXEI TOV  KATAAOYO
directory_name pe 1a apxéia TnG Aoknong).

5. Z& TTOAAEG TTEPITITWOEIG TO OVOUATA TWV ApXEiwv gival evOEIKTIKA. MTTOpEiTE va XpNOIKMOTTOINCETE
étrola cag BoAsuouy.



