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Kegdiaro 1
Etocaywy

Yug pépeg pag Pudvouue TN petdfact mpog TNy emoyy| Tng mAneogoplac. Oloéva
X0l TEPLOGOTEPOL UEUOVWUEVOL GVOP®TOL AANE XAl 0PYAVLOUOL YENOULOTOLOVY TO
StadixTuo Yia var ieavorolioouy Bacixés Toug avayXeS, OTwS 1) EVUEPKGT XaL 1) Yu-
yaywyla, n ouANoYH xau 1 avtaAlayr| TAneogoptdy. ITapdAnha ue Ty adEnomn tng
yerons Tou dtadixtou aANElel xou 1 LopPT) TwV dedoUEVLY TOU BlaxtyolvTaL, Ue
NV eloaywy?) VEwV TOTeY dedouévey énwe 1yog, video, exdveg and Sopupdpoug.
Ta mapandve odnyoldy oe pla avinuévn TRTnom yio arobnxeuTinés teavdTnTeg XoL
yeryyoen Sloauetaywyy| dedouévmy.

[ v avomoinon e {ftnong avtic €youv entotpateubel didgopeg Tteyvo-
hoywég Ndoelg, 6mmg 1 adENon NG AmOONUEVTIXAS XWENTIXOTNTIS THV OXANEMY
dloxwv xou n adEnomn Tou edpoug LHVNG TV BIXTUAXGY CUYBEGEWY, OL OTtoleg OUWG
dev emapxoVy. Mia dAAN Tpocéyyion atny enthuon autol Tou npofifuatos Pactile-
TOL GTNV TLO ATOTEAECUATIXY YEHOT) TNS UTAPYOUGAS TEYVOAOYLUGC. BUYXEXQUUEVDL
7N Umapsn oxhne®dy dloxwy ue tohd MB cache uviung, é6nwc o Cheetah tng Sea-
gate, xaL To YeYovog 6L oL dloxol autol StabéTouy apxeTyh unohoyLoTiXy Loyl BoTe
va utootnellouy ToAUTAOXa TEKTOXOAA GVVdeEaNS ue To dlavro, dnwg to SCSI,
odnyetl oty avtilndn 6tL éva uépog tne enelepyaociac Twv dedouévmy umopel va
uetagepbel oto dloxo mpLy TNV avdxtnon xol arocTorn Toug 6To dixTuo Amd TOV
vrohoytoth. H 3éa aut| exppdleton and tnv envénon twv active disks [1, 3, 5] 7
intelligent disks [2], cuoxeudy tov anoteloly BehTinon TwY XovdyY oxhnpdy di-
oxwyv. Ou active disks €youv mpotabel cav aviixataotdteg TwV axpBdY oXANEGdY
dloxwy. Xuvdéovtal oto Slavdo Tou cuoTAuATOC Xt Sabétouy dixd Toug Eme-
Eepyaoth (ToAAéS @opéc avahdywy Suvatotitwy ue évay Intel Pentium) o onoloc
unopel va exteléoel Yépog tng enelepyaciog dedouévwy. H eneepyacio yivetal ue
TN UETAPORd evOg U€poug NS epapuoYNc otov active disk dmou xon exteleital.
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H mpotdoeic toyv active disks wg tdhpa €xouv meploplotel oty avuxatdotoon
TWY X0oWGV dloxwy mou cuvdéovtal oe éva eEurnpétn [4]. Hpaxtixd dunc auth N
xeron neolnobétel TNV avanTUEN VEWY aEYLTEXTOVIX®Y YLo TN 6UVSEST) TOAATAGY
active disks oe éva Slavio xau Ty TpomOTOiNCN TV UTAPYOVIWY CLCTNUATWY,
x4t To omoto dev elvan e@uxtd. Mia Beitiwon authc tng Wéag elvan €vag dloxog
TIOU YPNOWOTOLEL U€POC TNG UTOAOYLOTIXHC TOU SUVIUNS YLO VO UAOTIOLCEL TO TRO-
té6xohho TCP/IP xau vo cuvdebel xateubelay cav autdvoun cuoxevy| ato dixtuo.
Tnv Wéa auth vAorotel to obotnua SmAS [6, 7] (SMart Autonomous Storage) nou
avartiooetol oto Iavenothuo Tnavvivov!. Ot cuoxeuég SmAS elvar autdvopol
dloxol ue xavétnTa cdvdeong oe dixtuo xat dtabfétouy onuavTixy uToloYLoTXY
oy, 6nwe ot active disks. Ou dloxor SmAS peihvouy v TocdTnTa dedouévny
Tou dtaxtveltal 6To JIXTVO PE TNV TOTLXY| EXTEAEGY) 0TO 3loXO EQUPUOY(Y TOU ETE-
Cepydlovton to dedouéva, eV €TOL XATAVEUETOL XAl 1) eNeéepyacia TV dedouévwy
avdueoca otov client? xoau 6to SmAS dloxo, mou apybtepa Ba avapépeTan xou Gor
eCumnpétne.

ITapdho mou otn cuvéyeta e&etdlovue avaAuTixd to cdotnua SmAS yerowo
elvol Vo avopépoupe ETLYPUUUATIXG UepXd amd Ta YopaxTneloTixd Tou 3¢. To
oVotnua SmAS extdg and To LALXS, anoteleitan ot and Aoylouxd. "Eva turua
Tou Aoylouxol autol PBeloxetal otoug client, evd To peyahdtepo uépog Tou PBel-
oxetar otoy egumneétn. To tuhua tou client tepthauPdver éva API (Application
Programming Interface) yta entxotvevio ue tov eunneétn xot wixpd npoypduuota,
o piAtpa, Tou extehovvTal otov e€unneétn. To tuAua Tou edunneétn nepthoufBd-
vel éva Aettoupynd clotnua yia TN Sayelpion tou dloxou, Tng uviung xat Tou
duxtdou evéd m eCumnpétnon Twy client, cuuneptlaufBavouévng xau TG exTéAEoNC
TRV QIATEOY, YiveTal ue TOAATAS VAUATA, TOV YPOVOTPOYRUUUATIONS TMY OTOLKY
TeENEL Vo StayelploTel To Aettoupyixd cloTnUa Tou EUTNEETY).

Yxomnde tne mapovooag epyaoctac elval 1 Beitiwon tou %Hdn viomoinuévou cu-
otiuatog SmAS. To ocVotnua SmAS extelel oLYXEXPUWEVES XAl TEQLOPLOUEVES
Aettovpyleg omdTE EVag TOUENS TOV OTOl0 UTMOPOVUE Vo EEETACOVUE ElvaL 1) XAUTAA-
Anhn emAoyn evég Aettoupyinol cuathAuatog yia To SmAS. Xny neplntwon uog
XATEAANAY emAoYY| Looduvapel ue €va “ehagpl”, anodoTind xal TUPUUETPOTOLAGL-
1o Aettoupyixd cloTnua. Axdur 1 dEYLTEXTOVIXTY TV TOANATAGY VNUATWY XAl TO
YeYOVOG OTL aUTd eXTENOVUY QlATpa, £YELPEL GUYHEXPLUEVES ATIAUTNOELS GTO YPOVO-

"Yrootnptletan pepuads ané ) Tevixd Tpappateta "Epeuvag xar Teyvohoylac uéow tou epeu-
ynuxol épyov ITIENEA-99/495

ZMe v MéEn client evvoolue plo epapuoyh Tou extelelton o€ évay AmOUAXPUOUEVO amd TO
dloxo urohoylaty, Yevud éva xpfiotn Tou cuathuatog SmAS
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TEOYPUUUATIOUS TOUG %ol Ulot XATIAANAY TOALTLIXY| YPOVOTPOYPUUUATIONOU) UTOREL
va Bedtidoel Ty anddoor. Axdua ula dAAN Bedtiwon elvon 1 yelworn tou ypbdvou
avdyvwong xou eneéepyaciag Twv dedouévwy and to dloxo mou urnopel va emtteuyHel
UE TNV LAoTOINoN TEYVIXGY TpoavdxTnons dedouévmy (prefetching).

Yo mhalota authg e epyaoctiag, apyixd acyohoVuacTe Ue TNV ETAOYY EVOC
AettoupYxol cUGTAUATOC Ylo To SMAS, 611 GUVEYELX TPOTOTOLOUUE TNY LAOTOINGCT
TV Vudtey (thread) autod Tou Aettovpynol Xl TUPAUETPOTOLOUUE TOV YPOVO-
TROYPAUUATIOUS TOUS TPOXELWEVOL Vo BehTitdoouye TNy anddoor, Tou eEumneé).
Téhog npocbétouue T SuvaTdHTNTA TEOAVAXTNOTS SEBOUEVWVOTO GUGTNUO TPOXEL-
uévou va BeAtidoouue Ty Tayvtnta enedepyaciog TV dedouévwy.

H doux e epyaciac éyel wg e€hc. Apywd (Kegpdhowo 2) mepiypdpouue tny
apyery Vhomoinom xoL To mEoYPUUUATIOTIXG UoVTéAD Tou SmMAS Xt e&nyolue Ta
xpLthipla enthoyhc Aettoupyixol ocuvothuatos. Xuveyilovue (Kepdhato 3) ue v
TEPLANTTLXY| TEPLYPAYPY) TNG ARYLTEXTOVIXNS XL TWV SUVATOTHTOY TOU ETLAEYUEVOU
Aertoupyxol ovotiuatos. 'Ernerta (Kegdhowo 4) avaldovue tny vhonoinorn tou
YPOVOTROYPUUUATIONOU Xl TEPLYPAQOLUE UE BdoT melpauatixd dedouéva Ta amo-
teMéopata oty enldoon tou eCumnpétn. Yotepa (Kepdhaio 5) avakbouue tnv
vhornolnomn tng meoavdxTNoNg deBoUEVRY XAl TEpLYPdpouue Ue Bdon melpouaTixd
dedouéva ta anoteréouata otny entdoon tou egutneétn. Télog (Kepdhato 6) xd-
YOUUE €V amohoYLoPd TOu anoTeAéoUATOS TNG OANS Tpoondbelag xat TpoTelvouue
nepattépw Behtidoelc oTo ohotnua SmAS.



Kegdhoro 2

Ilepuypopr) Tou SMAS

Y10 xe@dhowo avtd Ha eZetdoouue Ty apyrtextovx; (Evétnra 2.1) xau Tig unn-
cealec mou mapéyetl to ovotnua SmAS (Evétnta 2.2), Tov tpémo LAonoinong xou
npoypapuatiopol tou (Evétnra 2.3) xabdc xat tic eNdytoteg npotinobéoelc mou
TeéneL var TANeol éva Aettoupyxd adotnua ulag cuoxeuvhic SmAS xou and nolo Ha
unopovoay autés va txavorolnfoly (Evétnta 2.4).

2.1 Ap)textovixy) SmAS

H apyttextoviey ulag SmAS cuoxeurc, oe eninedo uAxoU, elvan apxetd amAy).
"Evag oxAnpde dloxog ue xpLo uviun xou éva amhéd enelepyaoth, xAdong Pentium
Yo TEdBeELY e, BOTE vor EXTEAEL Aoylouxnd o Uiot xdpTa SIXTVOV ATOTEAOVY TLg
x0pleC douxéc Hovadeg Tng cuoxeunc SmAS.

To clotnua SmAS [6, 7] oc eninedo Aoylouxol apyixd urnopel vo Sy wplotel
oe 800 dapopetind Tuhuata (Lydua 2.1), To tuAue Tou eZurnpétn, dnhadt to ho-
yiouxd mou exteheital 6T SMAS cuoxeur), xat To TUurua Tou client mou exteleiton
oe xdbe unydvnua mou mpoomeAadvel dedouéva atov e€unneétn. Ewlu nepinto-
o1 anoteholy Ta GiATea TOU elval EXTEAEGLUA XOUUATIA AOYLOULXOU TOU UTLEQEYOLY
1600 oToV e€unnEéTn 600 %ol otov client.

Ytov e€umnpeéTn To xVplapy 0 xoUUATL AoYLoULXOU Elval TO AetTovpYIXd GUoTNU
(SmASOS) to ornoto elvar emigoptiouévo e v Slayelplon tov dedouévwy Tou
oxhneot Sloxov, Ty dixtuaxy entxolvovia e Tov client xat Ty e&unnpétnon Twv
AUTHCEDY TOU XAl TNV EXTEAECT) TOV QIATPWY.

Y7o client undpyet to SmAS API, to xouudtt Tou Aoyloutxol Tou avahauBdvel
Y emxoLVovlo ue Tov e€unneétn, o glhtpa Tou dnutovpyolvtal and to YeRoTy
xat o SmASfc (SmAS filter compiler) o petagpaotic TwV GlATpwY.
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SmAS Client

SmAS Filter Code (in C-like language)

-------- =

( SmASF: (SmAS cOmpﬂer))

s
Precompiled fitr brary =

SmAS Server

smas_nextrec

v

(o el
=
=
=

d—.

l

Application

|
|
|
f

ecord satifying iter

Eyfua 2.1: H apyttextovixr) Tou SmAS



Ta @iAtpa elvan xoupdtior Aoylouxol Tou dnuiovpyolvtal 6To client xau oty
OLVEYELXL UETAPEPOVTAL AL EXTEAOUYTAL UOVO GTOV EEUTNEETY. 0TS Toug elvall
va eneéepyaotoly Ta dedouéva mply autd otaholy oto client. 'Etol 6tav tor de-
douéva SlafacTtoly and to dloxo anoctéAlovial 6To QiATEo, TO onolo EMLGTEEPEL
Ta dedouéva mou mpénel va otaholyv otov client. To @iAtpo unopel vo ahhdiet
TN LopPn) TV SEBOUEVKDY 1) Vo GTEIAEL UOVO GuYXEXPUUEVDL BESOUEVA, OL ETLAOYES
neptoptlovtal amd TNV QavTaciol TOU TEOYRUUUATLOTY XAl TO TEOTO ETUXOLVWVING
Tou @lhtpou ue Ttov edunneéty, mou meplypdpetal apyotepa. To @ihtpa ypdgo-
vt oe ula YAdooo mpoypauuatiopol tou wotdlel ye ™ C xau petagpdlovtal oc
XUTAAANAT) wop@t| Yia extéleon otov egunneétn and to SmASfc. To SmAS API
avohaUBAveL TN UETaQopd Toug aTov eEUTNEETY 6mou xat To SMASOS ta exteel
uetd amd aitnor tou client.

2.2  Ynnpeoleg SMAS

ITpoxewwévou va egaocpahiotel 1 ypron tTou cuothuatog SmAS ue ) peyalitepn
duvaty euxola unootneilovtal 6Aeg ot Aettoupyieg mdvw ot apyela Tou undpyouy
ot ovotiuata UNIX (open(), read(), write(), ...) ue diugpdvewa Tpog To
xenotn o ornotog ypnowonotet To SMAS API. 'Etol o cVotnua unopel vo avtixo-
TaoToeL dveta Aettoupyleg Tou wg Thpa yivovtay ue ouufatixd TedTo, Yo Topd-
detyua pe yerion tou NFS, evéd mpootébnpay véeg Aettoupyieg mou mpocpépouy éva
EexdBapo xou dveto péco ato yerotn Yo TN Slayelplon Twy QiATewY.

Emniéov napéyovtal xar utnpeaieg yio T ouyypay| iktpmy. Eldixdtepa xo-
TAOXEVAOTNXE Ulot YADOOA TpOoYpauUaTIoNol Tou powdlel oty abvtoln ue ) C
ahAd optlovtar xdmotol meploptopol Onwe N agalpeoy) TNg duvauxhc dlayelptong
UVAUNG XAl TNS XPNONS dEXTMY, TPOXELWEVOL Vo SLACPAALOTEL 1) ATPOOXOTTY AEL-
Toupyla Tou eumnEétn xal 1 Tpootactia Tou and ehaTTLUATIX QiATea. Axdua
oplletal oLYXEXPWEVOS TEOTOC ELCAYWY TS SEBOUEVLY GTO QIATPO Xal ETLGTPOPNS
TWV ANOTEAEOUATWY oToV eCunnEéTty yia v to petaPiBdoel oto client. O SmAS-
fc, o petagpactic Ty Piktpwy, Slacpaiilel Toug Teploplools Tou TEBMXaY X
ToEdYEL XMOBLXA ETOLWO TEOg eXTENEDT) oTOY eCuTNEETNT, v To SMAS API dayet-
plletal TNV amoGTOAY TOUG GTOY EEUTNEETY XA TNV EQAPUOYT) TOUG GE GUYXEXQLUEVAL
dedouéva.

Ta @iktpa anoteloVy pia and T mo yerowes utneecieg Tou SmMAS xat elvat
T0 UECO UE TO OTOLO UETAPERETAL TUHUA TNS EXTENEOTS TNS EQapUoYhc Tou client
otov efunneéty. H peyaldtepn yenowwdtnta twv @iitpwy elvon 6Tl unopody va
UELOOOLY ToV 6YX0 TwVY Jedouévmwy Tou arnocTtéAhovTal ato client, dmwe OBu Soue
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OTN GUVEYELX, ALEAVOVTIC TNV ATOTEAEGUATIXOTNTA TS StaeTaym YRS dedouévwy
avdueoa oto client xou tov eEunneé).

2.3 Ylornoinon SmAS

Eneldy) n vhornoinon tou vAwol tng cuoxeurc SmAS Sev undpyel, ondte apyxd
yenotuonoinxe évac vtohoylotrc Pentium ota 166 MHz ue 32 MB RAM, to UAXS
auté elvan avtioTolyo ue autd mou cuvavtdtal o€ oxAneEols dloxoug LYNAGY enLdo-
oewy aAld o owovouxd. I'a to SmASOS yenowwonoinxe o nuprivag LINUX
UE AMEVEQYOTOUNUEVES TIG TEPLOGOTEPES UMNEEGIEC TOU AELTOUPYLXOU GUGTAUATOS
GNU/LINUX, 6nwc o Xserver, web server xa dldpopot dAhot daemons.

To xouudtt tou SMASOS mouv e&unnpetel Toug clients vAomoinxe cav évag
daemon mou “axolel” oe ula cuyxexpuuévn Blpa (port) v cuvdéoelc client. O
daemon elvon wa egapuoyy| e€unneétn viononuévn oe C. H emxowvwvia yivetol
uéow tou xhaowxol socket interface tou UNIX. Me tnv o0vdeon evidg client otov
egunneétn SnuLovpyeltol éva xatvolpyLo viua mou dtayelplleTtal Ty emtxolvmvia ue
o client. 'OAeg oL artioelg tou client e€unnpetodvton and avtd To VUL, CUUTEPL-
houPBavouéng oL Tng extéAeons Twv @iATpwy. 'Etol emituyydvetal n Tautdypeovn
eCumneétnon mohhdy client. Ilpdxeitar dnAady| yia pla ToALYNUATIXY VAOTOINGY.

O client ewodyel artioelg ue xAHoT TWY CUVAETACEWY TOU elval VAOTOLNUEVES
oto SmAS API. To SmAS API éyet viononfel cav pla otatiny| BiBAobixn. Ou
ouvaptioelg elvar ot e€¥ic [8]:

e smas_open() - Avoiyua 7 dnutovpyia evég apyelou

e smas_close() - Kielowo evéc apyelou

e smas_read() - Avdyvwon and éva apyeiou

e smas_write() - Eyypagn o éva apyelo

e smas_lseek() - Metaxivnon tng Béomnc avdyvowonc/eyypaphc oe éva apyelo
e smas registerfilter() - Kataypagy| evéc giAtpou oto server

e smas_applyfilter() - Eqoapuoyn evdc @iktpou oe éva apyeio

e smas_nextrec() - Avdxtnon tng e£680ou Tou PiATEOL

O téooepig mphiteg Bploxovtal o TAYen avtioToLylo UE TG XAOELS GUGTAUATOS
Tou UNIX open(), close(), read(), write() xou lseek().
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Ta @iAtpa LAomotoUvton cav shared libraries Ttou UNIX ol onoleg anoctéhho-
VTl 6TOV eEUTNEETY GTOL POoPTAVMVYTIL SuvauLxd xat exteAolvTal. O exteréoiuog
xOOxag meplhaufdvel TNy vhonolnom TELOY GUVAPTAGE®Y Pia Yo TNV apyixonolnoy
Tou QiATEOL, SNAASY TWV TOTUXMY METUBANTAY TOu, Ulo Yl TNV AMOTEPATWOT) XL
and i ouvdptnor mou emitedel TNV emelepyacia Ty dedouévwy. H ouvdptnon
auth xokelton and to viua mou eunnpetel Tov client ue dploua Ta dedouéva Tou
dtaPdlovtat and 1o dloxo evé) emoTEEPEL Tl SedouEva TOU TEETEL VAL GTAAOVY GTO
client. H uvfun mou yenowonotel éva gpihtpo oplletar anoxielotixd puéow xabo-
M@V YeTaBAnTdy. Aev 860nxe Suvatdtnta Suvauixrg dtayelptong uviung xabdg
éva plAtpo Bo umopoloe Vo xATAVAADGEL UEYIAX TOCH UVHUNG AVEEENEY T, OLVETL-
BounTo yapaxtneloTXd and TN oTLYWY) Tou 1) UvhuY elval évag Teploplouévog Tdeog
TOU GUOTAUATOS. 2TNY TEAYUATIXOTN T ANAYOPEVETAL EVIEAMS 1) XPHioM SEXTAY Yo
NV anoteony napaBldoswy UvAung and to glAtea.

Téhoc o SmASfc petagpdlel Tov x@ddxa oe xabapy| C, eAéyyovtag Toug neplo-
PLOUOUS TIOU AVAPEQUUE, XL YPNoLUoToLel Tov gec yia T dnulovpyla tng shared
library. Yto oyfua 2.2 @aivetat o x@d3uxag plag anAnc eQapuoyhc Tou yeroLlonotel
70 @iATPO ToL oyYuaTog 2.3 Yo va eneepyaotel €va apyelo Sounuévo o eYypapEc
Twv 100 bytes. Apywd n epapuoyn dnuovpyel to apyelo, ypdgpel 1000 eyypa-
PEC, UE TS YVWOTEG AetToupyLég apyelwy , xou to xhelvel. 'Eneita avolyel mdit to
apyelo anooTtéhhetl éva gpiATpo GTOV EEUTNEETY XL TO EQPAUPUOLEL OTA TEPLEYOUEVA
Tou apyelov . Me enavaroufavéueves xhfoelc tng smas_nextrec () AouPdver tic
eYYpapéc mou emAéyovtan and to @iktpo tou oyxfuatog 2.3. To @iltpo dNAdvel
TN UVHUY Tou Yenoldonotel uéow tng douric myrec 1 onola elvan xau 1 elcoddg Tou
agol etvan to dptoua TN body (). H body() emAéyel va mepdoel oto client tig
eyyeagéc ue medlo key uixpdtepo (oo Tou 15. Yto oyxfua 2.4 galvetar 1 avtaAla-
Y1) UNYUUAT®Y avdueca oTov eEUTNEETN xaL aTov client xal 1 ahAnAenidpaon Tou
egunneétn ue To @iAtpo oe pla Tumixy) odvodo evdg client ue tov e&umnpé.

2.4 Aettovpywxd cVotnua SmAS

Elvar @avepd and doa €youvue avapépel kg TMpa OTL TO AeLToUpYIXS GUGTNUA YLd
T0 SmAS 0o mpénet va elvon Wlaltepa amhd. Buyxexpluéva uropoue va amopLiur-
OOLUE TLS AELTOVPYLES Tou mpémel va emttelel To SMASOS otig axdiouvbec:

o Awayeipion dloxouv - To Aettovpyxd clotnua acParGS TEENEL Vo UTopel
va tpoonehadvel T apyela 6To dloxo xat va vhomotel Eva cloTnu apyelwy.
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#define FILENAME "smas.cs.uoi.gr:testfiles/test1"

typedef struct {

int key;

char datal[96];
} MyRecord;
main()
{

int fd,k,filtid,rsize;
MyRecord r;

/*Part 1: create a sample filex/
fd=smas_open(FILENAME, SMAS_O_CREAT|SMAS_O_RDWR);
for (k=0;k<1000;k++) {
r=randomrecord(); /*Creates a recordx/
smas_write(fd,&r,sizeof (r));

}

smas_close(fd);

/*Part 2: filter the records*/
fd=smas_open(FILENAME, SMAS_O_RDONLY);
filtid=smas_registerfilter(fd,"simpleselect");
smas_applyfilter(fd, filtid);
while (smas_nextrec(fd, &r, &rsize) > 0)

process_rec(r);

Eyfua 2.2: 'Evag amhég client
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typedef struct {

int key;

char datal[96];
} myrec;
init() { 2}

body (myrec r)

{
if (r.key <= 15)
pass(r, sizeof(r));
else
nopass();
}
tini() { }

Yyhua 2.3: ‘Eva anié @ihtpo
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o Awayeipion wviung - Baow) Aettouvpyla yia xdbe Aettovpyxd clotnua
elvon 1 Stayelpion uvAung, mou ypetdletol Yoo T WA Tou YeYoLLOToL00Y
T @iATpa xat 0 eEuTNEETNC.

o Xpovompoypahatlolds - O }povompoypouatiouos Twy QIATE®Y elval uio
IBLOTNTA TOU GUGTHUATOS TTOU ATOdELXVUETAL TOAD onuayTxy) dtay eEumnpe-
Tolue moAloig client tawtdypova.

o Awadixtiwon - H vionoinon tou mpwtoxdihou TCP/IP elvon Baouxr yia
70 oVoTNUS Hag.

Me Bdorn ta napandve emAéEoue vo uetapépouue To clotnua SmAS ot éva véo
Aettoupyxd to omolo Oa umopel va tapauetporonbel evxola Gote vo unooTtnellel
TS ToPATAVL AeLToupYies, evé O avaotéAlovTal ol UtdAoneg anoPelyovTag €Tol
doxomn yerion tou enelepyaoth. H emhoyn pag #Arav o und avdmtulrn muprvog
tou GNU Aertouvpyxol cuotiuatog, to Hurd. To Hurd éye ula mpwtomopLoxy
apyLtexTovxy) mou Eegedyel and TNy Tapadootaxt) LoVOOLXY| apyLlTEXTOVXY TWY
umoholnwy XAOVWY Tou UNIX xou emitpénet tnv edxohn napoauetponolnot| tou. To
yeyovdg 6TL mpdxeltar i éva véo muprval tooduvauel e oyeTixd uixpd uéyebog
xOO8xd, mou BoAelel Toug GxOTOUE AUTHS TNG EQYACLAC XL TNV TPOTOTOINGCY, TOU
oLoTAUATOS. Axdur, oL UEANOVTIXES TTOANE UTOGYOUEVES BUVATOTNTES TOU TO X
Biotoly éva ToAD evBlagépoy GUoTNUA Lot UEAETY).

ITapdho mou e€etdooue xal dAAec emthoyéc to Hurd @dvnxe cov 1 xakitepn
Noon. Xuyxexpwéva n dedtepn enthoyy| wog tav o nuphvag LINUX [23]. Hoapdro
mou auty 1 Adon €xel To mAsovéXTNUa OTL amotehel éval TOAY dnuo@UAY Tuprva,
o omolog elval AEXET TUPUUETPOTOACUULOS Xl BEATLGTOTONUEVOS, TEALXE ATOp-
elpbnxe. O xvplétepog AoYog elvar To Tepdotio uéyebog Tou %MBXd Tou xou 7
wovolBuxy| apyttextoviny| tou. Ipayuatind 1 povokibixy| apyttextovixy| tou LIN-
UX odnyel and ) yla oc éva anodotixd clotnua ahhd and tnv dAAN dnulovpyet
ToAég e€opTHOELS AVAUESA OTA SLAPOPETING TUAUATA TOU XWOWXE Tou, YeEYOVHS
Tou xabloTd onoladnnote Pl ahAayy| TEaXTXd adUvaTY).

Y10 enduevo xepdhato nopouatdletar o muprvac Hurd xat ol duvatdtntég Tou
®ate va yivouy Eexdbapol ol Adyol mou odfynoay oty emA0YY| TOU %ol oL AANXYES
TOL EYLVALY.
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Kegdhoro 3

O nuenvag Hurd

To 1984 o Richard Stallman Eexivnoe ula mpoomdbeia yio v avdntuln evég
eheVbepov, and xdbe neplopioud didbeang xau Staxivnong Touv xHBLxA, AELTOVEYIXOV
ouothuatoc. H npoomdfeio auth) cuveylletar uéypl ofjuepa xar ovoudletar GNU!
project [16] xou éva onuoavtind tufua tne elvan 1 dnuiovpyia evée véou tupriva, o
avté to cbotua, Tou Hurd? [17). H avértuin tov Hurd ovcliotixd dpyioe to
1991 étav 1o Free Software Foundation® (FSF) wfipe 83eto vau ypnousonotficel Tov
uwxponupriva Mach mou elye avantuybel and to Carnegie Mellon University.

H apyrtextovini tov Hurd nepthaufdvel to uxpornvpiva GNU/Mach, cov Bé-
on Yyl T yauniol emmédou Siayelplon ol mpooméhaoy, Tou LAV, xol éva ol-
voho amd eWdxéc EPUPUOYES, TOUG Servers, Tou aVUAUUBdvouy vo UAOTOGOUV
) Aettoupywdtnta mouv PBeloxouue oe cuothuata UNIX. Axohoufel pia ovto-
un etoayoyn (Evémrta 3.1) oto uixporuphva Mach xou énelta nopouotdlovue tny
apyttextovixy| Tov Hurd (Evétnta 3.2).

3.1 Ewaywyh oto Mach

H avéntuén tou uxpornupiva Mach [19], dpytoe to 1985 oto Carnegie Mellon
University (CMU). Xt6yog fray 1 dnuovpyia evég pixporupriva tou urtootnpilet:

o Mia apyttextoviny| ULxpomuEVa TOU TaEEYEL TEPLOPLOUEVES AeLToupYleg xal
emTpénel oe emnédou YeNoTn EQUPUOYES, TOUG Servers, va Topéyouy SLdpopa
OoLOTAUATA UTOGTAPLENG EPAPUOY V.

"Onov GNU onuatvet GNU’s not UNIX.

2'Omnov Hurd onpatver Hird of UNIX-Replacing Daemons xou Hird onuaiver Hurd of Interfaces
Representing Depth.

30pydvwon mou Wplhnxe to 1985 e otédyo v unootiplrn tou GNU project
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e 'Eva elehyuévo alotnua Siadlepyactaxic emxolvwviag oTov muphva Tou
XENOWEVEL Yo TNV LVAOTOINGY TOU LUTOAOLTIOU CUCTAUATOC.

e Anodotuxd viuata.
o Ilopoyn exovinfc UVAUNG UEGEL TOU TURTVAL XAl TKV Server.
o Apyrtextovixéc ue moAanholg enelepyaoTéC.

Méyet to 1994 oL dvbpwmol Tou CMU elyav emtiyel autolc TOUg GTOHYOUSC UE TN
dnutovpyia Tou Mach evog Uixpomupriva Tou €xel eMNEedoel oNUAYTIXE AUTO TOV
TOUEN TWY AELTOLRYXADY cuaTNUdTLY and TéTe. H teheutala éxdoon tou Mach and
10 CMU elye apbud tpla. 'Encita to Iavemotiuio tng Utah cuvéyloe, uéypet to
1996, tnv epyacia Ttou CMU ye Ty mpoctnixrn VEwY AeLToupYL®Y xaL TN Snutovpyla
utoc tétaptng éxdoong tou Mach [20]. Lhuepa auth 1 éxdoon yenoiuonoteital 6To
tMach [21] pla npoondfea dnuovpylag evés BSD [22] cuothuatog. Hapdhinia
t0 FSF avéntuée tn duer) Tou éxdoon tou Mach Y xprion oto GNU project.

Apyuxd mapouoidlouye ev cuvtoula pepxd Baoixd yapaxtneliotixd tou Mach
evo émerta e€etdlouue To aloTnua Slayelplong UVAUNG oL SlepYaoLdy GoTe va yi-
VEL XATAYONTO TS EMLTUYYAVETAL 1) dntovpyla Siepyaoidyy o €va T€Tolo GUoTNUA.
O Mach avahaufBdver tAfipeg T Soryelplon Tou UAXoU xal Tapéyel T duvatdTnTa
dnutovpylac uvdnrol emmédou server yla TN TOEOYY| TEPALTERPK AELTOLPYLXOTNTOC.
H duvatdtnra autr Siveton pe v uvroothpln and to Mach Bacixdy evvoldy. Ou
xvpLdtepeg and autéc elvan [10]:

e Task - Anotehel ) povdda exymenonc mopwy, €xel éva Yodeo Sevbivoewmy
otn Uviun xau mepéyel éva 1) meplocdtepa thread. Ovolaotind elvon pla
oLANOYY TopwV TOL CUCTHUATOS, oL onolol elvar TpooneAdaiuol elte uéow
ports elte dueoca.

e Thread - Anotehel tn povdda aglomoinong tng CPU, elvar éva onueto ehé-
Y)ou porc puéoa ot éva task, unopel va exteheiton tapdAAnha ye dAlo thread
xoL TEPLEYEL EAAYLOTN TANPOQORLaL Yol ULXEY| XATAVIAWGY) TOPWVY.

e Port - Eivar éva xavdht emxotvoviag, uia ovpd unvuudtony mou yepiletal o
uwponuprvac. H npdofacn otny port yivetouw uéow dixatwudtwy, uévo éva
task éyet Suxalmua AMdne aAAd ToANS umopel va £youy dixalmua anoaTohc.

e Message - Anotehel ula tunomoinuévn ouhhoyy| dedouévemy Tou YenoLuo-
moleltal oty emixovwvia avdueoa oe tasks, dnhadr ota mepleyduevd Toug
threads.
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e Memory object - Anotehel 0 povdda Swayelptong uviung tou muprva.

To napandve aviixelyeva elvar 6t ypetdletal Yo Ty vhonolnor vdnhol emné-
dou epapuoy®dy. Ta task xat ta thread vhomolody v €vvola g diepyaotiag evéd
Ta ports xat To messages dnuLovpyolv €va e€eAyuévo cloTnua Sladlepyaotaxic
emxolvwviag, Tou ypnoluonoleltal otny enxolvwvia Twv task yetald toug, otny
ETUXOLVOVIA UE TOV ULXPOTIUPTVAL oL GTNY TooTéAacY, Tou VAoU. To clotn-
ua emxotvoviag elvan apxetd egehyuévo Gote va unootneilel éheyyo mpdoPaong
ota port UG SIXAUWUATOY, XAl ATOCTOAY AUTOY TWY SXAUWUITOY CE Vo Server
TPOXELUEVOL VO EMXOLVWVHOEL UE XATOLOV GAAO.

3.1.1 Movtého drayeipions wviuns Mach

O Mach yenowwornotel éva e&ehiypévo yovtého dlayelplong uviunc mou ywelletol
oe éva Tuhua e€apToVuEVo amd To LALXS ot €va TUfua aveldptnto and To UAXO
ToL TPoaPEpeL Eva WEGO Yia TNV LAomoinoy Sayelplong uviung vdniod emmédov.
O Mach napéyet éva obvolo and euxovixéc dievfivoeig (virtual addresses) [11, 12]
oT0 YGpo devbivoewy evog task mou avtiotolyoly oe Quoxéc dievbivoelg tng
wviung Touv cuothuatog. ‘Onwg o8 GAo To GUOTAHUATA TOL YENOLULOTIOLOUY GEALSO-
noinon (memory paging) [11, 12] yio Tnv ulomoinon exxovixic uviung, étol xat 6to
Mach o y®pog dievfiveewy evdg task dev Pploxetar oAdXANEOC 6T PUALXT| UVAUY).
Tnv uetagopd oeAldwy amd xat Tpdg To Yweou dleubivoewy evog task avarauBdvel
évag e€wtepxds, Tou muprva, server, o memory manager. O Mach ypnouonotet
N puown Uvhun ooy uia cache yia Tig aeAideg uviung mou dayetpilovtat Stdpopol
memory manager. O Mach avohauPBdver 6ha ta Béuata mou agopody TNV Tpbd-
ofaon Twv oeAidwy uviung and ta task, 6co autéc Beloxovtal o QuoLxr UV,
xou mopdAAnia anogacilel moléc oeAldeg Bo mapauévouy otn guotxy uviun. Ou
memory manager avaAouBdvouy TNy anobrxeuor ceMBwy exTOS TNG UVAUNS XL
TNV AVAXTNON TOUG HTAY AUTES YPELAGTOUV.

H Bwoyelpion tng uviung ylvetoaw péow twv memory object. O Mach ypnowo-
notel d%o €WV memory object:

e Abstract memory object - Ilapéyel to yéco ye to omolo évag memory
manager Unopel va yelploTel Tig GEASES TOU XAl VAl TPOTOTOLGEL TLG LOLOTNTES
Toug, 6tayv autég Beloxovtal exTég TNG PUOLXHC UVAUNG.

e Memory cache object - To Sayeipiletal o Tuprvag xat TepLéyel TNy xaTd-
oTaoY) TV oeAdKY evOg abstract memory object, nou Bploxovtal ot uolxy

LV
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'Evog memory manager elvan €vog server mou dnutovpyel xou apyLxonolel éva
abstract memory object xau cuvende ) uvAun nov Ba dwayetpiotel. H dayeipion
UVAUNG ETULTUYYXAVETAL UE TN CUVEYY EMLXOLVOVIL TOU UIXEOTLEY VAL UE TO MeEmo-
ry manager. ‘Otayv xdnoto task dnulovpyrioel xdmolo opdhua oehidog o xdnolo
memory cache object xou dev unopel va to dayeplotel o wixponuprvag, toTE 0
Mach petagépel Ty altnon oto xatdhAnio memory manager. O memory manag-
er avahoufdvel n dlayelplon Twv oeMBwy, ue Ty edpeon tng {ntoduevng oeiidag
oto abstract memory object Tou xat v aroctol tng 6to Mach. T'evixd To mpw-
téxohho enxolvoviag tou Mach ye Toug memory manager elvat ToA) mepimhoxo
ooV mpénel va dtayelplleTal OAEC TIC MEQINTMOELS CQUAUATWY UVAUNG.

O default pager elvat évac memory manager pe €W onuacto yia 1o Mach.
‘Otav xdnotog memory manager xafuoteprioet 1} arotiyel va Stayelptotel ulo oe-
Ada, t61e 0 Mach xakel to default pager o onolog dev mpénel va amotuyydvel notE.
Yto Hurd o default pager elvow xau 0o udvog memory manager Tou UTAPYEL.

3.1.2 Tasks xat threads oto Mach

Yto Mach 3ev urndpyel 1 évvola tng Siepyaoctiag, TouAdyLoTOV O)L 6Twe TNV E€pouUE
oto UNIX. Avtifeta o Mach nopéyel Tic Soués exciveg mou emtpénouvy v LAo-
nolnom Siepyaotdy ae o VPNAS eninedo. Ou douéc autée elvar ta threads xou ta
tasks. Emouévwg o Mach mapéyet duvatdtnta drayelpiong uévo twv task xou twv
thread.

Ta thread anoteholyv ti¢ Baocixéc ovtdtnteg unoroyiouol. Kdbe thread avrxet
oe éva xat poévo task mou xabopilel to ydpo devbivoedv tou, Tov omolo xat
uotpdleton pe to undroina thread tou task. O ypovompoypauuatiouds twy thread
yivetow ané 1o Mach. Kdbe thread oyetiletal ue ula mpotepondtnta avdhoya ue tny
omnola anogactletat téte Ha yenowwonowioel ™ CPU, evd 1 ahhayn avdueca ota
thread yivetaw mpoexywentind. Yrdpyouv eldixég xAfoelc ue Tig onoteg éva thread
unopet va napadnaoet T CPU 1 va amoxtiioel eldxd npovéuta yerions tng CPU xa
e uvAUNS, omwg yivetow ye to thread Tou default pager. AZionpdoexto elvan 6Tt 0
Mach elvon el8uxd oyedLaoUEVOC Yol VOl EXUETAANEVETOL GTO EMAXPO TLS SUVATOTNTES
ToEUAANALIG TV UNYAVNUETOY Ue ToAamA0US ENeEepYAOTES, EVEH 1) TEONYUEVT
dayelpion twv thread tou, Tou emitEénel TNV ATOGTOAY| o dAAO UNYEVNUA UE
uxponupriva Mach evég thread yua va cuveyloel exel Ty extéleor| Tou, av xou
auT T SuvatdtnTa dev TNV exueTahAedeton axdua o Hurd.

Ta tasks anoteholy 10 U€Go exyOEnoNg TépwY and To cUGTNUA 6TO TEPBAANOY
T0 onolo exteloVvtan T thread. H dnuiovpyla evéc task yiveta uévo and xdnoto
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dhho task and to omolo xau xAnpovouet Sdudpopeg mapauéTeous xa Bétel To YHEo
eovix@dy deubivoedy tou. Ilopbdho mou éva task dev ypovompoypauuatiletol
dueoa, UTAPYEL TEOTOS VO EMNEEAGEL TO YPOVOTEOYpauUaTiond towv thread mou
neptéyel Bétovtag wdmnoleg mapouétpous, v unopel va EAEYEEL TO TEPUATIOUS %Ol
v exxivnon twv thread tou.

TéNog YL T oLYYpEAPY) server xat eQapuoy®y yenotn uall ue to Mach épyeton
xat 1) BBAob¥xn CThread mou napéyet ula vAomoinoyn ynudtwy ot eninedo ypRotn
xat Aettovpyleg yia T dayelplon xau Tov auotBato anoxieloud toug. H Bi3iobrxn
auth e€etdletal Aentouepds oto emduevo xepdiowo. Ilepiocdtepec TAnpopoples
Yo to Mach unopel va Beel xavelc ota e€nc Bi3Ma: [13, 14, 15].

3.2 Ewsaywynh oto Hurd

To Hurd elvar éva cOvolo and server mou ypnowuonotel Tig duvatdtnteg tou Mach
vl va mapéyel T Asttovpywedtnta evoc POSIX cuotuatoc. Emmiéov eiodyel
%xovoUpYLeES SuVATOTNTES Xat Ulot EVIEADS SLAPOPETLXY| APYLTEXTOVLXY| ATd TOUG T~
padoataxolg povolibixoig UNIX muprivec. Ed¢ mapoucidletar o tpdmog Ue tov
ornolo ot server Tou Hurd uhomololy €va Aettovpyixd cloTnuaL.

Edaue 61t éva Mach task Sabétel apxety| Aettovpyndtnta Gote va umopel va
vhomotfioel ula diepyaoio. Ou server elvol eQapuoYEg YeHOTN XAl LGOSUVOUOUY UE
Mach task to omolo exteloly ula ouyxexpLuévn Aettovpyla, aveldptnta To £val amd
T0 &AAo, xat pali vhomotoVy évar UNIX cbotnua. H cuvepyaosia tev server ylvetol
duvath uéow tou ovathuatoc dadepyaotaxrc entxovoviag (IPC) touv Mach. H
ohoxhfpwon ulag Asttovpylag umopel vo amattel TNy emxoOLVWVIo AEXETHY Server
(Eyhua 3.1). H uéhodoc emxovwviog nepthopBaver Ty anootolr| evég unviuatog
ané éva server 6to port xdnotou dhhou. To mpdBinua mou eugaviletol elvan Twg
xdmoLog server anoxtd Suxatwua anoctohfig oty port xdmotou dhhou ue Tov onolo
TEETEL VAL ETUXOLVOYNOEL HOTE Vo 0AoxAnpwaoeL T Aettovpyla. H Adon o autd To
TeoBAnua Baoiletoar uepxd oe éva WOXELUEVO server Tou TEPLEYEL To OVOUITA
EVPEWS YPNOULOTIOLOVUEYWY server Xal 6To pL{oCTAoTIXG TEOTO TOU Y PNOULOTOLE!
t0 Hurd to clotnua apyeloyv. Kdbe server €yel Suxalwua anootoric otny port evog
ouyxexpLuévou server-supetneiov. Ou server xatd tnv €vapdr| Toug xaTaYEdPOLY
T oTolyela Toug, ula port ylo emxolvwvio xaL To dvoud Toug, 6E auTd ToV Server-
eVPETNPLO, EVE) avaxToUY T oToLyEld JAAWY server EXTEADVTAC EpWTHOELS OE AUTOV.

To clotnua apyelov tou Hurd elvoan to ext2fs, éva cupéng ypmouuonolol-
uevo cvotnua apyelowv, tou yenowonotel xéuPous (i-nodes) yia vo anobnxeloel
Ta apyela xou TAnpowopies mou T agopoly [11, 12]. Yto Hurd bunc éxel éva
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User Leve

Application
) — i I— E T : LibC
P library P library P library
B N [

N/
SERVER SERVER
S N PSR N I A
E Mach tsks & threads MM
Mach Memory Objects

Eyfua 3.1: Emxowvwvia tunudtey tou Hurd. Ta tuduata ywellovtol ot enineda
6mov oto teheutalo Bploxetar o Mach, Uotepa o Hurd xou méd ndvew mewy and Tig
x0Lvég egapuoyes M BiBAobinn tng C. Aaxexouuéva mhalota ety vouy Tig unnpe-
olec xdfe emmédov. Tuunayy mhalow T epapuoyéc dnhady) Toug server xol Tou
xerot. Emxoiuntédueva mhatota delyvouy emxolvmvia Ue Lop@y| xAHoNne cuvap-
THoEWY, EVE Ta BEAT) UTOBELXYVOUY ETUXOLYWVIN UEGH AVTUANXYAC UNVUUATOV.
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TAEOVEXTNUA XaBGDS UEGU GTOUG XOUBOUE TOL GUBTHUATOS aEYElwY anofnxedovTtal
TANPOPOPLES Yo TOUG {BLOUS TOUG Server Tou GUGTHUATOC.

Yuyxexpuéva wdbe xoufoc unopel va avanoplotd éva amAd apyelo 1) va me-
pLExeL To bvoua evdg server mou elval unebfuvog yia Ty Bayelplon B ahhde e-
Ao TV TEPLEYOUEVWY TOou, YU'oautd oL server Aéyovton xat translator. T
xd0e Aettovpyla TOu GuoaTAUATOS LUTdPYEL XaL €va avTioTtolyo apyelo oTo cUoTN-
ua opyelwv,eve atov xéufo tou apyelov autod undpyel anobnxeuvuévo to bvo-
ua Tou server mou TEEMEL vo xAnfel ue omoleg mapauétpoug YpetdleTal O serv-
er ywa va Aettovpyfioel owotd. T napddetyua yio to TCP/IP undpyet to op-
Yelo /servers/socket/inet eve) otov x6ufo Tou YpdpeTal To Hvoua TOU Sserver,
/hurd/pfinet pe nopapétpoug Ty IP iedbuvor Tou unyaviuatog, T udoxa vro-
dtxtdou x.4.

H npoonélaom tou cuothuatog apyelwy yivetal uéow evdg server mou Stayetpl-
Cetow TNy emxolvmvia ue To Mach xow cuvends To oxAned dloxo. 'Otay tpoonelad-
vetat évag x6ufog Tou cuaTHUATOS apyelwy o server mou dayelplletal To cloTHUA
apyelwy, av autd elvar xavovixd apyelo emotpépel ulo port mou avtimpocwnevel
T0 apyelo, alhdc extelel To server mou avtioTolyel oTOov XOUBO XL EMLOTEEPEL
uta port yia emixolvovia ue autd to server. T'n Sadixacio autr evepyomololy xou
drayetpilovtar €€ ohoxATipou oL XANoELS GUGTHUATOS oV VAoTotovTal and T Bi-
Bhobrixn tne C, 1oL o mpoypapuatiotic 8¢ ypeldletal va Yvwpellel To mapauixpd
vl Tl AemTopépeleg authg TN emotvwviag. Iapaxdte napabétouue ueptxoic
and Toug xVpLdTEPOUS server Tou tupYvat Hurd ol omolol extelovvtal auTédUAT ond
70 aloTNnuaL.

o ext2fs - O server mou avarouPdver tn dayelpion Tou cuoTAUATOC apyElwY.
e exec - O server nou dnulovpyel ula véa Siepyaoio and éva exteréoluo apyeto.

e proc - O server mou avahauBdvel Béuata Soyelpiong Siepyaotdy, m.y. avd-
Oeon PID.

e init - O server mou apyLxonolel To coTnuUa.
e mach-defpager - O server nou avahauBdvel 0 Sayelpion uviung.

Puowxd e€axolovbolv va toydouy ol ddeleg TEOGRAGTC TOU XAAGIXOY GUGTHUATOS
apyelwy tou UNIX napéyovtag étol eheyyduevn npdoacr 6Toug server.

Elvar gavepd 6t autd 1o clotnua elval ToAd UEALXTO xau €xel TOANE TAgO-
VEXTAUATA OGOV aQOpd TNV TUPAUETEOTOINGY TOU. LUYUEXPUUEVA ETLTRENEL GTOUG
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XENOTES VO YENOULOTOLOVY TOUE BLx0Ug TOUG Server TUPAUETPOTOLWMYTIS 1 XL oAV TL-
XATACTOVTAS AUTOUE TOU GUCTHUATOS, UEGH OTA TAXGLY TWY ABELDY TOUS PUGLXI.
Axdbua elvan mpogavég 6Tl extodg and uepxols Pactxol server oL UTOAOLTOL EXTE-
hovvtal autéuaTa and To cVaTNUA LoVo dTay YeetdleTal YALTOVOVTAC €TOL THOPOUC.
Autd T yapaxtneloTixd Thnpoly Tig Tpolnobécelc mou Bécaue 6To MEONYOVUEVO
xe@dAaLo, SNAESY) TNy emextaoudTTA XL TNV eveléia, xat xabioTody To Hurd éva
TOAD EAXVGTING GUOTNUA YL UEAETT), SIXALOAOYDVTAC TNV EMAOYY| UAS. 2TO ETOUE-
vo xe@dhono e€etdlovue avaAuTixd T aAlayeg mou xdvaue oto Hurd npoxeuévou
va emttdyoupe Bedtiwon g anddoong Tou SmAS.
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Kegdhoro 4
XpOoVOoTpOoYpAUUATLOUOS PLATEWY

"Eyouvye 101 emonudver 6t éva ueydho xouudtt Tou SmAS agopd Ty petagopd
evog Tufuatog tne enedepyaoctiac Twy dedouévwy and Tov client otov eunnpén.
Auty| 1 uetagopd vhomoteltal ye TN dnutovpyia amAGY TpoYpAUUATWY atd TO YEY-
o7, oL Ta 0VoudLouue GiATpa, Ta OTolo EXTEAOUVTAL GTO SErver ol EAEYYOLY TNy
pon) Twv dedouévwy Tpog Tov client. Enouévwg ta giktpa anoteAovy éva onuayvtind
ToedyovTa Tou emneedlel TNV and300Y) TOU Server.

EWluwdtepa ta pihtpa anotehody To onuavTixdTepo TapdyovTa Xafoplouol Tou
eLBuo dlapetaywyRc dedouévmwy Tou TeTUYAlVEL 0 EEUTNEETNE OTNY TERITTWGN TOU
egunnpetel moAloUg clients Tavtdypova. Tavtdypovn eEumneétnon onualvel Ty
Omopgn TOAGY VNudTwy otov eEunneéty Tou To xabéva avaiauldvel Tig aThoELS
evog client, ouunepthapBavouévng xal Tng eXTéAEoNS TOU QIATEOL.

Me v extéheorn TOMGOY QIATEWV TAUTOYPOVA ALEAVETAL 1] CUVIPOUIXOTNTA
(concurrency) otov e€unnpétn xat eyelpoviat Béuata Snwe To YEovixd ddoTnua
mou éva @iAtpo Ba yenoiwonolel tov enelepyaoty xol av xdnotog client €yel mpo-
TepadTNTA EvavTl xdmotou dhhou. Ilpoxeiwévou va diepeuviicouue to Béuata autd
xa vo BeATioTonoloouue TNy anddoor Tou eEUTNEETY OYESLACUUE XAl UNOTIOLCUUE
OLAPOPETIXES TOMTIXES Y POVOTPOYPAUUATIONOU) TwVY PIATEOY.

Y1 ovvéyewa (Evotnra 4.1) eZetdlovye Tic TOMTIXES YPOVOTPOYPUUUATIOUOU
Tou B vhonotiooupe, énetta (Evétnta 4.2) avalbouue To TpdTo LAOTOINONS AVTHY
TY ToNTXAOY xau (Evétnta 4.3) tic emntdoelg Toug otny anddoon Tou eEunnpé.

4.1 IIoAttixég YPOVOTROYEAULULATLOWUOU

[Mpoxewwévou va BeAtidoouue T emddoelg Tou egumneétn, dtav egunnpetodvTal
moAlol client mou exteloVv epwTioelc Uéow TV QIATEWY Toug, TEémeL var e€eTd-
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OOUUE TOV TPOTO UE Tov omolo Ta PiATpa auTd YPNoLULoToLoUY ToV EREEEQYATTH).
[Tpoxewévou va pehetioovue ) BeAtiotonolon tou e€unneéty doxudooue dVo
TOMTIXEC YPOVOTPOYPAUUATIONOD TOV VNUATWY TOU GUVOVTOVTAL APXETE GUY VA
ot Bihoypagia Tov Aettovpyixdy cvotnudtwy [11, 12].
Roundrobin O alydpifuog autdc evarldooel avd taxTind yeo-
VX4 SLlaoTAUATA TO VAU TTOL YenoLloTnolel Tov eme-
Eepyaoth ue éva dhho mou PBploxetal und avacTo-
A1, dlvovtag état éva x3dvTo ypdvou oe xdbe viua.
Ta vAuata evaAldoocovtal to éva Yetd to dAAo,
dnhadh enavampoypauuatiletal To Blo viua uévo
ool 6Aa Tar UTOAOLTOL €YOUY YENGULOTOLAGEL TOV
eneéepyaot|. 'Etol emtuyydveton oyotduop@n xo-

TavVoUr) TOL EMEEEPYATTH OTA VAUATA.
First Come First Autéc o ahydplbuog mpoypauuatilel To vAiua Tou

Served dnutovpyeltal TEMTO, CUVEYDS XL UEYEL AUTO v
teleldoel Ty extéleor| Tou. 'Etol dev umdpyel mo-
PAAANAY exTtéleon alld To x&0e viua mepLUEVEL Vol
TEAELDOEL TO TPONYOUUEVS TOU YL VO Y PNOLLOTOL-

o€l Tov eneepyaoTh.
H npdtn moAttued avdvel tn cuvBpoutxdtnta, agod dtay éva viua €yl unhoxd-

pel (T.y. mepuévovtac dedouéva and To dloxo) éva dhho uropel va exteleltat, evé
elvow Sixoun yio dhoug toug client, ool 6Aol yenouuomolody tov enelepYaoTy mo-
PAAANAL. LNy TeayaTedTNTA OUWS 1) GLYSPOUIXSTNTA SV ALEAVETAL TOAD 0O
dtabétouye wbvo éva enelepyaoth Yo va extelel Ta viuata. Emmiéov n cuve-
e dadixacion Tng evalhayfg Ty vNUEToY, yenowwonolel xpdvo Tou enelepyaot
ehaTTdVovTag TO Slabéotuo yedvo Yo Tar plhTea.

H deltepn moAtiny| ovolaotind xatapyel tn cuvdpouxdtnta agol udvo €va
pidtpo e&umnpetelton ywplc Staxonn. 210 uovoenelepYaoTIXd LOVTEND YALTMDYOUUE
10 Yp6VOo evolhayrc Twy thread ol autd Bu neplueve xavelc 6T elvan To BérTioTo.
"Ouwg éva @ihtpo TOAD cuyvd ypeetdleTal vor TEQLUEVEL TNV AVAYVWOT) SESOUEVHDY
ané 1o dloxo xal TNV anocToA) Toug 6to dixtuo. 'Etol ndAL undpyel ypdvog oTov
onolo o eneepyaotic S yenowonoeital yio Ty extéleor gihtpwy. Emmiéov
optouévol client Ha apyRoouvy ndpa moAd va Adfouv ta mp@dTa anoteAéoUAT AT
Tov e€UNNEETY, AoV UTOPEL VoL TIEPLUEVOUY VAl TEAELGDOEL XdToLog 1) xdmotol dAAoL
TIoLU GUVIEBMXAY TELY amd AUTOUS, YAPAXTNELETIXG O)L XL T660 embuunTto.

Axéun ula mohter mou elvon evBlagépov va egetaotel elvan 1 cuvtoudtepn
gpyaoia tpdta (shortest job first - SJF). Ltnv tokitind auty| Stabétouue nthnpogo-
pla yio To xpdvo mou ypetdleton xdbe epapuoy Yo vo ohoxAnembel xou emAéyouvue
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TNV o GUYTOUY. LNy teplntmaoy| Yoag xde @iltpo €xel dlapopeTind Ypdvo extéle-
org mou e€aptdTan amd To (3lo To PiATpo X amd To apyelo oTo onolo epapudleToL.
To mpdBinua elvar ot dev Sabétouvue Ty anapaltntn TANPoYopia Yo To Ypbdvo
exTéAeone TV QIATPWY %ol TEETEL VO TOV UETPHOOVUE BuVaULXd XaTd TNV eXTEREDY)
TOUG.

Ytdyog wag elvan 1 oVyxpLon TwY ToATdyY Roundrobin xot First Come - First
Served mou fa Bondroel 6To va BeAtioTonoljoouue TNV andS300T TOU EEUTNEETY).
Y1 ouvéyeta avaAlouvue TV VAoToInaY| Toug.

4.2  YAomolnom T®y TOATLXGY YPOVOTQOY POUAAATL-
oKoYl

H vhornoinon yiveton pe Bdon tig mapeydueveg duvatdtnteg tou Hurd xow tou Mach
vl autd To AoYo Cexvdue TNV avdAuvor tng vhomoinong amd T BYBALobYn Or-
utovpyloc ynudtwy tou Hurd, tn CThread [9].

"Eyouue %01 avageépel tig duvatdtnteg nouv mapéyel o Mach yio tn dnuouvpyia
YNUATOY aAld oty vhomoinaey uag acyoloVuacte ue Ty BBAobrixn CThreads.
H vionoinon ue Bdon ta Mach thread Oo anattodos adhayéc otn Sour| Tou uixpo-
muphva, €va Tohd dVoxoho eyyelpnua agol to thread yenoiuonolovvton oe xdbe
Aettovpyla Tou Mach, eved xou ta Sidgopa Tuuata tou Mach dev elvan ave&dptn-
Ta dote alhayég oe éva vo unv emneedlouy to dAlo. EZdAou apyuxd Béhovue
va ypovornpoypauuatilovue uévo ta @idtpa ondte avtiuetwnicaue to Mach cov
éva “wadpo xouti” nou yenowonojooue to cthreads wg Bdomn yio tor died pog
XEOVOTPOYPUUUATILOUEVAL VAUATAL.

ApyiCouue v avdivuor tng vhonolnong e&nydvrtag tn Aettovpyla tneg BiBAoHY-
xnc CThread. H BuBAo6vxn CThread napéyet tn Suvatdtnta dnutovpyiag ynudtwy
oTic eapuoYéc tou Hurd xai 1 Twewvy) vhonolnor g Baciletar oty apywer Bi-
BAtob¥pn CThread mou dwWdtav cav Bondnuxd epyaleto pall ue to Mach and to
Carnegie Mellon University. Extéc and tn Snutovpyla tov vudtwy topéyetol xat
1 SuvatdTnTa auolBaiov amoXAELoUO) TOUG UE TNV UAOTOINGY) aVTLXELEVLY mutex
xou condition.

To cthread vionotolvtar pe ) BoRbewa twyv lightweight processes [12], twv
cproc. XTny mpayuatxdtnta éva cthread elvan plo dour) ue Ty onola o ypHotng
ahAnhemdpd Ue Tig cproc 1) omola mepLEyEL amAég TANPoQopleg, OTWS TN cuVdETNHOT)
mou Bélel va exteréoel o ypriotng. OL cproc dnutovpyolviol €16l BGTE Vo TEPLE-
youv 6Tl ypetdletan éva xawvovpyto viua. H dnuovpyla plag cproc avrtiotouyel
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Yyfuo 4.1: Yyéon cthread, cproc xav Mach thread

otn dnutovpyla evég Mach thread xon tny exydenon ylog véag neployic uviung
mou yenowonoteitar cav otolfa and to véo thread. 'Emeita 1 cproc avohauBdvel
v extéleon evog cthread. Ltov apyixd x@dduxa tou CMU ot cproc uropovooy
va Stayetpllovton mohhamhd cthread, otnv vAonoinorn tov Hurd duwc pla cproc
avtiotolyel oe éva cthread evd uetd tnv extéheon xau tepuatioud tou cthread 7
cproc umopel va avaddPBel éva véo cthread. Emouéveg yio xd0e cthread undpyet
ulor cproc xou ya x&fe cproc éva Mach thread (Eyfiua 4.1). Avactolf) tng exté-
Aeong evog cthread onualvel v avactody) tng cproc xat tou Mach thread mou

avTlaToLYoVy o auTo.

Ta cthreads dev ypnoiwonololy xdnolo akybpliuo ypovormpoypauuatiopoL. o
™Y evaddayY) Tev vudtey Pactlovtal anoxhelotind oto Mach. O ypovompoypau-
uattotric Tou Mach npoonabel var xpatd Tov enelepyaoty) GUVEY XS ATATYOANUEVO
yUautéd xou 6tav éva Mach thread umhoxdpel oe pla xAfjon cuotiuatog, neplué-
vovtag dedouéva and To dloxo yia mapddelyua, evalhdooetal Ue 6moto dhho Mach
thread eivaw étowo va extereotel. H evalhayy| auth) twv Mach thread avtiotouyel
onwg elnoue oe evalhayy| Ty cproc xat cthread.

‘Otav pla epapuoyn yenowwornotel ) BiBAiobrxn CThread mpéner apyxd va
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xahéoel T ouvdptnor cthread_init () evd émetta Ta cthread dnutovpyodvton xau
xotootpépovtal Me Ti¢ cthread fork() xau cthread exit(). Xtnv mpaypoti-
x6tnTa 1) *Ajon g cthread_init () dev elvar amapaitntn oto Hurd agod 7 Pi-
Bhobrxn apyxonoteitan dtayv apyilet va exteleltan 1 Siepyaotia, ue ) dnutovpyla
TOU xVplwe VAUATOS Xal VoS Tou avahauBdvel Ty Sayelplon Twy UnvuudTwy Tou
otéAvovton oty diepyaosio and to Mach.

Koatd v duef yac vhonoinon dwxtnerfinxe n éva mpog éva avtiotoylo Tov
cthread pe tig cproc xou 1wv cproc ue ta Mach thread. H »Afon tng cthread fork ()
andé To TpoYpauUATIoTH TAéov €xel cav amotéheoua TN dnutoveyia uiag cproc
7 omola PBeloxetal oe xatdotaon avactohis xat dev ypovonpoypauuatiletar. H
cproc auty| ewodyetal o pia ovpd Q 7 omola meptéyel dAeg T cproc mou TEETEL
va exteAecToly. Koatd tny apyixonoinon tou mpoypduuatos Sume SNULoupYoVUE
éva emmAéov viua to scheduling thread to omolo exteAeltar xaf’6An 1N didpxela
Cwnc tou server. To scheduling thread extelel évay and toug akyopibuoug mou
avapépaue Tapandve. O mpoypauuaTiotic emAéyel Tov alydplfuo ue xAforn tng
set_sched (), n omola mpenel va yivel mpty and ) dnutoupyia dAAWY VNudTey, 7
AEYLTEXTOVIXY| TNG LAOTIONGNGS TWV YNUATWY Qaivetar 6To oyfua 4.2.

Ot ahyo6ptbuot ypovonpoypouuatiouol elval ToA) arhol. O alydpbuog round-
robin agotpel TNV Qo) Tne mpoavagepheioag ovpdc Q Twv cproc xou avabétel
Tov enedepyYaoT| GE QUTH TN CProc YL To avdroyo xfdvto ypdvou, To omolo xa-
Bopiletar and tov mpoypaupatioty 6tay xaAeltal 1 set_sched(). Xto téhog TOUL
xBdvtou ypdvou o alydpliuog YEoVOTEOYPAUUATIONO) AVAGTEAAEL TNV CPIOC TOU
elye Tov enedepyaoTy| xol TNV ELGAYEL 6TO TENOS TNS OLEACS, av BV €xEL TepUaTioEL
VY gpyaoia TN, GOTE Vo YpovoTpoYpaUuaTioTel Eavd xat emAéyel TNy Tpéyouoa
XEQPANY) TNG OLEAS YLo EXTEAEDT).

AZilel va onuelwbel 6Tt o alydpilbuog mou extedel o scheduling thread umopet
va. dpoporoynoel éva cthread mou umhoxdpet, Yo mapdderyua AdyYw avdyvwmong
dedouéve and to dloxo. e auth tnv mepintwon o Mach dpouoloyel avd To
scheduling thread agot elval To uoévo diabéowuo npog extéheon Mach thread. "'Etot
dev unopovue va Boaciotolue oto 611 0 Mach Bo ypovompoypauuatioel éva viua
yia €var oAOxAnEo %PBdvto ypdvou.

Xpetdotnxe va eAEYYOUUE TO Yeb6VO Tou uecohafBel avdueoa 6TLC EXTEAEGELS TOU
scheduling thread ondte av Peebel 6T €xel Tepdoel Ypovixd SLAGTNUA UXPATERO ATd
éva x3avto ypbdvou, ypovompoypauuatiCouue To dto cthread. "Etot Siacgpaiicovue
6t xdfe viua Ba €xel ot didbeon) Tou Tov eneepyaoty) yia Eval 0AGxANpo XBdvTto
XpbvouL.

O alydpifuoc first come first served agoupel v cproc mou Bploxetar otny
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SmAS SERVER CTHREADS

Scheduling
cthread_init() N thread
Initidlization | sef schedo g
cthread_fork() Scheduler  \§xecute
New client . leleQ N\ .
> thread q ‘ ‘
j\ : scheduling
dgorithm
Newdlign | SO0 | o M |
. Shedule
. ) enqueue()
. cthread_fork) | '
New client =@/’

Yyfuo 4.2: Apyrtextovixy| scheduler. ®alvovton 1 Snuovpyla tou scheduling
thread, n Staduacia eloaywyhc VEwY vudtony xat 1 extéleor tou ahyoplBuou

XPOVOTROYPUUUATIOUOU.



xeQaA) Tng mpoavagephelcag ovpds Q xou avabétel Tov enelepyaoth oe auTH TN
cproc. Avd Taxtd ypovixd dlaothuata, (oo ue éva xBdvio ypedvou Omwe autd
oplleton oto roundrobin, o aAydplBuog EAEYYEL AV TEQUATIOE 1) CPIOC ONOTE XL
eEMAEYEL TN TEEYOVOA XEQPAAT) TNG OLEAC Yol EXTEAEDT), AAALOC peTaépel Eavd Tov
ene€epya ot o auTh. Xty emduevn mapdypapo e€eTdlouYE TA ATOTEAECUATA
AUTAY TOY TOALTIXGY GTNY ATOS00Y) TOU Server.

4.3 Iletpopatixég LETPNOELS

H vioroinorn twv 800 TOATIXGY YeovoTpoYpauuaTionol é3wae TN SuvatdTnTa TNg
olyxplong tne anddoong Tou server ue ypnon xobeuloc and avtéc. To mpdBinua
elvon mog Oa uetprioouvue Ty anddoon Tou server amd TN GTLYUN TOU EUTAEXOVTOL
té600L Tapdyovieg, OTws o ypdvog amdxpiong Tou client, o ypdvog encéepyaciog
Tou @ihtpou xat tou client. Lav xpithplo yia T pétenon tng andédoong Tou e€u-
TeéTn emAéEaue To U€co Ypdvo mou ypeeldleton évag client yia vo oAoxinpdoel
TN cuvolhayr) Tou Pe Tov egurnEétn, Tou uag Sivel ulo ol extiunon Tov mocou
dedouévwy mou umopel var enelepyaotel xou vo anoatelhel 0 e€unnEéTng. Buyxe-
XPLWEVDL UElGT TOL Ypdvou exTéheons onualvel adénon tne anddoong, evéd alinon
Tou Ypbvou extéleong onuaivel uelwon tng anddoorg.

To unyoviuata Tou Yenolonmoiinxay yia TNy EXTEAEST) TWV TELPAUATWY HTAY
évag Pentium III ota 733 MHz pe 128 MB RAM xau éva ixpd oxAned dioxo twv
512 MB ue Aettovpywxd cVotnuo Hurd, o omolog ypenoiwdonowibnxe cav 1 SmAS
ovoxeur). Ou client étpeyayv oe éva unydvnua nov étpeye Linuz.

O client extehodoay €va anhd @iktpo select, cav autd Tou oyfuatog 2.3, aTo
server v dev enelepydlotay xabdAhou To anoTéAeoua GHOTE Vo Pewwbel o ypdvog
enelepyaoiog oto client. Ta select epapudotnray oe apyelo ueyéhoug 40 MB evdd
xdfe eyypaph mou emAéyotay and to select, xa anooctéhotay oto client, elye
uéyebog 10000 byte. Ou eyypagéc tav tng Bag wopphc ue 0 doun MyRecord
Tou mapadelyuatog 2.2 ue to medlo key va malpvel ooniBava Tiwég amd éval ewg
EXATO.

Metproaue tnv anddoon tou server ue 1, 2, 4 xou 8 clients nov extehoboay
select ye Swapopetixd selectivity. To selectivity opilel Tov aplBud twv eypapdy
TOU ETUOTEEPEL EVAL QIATPO AL GUYXEXQPUIEVO GTO TUPAdELYUd Uog To piATpa se-
lect emioTtpépouy TiC eYYpagéc ue edlo key uxpdtepo 1 oo tou selectivity Touc.
Extég and tn odyxpion tov dixdy wag alyoplbumy cuyxplvaue xou Ty eyyevy
BBAobrxn thread tou Hurd, émou 6nwg e&nyfoaue dev unhpye xabdhou ypovo-
mpoypaupatiouds. To anoteréoupata gaivovtal oto oyxfua 4.3. Ltny moATixy
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Yyfuo 4.3: X0Yxelon TOATIXGY YPOVOTPOYRAUUATION0D. XTov 0plldvTio d&ova
epgaviletor o aplbudc twv client oe xdbe nelpapa. Xtov xataxdpugo d€ova eu-
paviletal o uéoog 6p0g TV YpOVKLY exTéAeonS TwV client yia xdfe nelpaua, 6mwg
mpoéxude and Ny extéheor xdfe nelpduatos 4 popég

roundrobin to xBdvto ypdvou eivan 150 msec.

Mropotue va mapatnericouue 6t 1 BiBAtobrxn CThread €yel tnv yewpdtepn
andédoomn edixd Yy moAholg client. Autd unopel va e€nynbel av Buunbolue tov
TpémOo We Tov omolo yivetaw 1 Spouordynom twv cthreads. O Mach evahidooel
ouvey®e ta thread odnydvrac étol oty adinorn g ouvdpouxdtnroc. ‘Oume
x40 pihtpo mpoomehavvel StapopeTind apyelo xal oty mepinTwoY| Yag autd €yt
OOV ATMOTEAECUA TNV LY VY| AANAYY) TPOCTEAAVYOUEVLY dPYELWY, TOL CUYVETAYETAL
™y adgnomn tov avalnthoeny g xe@ahrc Tou dloxou. Mia avalftnon unopet
vou Slapx€oel apxeTd msec, YEYOVOS TOU AUEAVEL SpaUATIXE TO YPOVO AVAYVWONS
dedouévwy.

Ou duée pag mohttixée eygaviCovtal mTohd ypnyopdtepes. 2oT6G0 LUTdEYEL Uia
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Yyfuo 4.4: YOyxeion roundrobin pe xBdvta yedvou 100, 150 xar 200 msec

ueYdAn Slagpopd avdueca oto roundrobin xou tov first come first served agol o
deltepog eupaviletal Yenyopdtepog and TOV TEGTO €WK YL TEPLOGOTEPOUS TWV
dVo client. Autd umnopel va eénynbel and autd mou emtonudvaue vopltepa: AGYw
Tou eVO¢ EMECERYAOTY TOU GUCTAUATOS Wag, 1 abEnoT Tou apliuol Twy thread dev
ouuPBadilel e avénon g ocuvdpouxdtnTag. Emmiéov, 1 Vnoupén Sagopetindy
client mou enegepydlovtan Stapopetixd apyela cuvendyetar 6Tl 0 oxAnEdg dloxog
TEENEL GUVEYDS Vo exTEAEl UETLVACELS TNG XEPahig amd apyelo oe apyelo mou
%x00LOTEREL APXETA TNV AVAYVOOT) Xl AUEAVEL TNV AVAUOVT) TV YNUdTwY. Avtifeta,
oo first come first served dev €yovue ouveyelc avalntioelc oo dloxo xou €Tol o
XPOVOS TOU YEVOLUE TEPUUEVOVTAS TNV AVAYVKROT TwV SES0UEVLY YIvETAL oNuUavTIXS
uwpotepog. Ilapdha autd, o first come first served dev elvar o xatahknidtepog
ahybpLbuog agol €yel ueydho ypbdvo andxplong atny apytxi altnon tou client.
Ewwétepa yio tov roundrobin exteAéotnxay ta (Sl netpduota ue SLaopeTind
x«Bdvto ypdvou. Ta anoteAéouata patvovtal ato oyfua 4.4. Hapatnpodue 4Tt yio
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uxpb ®Bévto ypdévou (100 ms) 1 anddoorn avidvetor yio AMyoug client xau peid-
vetal Yl Tohholc. Autd ouufBaivel AOYw Tng auEnuévng cuVdpoUXSTNTAS OTOTE
xou ylvetonw xalOtepn Siayelpion Tou eneéepyacty. I'ia mohholg client duwe 1 av-
Enuévn ouvdpouxdtnTa €xel ooy anoTéAeoua TN adénon Ty avalntioewy tng
xepaiic Tou Sloxou emPBpadivovrag €tal To Ypbdvo extéheons. Avtibeta 600 ye-
YOAGVEL TO xBavto ypdvou auidvel xo N anddoon dtav €yovue Tohholg client evéd
ueldVeTAL EAGYLoTA Yia Alyoug client. Autd ogelletol ot uelwon tou aptbuol Twv
avalnthoeny tou extekel 1 xe@arn Tou dloxou, agold AéYw Tou yeydhou xBdvTou
XEOVOUL TEPLEGOTEPES avaYVOOELS YivovTtal amd to (dlo viua ywels va yeetdletat
uetaxivnon Tne xe@ainc Tou dloxov.

Edaue 611 1 anddoor tou server eZoptdtal ToA) and Tov TpdTO IOV YEOVOTEO-
yveauuatilovtor ta gidtea o 6Tl onuavtixd pdho mailet o oxhnpdc dloxog mou
palvetor 6T elvan To o apyd PEPog Tou cucthuatos. To enduevo Briua Yo Tnv
Behtiwon tng anddoong elvan 1 Yelwaor Tou ypdvou avdyvwong dedouévmy and to
dloxo, atdyog mou unopel va emiteuybel ue Ty vAomoinan TEYVIXGY TEoAVAXTNONC.
Me 7o 6éua autéd Ba aoyoinfolue otn cuvéyela.
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Kegdhoro 5
ITooavdxtnoy dedOUEVLY

Edaue oto nponyoluevo xe@dhato 6Tl onuavTinds Tapdyoviog TEPLOPLOUOY TOU
pubuol Siauetaywyrc dedouévey and Tov efunneétn otoug clients elval 1 xabu-
otépnon mov TpoxaAel 1 avdyvwor Twy dedouévwy and to dloxo. H npooméhaon
TOAGY apyelwy Tavtdypova xatamovel Wlattepa To oxAned dloxo xabide 1 xepaly
xeetdleTar vo petaxtveltal cuveyng exteAdvTag avalntioels, 6mou ulo avalitnon
unopel va Stapxéoet apxetd msec. e autd TO Yeovixd ddoTnua To Viua UThoXdpEL
xwelc va mapdyer weého €pyo o enelepyaotic.

O “vexpdc” ypdvog xdbe viuatog unopel vo yewwbel av yenowwonoinfoldy te-
Ve mpoavdxtnong. H mpoavdxtnon agopd tnv mpoonéraon dedouévmy xat amo-
O¥xeuon Twv anoteheoudTwY TELY axdua autd yeetaotoly. Emouévwe pla aitnom
unopel va eumnpetniel auéong and ta d1 enclepyaouéva xal arnobnxevuéva amno-
tehéopata. Xtoy0g Wog elval va UELWOOLUE TO Ypdvo avdyvwong and to dloxo
ue TpoavdxTNoY TUNUATOS Tou apyelov, evé ue TNy Tpoemeéepyaoia auTol Tou Ué-
Poug TV dedouévey, dnhadh Ty egopuoyy gihteou TV Toug, 6ToV EEUTNEETY
meLy awtd {ntnboly amd tov client otdyoc vag elvar va peidcouue tov Yéso ypbdvo
andxpLong yla x&be client.

Y1 ovvéyela e€etdlouue T Uébodo mou Ba axolouvbricouue Yo Ty vhomoln-
on e mpoavixtnone (Evétnta 5.1), éneita nepiypdgouue to tpéTo LAOTOINONC
tou (Evétnra 5.2) ot avalbouyue to anoteAéopata 0Tl ETUBOOELS TOU EEUTNEETY
(Evétnta 5.3).

5.1 Meiétn vhonoinors prefetching

[Tepiypdgpouue ™ péhodo mou Ba axohovbricovue Tpoxelwévou va BEATLOGOVUE TIS
emddoelg Tou eumneéty. Eidaue 6t onuavtinde nopdyovtag xabuotépnong slvon
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oL avalnthcels mou extelel 1 xepary Tou dioxou. Ilpoxelwévou va elattdoovue
T0 Ypbvo autd unopolue va yenodonoticovue éva buffer atov onolo Ha anobly-
xevovue ta emdueva N anpoomélacta byte Tou apyelov, 6mouv N to uéyebog tou
buffer. Ovoudlouye autédv Tov buffer file buffer § F-buffer. H enduevn avdyvwon
Tou apyelou yivetaw uéoa and ta dedouéva Tou F-buffer xou Siapxel mohd Avydtepo
xeovo. H ewoaymyrh tov dedouévey oto F-buffer npénet va yivetar mapdhinio pe
v e€aywyn Toug Gote va unv adetdlel xatd to duvatd, agpol xevog F-buffer or-
uatver 6t n enedepyaotio dev unopel va mpoyweroel uéypl va eloayboly oe autdy
véa dedopéva. Autd umopel va emttevyfel e ) yprion dVo aveZdpnTwy vnudTtwy:
eVOC YLoL avaYvwor amd To dloxo xal evog Yl TNy encéepyaoia.

"Eva 6éua mou mpoxUntel elvan 1 ouvénelo tou F-buffer oe oyéon ue ta de-
douéva 6T0 oxhned dloxo. Luyxexpuéva ula eyypapn 1 avalitnon oto apyeio
agrivel to F-buffer oe ula acuvenn xatdotaon agol ta dedouéva mou meptéyel dev
avTieTolyoVy og autd mou Ha AauBdvaue ue plo xavovixr avdyvwon and to apyeto.
Y’auth v mepintwon mpénel va axvpnboldy ta mepleydueva tou F-buffer ot va
eloayfoly Ta véa dedouéva and To apyelo.

EmnAéov unopolue vo UELBOOLVUE axdud TEPLGGHTERO TO XPOVO ATOXELONG TOU
eCumneétn otny altnom evdg client e€oudetepdvovtag To yedvo avauovic eCattlog
e enelepyaciog twv dedouévwy and éva gihtpo. Egapudlovue to @idtpo ota
dedouéva mply Adfouue autroelc next.rec xou anofinxedouvue Ta anoteAéouata o
évay deltepo buffer, Tov onolo ovoudlouue record buffer § R-buffer. Ot enduevec
athoelg next_rec umopovy va egunnpetnoly xatevbelay and ta mepleydueva Tou
R-buffer. ®uouxd o R-buffer npénel ndvta va Stabétel dedouéva xar autd yiveton ue
™ yeron evée viuatog mou epapudlel To @ihteo xau yeullel to R-buffer xou evéc
viuatog mou egunnpetel arthioels next_rec xou adedlet to R-buffer. Iapduoia pe
tov F-buffer xou €3¢ pla avdyvwon, eyypapn ¥ avalitnon oto apyelo aprivel to R-
buffer oe plo acuveny| xatdotaon agpol Ta dedouéva TOL TEPLEYEL dEV AVTLOTOLYOVY
oe autd Tou Ha AaBalvaue and ulo xavovixy) next_rec. Ouolwg mpénel var axvpwboly
TO MEPLEYOUEVA XL Vo apyloeL TIAL 1) eQapuoYY) Tou @iATeou oTa véa dedouéva.

Béktiotn enldoon oTig QapuoYES TOU XENoLOToLoUY anoxAeloTXd Ty €€080
plhtpou emiTLYYdVOLUE PE TO cuvBuaoud twv dUo buffers, Snhadn €yovtag éva
viua to R-thread, nou yeuiler to R-buffer ye ta dedouéva tou gihtpou xou €yet
oav eloodo tov F-buffer nou mepiéyel ta dedouéva Tou apyelov, o omolog yeullel
and éva dhho viua to F-thread mou mpoomehadvel To apyelo. Ou awtioelc Twv
client e€unnpetodvton and éva tplto viua to service thread. H véa apyttextoviny
palvetal oto oyfua 5.1.

BéBoua ypeidleton iaitepn npocoyy) atny vAornoinor xabodg o auoPBatog ano-
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Yyfhuo 5.1: Pox dedouévwy and 1o dloxo oto dixtuo yéow twv dbo buffers xou
TOV TELOV VNUATOY

XAELOUOC TOY VNUATWY amattel apxeTd TOAUTAOXOUS YELPLOUOUS, EVE) Xal 1) SLoTY-
enon twv buffers oe cuveny xatdotaon dev elvan xabdrouv edxoln undbeon. Ot
Aentougpeleg TN vhormoinong autrhg e Yebédou anotedoly to Béua g embuevng
TEAY PAPOVL.

5.2 YAornolnom npoavdxtnorng

H vlomoinon tng npoavdxtnong otov eunneétn SmAS éyive ue v vhornolnon
uag véag douric, Tou buffer, eve) v v dnurovpyia Twv vudtey tou evepyolv
otoug buffer SoxplOnxay xou Vo nepintdoeis:

e 1 mepintwon novu yenotwonoteitar 1 PBAob¥xn CThread tou Mach
e 1 mepintwon nou yenotwonoteital 1 duad g mapaiiayy) twv CThread

Apywd e€etdlouvye To, aveEdptnto and BBAoH XN ynudtey, T Tng vAoroinong
v buffer. Oplooye dVo véeg douéc dedouévwy toug file buffers xoL toug record
buffers xafdg xan évay aplbud and Aettovpyieg ndve oe autolg oL xupLdtepeg and
TIC oTmoleg elval :

e buf_read ywa avdyvmon twv dedouévwy tou buffer
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e buf_validate yix emxlpwon TV avayvedoewy Tov £ytvay and to buffer

e buf_invalidate ylr axlpwoT TWV AVAYVOOEWDY Yol TWV SEBOUEVKDY TOU

buffer

Ou Aettovpyieg autég elval ecwTERIXES UE TNV €vvola OTL EvepyoToloUvTaL, and Ta F-
thread, R-thread xou to service thread, wg avtidpaor otic e€wtepixnéc artioels Tou
client mou elvow read (R), write (W), lseek (S) xou next rec (NEXT_REC).
Ou F-buffers ypnowonotolvton yio tny anobvjxevon evog aptbuod byte and to op-
xeto otn uviun. Extéc and ta dedouéva nepléyouy TAnpogopleg yia TNy e€acPIALoT
NG OLVETELAS TV TEPLEYOUEVWY TOUS OE OYEDT UE TA TEPLEYOUEVA TV ap)ElwY.
Yuyxexpuéva o F-buffer anobnxedel mhnpogopla yio Ty xavovixr| 6éom tou delxty
avdyvewons tov apyeiov, dSnhady) tn Béon tou apyeiov and tny onola mpénel va Eext-
vioeL plal xavovixt) avdyvwon, eV €vag axdun Selxtne avayvwouévowy dedouévwy
delyvel oe mola Béom tou apyelou Ba émpene va Bploxetar o delxtng avdyvwong
apyelou av ol avayveoelg Tou ywvay and to F-buffer Arav xavovixég. 'Otav ol
dVo autol deixteg detyvouy atny (Bla 6éom t6te 0 F-buffer Bploxetan oe £yxupn xo-
TdoTaoT, dNAadY) UTopoly Vo EQupUocToUY AUECcKS GTO apyelo OAeg oL Aettoupyieg
avdyvwor, eyyeapy B avalitnon. Axdua nepéyel mAnpogopia yia tn 6éorn oto
apyelo amd v onola Swfdlovtan Ta dedouéva mou anobnxevoviaw oto F-buffer,
t0 péyebog tng amobnxeuuévng mAnpogoplag oto F-buffer xabde xou avtixelueva
mutex ylo Tnv acpaiy| tpécBacr oto F-buffer.

'Evag F-buffer dwxtnpel ™ ouvéneia ue ta dedouéva tou apyelov wg e€hg: e
x40 avdyvwon dedouévev and to F-buffer (buf _read) avdvetat o deixtne ava-
YVWOUEVLY dedoUEvmY ahhd Oyl xal o Selxtng avdyvwong apyelov. O Belxtng
avdyvwong apyetou yivetar loog ue Tov delxtn avayveouéveny dedouéveny étav o

F-buffer emxupdveton (buf_validate) ondte xou Bploxeton o€ yxupn xatdotaon.
Ay yiver pla altnon v eyypap :
1. o F-buffer adeidlel

2. 1o dedouéva yYpdgpovtan ot B€on Tou delxtn avdyvmong apyeiov

3. o delxtng avdyvwong apyelov auidvetar xat delyvel 6To TEAOS AUTGY TOV
dedouévewy

4. o delxtng avayvwouévwy dedousvemy yivetal loog ue to delxtn avdyvwong
apyetov

5. véa dedouéva elodyovtat oto F-buffer and ) 0on tou delxtn avdyvwong
apyetov
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Av yiver plo altnon yio avdyvworn and to yeriotn xou o buffer Bploxetar oe un
OLVETY) XATAGTAOT:

1. o F-buffer adeidlet
2. ta dedouéva draPdlovtar and tn B€om Tou delxtn avdyvemong apyeiov

3. o delxtng avdyvmong apyelov auidvetal xol Selyvel 0To TENOG AUTOV TWVY
dedouévmv

4. o delxtng avayvwouévwy dedouévwy yivetal (oog ue To delxtn avdyvwong
apyelou

5. véa dedouéva elodyovtat oto F-buffer and ) 6éon tou delxtn avdyvwong
apyetov

av 6uwg Peloxetan oe ouveny| xatdoTao :
1. to 3edouéva drafdlovton and to F-buffer

2. o Belxtng avdyvwong apyetov auvidvetar xat delyvel 6To TéAOG AUTGY TOV
dedouévwy

3. 0 delxtng avayvwouévey dedouévny yivetar (oog ue to delxtn avdyvwong
apyetov

4. véa dedouéva elodyovtal oto F-buffer and tn 6éon mouv otaudtnoe n npon-
YOUUEVT] ELCAYOYN

Av ylvel pla attnon yio avalhtnon:
1. o F-buffer adsidlet
2. o Belxtng avdyvwong apyelov delyvel ot véa Héon

3. 0 delxtng avayvwouévey dedouévey yivetal (oog ue to delxtn avdyvemong
apyetou

4. véa dedouéva eiodyovton oto F-buffer and tn 6éon tou delxtn avdyvwong
apyetov
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buf_invalidate(), rp=frp, |
TN buf_invalidate(), ro=frp, | buf_read(n), ro+=n

~ 4 !

_-~"buf validate(), fip=rp >~ _ R

- - ~

=" buf_read(n),p=n "~ _

bdf_vojic;loT‘e(), fro=rp

INVALID

fro<ip

S(p). frp=p, rp=frp, |

Yyhua 5.2: Kataotdoeig F-buffer. Me Staxexouuéveg ypauuée gatvovtat ol yeto-
Bdoelc Tou TpoxaAoly 0 TEPIXES EVEPYELES TdVL oTo buffer | to delxtn avdyvwong
(frp) xau to Seixtn avayvwouévey dedouévmy (rp). Ouolwe xat yia tic ouveyelc
Yoouués wbvo mou avtiotolyoly ot uetofdoelc Aoyw atthoemy yprot ue W(n),
R(n) xou S(p) va avtiotolyoly o eyypaph n bytes, avdyvmon n bytes xat avo-
{hnon otn Béon p. To oluforo I dnhdver 6T ta mepeydueva tou buffer dev
XENoULoToLo0VTAL XAl amopplTTOVTaL
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f_validat f_validat
bulvaldated | feputfer  w PUEVOIAARO

buf_invalidate), |

s buf_invalidate, | Puf-readod
buf_validat % 3 S
- RN e\() } e buf?\{q“ggj?o S~ - ,/ ,/

-=77 bufread) -

NEXT_RECO

NEXT RECO

Yyua 5.3: Kataotdoeg R-buffer.

Ou xataotdoeig tou F-buffer xou ou yetafdoeic Toug gaivovtal 6to oyrua 5.2.

'Evac R-buffer elval mo anidg agod o cuyypoviouds ue ta dedouéva Tou ap-
yelou yivetow xvplwg and to F-buffer. O R-buffer nepiéyer éva didvuoua and
EYYPAPES ol UETENTES Yo TO UéyeBog xat tov apliud Twyv record mou emoTEéPel
T0 @lATPO 2 amobnxevovtar ato buffer, xou mutex yia v ac@ar| TpdoPacn oc
autdv. O R-buffer éyer mo amiy Siadoyn xataotdoewy xabde ue xdbe altnon
avdyvwong, eyyeaphc B avalAtnong axupdvovtal To TEPLEYOUEVA Tou eV Xdbe
altnomn next.rec emXVEGOVEL TNV AVAYVOOY ATd AUTOY XAl AUTOG ETUXVPMVEL TOV
F-buffer ané tov onolo SwafBdlet. Xto oyrjua 5.3 gailvovtal oL xatactdoelc evog
R-buffer xouw adhayéc Toug xabig xat ot aAAayE€ XATAGTAGEDY TOL TEOXAAOVVTOL

oto avtiotolyo F-buffer and tov onolo diafdlel o R-buffer.

H ewoayoyh véov dedouévwy otoug buffer mpénel var yivetanw and éva Eeywpl-
016 viua €tol Gote auth 1 Staduxaoion vo ylvetal mapdAAnAa uE TNV avdyvwon
dedouévov and toug buffer. Ouuilovue dtu apyxd elyoue éva viua mou egumn-
petoloe Tic authoelg Tou client, dudBale and to dloxo xow e@dpuole Ta QiATea.
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Tdpa ue ty npoctixn twv buffer tpochécaue v xdbe buffer xau and éva viua
emLpopTiouévo ue to xabixov va yeullel Tov buffer. Autd ta vAuata ta éyovue
O avagépel oav F-thread xaw R-thread ahAd Oa avagepbuacte oe autd xor cov
fill thread. E&axoloubel va umdpyet xan éva viua mou e€unnpetel Tg ALTHOELS TOU
client, To omolo ovoudlouue service thread. '‘Oleg oL Aettovpyieg twyv buffer nou
nepLypdaue mapandve yivovtal and autd Tor VAUATA.

Kotd tn obvdeon evég véou client dnutovpyelitar To service thread, evédd 6tav o
client avolyet éva apyelo dnutovpyeita o file buffer xou to avtiotoyo fill thread
tou. 'Otav eqapudletan éva @ihtpo Tdve oto apyelo T6Te €youue TN dnuovpyia
tou R-buffer xou tou dixo¥ tou fill thread. "'Evo F-thread extedel ouveydg ava-
yvooelg and to dloxo mpoonabdvrag va yeuloel To F-buffer tou. 'Eva R-thread
extelel ouveyde avayvooelg and to F-buffer, epopudlel to giktpo ota dedoué-
va ot anofnxedel To anotéheoua oto dxbd tou R-buffer donou va yeuloel. Autéd
70 Viua eubivetan yio Aettovpyleg buf_read, buf_validate xou buf_invalidate
oto F-buffer. To service thread nepiuével artioelg Tou client xat tig e€unnpetel dio-
Balovtag 6mote ypetdletan Toug buffer. To vAua autd evBiveton yia Aettoupyieg
buf_read, buf_validate, buf_invalidate xot alhayéc xatdotaonc Aoyw ou-
thoewv R, W, S, NEXT_REC oto R-buffer xou yioa buf_read, buf_validate xau
ahhayég xatdotaong Aoyw athoewy R, W, S oto F-buffer.

Yny nepintwon mou yenowwonotovvtal to cthreads n dnulovpyia twy fill thread
avtiotolyel anhd otn Snuiovpyia dVo véwy cthread. H npbdofBacr otoug buffer mpo-
otateveTal e To xAeldowua aviixelwévey mutex. Mia eldue] nepintwon epgaviCeto
6tav xdmoto viua mou SlaBdlel and xdnolo buffer tov Bpel ddeto. Xe auth Ty me-
elntwon 7 buf _read ymhoxdpel To viua ye TN yenon evog avtixeluévou condition.

Yrevbuullouue 6Tt Ta condition elvan avtixeiyeva ota onoto évar v unhoxd-
el ue ula Aettovpylo condition wait () mepluévovtag yia xdnota cuvirxn. "Eva
dhho viua umopel va exteAéoel pla Aettovpyla condition_signal() étav 1 ouv-
Bpen yiver adnbrc, “Cunvdvtac” To unhoxapiouévo, oe autéd To condition, thread.
Ta condition napéyovta and ) BiBAobrxn CThreads.

"Etot ta fill thread exteholv condition signal() ota condition twv buffer
Toug, “Cumvevtag” T viuata Tmou umopel vo TEpLuévouy Yo dedouéva.  BéBaia
N extéleon tou condition_signal() de cuvemdyetar XL TOV GUEGO YEOVOTPO-
YOUUUATIOUO TOU “UOLUOUEVOL” VAUATOS OTOTE UTOPEL VA UTLAPYOUY OPXETES XA~
Buoteprioeic. e pla mpoomdbeia vo pewwbholy autéc ol xabuotepioels uetd To
condition_signal() ta fill thread extedodv cthread_yield(), Aettoupylo twv
cthread nov evaAldooel to cthread mou extelel o enelepyaothc ue éva dANo, BoTe
vau emLtoyLVOEl 0 YPOVOTPOYPAUUATIONOS TOU ETOUEVOU VAUATOS. JUYXEXQUUEVIL TO
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fill thread tou F-buffer extehel to cthread_yield() pévo dtav elvor terelng ye-
udTog, ool ahhdes Oa elyaue Ty Bla tepinTwor ywels buffer, dnAady| diadoyixéc
avayvéoelg and to dloxo. To fill thread tou R-buffer extehel to cthread _yield()
ouveY®OS ool av dev undpyet altnon next_rec xau o F-buffer elvow yeudtog téte
Eavaextehelton.

Yy 8} pog vlornoinor Twv cthread €yer ahhdiel Ayo o tpédmog mou dr-
utovpyouvta tar viuata. Eidaue 6Tl o ypovompoypauuatiouds yiveton ue Bdon
toug client xat agod uéypl Tdpa o xdbe client avtiotolyolvoe éva viua ypovo-
npoypaupatiCoue avtd To Vviua. Tdpa €xovue tpla vAiuata avd client ondte xon
0 XPOVOTPOYPUUUATIONES TEETEL Var eQapudleTal xaL ota Telar autd viuata. Autd
EMLTUYYAvETOL UE TN Snuovpyla ouddwy vpudtwy. Kdbe ouddo dnutovpyeitar cov
uta Alota pue xeqahy) to service thread, ou deouol tng Alotag @uAdocovtar otn
Sour| cproc xdfe viuo 6mou xat meptéyeton o deouds meog To enduevo viua. To
fill thread mAéov dnuiovpyoUvtar pe v cthread_spawn() mou elvar avtioTolyn
ue tn cthread fork () aAAd Ta dnutovpyolueva viUATa ELGAYOVTAL GTO TEAOS NG
AMotac mou optlet to viua mou ) cthread_spawn (). To vAua avtd elvon ndvta to
service thread onéte Ta dvo fill thread xau to service thread avrxouv névta otny
(St ouddar.

Ou alyébplBuol ypovorpoypaupatiopol théov e€dyouy ula cproc, and tnv ovpd
TWY CProc mou TEENEL Vo eXTEAEGTOVY, 1) omola elvar éva service thread, to fill
thread dev elodyovtal oe aut Ty ovpd amd tn cthread_spawn(). O ypovornpo-
Yeouuatiouog yivetal yio Tar viuata 6Ang tng ouddag, dnhady| ypovompoypouuoti-
Covtan xou Ta fill thread xou to service thread ¥ avactéhhovtar dha pall. O mepat-
TEPW YPOVOTPOYPAUUATIONOS avdueoa oTa Tpla autd viuata agrvetal oto Mach.
E€alpeon amoteholyv ol xAfoelg otn cthread yield() mou €youv mAéov avtixa-
taotabel and xAoeic oty xAon cuotiuatog Tou Mach, thread switch() mou
EMLTPENEL TNV avdbeon tou eneepyaoty| oe éva dAlo thread. Ondte unopolue va
avabéoovue Tov emelepyaoty) xat’evbelay ato viua mou €xel umhoxdpel xo TEENEL
VL Y POVOTROY PUUUATLOTEL.

5.3 Iletpopotind dedoyéva

[Tpoxewévou va AdPouue pla extiunon tng enlntwong TN TpoavAXTNONS GTNY ATd-
doom tou eEumnEéTy, exteAécaue axpBOC Ta (Bla TELPdUATA UE AUTE TOV TEONYOUL-
uévou xepadratov. 'Etol eaxohovbolue va €youvue uetpioelg ue ovvdeon 1, 2, 4
xot 8 client otov e€unnpéty, mou exteholy select ue dlagopeTind selectivity.
Ayéong duwng dnulovpyeital to {itnua e emthoync ueyéBoug buffer. Mio xokn
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Yyfua 5.4: Yoyxpion tne BBAobrxng CThread ue ypron F-buffer ueyéboug 80000
bytes.

T Yo o F-buffer gatvetat va elvon ndve and 5 eyypagés xabde étol elvat apxetd
uxpeds Hote va yeullel oyxetxd ypryopa ohAd xat apXeTd UeYEAOG (BOTE Vo UNV
adetdlet.’Oco v to péyeoc Tou R-buffer ueydho pdho nailel to selectivity tou
plATpou, xabde, unobétovtag 6Tl oL eYypagéc €xouy ton mbavédTnTa Vo emLAEYOUY
and o @ihtpo, av éyovue wxpd selectivity o buffer Oo apyel va yeuloel evdd av
€youue yeydhro selectivity Oa yeuiler mohd ypriyopa ondte ta fill thread 6o puévouy
AVEVEPYAL.

Yto oyfua 5.4 gatvetal 1 oOyxplon TNg EXTEAEONS TWV TELRAUATWY UE Yprom
e Biiobrxne CThread tou Hurd ye puéyebog F-buffer (oo ue 80000 bytes, dnhady
8 eYypagéc oVupwva ue T Sour| Twv apyelov pag, xou uéyebog R-buffer ico ue 4
xou b eyypagés. Xto oyfua gaivovral xou oL UETPHoeLS ywpelc yeror buffer.

2to oyfua 5.5 €youue ta {dLa TeLedUaTa LOVO TTOL AUTH TN POEd YenouLoToLElTaL
uéyebog F-buffer (oo ye 100000 bytes, dniadr 10 eyypapdy.
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Yyfhua 5.5: Boyxplon g BBiobixng CThread pe ypron F-buffer peyéfoug

100000 bytes.
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Yyfua 5.6: Xoyxpion tne BBAobrxng CThread ue ypron F-buffer ueyéboug 80000
bytes xat 100000 bytes.

Yto oyfua 5.6 gaivetal 1 cUyxpLon AV TV TEpaUdTwy Ue yprion buffer.

Tevixd napatnpolue 6t éyovue pla T8N Behtiwong tov 10-20% pe ™ yerion
buffers. Ilopatnpolue 61, 6nwg nepuévaue, to uéyehog F-buffer Alyo mévew and
5 eyypagéc divel xar o xaAUTepa amotehéouata, peyalitepo uéyebog buffer on-
uatver peyahvtepn xabuotépnorn oto va yeuloel. Emmiéov mapatnpolue ot yia
Alyoug client amodidouy xaAUtepa oL tepintioelg pe wxpd uéyebog R-buffer, auvtéd
ouuPBatvel emedn o R-buffer apyel va yeuloel elduxd yio plhtpa pe wixpd selectiv-
ity. Me Ayoug client étav adelaler o wxpdc R-buffer yeuiler oyetxd ypryopa.
[No mepintdoelg duwg ue yeydho mAfbog client o ueyalitepog R-buffer yeullel
uev o apyd oahAd adetdlel xou mo apyd xahdntovtag €tol TN dtagopd. EEdihou
Tapatnpolue ula capn uelwon tng anddoong yio weydho mArfog client 6mou xou
mAnoldlouue Ty mepintwon ywelc yeron buffer, ondte xau gaivetor 6T 1) avarote-
Aeoua x| EVOAAXYT] TV VATV TOU €YOVUE 1OT) ETLONUAVEL, plyVEL TNV anddoon).
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H endéuevn oelpd melpoauatin®dy METEHOEWY a@opd TNy dixr woag LAomoinon Twy
CThread. Ta nelpduata elvat TavouoldTUTA UE AUTA OV TepLypddaue TEonyouuE-
YOG, EXTEAEGTNXAY OUWS UOVO Yla TNV TERINTWOT Tou aAY6pLOoL YPOVOTPOYPUU-
uatiopoy roundrobin. H emAoyy) pag avty) Sixotohoyeltal and to GUUTEPACUATA
Tou mponyoluevou xepalalouv 6mou ta aroteAéouata Tou first come first served
elvar To dbpoloua TwV YpdVLY TwV client 6tav teéyel o xabévag udvog tou. H
BeAtiwon mou unopolue vo mepluévouue pe T Yeron tou first come first server
Oa elvon avtiotolyn tng Beitiwong pe tn yperjon roundrobin ye éva yévo client.
Enlong emAéloue ta mepdpata va exteheatoly pwévo yia xBdvto ypdvou 150 ms
APOY UTOPOVUE %Al B VAL YEVIXEUGOLUE UE BACT TO GUUTERACUATO TOU TEOTYOU-
uevou xe@oahalou, ondte xal avouévouue adinon tne anddoong Ue TNy avinon Tou
xBdvtou ypbdvou.

Yto oyfua 5.7 gatvetal 1 olyxplon tng eXTEAEONS TWV TELRUUdTWY UE Ypron
ToMTXG Ypovompoypauuatiopol roundrobin, ue uéyebog F-buffer ico ye 80000
bytes xou uéyebog R-buffer (co pe 4 xat 5 eyypagéc. 1o oyfua galvovtal xat ot
uetprioelg ywelc yeron buffer.

Y10 oyfua 5.8 Eéyovue ta {dLa TeLpduaTa LYo IOV AUTH TN YOopd YenoluoToLelTal
uéyebog F-buffer ico ye 100000 bytes.

Yto oyfua 5.9 galvetar 1 oVyxplon OAwY TV Tepaudtny ue yeron buffer.

Hopatnpolue 6T xan tdpa €xouue pla Bertiwon e té&ne tou 10-25% evd v
Ta pueyéln Twv buffer woybouy napduoia aroteréouata Ue AUTE TOV TELRAUATWY UE
xenon e PuBAob¥xng CThread Tov Hurd.
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Yyfuo 5.7 Ldyxpion alyopibuou ypovompoypauuatiouol roundrobin ue yperon
F-buffer yeyéBouc 80000 bytes.
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Yyfuo 5.8: Loyxplon alyopibuou ypovompoypauuatiouol roundrobin ue yperion
F-buffer ueyé6ouc 100000 bytes.
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Yyfuo 5.9: Ldyxplon alyopibuou ypovompoypauuatiouot roundrobin ue yerion
F-buffer yeyébouc 80000 bytes xow 100000 bytes.
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Kegdhoro 6

Y0vodr xor peAhovTixny| epyacio

6.1 X0vodn

Efdoue 61t mpoxeluévou va avtiuetwmiotel ) cuveydg avgavouevn {htnon yia udn-
A6 pubud uetagopdc dedouévwy, dev elval amapaltntn 1 yerion axpB3dy utoloyt-
oY xal GLYSEGEWY VPNADY Tayuthitwy. Apxel éva clotnua tou Ba ypnoluonotel
TLO ATOTEAEOUATIXG TLS UTdpyovaes Teyvoloyies. To cvotnua SmAS viornotel éva
autdvouo dloxo pe duvatdTnTa cUVdeoTC ot dixTuo, Tou TapEyEl TN duvaTdTNTA
uetagopdc tng emelepyaoctiac twv dedouévwy oto dloxo Pehtidvoviag to puhud
UETAPORAS dESOUEVLY.

Yy gpyaota auth Pehtidooue optouéva Tufuata Tou SmAS pe v emhoy
eVOC AELTOLEYLXO0U GUGTAUATOS TOL Unopel vor TapaueTponotnbel elxola HOTE va
eavoToLel TIg Avayxeg Tou CLUGTAUATOS. AXSUN TPOTOTOLRCAUE TNV LAOTOINOT TV
thread mpocfétovtag T SuvaTéTNTA YPOVOTPOYPUUUATIONOU UE TNY UAOTOINGN TwY
ahyoptlBuwy round-robin xau first-come-first-served. Ta melpduota ye Tov ahyo-
ptbuo ypovonpoypauuatiouol round-robin €detlay 6Tl unhpée ula cagrc BeAtiwon,
o€ oy€om UE TNy undpyouoa vhornolnor twy thread, xau pla e&dptnon tng anddoong
amd to xBdvto ypdvou mou datifetan o xdbe thread. Autd egnyeltal and o yeyo-
vog OTL Ue peydho xBavto ypdvou ueldoaue Tov UeYdro apliud avalnticewy tou
eEXTENOVCE 1) XEQPAAT) TOL GXANEOV SloXxou, Tov 0YelAoVTAY BTN GLY VA EVAAAXYT TWV
thread. 'Onwg elvon gavepd ue tov ahydplbuo first come first served elyoue axdun
ueyaAlTepn Behtinon Ty emdboewy a@ol 1 xepalr) Tou dioxou SdPBale oelplaxd
and éva apyelo, aAAE autds o alydplBuog elval xaTdAANAOS UOVO YLal TEQLTTMOGELS
mou dev pog evdlagépet 1 dixona eEUTNEETNON TWY XENOTOV.

"Erncita aoyornfixaue ye tnv vhomolnoy evég cUGTAUATOS TEOAVAXTNONG YLd
Y avdyvmaon xat enelepyacio dedouévmy oLy autd {ntnbody. Xtdyoc uyag elval 1
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ehaylotonoinon xabuotepioewy 0Ty avdyvwor xal TNy eneéepyacio Twy dedoué-
vov. Yhomowoaue éva cbotnua buffer xat toAamAdy ynudtoy yio Ty avdyvwon
xou eneepyaoia Twv Sedouévmy.

Ou mepopatinée uetpnoelg €deilay ot 1 yerion twv buffer Beitinoe xatd éva
onuavTXd TococTéd TNy anddoor Tou egurneétn. 'Eva dAlo cuunépacua mou By
xE and TIC TELPAUATIXES peTEoelS elval 6Tl To uéyebog twv buffer nailel apxetd
onuavtxd pdho ot Bektiwon g anddoong xabdS Yo GUYXEXPWUEVO GLYBLACUO
unopel vo emitevyBel apxetd peydin avénon tng anddoorg.

6.2 MeANOVTIXES EMEXTAOELS

[Mapdro mou 7 epyactio auth mpboheoe apxetéc véeg duvatdtnteg oto cloTNHUA
SmAS axdua undpyouvy ToAlol TOUElC 0TOUC OToloug UToEOVUE Vo ETEXTAOOVUE.
Y mopdypago auty e€etdlovue UEPXES TPOTACELS OV UTOPOoUY Vo BEATUHOGOLY
Vv anddoor tou SmAS, va npochécouy véeg Aettoupyieg, va aAAdEouy TNV Sou
X0l TN Xpron Tou cuoTHuatog SmAS.

6.2.1 Acittovpyxd clvotnua

H twpiv uhomoinon tou e€unneétn SmAS anéyel tohd and Ty AT APYLTEXTOVL-
x1}, Tou optlouue cay €va Aettoupyxd cUoTNUA Tou LAoTolel ubvo Tig amapaltnteg
Aettoupyieg v v eCunnpétnon client. H uyetagopd tou SmAS oto Hurd xou 1
UEAETYN TV SUVATOTHT®WY AUTOU TOU AELTOLRYIXOU CUOTHUATOS, avolyouy Tov Spduo
yia plo véa vhornolnorn tov SmAS mou O anotelel Tufua Tou Hurd.

Yuyxexpyéva to cbotnua SmAS unopel va vAomownbel cav éva obvoro amd
véoug server Tou Hurd f) ue tnv tpomomoinoy twyv undpyoviwy. I mopdderyua
1 eQapuoYY QiATpwy ota apyela umopel va yivel ue v e@apuoyy| evég translator
(Evétna 3.2) méve oto apyelo, ondte xor autds Ha extelel To @ihtpo, ¥ ue TV
Tpomonolnom Tou server Sayelplong apyelwyv Tou Hurd. H vlonolnon ot anote-
Ael éva mohd doxolo €pyo ahhd ue awtd Tov TEdéTO B €youue Eva TEAYUATIXG
Aettovpyd clotnua Yo autdVouous dloxoug.

6.2.2 IIpoavdxtnor dedouévmy

To cbotnua mpoavdxtnorng nou vhonowfnxe Teplopiletal ecwtepixd oToV eEUTNEE-
0 SmAS, 3nAady| £YouUE TNV EMLTAYVVOY LOVO UEPLXGDY AELTOURYLAOY TOU ECUTNEETY
SmAS eve To cVoTNUA TNG LETAPORAS TwV dedouévmwy Tapauével dbxto. Enduevo
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Brua elvan 1 vhomoinon TpoavdxTnong xaL oTny TAeLEd Tou client ondte Ha £youue
Ny anoaTtoln dedouévmy ato client mpwy avtd {nnboly xat Ty anobrixeucy| Toug
oe Tomuxolg buffer. Me autd Tov tpdmo Ba undpyetl yelwon Tou ypdvou emixolvw-
viag péow tou dixtdou. Elvan éva apxetd neplnhoxo eyyelpnua agol n Swtrenon
NS ouvénelag TV dedouévey avdueca oto client xou Tov eEumneéty elvar apxetd
dVOXOA.

6.2.3 Xpovonpoypapatiowos

Ou alybpifuot ypovompoypouuatiouol tov VAorowcaue elval wohig 8o evéd undp-
Youv %ot apxetol dhhol mou avagpépovtar ot PiBhoypagia [11, 12]. "Exyouue Adn
avapépel Tov ahybptbuo shortest job first tov onolo duwe dev vAonojooue. H vio-
noinoy| Tou nepthauPdvel Ty edpeom evOC ATOTEAEGUATIXOD TEOTOV EXTIUNONS TOU
XPOVOU EXTEAEOTNC TV QIATEWY, EVE aVOUEVOVTAL EVOLAPEQOVTA ATOTEAECUA GTNY
anddoom tou eCumneétn. Xpnowr Oa elvar xaL n vhoroinon evog alydplbuou yeo-
YOTROYROUUATIONOU UE YeNiom Tpotepatothtwy. H avdbeorn mpotepaiotitwy ota
plhtpa elvan éva Béua mou mpénel var emAubel oty vhonolnom autol tou akyopib-
wou ue TNV emhoyy xaTdAANAeY xpLtnelony. "Eva xpithiplo Oa uropodoe va elval o
xeNotne mou yenowonotel To SmAS ot nepintwon nov elvon duvatdg o Staywplouds
TV XENOTOV.

6.2.4 Xproteg oto SmAS

H televtata mpdtaon pag urevbuuilel 6Tt dev €xel vhomownbel axdua Eeyyog Tpd-
ofaong oto clotnuo SmAS xdtL mouv mpolnobétel Ty Vnopdn Yenotdv xat
duvatédtnTa motonoinorc toug. Mia tétola Aettovpyia elvar amapaitnto va mpo-
otebel mpoxeiwévou va auinbel 1 aopdiela xar 1 allomotia Tou cuothuatog. H
vhornolnomn ulag tétolag duvatdtntac eyelpel Héuata dnwe N acPdiela TV TEOCHK-
TUX®OY SESOUEVKY TOL YPNOTYN XL Ol ABELEC TWV XENOTAOVY. XTOV TOUEN NS AoPd-
Aetag umopolue va tpochécouue xat xpuntoYpedenon Sedouévwy ahhd autd Ba Exel
onuavtxy entdpaon oty anddoor tou e€unneétn vt €tol Eepedyouue and TNV
anhdtnTa mou embupoldue wg Tdpa va €yel ula cuoxevy) SmAS.

6.2.5 Opadonoinorn cuvoxesv®dy SmAS

H yprion ulag ouoxeurg SmAS unopel va Bedtidoet Ty avalhtnon xal yetopopd
dedouévmy, éva Béua Tou TEOXUTTEL Elval WS UTOPOVUE VO EXUETAAANEUTOVUE TN
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xeron meplocoTépny cuoxeudy SMAS. Autd anotedel Eva TOAY evdlagépoy Tpéd-
BAnuo xataveunuévng eneéepyactog xal avolyel éva tepdotio Tedlo ot yeron xou
EQAPUOYY TV CUOXELWOY SMAS, ue TNV dnuLovpYio OUddWY Amd CUXEVES.

6.2.6 Ilpdxtopeg %o ocuoxevég SMAS

Emniéov mohl yeydho evdiagépoy otny xataveunuévn enelepyaotio dedouévwy mo-
pouctdlel 1 teyvoloyla TV xYNTOY Tpaxtdpny 1 onola fa unopoloe va cuv-
duactel e v teyvoroyla twv cuoxeuwy SMAS. EEdAhou xou tar ¢pihtpo mou
exteENOVUVTAL GTOV EEUNNEETY UTopoVY va Bewpnboly cav ula meplopliouévrn woppt
Tpdxtopa, omdte dev Ho elvon Slaltepa dYoxoho va vAomownbolyv mpdxtopeg Yo
ovothuata SmAS, av vionownfel éva filter API nou Ba mapéyel tic anapaitnteg
Aettouvpyleg.
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ITopdetnua A
Koowag SmAS eCunnpetn

Alota apyetwy:
LinuxMakefile
Makefile
server/buffers.c
server/buffers.h
server/files.c
server/files.h
server/filters.c
server/filters.h
server/handlers.c
server/handlers.h
server/server.c
server/server.h
server/smas _stop.c
server/threadfunc.c
server/timer.h
include/smasdefs.h
include/socks.c
include/socks.h

A.1 LinuxMakefile

#
# Makefile for SmAS Server
# VVD, May 2000

#

PROG = smas_start
CC = gcc

0 = obj
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#
ﬁ Various Modules

MAINSRV = server

FILES = files

FILTER = filters

HANDLERS = handlers

BUFFERS = buffers

THFUNC = threadfunc

OBJS = $(0)/$(MAINSRV) .o $(0)/$(FILES).o $(0)/$(FILTERS).o \
$(0) /$ (HANDLERS) .0 $(0)/$(BUFFERS) .o $(0)/$(THFUNC) .o

#

# Options

#

COPTS = -g -I. -I../include -D_REENTRANT -DLINUX_DIST #-DSMAS_SRV_DEBUG

LOPTS = —lpthread -1dl

#

# Stopper

#
STOPPER = smas_stop

#
# Actual rules
all: $(PROG) $(STOPPER)

$(STOPPER) : smas_stop.c
$(CC) -o smas_stop smas_stop.c

$(PROG) : $(0OBJS)
$(CC) -o $(PROG) $(0OBJS) $(COPTS) $(LOPTS)

$(0)/%.0: %.c server.h ../include/socks.c
$(CC) -c -o $(0)/$*.0 $(COPTS) $<

clean:

rm -f obj/*.0

rm —-f smas_start smas_stop

A.2 Makefile

#
# Makefile for SmAS Server
# VVD, May 2000

#

PROG = smas_start

HPROG = hsmas_start #There has to be an easier way than
#this; read on to understand what I mean

CcC = gcc

0 = obj

#

ﬁ Various Modules

MAINSRV = gerver

FILES = files
LTERS = filters

HANDLERS = handlers
FFERS = buffers

THFUNC = threadfunc

0BJS = $(0)/$(MAINSRV) .o $(0)/$(FILES).o $(0)/$(FILTERS).o \

$(0) /$ (HANDLERS) .0 $(0)/$ (BUFFERS) .o $(0)/$ (THFUNC) .o
HOBJS = $(0)/$(MAINSRV) .ho $(0)/$(FILES).ho $(0)/$(FILTERS).ho \
$(0)/$ (HANDLERS) .ho $(0)/$ (BUFFERS) .ho $(0)/$(THFUNC) .ho
#Stupid way to seperate object files

#

# Options

#

#Use these for native cthreads

HCOPTS = —g -I. -I../include -D_REENTRANT -DHURD_DIST #-DSMAS_SRV_DEBUG
HLOPTS = -lthreads -1d1

#Use these for mycthreads

COPTS = -g -I. -I../include -D_REENTRANT -DHURD_DIST -DUSE_MYCTHREAD \

#-DUSE_COUNTER #-DSMAS_SRV_DEBUG
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LOPTS = -1d1 -lmythreads

#

# Stopper

#

STOPPER = smas_stop

#
ﬁ Actual rules
all: $(PROG) $(STOPPER)

$(STOPPER) : smas_stop.c
$(CC) -o smas_stop smas_stop.c

$(PROG): $(0BJS) ../libthreads/libmythreads.a
$(CC) -o $(PROG) $(0BJS) $(COPTS) $(LOPTS)

$(0)/%.0: %.c server.h ../include/socks.c

$(CC) -c -o $(0)/$*.0 $(COPTS) $<

#Using HURD’s cthreads

hurd: $(HPROG) $(STOPPER)
cp -f hsmas_start smas_start

$ (HPROG) : $(HOBJS)
$(CC) -o $(HPROG) $(HOBJS) $(HCOPTS) $(HLOPTS)

$(0)/%.ho: %.c server.h ../include/socks.c
$(CC) -c -o $(0)/$*.ho $(HCOPTS) $<

#Cleanup

clean:
rm -f $(0)/*o
rm —-f smas_start smas_stop hsmas_start

A.3 server/buffers.c

/*
Buffer implementation for SmAS
Kinalis Athanasios July 2001
*/

#include <unistd.h>

#include <sys/types.h>

#include <sys/stat.h>

#include "buffers.h"
#include "server.h"
#include <string.h>

#ifdef USE_MYCTHREAD

#include "../libthreads/cthread_internals.h"

/*Get’s cproc from cthread - See cthreads.h#cthread_assoc()*/
#define get_cproc(c) ((cproc_t) ((c)->ur))

#endif

int FILE_BUFFER_SIZE = 50000;
int FILTER_BUFFER_SIZE = 5;

int file_buf_init(struct file_buffer *buf, int fd, int size,

void *th)
buf->src.fd = £d;
buf->buffer = NULL;

#ifdef HURD_DIST
buf->fillth = (cthread_t) th;
memset (&buf->lock, 0, sizeof(struct mutex));
memset (¥buf->wait_lock, 0, sizeof(struct mutex));
memset (¥buf->data_needed, 0, sizeof(struct condition));
memset (¥buf->stop, 0, sizeof (struct mutex));

#endif

#ifdef LINUX_DIST
buf->fillth = (pthread_t) th;
pthread_mutex_init (&buf->lock, NULL);
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pthread_mutex_init (&buf->wait_lock, NULL);

pthread_cond_init (&buf->data_needed, NULL);

pthread_mutex_init (&buf->stop, NULL);
#endif

alloc_file_buf (buf, size);

buf->status = BUF_SFETCH;

return O;

/*Always invalidates bufferx*/
/*Sets buffer reading position. Call after buf_init()x*/
int set_file_buf_pos(file_buffer_t * buf, int f)

{
mutex_lock(&buf->lock) ;
if (f == BUF_NOPOS) { /* This is a socket/filter buffer - no
file positioning available */
buf->filepos = -1;
buf->vstart = -1;
buf->voffset = 0;
buf->vlength = 0;
} else if (f == BUF_CURPOS) { /* Moves buffer position to
current file pointer position */
buf->filepos = lseek(buf->src.fd, 0, SEEK_CUR);
buf->vstart = buf->filepos;
buf->voffset = 0;
buf->vlength = 0;
} else if (f == BUF_NORMALPOS) { /* Moves file pointer to buffer
file position */
buf->filepos =
lseek(buf->src.fd, buf->filepos, SEEK_SET);
buf->vstart = buf->filepos;
buf->voffset = 0;
buf->vlength = 0;
}
if (buf->status & BUF_SEOF) /* Also remove EOF bit */
buf->status &= ("BUF_SEQF);
mutex_unlock(&buf->lock) ;
return buf->filepos;
}
int alloc_file_buf(file_buffer_t * buf, int size)
{
mutex_lock(&buf->lock) ;
buf->size = size;
buf->buffer =
(unsigned char *) malloc(sizeof (unsigned char) * size);
buf->vstart = buf->filepos;
buf->voffset = 0;
buf->vlength = 0;
mutex_unlock (&buf->lock) ;
' return O;

%nt dealloc_file_buf (file_buffer_t * buf)

mutex_lock(&buf->lock) ;
free(buf->buffer);
mutex_unlock (&buf->lock) ;
return O;

¥

/*Indicates that all reads from buffer are valid, advance fileposx*/
void file_buf_validate(file_buffer_t * buf)

struct stat st;
mutex_lock (&buf->lock) ;
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buf->filepos = buf->vstart;
fstat (buf->src.fd, &st); /* Check for EOF */
if (buf->filepos == st.st_size && buf->vlength == 0)
buf->status |= BUF_SEOF;
) mutex_unlock (&buf->lock) ;

/*Indicates that reads from buffer are valid until pos*/
void file_buf_validate2(file_buffer_t * buf, int pos)
{

struct stat st;

mutex_lock(&buf->lock) ;

if (pos > buf->vstart) {

mutex_unlock (&buf->lock) ;
return;

%uf—>filepos = pos;
fstat (buf->src.fd, &st); /* Check for EOF */
if (buf->filepos == st.st_size && buf->vlength == 0)
buf->status |= BUF_SEQOF;
) mutex_unlock (&buf->lock) ;

/*Fetches as much bytes as possible(?) from fd to fill bufferx/
int file_buf_fetch(file_buffer_t * buf)
{

int i = 0, £ = 0;

mutex_lock (&buf->lock) ;
if ((f = buf->size - buf->vlength) != 0) { /* Check if buffer is
full; if not f holds
the amount of free
space */
i = buf->size - (buf->voffset + buf->vlength); /* i shows how far

from buffer’s
end data
extends */
if (A ==0) {
buf->voffset =
(buf->voffset == buf->size) 7 0 : buf->voffset;
i = buf->size - buf->vlength;

}
if (1 <0) { /* Buffer’s end is full and there is a gap
at the begging of buffer. */
buf->vlength += (i =
read (buf->src.fd, &buf->buffer[-i],

£));
} else { /* There is free space in buffer’s end.
Fill it. */

buf->vlength += (i =
read (buf->src.fd,
&buf->
buffer[(buf->voffset +
buf->vlength) %
buf->sizel, i));
}

if (i == 0) { /* Check for EOF */
struct stat st;

fstat (buf->src.fd, &st);
if (buf->vstart == st.st_size && buf->vlength == 0)
buf->status |= BUF_SEOF;

}
mutex_unlock(&buf->lock) ;
return i;

}
/*Appends 1 bytes from array b to buffer bufx*/
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int file_buf_append(file_buffer_t * buf, unsigned char *b, int 1)
{
int i =0, £ = 0;
mutex_lock(&buf->lock) ;
if ((f = buf->size - buf->vlength) != 0) { /* Check if buffer is

full; if not f holds
the amount of free

space */
f=(>1)71:f; /* append f bytes, as much as buffer can
hold or 1 */

i = buf->size - (buf->voffset + buf->vlength); /* i shows how far
from buffer’s
end data
extends */

if (1 <0) { /* Buffer’s end is full and there is free

space at the begging of buffer. */
memcpy (buf->buffer + (-i), b, £);

} else { /* There is free space in buffer’s end.

Fill it. */
memcpy (buf->buffer + buf->voffset + buf->vlength, b,
i);
if (£ -1>0) /* There more free space at the begging of
buffer */

memcpy (buf->buffer, b + i, £ - i);
}
buf->vlength += f;

mutex_unlock(&buf->lock) ;
return f;

¥

/*Reads s bytes in array b from buffer bufx/
/*If s bytes not available blocks until fetched*/
int file_buf_read(file_buffer_t * buf, unsigned char *b, int s)

int i, d, tot = 0;
do {
i=d=0;
mutex_lock(&buf->lock) ;
if (s > buf->vlength) {
d = s - buf->vlength; /* Store additional required data */
s = buf->vlength; /* Read all contents - watch for
buf->vlength==0 */

}
if (s > 0 && (i = buf->size - buf->voffset) >= s) {
memcpy (b, &buf->buffer[buf->voffset], s);

b += s;
buf->voffset = (buf->voffset + s) % buf->size;
} else if (i > 0) { /* wrap around */
memcpy (b, &buf->buffer[buf->voffset], i);
b += i
buf->voffset = 0; /* continue from beggining */

memcpy (b, buf->buffer, s - i);
buf->voffset += (s - i);

buf->vstart += s;
buf->vlength -= s;
tot += s;
if (d > 0) { /* We require additional data */
if (buf_eof(buf)) { /* Check for EOF */
mutex_unlock(&buf->lock) ;
return tot;

mutex_unlock(&buf->lock) ;
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#ifdef USE_MYCTHREAD
thread_switch(get_cproc(buf->fillth)->mach_thread,
SWITCH_OPTION_DEPRESS, 30);

#else
mutex_lock (&buf->wait_lock);
condition_wait (&buf->data_needed, &buf->wait_lock); /* Block
until
data is
there */
mutex_unlock(&buf->wait_lock);
#endif

s = d; /* Prepare for next iterration */

}
} while (d '= 0);
mutex_unlock (&buf->lock) ;

return tot;

/*Probably not the best way to do that*/
/*Returns in vs vstart value after this read*/
int file_buf_read2(file_buffer_t * buf, unsigned char *b, int s,
int *vs)
int i, d, tot = 0;
do {
i=d=0;
mutex_lock(&buf->lock) ;
if (s > buf->vlength) {
d = s - buf->vlength; /* Store additional required data */

s = buf->vlength; /* Read all contents - watch for
buf->vlength==0 */

}
if (s > 0 & (i = buf->size - buf->voffset) >= s) {
memcpy (b, &buf->buffer[buf->voffset], s);

b += s;
buf->voffset = (buf->voffset + s) % buf->size;
} else if (i > 0) { /* wrap around */
memcpy (b, &buf->buffer[buf->voffset], 1i);
b += 1i;
buf->voffset = 0; /* continue from beggining */

memcpy (b, buf->buffer, s — i);
buf->voffset += (s - i);

buf->vstart += s;
buf->vlength -= s;
tot += s;
if (d>0) { /* We require additional data */
if (buf_eof(buf)) { /* Check for EOF */
*vs = buf->vstart;

mutex_unlock(&buf->lock) ;
return tot;

}
mutex_unlock(&buf->lock) ;
#ifdef USE_MYCTHREAD

thread_switch(get_cproc(buf->fillth)->mach_thread,
SWITCH_OPTION_DEPRESS, 30);

#else
mutex_lock (&buf->wait_lock);
condition_wait (&buf->data_needed, &buf->wait_lock); /* Block
until
data is
there */
mutex_unlock(&buf->wait_lock) ;
#endif

s = d; /* Prepare for next iterration */

}
} while (d '= 0);
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*vs = buf->vstart;
mutex_unlock(&buf->lock) ;

return tot;

void *file_buf_destroy(file_buffer_t * buf)

void *res;

mutex_lock(&buf->lock) ;
buf->status |= BUF_SDESTROY;
mutex_unlock(&buf->lock) ;

#ifdef HURD_DIST
res = cthread_join(buf->fillth);

#endif
#ifdef LINUX_DIST
pthread_join(buf->fillth, &res);
#endif
dealloc_file_buf (buf);

return res;

}
%nt file_buf_readvalid(file_buffer_t * buf)
int res = 0;
mutex_lock(&buf->lock) ;
if (buf->vstart == buf->filepos)
res = 1;
mutex_unlock (&buf->lock) ;
return res;
}
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int filter_buf_init(struct filter_buffer *buf, int fd,
int capacity, int size)

buf->src.fd

buf->buffer
#ifdef HURD_DIST
/* buf->fillth=(cthread_t)th; This is initialized elsewherex/

memset (&buf->lock, 0, sizeof(struct mutex));

memset (¥buf->wait_lock, 0, sizeof(struct mutex));

memset (&¥buf->data_needed, 0, sizeof (struct condition));

memset (¥buf->stop, 0, sizeof (struct mutex));

#endif

#ifdef LINUX_DIST
pthread_mutex_init (&buf->lock, NULL);
pthread mutex_init (&buf->wait_lock, NULL);
pthread_cond_init (&¥buf->data_needed, NULL);
pthread_mutex_init (&buf->stop, NULL);

#endif
alloc_filter_buffer(buf, capacity, size);
buf->status = BUF_SFETCH;

fd;
NULL;

return O;
}
int alloc_filter_buffer(filter_buffer_t * buf, int capacity,
int size)
. .
int i;

mutex_lock(&buf->lock) ;
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buf->capacity = capacity;
buf->size = size;
buf->buffer =

(rec_buf_t *) malloc(sizeof(rec_buf_t) * capacity);
for (i = 0; i < capacity; i++) {

buf->buffer[i] .size = 0; /* Means no data available */

buf->buffer[i] .buffer =

(unsigned char *) malloc(sizeof (unsigned char) *
size);

}

buf->vstart = buf->filepos;
buf->voffset = 0;
buf->vlength = 0;
mutex_unlock (&buf->lock) ;
return O;

int dealloc_filter_buf(filter_buffer_t * buf)
int i;
mutex_lock(&buf->lock) ;
for (i = 0; i < buf->capacity; i++)
free(buf->buffer[i] .buffer) ;
free(buf->buffer);

mutex_unlock (&buf->lock) ;
return O;

int set_filter_buf_pos(filter_buffer_t * buf, int f)

mutex_lock(&buf->lock) ;
if (£ == BUF_NOPOS) { /* This is a socket/filter buffer - no
file positioning available */
buf->filepos = -1;
buf->vstart =
buf->voffset
buf->vlength
buf->lastvs =
} else if (f == BUF_CURPOS) { /* Moves buffer position to
current file pointer position */
buf->filepos = lseek(buf->src.fd, O, SEEK_CUR);
buf->vstart = buf->filepos;
buf->voffset 0;
buf->vlength 0;
buf->lastvs = -1;
} else if (f == BUF_NORMALPOS) { /* Moves file pointer to buffer
file position */

_1;
0;
0;

_1;

buf->filepos =
lseek(buf->src.fd, buf->filepos, SEEK_SET);
buf->vstart = buf->filepos;
buf->voffset 0;
buf->vlength 0;
buf->lastvs = -1;

}

if (buf->status & BUF_SEOF) /* Also remove EOF bit */
buf->status &= ("BUF_SEOF);

mutex_unlock (&buf->lock) ;

return buf->filepos;

int filter_buf_append_record(filter_buffer_t * buf,
unsigned char *rec, int size,
int vs)

mutex_lock (&buf->lock) ;

if (buf->vlength < buf->capacity)
buf->vlength++;
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else {
mutex_unlock (&buf->lock) ;
return 0;

}
memcpy (buf->
buffer[(buf->voffset + buf->vlength -
1) % buf->capacity].buffer, rec, size);

buf->buffer[(buf->voffset + buf->vlength - 1) %

buf->capacity].size = size;
buf->buffer[(buf->voffset + buf->vlength - 1) %

buf->capacity].vs = vs;
mutex_unlock(&buf->lock) ;

return size;

}
int filter_buf_nextrecsize(filter_buffer_t * buf)
{
int rs = 0;
mutex_lock(&buf->lock) ;
rs = buf->buffer[buf->voffset].size;
mutex_unlock(&buf->lock) ;
return rs;
}
int filter_buf_nextrec(filter_buffer_t * buf, unsigned char *dst)
{

int s = 0, done = 0;

mutex_lock(&buf->lock) ;
if (buf_eof (buf)) {
mutex_unlock (&buf->lock) ;
return O;
}
do {
if (buf->vlength > 0) {
memcpy (dst, buf->buffer[buf->voffset].buffer, s =
buf->buffer[buf->voffset] .size);
buf->lastvs = buf->buffer[buf->voffset].vs;
buf->voffset = (buf->voffset + 1) J buf->capacity;
buf->vlength--;
done = 1;

}
mutex_lock(&((file_buffer_t *) buf->src.buf)->lock);
if (buf->vlength == 0 && buf_eof ((file_buffer_t *) buf->src.buf)) { /* Check

for
EQOF
*/
buf->status |= BUF_SEOF;
done = 1;

}
mutex_unlock(&((file_buffer_t *) buf->src.buf)->lock);
mutex_unlock (&buf->lock) ;
if (done)
return s;
#ifdef USE_MYCTHREAD
thread_switch(get_cproc(buf->fillth)->mach_thread,

SWITCH_OPTION_DEPRESS, 30);

#else
mutex_lock(&buf->wait_lock);
condition_wait (&buf->data_needed, &buf->wait_lock); /* Block
until
data is
there */
mutex_unlock (&buf->wait_lock);
#endif
} while (!'done);
return s;
}
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void filter_buf_validate(filter_buffer_t * buf)
{

mutex_lock(&buf->lock) ;
file_buf_validate2((file_buffer_t *) buf->src.buf,
buf->lastvs);
if (buf->vlength ==
&& buf_eof ((file_buffer_t *) buf->src.buf))
buf->status |= BUF_SEOF;
mutex_unlock (&buf->lock) ;

¥

void *filter_buf_destroy(filter_buffer_t * buf)
{

void *res;

mutex_lock(&buf->lock) ;
buf->status |= BUF_SDESTROY;
mutex_unlock (&buf->lock) ;

#ifdef HURD_DIST
res = cthread_join(buf->fillth);

#endif
#ifdef LINUX_DIST
pthread_join(buf->fillth, &res);
#endif
dealloc_filter_buf (buf);

return res;

A.4 server/buffers.h

#ifndef BUFFERS_H
#define BUFFERS_H

#ifdef HURD_DIST
#ifdef USE_MYCTHREADS

#include "../libthreads/cthreads.h" /* Use relative path to avoid
conflicts */

zigclude "../libthreads/cthread_internals.h"

else

#include <cthreads.h>

#endif

#endif

#ifdef LINUX_DIST

#include <pthread.h>

#define cthread_exit(x) pthread_exit(x)

#define cthread_join(x) pthread_join(x);

#define cthread_self() pthread_self()

#define mutex_lock(t) pthread_mutex_lock(t)
#define mutex_unlock(t) pthread mutex_unlock(t)
#define condition_wait(t,y) pthread_cond wait(t,y)
#define condition_signal(t) pthread_cond_signal(t)
#define cthread_yield()

#endif

#define BUF_SFETCH 1

#define BUF_SDESTROY 2
#define BUF_SEOF 4

extern int FILE_BUFFER_SIZE;
extern int FILTER_BUFFER_SIZE;

typedef struct file_buffer {
int status; /* The state of this buffer */

int size; /* Max data length this buffer can hold.
Value of -1 means this buffer should

be discarded */
unsigned char *buffer; /* Buffer */
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int £d;
void *buf;
} src; /* The file descriptor this buffer is
reading from or another buffer */
int filepos; /* The normal (without buffering) file

position Note: For some buffers it’s
meaningless (buffers for
sockets,filters) Set to -1 for these
fds [set_buf_pos( buf, BUF_NOPOS)] */

int vstart; /* The first byte from file (file offset)
that is contained in buffer (filepos to
file length) Note: For some buffers
it’s meaningless (buffers for
sockets,filters) */

int voffset; /* Valid data offset in buffer (0 to
buflen-1) */
int vlength; /* Length of valid data stored in buffer

(0 to buflen) */
#ifdef HURD_DIST

cthread_t fillth; /* The thread that fills this buffer.
Controlling thread. */
struct mutex lock; /* For locking access to buffer */
struct mutex wait_lock; /* For locking access to buffer */
struct condition data_needed;
struct mutex stop; /* For blocking buffer’s fill thread */
#endif
#ifdef LINUX_DIST
pthread_t fillth; /* The thread that fills this buffer
(probably not required under LINUX */
pthread_mutex_t lock; /* For locking access to buffer */

pthread_mutex_t wait_lock;

pthread_cond_t data_needed;

pthread_mutex_t stop; /* For blocking buffer’s fill thread */
#endif
} file_buffer_t;

typedef struct rec_buf {
int size;
int vs;
unsigned char *buffer;
} rec_buf_t;

typedef struct filter_buffer {
int status; /* The state of this buffer */
int capacity; /* Max records this buffer can hold. Value

of -1 means this buffer should be
discarded */
/* Usually this should be a small number e.g. 5 */

int size; /* Max size of each record */
rec_buf_t *buffer; /* Array of buffers for records */
union {

int fd;

void *buf;
} src; /* The file descriptor this buffer is

reading from or another buffer */

int filepos; /* The normal (without buffering) file

position Note: For some buffers it’s
meaningless (buffers for
sockets,filters) Set to -1 for these
fds [set_buf_pos( buf, BUF_NOPOS)] */

int vstart; /* The first byte from file (file offset)
that is contained in buffer (filepos to
file length) Note: For some buffers
it’s meaningless (buffers for
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sockets,filters) x*/

int voffset; /* Valid data offset in buffer (0 to
capacity-1) */
int vlength; /* Length of valid data stored in buffer
(0 to capacity) */
int lastvs;
#ifdef HURD_DIST
cthread_t fillth; /* The thread that fills this buffer.
Controlling thread. */
struct mutex lock; /* For locking access to buffer */
struct mutex wait_lock; /* For locking access to buffer */
struct condition data_needed;
struct mutex stop; /* For blocking buffer’s fill thread */
#endif
#ifdef LINUX_DIST
pthread_t fillth; /* The thread that fills this buffer
(probably not required under LINUX */
pthread_mutex_t lock; /* For locking access to buffer */

pthread_mutex_t wait_lock;
pthread_cond_t data_needed;

pthread_mutex_t stop; /* For blocking buffer’s fill thread */
#tendif
} filter_buffer_t;
/*Constants to define buffer-file seek used by set_buf_pos()*/
#define BUF_NOPOS (-1)
#define BUF_CURPOS (-2)
#define BUF_NORMALPOS (-3)
#define buf_eof (b) ((b)->status&BUF_SEOF)
#define filter_buf_invalidate(b) set_filter_buf_pos(b,BUF_NOPOS);
#define file_buf_invalidate(b) set_file_buf_pos(b,BUF_NORMALPOS);

extern

extern
extern
extern
extern
extern
extern
extern

extern

extern

extern
extern

extern
extern

extern

extern

extern
extern

extern
extern

#endif

int file_buf_init(file_buffer_t * buf, int fd, int size,
void *th);

int set_file_buf_pos(file_buffer_t * buf, int f);

int alloc_file_buffer(file_buffer_t * buf, int size);

int dealloc_file_buf(file_buffer_t * buf);

void file_buf_validate(file_buffer_t * buf);

void file_buf_validate2(file_buffer_t * buf, int vs);

int file_buf_fetch(file_buffer_t * buf);

int file_buf_append(file_buffer_t #* buf, unsigned char *b,
int 1);
int file_buf_read(file_buffer_t * buf, unsigned char *b,
int 8);

int file_buf_read2(file_buffer_t * buf, unsigned char *b,
int s, int *vs);
int file_buf_readvalid(file_buffer_t * buf);

int filter_buf_init(filter_buffer_t * buf, int £d,
int capacity, int size);
int set_filter_buf_pos(filter_buffer_t * buf, int £f);
int alloc_filter_buffer(filter_buffer_t * buf,
int capacity, int size);
int dealloc_filter_buf (filter_buffer_t * buf);

int filter_buf_append_record(filter_buffer_t * buf,
unsigned char *rec, int size,
int vs);

int filter_buf_nextrecsize(filter_buffer_t * buf);

int filter_buf_nextrec(filter_buffer_t * buf,

unsigned char *dst);
void filter_buf_validate(filter_buffer_t * buf);
void *filter_buf_destroy(filter_buffer_t * buf);
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A.5 server/files.c

FILES.C

Revisions:

AFTS 0.2.1 06/06/2000

AFTS 0.2 05/06/2000

AFTS 0.1 ??/06/2000
Untouched

i**************

#include <stdio.h>
#include <stdlib.h>
#if O

#ifdef HURD_DIS

T
#ifdef USE_MYCTHREADS

#include "../libthreads/cthreads.h"

Code for storing and handling info regarding files opened by clients

Added file_cleanup_owner() to cleanup (close & delete) any
not-closed files of a departing client

Completely rewritten by VVD, CS, Uol

/* Use relative path to avoid
conflicts */

ﬁi?clude ", ./libthreads/cthread_internals.h"
else

#include <cthreads.h>

#endif

#endif

#ifdef LINUX_DIST

#include <pthread.h>

#define cthread_self() pthread_self()
#define mutex_lock(t) pthread mutex_lock(t)
#define mutex_unlock(t) pthread_mutex_unlock(t)

#endif
#endif

#include "buffers.h"
#include "smasdefs.h"
#include "server.h"
#include "files.h"

extern void *readth(void *);
/* The basic structure
*/
typedef struct {
int f£fd;
int sfd;
int fid;
char *fmem;

file_buffer_t *buf;
} file_t;

/* The table of opened files
*/
static file_t *files = NULL;
static int filenum = 0;
#ifdef HURD_DIST
static struct mutex file_lock
= MUTEX_INITIALIZER;

#tendif
#ifdef LINUX_DIST
static pthread_mutex_t file_lock

= PTHREAD_MUTEX_INITIALIZER;
#endif

/%
/*
/*
/*

/*

/*
/%

/%

The file descriptor */

The client’s (owner’s) socket */

The applied filter (-1 if none) */

The memory needed by (and allocated to)
the filter */

The buffer for this file */

Table of open files */
Size of table */

For locking table access */

/* For locking table access */

#define lock_file_table() mutex_lock(&file_lock);
#define unlock_file_table() mutex_unlock(&file_lock);

#define isempty(i) (files[i].ffd == -1)
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file_add(int ffd, int sfd)

int i, pos;
#ifdef LINUX_DIST
pthread_t pid;

#endif
lock_file_table();
if (files == NULL) { /* The very first time */
if ((files =
(file_t *) malloc(10 * sizeof(file_t))) == NULL) {
SRV_DEBUG(-3, "(%u) file_add cannot alloc table!\n",
cthread_self());
unlock_file_table();
return (-1);
for (i = 0; i < 10; i++)
files[i].ffd = files[i].fid = -1;
} filenum = 10;

/* Search for empty spot */
for (pos = 0; pos < filenum; pos++)
if (isempty(pos))
break;

if (pos == filenum) { /* No empty spot found - realloc 10 more
entries */
if ((files = (file_t *)
realloc(files,
(filenum + 10) * sizeof(file_t))) == NULL) {
SRV_DEBUG(-3,
"(%u) file_add cannot REalloc table (to size %d)'\n",
cthread_self(), filenum + 10);
unlock_file_table();
return (-2); /* original table is left untouched! */

}
for (i = 1; i < 10; i++)

files[filenum + i].ffd = files[filenum + i].fid = -1;
filenum += 10;

}

files[pos].ffd = ffd;
files[pos].sfd = sfd;
files[pos].fid = -1;

files[pos].fmem = NULL;

/**x*x*x*xBuffer initialization*x***x/
files[pos].buf =
(file_buffer_t *) malloc(sizeof (file_buffer_t));

#ifdef HURD_DIST
#ifdef USE_MYCTHREAD
file_buf_init(files[pos].buf, files[pos].ffd,
FILE_BUFFER_SIZE, cthread_spawn(readth,
(void *)
files[pos].
buf));
#else
file_buf_init(files[pos].buf, files[pos].ffd,
FILE_BUFFER_SIZE, cthread_fork(readth,

(void *)
files[pos].
buf));

#endif

#endif

#ifdef LINUX_DIST

pthread_create(&pid, NULL, readth, (void *) files[pos].buf);
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file_buf_init(files[pos].buf, files[pos].ffd,
FILE_BUFFER_SIZE, pid);
#endif

set_file_buf_pos(files[pos].buf, BUF_CURPOS);

unlock_file_table();
return (pos);

}

%ile_del(int £)

file_buffer_t x*buf;

lock_file_table();

if (£ < 0 || £ >= filenum) {
unlock_file_table();
return (-1);

files[f].ffd = files[f].sfd = files[f].fid = -1;

if (files[f].fmem != NULL)
free(files[f].fmem) ;

files[f].fmem = NULL;

if ((buf = files[f].buf) !'= NULL) {
file_buf_destroy(buf); /* Finalize buffer */
free(buf) ;

}

files[f] .buf = NULL;
unlock_file_table();
return (0);

}

/* Delete any onclosed files opened by this particular client
*/
file_cleanup_owner(int sfd)
t ..
int 1i;
file_buffer_t xbuf;
lock_file_table();

for (i = 0; i < filenum; i++)
if (!isempty(i) && files[i].sfd == sfd) {
SRV_DEBUG(-3,
"(%u) cleaning up file td %d owned by sfd %d\n",
cthread_self(), i, sfd);
close(files[i] .ffd);
files[i].ffd = files[i].sfd = files[i].fid = -1;
if (files[i].fmem != NULL)
free(files[i] .fmem) ;
files[i] .fmem = NULL;
if ((buf = files[i].buf) !'= NULL) {
file_buf_destroy(buf); /* Finalize buffer */
free(buf);
}
};
unlock_file_table();
return (0);

/* Check if ffd is a legal file id
*/
%sfile(int ffd)

int val = 0;
lock_file_table();
if (ffd >= 0 && ffd < filenum)
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if (lisempty(££d))
val = 1;
unlock_file_table();
return (val);

{ile_ffd(int £)

int val;

lock_file_table();

if (f <0 || £ >= filenum) {
unlock_file_table();
return (-1);

val = files[f].ffd;

unlock_file_table();
return (val);

}

%ile_fid(int £)

int val;

lock_file_table();

if (£ < 0 || £ >= filenum) {
unlock_file_table();
return (-1);

}
val = files[f].fid;

unlock_file_table();
return (val);

¥

char *file_filtermem(int f)

char *val = NULL;

lock_file_table();

if (£ <0 || £ >= filenum) {
unlock_file_table();
return (NULL);

if (!isempty(£))

val = files[f].fmem;
unlock_file_table();
return (val);

}

/* This sets the fid of the filter to be applied.
* The fid MUST be owned by this client.

*/

int file_applyfilter(int f, int fid, int size)

char *m;
int client;
if ((m = malloc(size)) == NULL) {
SRV_DEBUG(-3,
"(%u) file_applyfilter cannot alloc fmem!\n",
cthread_self());
return (-1);

}
lock_file_table();
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if (f < 0 || f >= filenum) {
unlock_file_table();
return (-1);

}

if (isempty(£)) {
unlock_file_table();
return (-1);

}
client = files[f].sfd;
unlock_file_table();

if (filterowner(fid) !'= client) { /* Not owner! */
SRV_DEBUG(-3, "(%u) client %d not owner of filter %d!\n",
cthread_self(), client, fid);
return (-2);

lock_file_table();
files[f].fid = fid;
files[f].fmem = m;
unlock_file_table();
return (0);

}

void *file_getbuffer (int f)
{
file_buffer_t *b;
lock_file_table();
if (£ < 0 || £ >= filenum) {
unlock_file_table();
return NULL;

}

if (isempty(£f)) {
unlock_file_table();
return NULL;

}

b = files[f].buf;
unlock_file_table();
return (void *) b;

A.6 server/files.h

/* FILES.H
*/Interface to FILES.C
*

#ifndef __FILES_H

#include "buffers.h"

extern int isfile(int /* file fd */ );

extern int file_add(int /* ffd */ , int /* sfd */ );
extern int file_del(int /% file fd */ );

extern int file_cleanup_owner(int /* client’s sfd */ );

extern int file_ffd(int);

extern int file_fid(int);

extern int file_applyfilter(int, int /* fid */ ,
int /* size */ );

extern char *file_filtermem(int) ;

extern void *file_getbuffer (int);

#define __FILES_H
#endif
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A.7 server/filters.c

/* FILTERS.C

* Code for storing and using filters registered by the user

*

% Reyisionms:

* AFTS 0.2.1 06/06/2000

* Added "owner" field to hold the client (sfd) who registered the
* filter; added filter_del_owner() to delete all the filters owned
* by a client. filter_del() should be considered obsolete.

*

* AFTS 0.2 05/06/2000

* Completely rewritten by VVD, CS, Uol

*

* AFTS 0.1 77/06/2000

*/ Untouched

*

/* July-August/2001
Buffer utility added
x/
#if O /* The following aren’t necessary to files
that include "buffers.h" */
#ifdef HURD_DIST
#ifdef USE_MYCTHREADS
#include "../libthreads/cthreads.h" /* Use relative path to avoid

conflicts */
ﬁigclude "../libthreads/cthread_internals.h"
else
#include <cthreads.h>
#endif
#endif
#ifdef LINUX_DIST
#include <pthread.h>

#define cthread_self() pthread_self()
#define mutex_lock(t) pthread mutex_lock(t)
#define mutex_unlock(t) pthread mutex_unlock(t)

#endif
#endif

#include <stdio.h>
#include <dlfcn.h>
#include "buffers.h'"
#include "smasdefs.h"
#include "server.h'"
#include "filters.h"

/* The filter’s three parts:

*/
typedef void (*initfunc_t) (void *);
typedef int (*bodyfunc_t) (void *, int *, void **);
typedef int (*tinifunc_t) (int *, void **);

/* The basic structure

*/
typedef struct {
initfunc_t finit; /* The init() function */
bodyfunc_t fbody; /* The body() function */
tinifunc_t ftini; /* The tini() function */
int memsize; /* Memory needed by the filter */
int readsize; /* # bytes to read per file record
(dynamic) */
void *code; /* The actual code */
char fname[MAX_PNAME] ; /* QObvious */
int owner; /* Who registered this filter??? (socket
fd) */
filter_buffer_t *buf; /* The buffer this filter outputs to */
} filter_t;
/* The table of registered filters
*/
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static filter_t *regfilters = NULL; /* Table of registered filters */

static int regfilnum = O0; /* Number of registered filters */
#ifdef HURD_DIST
static struct mutex regfil_lock /* For locking table access */

= MUTEX_INITIALIZER;

#endif

#ifdef LINUX_DIST

static pthread_mutex_t regfil_lock /* For locking table access */
= PTHREAD_MUTEX_INITIALIZER;

#endif

#define lock_regfil table() mutex_lock(&regfil_lock);

#define unlock_regfil_table() mutex_unlock(&regfil_lock) ;
#define isempty(i) (regfilters[i].code == NULL)

/* Check if fid is a legal filter id
*/
isregfilter(int fid)

int val = 0;
lock_regfil_table();
if (fid >= 0 &% fid < regfilnum)

if (!isempty(£id))
val = 1;

unlock_regfil_table();
return (val);

}

/*/Return the owner of the filter
*
filterowner (int fid)

int val = -1;

lock_regfil_table();

if (£fid >= 0 && fid < regfilnum)

if (!isempty(£id))
val = regfilters[fid].owner;

unlock_regfil_table();
return (val);

}
filter_load(char *fname, char *fullpath, filter_t * flt)
void *dlh;
int *var;
char symbol[MAX_FNAME + 10];
VETITITE Ty

static int isinit = 0;

/* dlopen() the file - be careful about the way dlopen() searches for

files! */

/* A workaround to a strange behaviour, dlopenning a filter but never

dlclosing it seems to supress a bus error. */
if (lisinit) {
dlh =
dlopen("/usr/local/SmAS/filters/libselect10.s0",
RTLD_NOW) ;
if (dlh == NULL)
fprintf(stderr, "Error opening initial filter");
isinit = 1;

}
if ((dlh = dlopen(fullpath, RTLD_LAZY)) == NULL) {
SRV_DEBUG(-2, "(%u) cannot dlopen() the filter!\n",
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cthread_self());
return (-1);

}
flt->code = dlh;

/* Now find the needed symbols */
sprintf (symbol, "Ys_init", fname);
if ((£lt->finit = (initfunc_t) dlsym(dlh,
SRV_DEBUG(-2, "(%u) no %s function in
cthread_self(), symbol);
dlclose(dlh);
return (-2);

sprintf (symbol, "Js_body", fname);
if ((£1t->fbody = (bodyfunc_t) dlsym(dlh,
SRV_DEBUG(-2, "(%u) no %s function in
cthread_self (), symbol);
dlclose(dlh);
return (-2);

sprintf (symbol, "Ys_tini", fname);
if ((£1t->ftini = (tinifunc_t) dlsym(dlh,
SRV_DEBUG(-2, "(%u) no %s function in
cthread_self (), symbol);
dlclose(dlh);
return (-2);

¥

sprintf (symbol, "/s_memsize", fname);
if ((var = (int *) dlsym(dlh, symbol)) =
SRV_DEBUG(-2, "(%u) no %s variable in
cthread_self(), symbol);
dlclose(dlh);
return (-2);

flt->memsize = *var;

sprintf (symbol, "/s_readsize", fname);
if ((var = (int *) dlsym(dlh, symbol)) ==
SRV_DEBUG (-2, "(%u) no %s variable in
cthread_self (), symbol);
dlclose(dlh);
return (-2);

flt->readsize = *var;

strcpy (f1t->fname, fullpath);
return (0);

symbol)) == NULL)
the filter!\n",

symbol)) == NULL)
the filter!\n",

symbol)) == NULL)
the filter!'\n",

NULL) {
the filter!'\n",

NULL) {
the filter!\n",

filter_add(char *fname, char *fullpath, int owner)

{

filter_t flt;
int i, pos;

if ((i = filter_load(fname, fullpath, &flt)) < 0)

return (i);

/* Now do the table stuff */
lock_regfil_table();

if (regfilters == NULL) { /% The very first time */

if ((regfilters =

(filter_t *) malloc(10 * sizeof(filter_t))) ==

NULL) {
dlclose(flt.code);
unlock_regfil_table();
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return (-3);

for (i = 0; i < 10; i++)
regfilters[i] .code = NULL;
regfilnum = 10;

/* Search for empty spot */
for (pos = 0; pos < regfilnum; pos++)
if (isempty(pos))
break;

if (pos == regfilnum) { /* No empty spot found - realloc 10 more
entries */
if ((regfilters = (filter_t *)
realloc(regfilters,
(regfilnum + 10) * sizeof(filter_t))) ==

NULL) {
dlclose(flt.code);
unlock_regfil_table();
return (-3); /* original table is left untouched! */

}

for (i = 1; i < 10; i++)
regfilters[regfilnum + i].code = NULL;
regfilnum += 10;

regfilters[pos] = flt;

regfilters[pos].owner = owner;

regfilters[pos].buf = (filter_buffer_t *) malloc(sizeof (filter_buffer_t)); /* Must
initialize
before
applying

*/
unlock_regfil_table();
return (pos);

}

/* —————= > We should UNLINK the filter file - but what if the same
* —————— > filter is used by other clients??7?77

*/

filter_del(int fid)
{

filter_buffer_t *buf;

lock_regfil_table();

if (fid < 0 || fid >= regfilnum) {
unlock_regfil_table();
return (-1);

}
if (lisempty(fid)) {
buf = (filter_buffer_t *) filter_getbuffer(fid);
filter_buf_destroy(buf); /* Finalize buffer - Make sure
that it’s source file buffer is
finalized first */
free(buf) ;
dlclose(regfilters[fid].code);

}
regfilters[fid].code = NULL;

unlock_regfil_table();
return (0);

¥

/* Delete ALL filters owned by the given owner
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*/BE CAREFULL TO CHECK FOR .code != NULL !!!!
%
filter_del_owner (int owner)

int i;

filter_buffer_t *buf;

lock_regfil_table();

for (i = 0; i < regfilnum; i++)

if (!isempty(i) && regfilters[i].owner == owner) {
SRV_DEBUG(-3,

"(%u) removing filter %d owned by sfd %d\n",
cthread_self(), i, owner);

buf = regfilters[i] .buf;

filter_buf_destroy(buf) ; /* Finalize buffer - Make sure
that it’s source file buffer is
finalized first =*

free(buf);

dlclose(regfilters[i].code);

regfilters[i].code = NULL;

break;

}

unlock_regfil_table();
}

filter_init(int fid, void *rec)

initfunc_t init;
lock_regfil_table();
if (fid < 0 || fid >= regfilnum) {
unlock_regfil_table();
return (-1);

init = regfilters[fid].finit;
unlock_regfil_table();

init(rec);
return (0);

/* The filter’s body execution is NOT seriallized :-)
* i.e. it is called *after* unlocking the table.

FILTER BODIES SHOULD RETURN: O if record does not pass
* 1 if it passes and should be fowrarded

*/
filter_body(int fid, void *rec, int *n, void **out)

* *

int t;
bodyfunc_t body;
lock_regfil_table();
if (fid < 0 || fid >= regfilnum) {
unlock_regfil_table();
return (-1);

}

body = regfilters[fid].fbody;
unlock_regfil_table();
return (body(rec, n, out));

}

/* Like body, it SHOULD RETURN: O if record does not pass
1 if it passes and should be fowrarded
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*/
filter_tini(int fid, int *n, void **out)

int t;

tinifunc_t tini;

lock_regfil_table();

if (fid < 0 || fid >= regfilnum) {
unlock_regfil_table();
return (-1);

tini = regfilters[fid].ftini;
unlock_regfil_table();
return (tini(n, out));

¥

filter_memsize(int fid)
int t;
lock_regfil_table();
if (£fid < 0 || fid >= regfilnum) {

unlock_regfil_table();
return (-1);

t = regfilters[fid] .memsize;

unlock_regfil_table();
return (t);

X

filter_readsize(int fid)
int t;
lock_regfil_table();
if (fid < 0 || fid >= regfilnum) {

unlock_regfil_table();
return (-1);

t = regfilters[fid].readsize;

unlock_regfil_table();
return (t);

}

void *filter_getbuffer(int fid)

{
filter_buffer_t =*t;

lock_regfil_table();

if (fid < 0 || fid >= regfilnum) {
unlock_regfil_table();

} return NULL;

t = regfilters[fid].buf;

unlock_regfil_table();
return ((void *) (t));

A.8 server/filters.h

/* FILTERS.H
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*/Interface to FILTERS.C
*

#ifndef __FILTERS_H
#include "buffers.h"
/* Info functions
*/
extern int isregfilter(int /* filter id */ );
extern int filterowner (int /* filter id */ );

/* Bookkeeping functions
*/
extern int filter_add(char * /* name */ , char * /* fullpath */ ,
int /* owner sfd */ );
extern int filter_del(int /* fid */ );
extern int filter_del_owner(int /* owner id */ );

/* Filter usage function
*/
extern int filter_init(int /* fid */ , void * /* filter mem */ );
extern int filter_body(int /* fid */ , void * /* inrec */ ,
int * /* &outsize */ ,
void ** /* &outbufptr */ );
extern int filter_tini(int /* fid */ ,
int * /* &outsize */ ,
void ** /* &outbufptr */ );
extern int filter_memsize(int /* fid */ );
extern int filter_readsize(int /* fid */ );

extern void *filter_getbuffer(int);

#define __FILTERS_H
#endif

A.9 server/handlers.c

/* HANDLERS.C

Message Handlers -- here we service all the SMAS_xxx messages
(client requests).

Revisions:

0.2.3, 06/12/2000
Code to support general installations (single—user or system-wide)
Modified handle_smas_open() to use smas_root_files[] and
handle_smas_registerfilter() to use smas_root_filters[].

AFTS 0.2.2 14/06/2000
Fixed smas_close bug on illegal fd; utilized sock_writev().

AFTS 0.2.1 06/06/2000
Slightly modified for new owener-cleanup stuff

AFTS 0.2 05/06/2000
Written by VVD, CS, UoI

AFTS 0.1 ?7/06/2000
Non-existant

i************* LR K I XK I

#include <stdio.h>
#include <stdlib.h> /* for malloc() */
#include <sys/ioctl.h>
#include <unistd.h>
#include <fcntl.h>
#include <dlfcn.h>
#include "buffers.h"
ﬁ;nc%uge :smaideﬁﬁ.h“
include "socks.
ﬁinc%uge :handlerﬁ.h"
include "server.
#include "filters.h"
#include "files.h"
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#include "timer.h"
extern void *nextrecth(void *);

/*¥Uniform open() args */
/*We need this because these flags may be defined with different values across platforms*/
/*Not all values from <bits/fcnl.h> are defined here, only those used by open()*/

/*
These are defined in ../lib/smas.h as they are used only by the client, displayed here for convin

#define SMAS_O_RDONLY 1
#define SMAS_O_WRONLY 2
#define SMAS_O_RDWR 4
#define SMAS_0O_
#define SMAS_0_
#define SMAS_O_NOCTTY 32
#define SMAS_O_TRUNC 64
#define SMAS_Q_APPEND 128
#define SMAS_O_NONBLOCK 256
#define SMAS_O_SYNC 512
*/
/*We use the above values to index the array below#*/
unsigned long int open_flags[] = {
O_RDONLY,
O_WRONLY,
O0_RDWR,
0_CREAT,
0_EXCL,
0_NOCTTY,
0_TRUNC,
O_APPEND,
0_NONBLOCK,
} 0_SYNC
/*Convert SmAS defined flags from x to system defined flags in y*/
/*WARNING : Always use different variables for x and y*/
#define GET_OFLAGS(x,y) do { \
int i; \

\
(y)=0; \
for (i=0;i<10;i++) { \
if ((R&(1<<i)) \
(y) |=open_flags[il; \ I\
} while(0)

/* The table of handler functions -- one for each message type

*/
#define ARGS int

extern void handle_smas_open(ARGS), handle_smas_close(ARGS),
handle_smas_lseek (ARGS), handle_smas_applyfilter (ARGS),
handle_smas_read (ARGS), handle_smas_write (ARGS),
handle_smas_nextrec(ARGS), handle_smas_registerfilter (ARGS);
void (*msghandler[10]) (ARGS);

handlers_init ()

msghandler [SMAS_OPEN] = handle_smas_open;

msghandler [SMAS_CLOSE] = handle_smas_close;
msghandler [SMAS_READ] = handle_smas_read;

msghandler [SMAS_WRITE] = handle_smas_write;
msghandler [SMAS_LSEEK] = handle_smas_lseek;
msghandler [SMAS_REGFIL] = handle_smas_registerfilter;
msghandler [SMAS_APPFIL] = handle_smas_applyfilter;
msghandler [SMAS_NEXTREC] = handle_smas_nextrec;
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/* Returns: O if ok
* -1 on memory allocation failure

* -2 on unknown message reception
*/
/*Should go in a header filex/
handle_message(int sfd, int msgtype)

if (msgtype < SMAS_OPEN || msgtype > SMAS_NEXTREC)
return (-2);

(msghandler [msgtypel) (sfd);
return (0);

/**********************************
*
: THE HANDLER FUNCTIONS

k >k >k *x %k 3k 3k >k >k *k %k %k >k >k >k * * % %k 3k >k * * * % %k >k * * * * %k 3k %

* H K K X

void handle_smas_open(int sfd)

{
int £d, td;
msgopen_t m;
char fullpath[500];
if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL) ;
m.flags = ntohl(m.flags);
m.mode = ntohl (m.mode) ;
SRV_DEBUG(1,
"(%u) received OPEN message (file: %s, flags: %o)\n",
cthread_self(), m.fname, m.flags);
if (strlen(smas_root_files) + strlen(m.fname) > 500)
goto FERROR;
strcat (strcpy(fullpath, smas_root_files), m.fname);
GET_OFLAGS (m.flags, td);
m.flags = td;
if ((fd = open(fullpath, m.flags, m.mode)) < 0) {
FERROR:
SRV_DEBUG(-2, "(%u) cannot open the file!\n",
cthread_self());
fd = htonl(fd);
if (sock_write(sfd, (char *) &fd, sizeof(fd)) < 1)
cthread_exit (NULL);
return;
}
if ((td = file_add(fd, sfd)) < 0)
close(fd);
td = htonl(td);
if (sock_write(sfd, (char *) &td, sizeof(td)) < 1)
cthread_exit (NULL);
td = ntohl(td);
SRV_DEBUG((td < 0) ? -2 : 2,
"(%u) file opened (fd = %d, td = %d), info sent to client\n",
cthread_self(), fd, td);
}

void handle_smas_close(int sfd)

int value;
msgclose_t m;

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
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}

cthread_exit (NULL);
m.fd = ntohl(m.fd);

SRV_DEBUG(1, "(%u) received CLOSE message for td J%d\n",
cthread_self(), m.fd);

if (lisfile(m.fd)) {
SRV_DEBUG(-2, "(%u) invalid file to close\n",
cthread_self());
value = htonl(-1);
if (sock_write(sfd, (char *) &value, sizeof(value)) < 1)
cthread_exit (NULL);
return;

X

/* Notice that we DON’T DELETE THE FILTERS applied to this file.
Filter deletion (for all registered filters) is deferred to the
time the client departs - see service(). */

value = htonl(close(file_ffd(m.fd)));

file_del(m.fd);

if (sock_write(sfd, (char *) &value, sizeof(value)) < 1)

cthread_exit (NULL);

SRV_DEBUG(2, "(%u) file closed; info sent to client\n",
cthread_self());

void handle_smas_read(int sfd)

int fid = 0, value = 0, nv = 0;
msgread_t m;

char *buf = NULL;

file_buffer_t *fbuffer;
filter_buffer_t *flbuffer = NULL;

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL);

m.fd = ntohl(m.fd);

m.nbytes = ntohl(m.nbytes);

SRV_DEBUG(1,
"(%u) received READ message for td %d (%d bytes)\n",
cthread_self(), m.fd, m.nbytes);

if (m.nbytes <= 0) {
SRV_DEBUG(-2, "(%u) illegal number of bytes requested\n",
cthread_self());
nv = htonl(value = -10);
m.nbytes = 0;
} else {
if ((buf = calloc(m.nbytes, sizeof(char))) == NULL) {
SRV_DEBUG(-2, "(%u) cannot allocate read buffer\n",
cthread_self());
nv = htonl(value = -20);
m.nbytes = 0;
} else {
if ((fid = file_fid(m.fd)) > -1) {
flbuffer =
(filter_buffer_t *) filter_getbuffer(fid);
mutex_lock(&flbuffer->stop) ;
filter_buf_invalidate (flbuffer); /* Stop filter

buffer’s fill

thread */

}

fouffer = (file_buffer_t *) file_getbuffer(m.fd);

value = file_ffd(m.£fd);

if (!file_buf_readvalid(fbuffer))
file_buf_invalidate(fbuffer) ; /* Invalidate buffer */

nv = htonl(value =
file_buf_read(fbuffer, buf, m.nbytes));
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file_buf_validate(fbuffer);
if (flbuffer !'= NULL) {
filter_buf_invalidate(flbuffer);
mutex_unlock(&flbuffer—->stop); /* Resume filter buffer’s
fill thread */

}
}

CHECK_ERROR (value) ;
if (value <= 0) {
if (sock_write(sfd, (char *) &nv, sizeof(nv)) < 1)
cthread_exit (NULL) ;
} else { /* i.e. read "value" bytes " */
if (sock_write(sfd, (char *) &nv, sizeof(nv)) < 1)
cthread_exit (NULL) ;
if (sock_write(sfd, (char *) buf, value) < 1)
cthread_exit (NULL);

}
if (buf != NULL)
free(buf) ;

SRV_DEBUG((value < m.nbytes) 7 -2 : 2,
"(%u) read done (retval = J%d); info sent to clent\n",
cthread_self(), value);
}

void handle_smas_write(int sfd)

int value;

char *buf;

msgwrite_t m;
file_buffer_t *fbuffer;
filter_buffer_t *flbuffer;

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL) ;

m.fd = ntohl(m.£fd);

m.nbytes = ntohl(m.nbytes);

SRV_DEBUG(1,
"(%u) received WRITE message for td %d (%d bytes)\n",
cthread_self(), m.fd, m.nbytes);
if (m.nbytes <= 0)
value = htonl(-5);
else if ((buf = malloc(m.nbytes)) == NULL) {
sock_flush(sfd, m.nbytes);
value = htonl(-6);
} else {
fouffer = (file_buffer_t *) file_getbuffer(m.fd);

flbuffer =
(filter_buffer_t *) filter_getbuffer(file_fid(m.£fd));

if (flbuffer != NULL) { /* Stop filter buffer’s fill thread */
mutex_lock(&flbuffer->stop);
filter_buf_invalidate(flbuffer);

}
mutex_lock(&fbuffer->stop) ; /* Stop file buffer’s fill thread */
file_buf_invalidate (fbuffer);
if (sock_read(sfd, buf, m.nbytes) < 1)
cthread_exit (NULL) ;
value = htonl(write(file_ffd(m.fd), buf, m.nbytes));
mutex_unlock (&fbuffer->stop) ; /* Resume file buffer’s fill
thread */
if (flbuffer !'= NULL) {
filter_buf_invalidate(flbuffer);
mutex_unlock(&flbuffer->stop); /* Resume filter buffer’s
fill thread */
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}

if (sock_write(sfd, (char *) &value, sizeof (value)) < 1)
cthread_exit (NULL) ;

value = ntohl(value);
SRV_DEBUG((value < 0) ? -2 : 2,
"(%u) write done (retval = %d); info sent to clent\n",
) cthread_self (), value);

void handle_smas_lseek(int sfd)

int value;

msglseek_t m;
file_buffer_t *fbuffer;
filter_buffer_t *flbuffer;

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL) ;

m.fd = ntohl(m.£fd);

m.offset = ntohl(m.offset);

m.whence = ntohl(m.whence);

SRV_DEBUG(1,
"(%u) received LSEEK message for td /d (offset %d, whence %d)\n",
cthread_self(), m.fd, m.offset, m.whence);

fouffer = (file_buffer_t *) file_getbuffer(m.fd);

flbuffer =
(filter_buffer_t *) filter_getbuffer(file_fid(m.f£fd));
if (flbuffer != NULL) { /* Stop filter buffer’s fill thread */

mutex_lock(&flbuffer->stop);
filter_buf_invalidate(flbuffer);

}

mutex_lock(&fbuffer->stop); /* Stop file buffer’s fill thread */
file_buf_invalidate(fbuffer);

value = htonl(lseek(file_ffd(m.fd), m.offset, m.whence));
mutex_unlock (&fbuffer->stop) ; /* Resume file buffer’s fill

thread */
if (flbuffer != NULL) {
filter_buf_invalidate(flbuffer);
mutex_unlock(&flbuffer->stop); /* Resume filter buffer’s fill

thread */

write(sfd, &value, sizeof(value));

SRV_DEBUG (2,
"(%u) lseek done (retval = %d); info sent to clent\n",
cthread_self(), ntohl(value));
}

void handle_smas_registerfilter(int sfd)

{
int nfd, val;
msgregfil_t m;
char *buf, fullpath[MAX_PNAME];

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL) ;
m.codesize = ntohl(m.codesize);

SRV_DEBUG(1, "(%u) received REGFIL message (s, %d bytes)\n",
cthread_self(), m.fname, m.codesize);

if (strlen(smas_root_filters) + strlen(m.fname) > 500)
goto FERROR;

strcat (strcpy(fullpath, smas_root_filters), m.fname);

/* Open file for saving the code */
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if ((nfd = open(fullpath, O_CREAT | O_WRONLY, 0755)) < 0) {
FERROR:

SRV_DEBUG (-2,
"(%u) cannot open file for saving filter\n",
cthread_self());

sock_flush(sfd, m.codesize); /* Empty it */

val = htonl(nfd);

if (sock_write(sfd, (char *) &val, sizeof(val)) < 1)

cthread_exit (NULL) ;
return;

}

/* Allocate a large enough buffer and read the code */
if ((buf = (char *) malloc(m.codesize)) == NULL) {
SRV_DEBUG(-2, "(%u) cannot malloc() for filter code\n",
cthread_self());
val = htonl(-5);
sock_flush(sfd, m.codesize);
close(nfd);
if (sock_write(sfd, (char *) &val, sizeof(val)) < 1)
cthread_exit (NULL);
return;

if (sock_read(sfd, buf, m.codesize) < 1)
cthread_exit (NULL) ;

/* Save the code, release buf and close the file */
val = write(nfd, buf, m.codesize);

close(nfd);

free(buf) ;

if (val < 0) {
SRV_DEBUG(-2, "(%u) could not write filter to file\n",
cthread_self());
val = htonl(val);
if (sock_write(sfd, (char *) &val, sizeof(val)) < 1)
cthread_exit (NULL) ;
return;

}
SRV_DEBUG(2, "(%u) filter written to file %s\n",
cthread_self (), fullpath);
val = htonl(filter_add(m.fname, fullpath, sfd));
if (sock_write(sfd, (char *) &val, sizeof(val)) < 1)
cthread_exit (NULL);

val = ntohl(val);
SRV_DEBUG((val < 0) ? -2 : 2,
"(%u) filter registered (fid: %d, owner: %d)\n",
) cthread_self (), val, sfd);

void handle_smas_applyfilter(int sfd)
{

int memsize, value;

msgappfil_t m;

if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL);

m.fd = ntohl(m.£fd);

m.fid = ntohl(m.fid);

SRV_DEBUG(1,
"(%u) received APPFIL message (filter id J%d for td %d)\n",
cthread_self(), m.fid, m.fd);
if (lisregfilter(m.fid)) {
value = htonl(-1);
SRV_DEBUG(-2, "(%u) filter id %d invalid\n",
cthread_self(), m.fid);
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} else {
/*x*x*x*+xBuffer initialization*k**xx/
file_buffer_t *xfbuf =
(file_buffer_t *) file_getbuffer(m.fid);
filter_buffer_t *buf =
(filter_buffer_t *) filter_getbuffer(m.fid);
memsize = filter_readsize(m.fid);
mutex_lock(&fbuf->stop) ; /* This will save some trouble
filter_buf_init(buf, (int) file_getbuffer(m.fd),
FILTER_BUFFER_SIZE, memsize);
set_filter_buf_pos(buf, BUF_NOPOS);
mutex_lock(&buf->stop) ;
#ifdef HURD_DIST
#ifdef USE_MYCTHREAD
buf->fillth = cthread_spawn(nextrecth, (void *) m.fid);

#else
buf->fillth = cthread_fork(nextrecth, (void *) m.fid);
#endif
#endif
#ifdef LINUX_DIST

pthread_create(&buf->fillth, NULL, nextrecth,
(void *) m.fid);
#endif
mutex_unlock (&fbuf->stop) ;
if ((value =
file_applyfilter(m.fd, m.fid, memsize)) == 0)
filter_init(m.fid, (void *) file_filtermem(m.fd));
value = htonl(value);
mutex_unlock (&buf->stop) ;

¥

if (sock_write(sfd, (char *) &value, sizeof(value)) < 1)
cthread_exit (NULL);

value = ntohl(value);
SRV_DEBUG((value < 0) ? -2 : 2,
"(%u) filter %d set and initialized (%d)\n",
cthread_self(), m.fid, value);
}

void handle_smas_nextrec(int sfd)

msgnextrec_t m;

filter_buffer_t x*buf;

char *recbuf;

void *MyRam;

int fid, val, iseof = 0, recsize, size, nbytes;
struct iovec vec[2];

struct {
int val;
int nbytes;

} reply;
if (sock_read(sfd, (char *) &m, sizeof(m)) < 1)
cthread_exit (NULL) ;

CHECK_ERROR (m.fd = ntohl(m.fd));

fid = file_fid(m.fd);

size = filter_readsize(fid);

buf = (filter_buffer_t *) filter_getbuffer(fid);

SRV_DEBUG(1,
"(%u) received NEXTREC message (td %d, filter id ’%d)\n",
cthread_self(), m.fd, fid);

recbuf = (size > 0) ? malloc(size) : NULL;

recsize = filter_buf_nextrec(buf, recbuf);

mutex_lock(&buf->lock) ;

if (buf->status & BUF_SEOF && recsize == 0) {
MyRam = (void *) file_filtermem(m.fd);
filter_tini(fid, &recsize, &MyRam);
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iseof = 1;

mutex_unlock (&buf->lock) ;
} else {

mutex_unlock (&buf->lock) ;

MyRam = (void *) recbuf;

filter_buf_validate (buf);

reply.val = htonl(!iseof); /* O = LASTREC, 1 = continue */

reply.nbytes = htonl(recsize);

if (sock_write(sfd, (char *) &reply, sizeof (reply)) < 0)
cthread_exit (NULL) ;

if (sock_write(sfd, (char *) MyRam, recsize) < 0)
cthread_exit (NULL);

SRV_DEBUG (2,
"(%u) rec sent to client (flag = %d, size = %d)\n",
cthread_self(), val, recsize);

if (iseof == 0 && recbuf !'= NULL)
free(recbuf) ;
return;

}

A.10 server/handlers.h

/* HANDLERS.H
*/Interface to HANDLERS.C
*

extern handlers_init();
/* Returns: O if ok, -1 on memalloc failure, -2 if unknown message

*/

extern handle_message(int /* sfd */ , int /* msgsize */ );

A.11 server/server.c

SERVER.C
The Server (SmaS Disk)

Revisions:

0.2.4, 18/12/2000
Now catches SIGTERM, too.

0.2.3, 06/12/2000
Added code to allow system-wide installation for SmAS
server (filesystem_init()), plus allow a couple of
command line optioms.
A lock file is now used to allow only 1 server to run.
Also, now the server runs (by itself) on the background.

AFTS 0.2.1 06/06/2000
No MAX_CLIENTS limmitation. No bookeeping for service

threads! new_server_thread() and done_server_thread()
redefined and simplified.

AFTS 0.2 05/06/2000
Improved threaded code & debugging info

AFTS 0.1 ?77/06/2000
Completely rewritten by VVD, CS, UoIl

~
*
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*/
#include <stdio.h>
#include <sys/time.h>

#include <sys/types.h>
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#include <unistd.h>

#include <signal.h>

/*We try to use a unified version for all possible platforms that SmAS is used*/
#ifdef HURD_DIST

#ifdef USE_MYCTHREADS

#include "../libthreads/cthreads.h" /* Use relative path to avoid

conflicts */

ﬁigclude " ./libthreads/cthread_internals.h"

else
#include <cthreads.h>
#endif
#endif
#ifdef LINUX_DIST
#include <pthread.h>

#define cthread_self() pthread_self()
#define mutex_lock(t) pthread_mutex_lock(t)

#define mutex_unlock(t) pthread_mutex_unlock(t)
#endif

#include <stdarg.h>

#include "socks.c"
#include "smasdefs.h"
#include "server.h
#include "handlers.h"
#include "files.h"
#include "filters.h"
#include "timer.h"

/*From buffers.cx*/
extern int FILTER_BUFFER_SIZE;
extern int FILE_BUFFER_SIZE;

int smas_server_sfd;

char smas_root[500];

char smas_root_filters[500];
char smas_root_files[500];

void (*oldsigint_handler) (int);
void (*oldsigterm_handler) (int);

void onsigintterm(int sig)

{
close(smas_server_sfd);
signal (SIGINT, oldsigint_handler); /* Restore old signal */
signal (SIGINT, oldsigterm_handler); /* Restore old signal */
exit_smas(0, ">>> SmAS shut down completed <<<\n");

) return;

filesystem_init ()

int installing = O;

if (*smas_root)
if (!isdir(smas_root)) {
installing = 1;
if (mkdir(smas_root, 0755) != 0)
exit_smas(1,
"[SmAS_server]: cannot install system directories\n");
};
sprintf (smas_root_files, "Js/files", smas_root);
sprintf (smas_root_filters, "Js/filters", smas_root);
if (!isdir(smas_root_files)) {
installing = 1;
if (mkdir(smas_root_files, 0755) != 0)
exit_smas(1,
"[SmAS_server]: cannot install userfile directories\n");
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if (!isdir(smas_root_filters)) {
installing = 1;
if (mkdir (smas_root_filters, 0755) != 0)
exit_smas(1,
"[SmAS_server]: cannot install filter directories\n");

¥

if (installing)
SRV_DEBUG (0,
">>> SmAS .. installation of file systems complete <<<\n");
strcat(smas_root_files, "/");
strcat(smas_root_filters, "/");

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

fd_set rfds, fdlist;

int sfd, len, i;

struct sockaddr_in claddr;
extern void *service(void *);

/* Go to the background! */
#ifdef LINUX_DIST
if (fork() != 0)
exit (0);
#endif

#ifdef HURD_DIST

/* Initialize threads */
cthread_init();
#ifdef USE_MYCTHREA
set_sched (SMAS_SCHED_ROUNDROBIN, (any_t) 150);

#endif
#endif
/* No ’/’ at the end of directory name - makes mkdir() to fail under

HURD, propably a libc issue */
strcpy(smas_root, "/usr/local/SmAS");

lockfile();

#if O /* A better parameter checking is done
bellow */
if (arge > 1) {
for (i = 1; i < argc; i++)
if (strcmp(argv[il, "-s") == 0)
*smas_root = 0;
else if (strcmp(argv[i], "-r") == 0) {
it++;
if (i >= argc)
exit_smas(1,
"[SmAS Server]: usage: SmAS_server [-s] [-r <path>]\n");
strncpy(smas_root, argv[i], 480); /* We add stuff
later ... */

/* Add the trailing "/" */

if (strlen(smas_root) > 1)
if (smas_root[strlen(smas_root) - 1] != ?/?)
strcat(smas_root, "/");
} else
exit_smas(1,
"[SmAS Server]: usage: SmAS_server [-s] [-r <path>]\n");

}
#endif
while ((i = getopt(argc, argv, "sr:F:R:")) != -1) {
char ¢ = (char) i;
if (c == ’s?)
*smas_root = O0;
if (¢ == ’r?)
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strncpy(smas_root, optarg, 480); /* We add stuff later ... */
if (c == ’R’) {
FILTER_BUFFER_SIZE = atoi(optarg);
if (FILTER_BUFFER_SIZE < 1
| | FILTER_BUFFER_SIZE > 1000)

= J7?J).
c =7,

}
if (c == 'F’) {
FILE_BUFFER_SIZE = atoi(optarg);
if (FILE_BUFFER_SIZE < 1
|| FILE_BUFFER_SIZE > 10000000)

= J1?J.
c =7,

if (¢ == 7 || ¢ == 2:") {
exit_smas(1,
"[SmAS Server]: usage: SmAS_server [-s] [-r <path>] [-F <file buffer size>]
}
}

filesystem_init();
handlers_init();

/* Start socket service */
if ((smas_server_sfd =
server_open_socket (SERVER_PORT, 5)) < 0)
exit_smas(1,
"[SmAS Server]: cannot open main socket (%d)\n",
smas_server_sfd) ;

/* Intsall signals: (a) for graceful interruption and (b) for when we
try to write to a socket that is not connected (e.g. the client
died prematurely) */

oldsigint_handler = signal(SIGINT, onsigintterm);

oldsigterm_handler = signal (SIGTERM, onsigintterm);

signal (SIGPIPE, SIG_IGN);

SRV_DEBUG (0,
">>> SmAS started (pid %d), listening on socket %d <<<\n",
getpid(), smas_server_sfd);

/* We will use select() => we construct the fd list */
FD_ZERQO(&rfds) ;
FD_SET(smas_server_sfd, &rfds);

for (;;) {
fdlist = rfds; /* Because select() modifies the fd list */

if (select(FD_SETSIZE, &fdlist, NULL, NULL, NULL) < 1) {
fprintf (stderr,
"[SmAS Server]: unexpected select() error\n");
onsigintterm(SIGINT) ;

if (F?aISSET(smas_server_sfd, &fdlist)) {
S -
accept(smas_server_sfd,
(struct sockaddr *) &claddr, &len);
SRV_DEBUG (0,
">>> SmAS new client (%s) @ socket %d <<<\n",
inet_ntoa(claddr.sin_addr), sfd);
new_server_thread(sfd, service);

}

/* Create a new service thread -- and put in the detached state
* Well, we should normally check for the success of
* pthread_create() - but for now we don’t!

*/
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new_server_thread(int sfd, void *(xfunc) (void *))

{
#ifdef HURD_DIST
cthread_t tid;
tid = cthread_fork(func, (void *) sfd);
cthread_detach(tid);
#endif
#ifdef LINUX_DIST
pthread_t tid;
pthread_create(&tid, NULL, func, (void *) sfd);

pthread_detach(tid);
#endif

X

/* When the client leaves, we clean up after him (i.e. delete
* all the filters he registered and close all the files he opened)
*/

done_server_thread(int sfd)
int i;
filter_del_owner(sfd);

file_cleanup_owner(sfd);
close(sfd);

#ifdef HURD_DIST
cthread_exit (NULL) ;

#endif
#ifdef LINUX_DIST

pthread_exit (NULL);
?endif

/*/This is what each server thread executes
*
void *service(void *data)

int mysock, msgtype;
fd_set fdlist, 1lfds;
mysock = (int) data;
FD_ZERO(&1fds);

FD_SET (mysock, &lfds);

signal (SIGPIPE, SIG_IGN);

SRV_DEBUG(1, "Service thread %u started @ socket %d\n",
cthread_self (), mysock);
for (;5;) {
fdlist = 1fds;
if (select(FD_SETSIZE, &fdlist, NULL, NULL, NULL) < 1) {
fprintf (stderr,
"[service thread]: unexpected select() error\n");
close (mysock) ;
onsigintterm(SIGINT) ;

if (!FD_ISSET(mysock, &fdlist))
continue;

SRV_DEBUG(1, "(%d) activity on my socket\n",
cthread_self());

/* Check if detected activity is of O bytes => client disconnected
himself! */
if (sock_unrecved(mysock) == 0) {
SRV_DEBUG(1, "(%u) client done - exitting thread\n",
cthread_self());
done_server_thread (mysock) ;
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}

/* Now just look at the message’s type without removing it from
the input queue. */
recv(mysock, (char *) &msgtype, sizeof (int), MSG_PEEK);
switch (handle_message(mysock, ntohl(msgtype))) {
case -1:
SRV_DEBUG(-1,
"(%u) handle_message() allocation problem\n",

cthread_self());
break;

ase —2:
SRV_DEBUG(-1,
"(%u) handle_message() unknown message type\n",
cthread_self());
/* Try to recover: flush the socket completely! */
sock_flush(mysock, sock_unrecved(mysock));
break;

se O:
SRV_DEBUG(1, "(%u) done; waiting again ..\n",
cthread_self());

ca
break;

}

J% % %k k k k k k ok k k k k k k k k k k k *k k k k *k *k %k *k *k * * *k * kX *

* *
DIRECTORY, LOCKS AND EXIT STUFF *

* %

* k k k k k k k k k k k k k k *k k k k %k k *k *k * * *k * % k * * * * *x x/

#include <sys/stat.h>

*

isdir(char #*path)

{
struct stat sb;
stat (path, &sb);
return (S_ISDIR(sb.st_mode));
}
%ockfile()
FILE *fp;
/* Check if it exists */
if ((fp = fopen("/tmp/.SmAS_server_lock", "r")) != NULL) {
fclose(fp);
fprintf (stderr,
"[SmAS_server]: a server is already running\n");
exit(1);
if ((fp = fopen("/tmp/.SmAS_server_lock", "w")) == NULL)
exit_smas(1, "[SmAS_server]: cannot create lock file\n");
fprintf(fp, "%d", getpid());
fclose(£fp);
}
exit_smas(int value, char *format, ...)

va_list ap;

if (format != NULL) {
va_start(ap, format);
viprintf (stderr, format, ap);
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/* Remove the lock file */
unlink("/tmp/.SmAS_server_lock");
exit (value);

/***********************************
* >k

x DEBUGGING ... *
***********************************/

#ifdef SMAS_SRV_DEBUG

/* It may seem strange but SRV_DEBUG will crash if we do not lock it!!

--- maybe it is an fputc() or vprintf() problem. */
#ifdef HURD_DIST
struct mutex debuglock = MUTEX_INITIALIZER;
#endif
#ifdef LINUX_DIST
pthread_mutex_t debuglock = PTHREAD_MUTEX_INITIALIZER;
#endif

SRV_DEBUG(int depth, char *format, ...)
{
va_list ap;
char c =’ ?, i;
if (depth < 0) {
depth = -depth;
c = )#);
}
mutex_lock(&debuglock) ;
for (i = 1; i < 2 * depth; i++)
fputc(c, stderr);
if (depth > 0)
fputc(’ ’, stderr);

va_start(ap, format);
viprintf (stderr, format, ap);

if (c == ’#)
fputc (7, stderr);

mutex_unlock(&debuglock) ;
}

#else

SRV_DEBUG(int depth, char *format, ...)
{
}

#endif

A.12 server/server.h

/* SERVER.H

*/Interface to SERVER.C

*
/* #define the following to get debugging info at the server’s stderr
* Should only be used by the developers!

#difine SMAS_SRV_DEBUG
*

/* Used to print debugging info - it actually does so only if
* SMAS_SRV_DEBUG has been defined.
* This first parameter (int depth) has the following meaning:

* abs(depth) is the function call depth (gives the indentation to be used)
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* sign(depth) determines whether the info refers to an error or not.
* Examples:

* SRV_DEBUG(0, ">>> SmAS started");

* Gives a nice info to the developer

*  SRV_DEBUG(1, "Message handled ok");

* Nice info, too but will be indented by 2 spaces (1 level)
* SRV_DEBUG(1, '"unknown message received");

* This marks an error; it will be indented by positiomns
* which will bot be spaces but ’#’s.

*/

extern SRV_DEBUG(int, char *, ...);

extern char smas_root_filters[500]; /* Where filters go */
extern char smas_root_files[500]; /* Where files go */

extern exit_smas(int, char *, ...);

A.13

/
Stops

L K I B K K
~

#include
#include

main()

server /smas_stop.c

SMAS_STOP.C

the server (if running)

Revisions:

0.2.4,
Now removes the lock file when the server cannot be
stopped (covers the case where SmAS was killed and
did not have the chance to remove the lock).

0.2.3,
First time!

18/12/2000

07/12/2000

<stdio.h>
<signal.h>

FILE *fp;
int spid;

if ((fp = fopen("/tmp/.SmAS_server_lock", "r")) == NULL)

exit (0);

fscanf (fp, "%d", &spid);
fclose(fp);
if (kill(spid, SIGINT) != 0) {

A.14

#include
#include
#include

#include
#include
#include

fprintf (stderr,

"SmAS server could not be stopped; cleaning any leftovers

/* Here we must assume that the lock file has been left over when

SmAS server was brutally killed. So, we try to remove it
ourselves! */

unlink("/tmp/.SmAS_server_lock");

server /threadfunc.c

<unistd.h>
<sys/types.h>
<sys/stat.h>
"buffers.h"
"filters.h"
"files.h"

#ifdef USE_MYCTHREAD

#include

" ./libthreads/cthread_internals.h"

extern volatile cproc_t running_cproc;
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/*Get’s cproc from cthread - See cthreads.h#cthread_assoc()*/
#define get_cproc(c) ((cproc_t) ((c)->ur))

#endif
zoid *readth(void *b)

register file_buffer_t *buf = (file_buffer_t *) b;
int res = 0;

#ifdef USE_MYCTHREAD
cproc_t p;

#endif

while (!(buf->status & BUF_SDESTROY)) {

mutex_lock(&buf->stop) ;

if (buf_eof (buf)) {
mutex_unlock(&buf->stop) ;

#ifndef USE_MYCTHREAD

mutex_lock (&buf->wait_lock);
condition_signal (&buf->data_needed) ;
mutex_unlock(&buf->wait_lock);

#endif
cthread_yield();

' continue;
res = file_buf_fetch(buf);
mutex_unlock (&buf->stop) ;
if (res == 0) {
#ifdef USE_MYCTHREAD
p = get_cproc(cthread_self());
if (p->group_next != 0) /* This means that this buffer is
been read by a filter thread */

p—>group_next;
else
P = running_cproc; /* Or let get service thread and

pass control */
thread_switch(p->mach_thread, SWITCH_OPTION_DEPRESS,
15);

#else
mutex_lock (&buf->wait_lock);
condition_signal (&buf->data_needed) ;
mutex_unlock(&buf->wait_lock);
cthread_yield();
#endif
}
return NULL;

void *nextrecth(void *i)

int fd = (int) i;
int fid, recsize;
int size = 0, res, vs;
unsigned char *fmem;
unsigned char *rbuf;
filter_buffer_t x*buf;
#ifdef USE_MYCTHREAD
cproc_t p;
#endif

fid = file_fid(fd);

fmem = file_filtermem(£d);

size = filter_readsize(fid);

buf = (filter_buffer_t *) filter_getbuffer(fid);

rbuf = (size > 0) ? malloc(size) : NULL;

while (!(buf->status & BUF_SDESTROY)) {
mutex_lock(&buf->stop) ;
if (buf_eof (buf)) {
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mutex_unlock(&buf->stop) ;

#ifndef USE_MYCTHREAD
mutex_lock (&buf->wait_lock);
condition_signal (&buf->data_needed) ;

mutex_unlock(&buf->wait_lock) ;
#endif

cthread_yield();

continue;

res = file_buf_read2(buf->src.buf, rbuf, size, &vs);
if (res == size
&& filter_body(fid, rbuf, &recsize,
(void **) &fmem)) {
while (!filter_buf_append_record
(buf, fmem, recsize, vs)) {
mutex_unlock(&buf->stop) ;
/* Buffer is full - wakeup reader */
#ifdef USE_MYCTHREAD
/* In our implementation we can switch to the consuming
thread quite easily */
P = running_cproc; /* Let’s get service thread and
pass control */
thread_switch(p—>mach_thread,
SWITCH_OPTION_DEPRESS, 15);

#else
mutex_lock (&buf->wait_lock);
condition_signal (&buf->data_needed);
mutex_unlock(&buf->wait_lock) ;
#endif

cthread_yield();
mutex_lock(&buf->stop) ;
X
}
mutex_unlock (&buf->stop) ;
#ifdef USE_MYCTHREAD
/* In our implementation we can switch to the consuming thread
quite easily */
P = running_cproc; /* Let’s get service thread and pass

control */
thread_switch(p->mach_thread, SWITCH_OPTION_DEPRESS, 15);

#else
mutex_lock(&buf->wait_lock);
condition_signal (&buf->data_needed) ;
mutex_unlock (&buf->wait_lock) ;
cthread_yield();
#endif
free(rbuf);
return NULL;
}

A.15 server/timer.h

#ifndef TIMERMAN_H

#define TIMERMAN_H 1

/*Provides time measurement using different function.
Currently supports ftime(),gettimeofday(),times().
The following structures are defined:
ttimer: A structure that holds timer data
ttimer_t: A pointer to the above structure
The following macros are defined:

new_timer (ttimer_t): Allocates a new zeroed ttimer structure
free_timer(ttimer_t): Deallocates a previously allocated structure with new_timer()
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clear_timer(ttime_t): Initializes a timer struct to zero
eq_timer(ttimer_t ,ttimer_t): True if the 2 arguments represent the same moment
ne_timer(ttimer_t ,ttimer_t): True if the 2 arguments represent the different moments
sub_timer (ttimer_t ,ttimer_t): Returns the amount of time between the 2 arguments. Note that
/refresh_timer(ttimer_t): Stores current moment in timer struct

£ 3

//#define TIMER_FTIME

#define TIMER_GETTIMEOFDAY

//#define TIMER_TIMES

/*Using gettimeofday*/

#ifdef TIMER_GETTIMEOFDAY
#include <sys/time.h>

#include <unistd.h>

typedef struct timeval ttimer;
typedef struct timeval *ttimer_t;

#define new_timer (tvp) (tvp)=(ttimer_t)calloc(l,sizeof (struct timeval))
#define free_timer(tvp) free(tvp)

#define clear_timer(tvp) timerclear (tvp)

#define eq_timer(tvlp,tv2p) ((tvlip)->tv_sec == (tv2p)->tv_sec &&\
(tvip)->tv_usec == (tv2p)->tv_usec)

#define ne_timer(tvip,tv2p) timercmp(tvip,tv2p,!=)

#define sub_timer (tvlp,tv2p) (((tvlip)->tv_sec == (tv2p)->tv_sec)? \

((tv2p)->tv_usec - (tvip)->tv_usec) \

: ((tv2p) —>tv_sec - (tvlp)->tv_sec)*1000000 - \
((tvip)—>tv_usec - (tv2p)->tv_usec))

#define refresh_timer(tvlip) gettimeofday((tvip),NULL)
#endif

/*Using ftimex/

#ifdef TIMER_FTIME

#include <sys/timeb.h>

typedef struct timeb ttimer;

typedef struct timeb *ttimer_t;

#define new_timer (tvp) (tvp)=(ttimer_t)calloc(l,sizeof(struct timeb))
#define free_timer(tvp) free(tvp)

#define clear_timer(tvp) (tvp)->time=(tvp)->millitm=(tvp)->timezone=(tvp)->dstflag=0;

#define eq_timer(tvlp,tv2p) ((tvip)->time == (tv2p)->time &&\
(tvip)->millitm == (tv2p)->millitm)

#define ne_timer(tvip,tv2p) ((tvip)->time != (tv2p)->time ||\
(tvip)->millitm != (tv2p)->millitm)
#define sub_timer (tvip,tv2p) (((tvip)->time == (tv2p)->time)? \

((tv2p)->millitm - (tvip)->millitm) \

: ((tv2p)->time - (tvip)->time)*1000 - \
((tvip)->millitm - (tv2p)->millitm))
#define refresh_timer(tvlip) ftime((tvip))

#endif

/*Using mach’s thread infox/
/*This doesn’t work very wells/

#if O

#ifdef TIMER_MACH
#include <mach.h>
#include <unistd.h>

typedef struct thread_basic_info ttimer;
typedef struct thread_basic_info *ttimer_t;

#define new_timer (tvp) (tvp)=(ttimer_t)calloc(1l,sizeof (ttimer))
#define free_timer(tvp) free(tvp)

#define clear_timer(tvp) memset(tvp,0,sizeof (ttimer))
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#define eq_timer(tvip,tv2p) ((tvip)->user_time == (tv2p)->user_time &&\
(tvip)->system_time == (tv2p)->system_time)

#define ne_timer(tvip,tv2p) ((tvlip)->user_time.seconds != (tv2p)->user_time.seconds ||\
(tvip)-—>system_time.seconds != (tv2p)->system_time.seconds ||\
(tvip)—>user_time.microseconds != (tv2p)->user_time.microseconds ||\
(tvip)->system_time.microseconds != (tv2p)->system_time.microseconds )

#define sub_timeru(tvip,tv2p) (((tvlip)->user_time.seconds == (tv2p)->user_time.seconds)? \
((tv2p)->user_time.microseconds - (tvlp)->user_time.microseconds) \

: ((tv2p) —>user_time.seconds - (tvlp)->user_time.seconds)*1000000 - \
((tvlip)->user_time.microseconds - (tv2p)->user_time.microseconds))

#define sub_timers(tvlp,tv2p) (((tvip)->system_time.seconds == (tv2p)->system_time.seconds)? \
((tv2p)-—>system_time.microseconds - (tvlp)->system_time.microseconds) \

: ((tv2p) ->system_time.seconds - (tvlip)->system_time.seconds)*1000000 - \
((tvip)->system_time.microseconds - (tv2p)->system_time.microseconds))

#define sub_timer (tvlp,tv2p) (sub_timeru(tvlp,tv2p)+sub_timers(tvip,tv2p))
#define refresh_timer(t,tvlp,x) thread_info((t),THREAD_BASIC_INFO, (tvip),&x)
#tendif

#endif

/*Using times*/

#ifdef TIMER_TIMES

#include <sys/times.h>

#include <unistd.h>

typedef clock_t ttimer;

typedef clock_t *ttimer_t;

static struct tms dumtms;

#define new_timer (tvp) (tvp)=(ttimer_t)calloc(l,sizeof (ttimer))
#define free_timer(tvp) free(tvp)

#define clear_timer(tvp) ((*(tvp))=(clock_t)O0)
#define eq_timer(tvip,tv2p) ((x(tvip)) == (x(tv2p)))
#define ne_timer(tvip,tv2p) ((x(tvip)) != (x(tv2p)))

#define sub_timer (tvip,tv2p) ((x(tv2p))-(*(tvip)))
#define refresh_timer (tvlp) ((*(tvlp))=times(&dumtms))

#fendif

#endif

A.16 include/smasdefs.h
/* SMASDEFS.H

X SmAS Definifitions: the interface file between libsmas and the server
Revisions:

*
*

*

* AFTS 0.2 05/06/2000

* Completely rewritten by VVD, CS, Uol
*

*

*

AFTS 0.1 ?7/06/2000
/ Untouched
*

#ifndef __SMASDEFS_H

#include <errno.h> /* Used for new error reporting code */
#define SERVER_PORT 9735

#ifndef __MYBYTE__
typedef unsigned char byte;
#define __MYBYTE__

#endif
#define MAX_PNAME 256 /* For a full path */
#define MAX_FNAME 64 /* Just for the filename */

/* The various message types
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*/

typedef enum { SMAS_OPEN = 1,
SMAS_CLOSE = 2,
SMAS_READ = 3,
SMAS_WRITE = 4
SMAS_LSEEK = 5
SMAS_REGFIL = 6,
SMAS_APPFIL = 7,
SMAS_NEXTREC = 8

} smas_msg_t;

/*typedef unsigned long int smas_msg_t; /*Always 4 bytesx*/
/* The various message bodies
*/
typedef struct {
smas_msg_t msgtype;
int flags;
int mode;
char fname [MAX_PNAME] ;
} msgopen_t;

typedef struct {
smas_msg_t msgtype;
int £d;

} msgclose_t;

typedef struct {
smas_msg_t msgtype;
int £d;
int nbytes;

} msgread_t;

typedef struct {
smas_msg_t msgtype;
int £d;
int nbytes;

} msgurite_t;

typedef struct {
smas_msg_t msgtype;
int fd;
int offset;
int whence;

} msglseek_t;

typedef struct {
smas_msg_t msgtype;
int codesize;
char fname[MAX_FNAME];
} msgregfil_t;

typedef struct {
smas_msg_t msgtype;
int fd;
int fid;
} msgappfil_t;
typedef struct {
smas_msg_t msgtype;
int fd;
} msgnextrec_t;
/***x*x*¥xScheduler related codexkx*kxx*xx/
/*This is a remnant of our attempt to implement
* shortest job scheduling everything else is removed*/
struct sched_dat {

int pri;
int count;
void *tp;
};
#define CHECK_ERROR(x) if ((x)<0) SRV_DEBUG(-2,"(%u) %s @ %d : %s\n", \

cthread_self () FILE LINE__ ,strerror(errno))

) —— —_ -
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#define __SMASDEFS_H
#endif

A.17 include/socks.c

/* SOCKS.C

Standard code for socket programming
VVD, CS, UoI, 2000

Revisions:

AFTS 0.2.2 14/06/2000
* Added sock_writev().
*/
#include <string.h>
#include <sys/ioctl.h>
#include <sys/types.h>

#include <unistd.h>
#include <fcntl.h>
#include <errno.h>

¥ OHH K X ¥ *

#include "socks.h"

/*We don’t need this*/

#if O

%nt sock_unblock(int sockfd)

int flags;

/* Get file descriptor associated flags */

if ((flags = fcntl(sockfd, F_GETFL)) < 0)
return flags;

/* Add non-blocking option */

flags |= O_NONBLOCK;

/* Set file descriptor associated flags */

if ((flags = fcntl(sockfd, F_SETFL, flags)) < 0)
return flags;

X
#endif

server_open_socket (short port, int maxclients)

{
struct sockaddr_in addr;
int sfd;

/* Open a socket fd */
if ((sfd = socket(AF_INET, SOCK_STREAM, 0)) < 0)
return (-1);

/* Bind to a port */

memset (&addr, 0, sizeof(addr));

addr.sin_family = AF_INET;

addr.sin_addr.s_addr = htonl (INADDR_ANY) ;

addr.sin_port = htons(port);

if (bind(sfd, (struct sockaddr *) &addr, sizeof(addr)) < 0) {
close(sfd);
return (-2);

/* Listen for conmection - not needed in SOCK_DGRAM sockets */
listen(sfd, maxclients);
return (sfd);

¥

server_wait_connection(int sfd, struct sockaddr_in * client)

{
struct sockaddr_in remote;
int addrlen;
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}

if (client == NULL)
client = &remote;
return (accept(sfd, (struct sockaddr *) client, &addrlen));

client_open_socket(char *serveraddr, short port)

{

/*

}

}

struct sockaddr_in inaddr;
struct in_addr ina;

struct hostent *serverinfo;
unsigned long int ip;

int sfd;

/* Open a socket fd */

if ((sfd = socket(AF_INET, SOCK_STREAM, 0)) < 0)
return (-1);

/* Now find server’s real address. The following code works whether
user passed a numeric or a named address! serverinfo = ((ip =
inet_addr(serveraddr)) == INADDR_NONE) ? gethostbyname (serveraddr)
: gethostbyaddr ((char *) &ip, sizeof(int), AF_INET); */

serverinfo = gethostbyname (serveraddr);

if (serverinfo == NULL)
return (-2);
if (ip == INADDR_NONE)

struct hostent *t = serverinfo;
for (; *(t->h_addr_list); )

bcopy (*(t->h_addr_list), (char *) &ina, t->h_length);
(t—>h_addr_list)++;
ip = inet_addr( inet_ntoa(ina) );

}

serverinfo = gethostbyname (serveraddr);

if (serverinfo == NULL)

return (-2);*/

/* Bind to a port */
memset (&inaddr, 0, sizeof (inaddr));
inaddr.sin_family = AF_INET;
memcpy ((void *) &inaddr.sin_addr,
(void *) serverinfo->h_addr_list[0], 4);
inaddr.sin_port = htons(port);
if (con?ezt(sfd, (struct sockaddr *) &inaddr, sizeof (inaddr))
<0
close(sfd);
return (-3);

return (sfd);

client_open_numeric_socket(char *serverbyteaddr, short port)

struct sockaddr_in addr;
int sfd;

/* Open a socket fd */

if ((sfd = socket(AF_INET, SOCK_STREAM, 0)) < 0)
return (-1);

/* Bind to a port */

memset (&addr, 0, sizeof(addr));
addr.sin_family = AF_INET;

addr.sin_addr.s_addr = inet_addr(serverbyteaddr);
addr.sin_port = htons(port);
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if (connect(sfd, (struct sockaddr *) &addr, sizeof(addr)) <
0) {
close(sfd);
return (-2);

return (sfd);

}

#if O

#undef CHECK_ERROR

#define CHECK_ERROR(x) if ((x)<0) fprintf(stderr,"’s @ %d : %s\n", \
__FILE__, __LINE__ ,strerror(errno))

/*Dummy function that enable better error checking+/

sock_write(int fd, char *buf, int n)

{
int res = Sock_write(fd, buf, n);
CHECK_ERROR (res) ;
printf ("Write returns : %d\n", res);
}

sock_read(int fd, char *buf, int n)

int res = Sock_read(fd, buf, n);
CHECK_ERROR (res) ;
printf ("Read returns : %d\n", res);

#undef CHECK_ERROR
#endif
sock_write(int fd, char *buf, int n)

int res = 0, sent = 0;

for (; sent < n;) {
res = write(fd, buf + sent, n - sent);
if (res < 0 && errno != EAGAIN && errno != EINTR)
return res;
else if (res == 0)
return 0;
else if (res > 0)
sent += res;
}
}

sock_read(int fd, char *buf, int n)

int res = 0, recv = 0;

for (; recv < n;) {
res = read(fd, buf + recv, n - recv);
if (res < 0 && errno '= EAGAIN && errno != EINTR)
return res;
else if (res == 0)
return 0;

else if (res > 0)
recv += res;

}

}

sock_writev(int fd, struct iovec *vec, int rows)
int nw;
for (;;) {

nw = writev(fd, vec, rows);
if (nw < 0 && errno != EAGAIN) /* The rest of the code isn’t
checked for non-blocking

sockets */
return nw;

else if (aw == 0)
return 0O;
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for (5;) { /* Check how much was written by writev() */

if (nw < vec->iov_len) { /* This row not entirely written
(A) =/
vec—>iov_base += nw; /* Point at unwritten part */
vec—>iov_len —= nw;
break; /* Continue with current row (B) */

/* The row was sent; prepare to ckeck if nw covered the next
row, too */

nw —= vec—>iov_len;
vec++; /* Next row */
rows——; /* i.e. one row less to send */
if (aw == 0) /* It means that (A) was not satisfied
because */
return rows; /* nw was EQUAL to vec—->iov_len */

/* We come here only because of (B) */

}

/* Continue sending */

return rows;

¥

/* This funtion empties a socket a character at a time
* It is useful in panic situations

*/

sock_flush(int fd, int n)

char c;

for (; n > 0; n—-)
if (read(fd, &c, 1) < 0)

¥

return n;

/* Returns the number of bytes of unsent data in the send queue.
* Got it from tcp(4) man page.

*/

sock_unsent (int sfd)

int n;

ioctl(sfd, TIOCOUTQ, &n);
return (n);

sock_unrecved(int sfd)

int n;

ioctl(sfd, FIONREAD, &n);
return (n);

A.18

include/socks.h

/* SOCKS.H
* Standard code for socket programming

* VVD, CS, UoI, 2000

*/
#ifndef

#include
#include

#include
#include

#include

_SOCKS_H
<sys/types.h>
<sys/socket.h> /* Includes gethostbyaddr() */

<netinet/in.h>
<arpa/inet.h>
<netdb.h> /* For gethostbyname() */
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#include <sys/uio.h> /* For writev() =/

#if O
extern
#endif

extern

extern

extern

extern

extern
extern

extern

extern

extern
extern

unblock(int /* sfd */ );

server_open_socket (short /* port */ ,
int /* maxclients */ );
server_wait_connection(int /* sfd */ ,
struct sockaddr_in * /* client */

3
client_open_socket(char * /* serveraddr */ ,
short /* port */ );
client_open_numeric_socket(char * /* serverbyteaddr */ ,
short /* port */ );
sock_write(int /* sfd */ , char * /* buf */ ,
int /* nbytes */ );
sock_read(int /* sfd */ , char * /* buf */ ,
int /* nbytes */ );
sock_writev(int /* sfd */ , struct iovec * /* vec */ ,
int /* rows */ );

sock_flush(int /* sfd */ , int /* nbytes */ );

sock_unsent (int /* sfd */ );
sock_unrecved(int /* sfd */ );

#define __SOCKS_H

#endif
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libthreads/Makeconf
libthreads/Makefilex*
libthreads/call.c
libthreads/cancel-cond.c
libthreads/cprocs.cx*
libthreads/cthread data.c
libthreads/cthread_internals.h*
libthreads/cthreads.cx*
libthreads/cthreads.hx*
libthreads/libthreads.map
libthreads/lockfile.c
libthreads/mig support.c
libthreads/options.h
libthreads/rwlock.c
libthreads/rwlock.h
libthreads/stack.c
libthreads/sync.c
libthreads/timer.h
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B.1 libthreads/Makefile

HEHEFEHEH HHH H I HR

dir

Copyright (C) 1994,95,96,97,2000 Free Software Foundation, Inc.

This program is free software; you can redistribute it and/or
modify it under the terms of the GNU General Public License as
published by the Free Software Foundation; either version 2, or (at
your option) any later version.

This program is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY; without even the implied warranty of

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.

:= libthreads

makemode := library

# In GNU mig_support.c, sync.c and machine/lock.s are omitted; that work is
# all done in libc.
SRCS := call.c cprocs.c cthread_data.c cthreads.c stack.c \

cancel-cond.c rwlock.c lockfile.c
I386SRCS := i386/csw.S i386/thread.c

# In GNU machine/cthreads.h is omitted; that work is done in libc headers.
LCLHDRS := cthread_internals.h options.h cthreads.h rwlock.h

0BJS = $(addsuffix .o,$(basename $(notdir $(SRCS) $(I386SRCS))))
OTHERTAGS = $(I386SRCS) $(I386HDRS)

libname = libmythreads

installhdrs = cthreads.h rwlock.h
installhdrsubdir = .

VPATH += $(srcdir)/$(asm_syntax)
include ./Makeconf

# The threads library was written by CMU. If you’ve ever experienced
# what that means, you’ll understand this line.
CFLAGS := $(filter-out -Wall,$(CFLAGS))

Indist: 1ndist-i386-files

1ndist-i386-files: $(top_srcdir)/hurd-snap/$(dir)/i386
1n $(addprefix $(srcdir)/,$(I386SRCS) $(I386HDRS)) $<
$ (top_srcdir) /hurd-snap/$(dir)/i386:

mkdir $@

ifeq ($(VERSIONING),yes)

# Adding this dependency gets it included in the command line,
# where 1d will read it as a linker script.
$(libname) .so.$ (hurd-version): $(srcdir)/$(libname) .map

endif

B.2 libthreads/cprocs.c

/

¥ O K KK K X XK

Mach Operating System
Copyright (c) 1991,1990,1989 Carmnegie Mellon University
A1l Rights Reserved.

Permission to use, copy, modify and distribute this software and its
documentation is hereby granted, provided that both the copyright
notice and this permission notice appear in all copies of the
software, derivative works or modified versions, and any portions
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*/

/*

*
*

thereof, and that both notices appear in supporting documentation.

CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS "AS IS"
CONDITION. CARNEGIE MELLON DISCLAIMS ANY LTIABILITY OF ANY KIND FOR
ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE.

Carnegie Mellon requests users of this software to return to

Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU
School of Computer Science

Carnegie Mellon University
Pittsburgh PA 15213-3890

any improvements or extensions that they make and grant Carnegie Mellon
the rights to redistribute these changes.

HISTORY

*2001 Kinalis Athanasios

EE IR R R I K N R R R K R CRE IR CRE R R K B R R R R R R R R R R R CRE R R R R R CRECRE R R

$Log: cprocs.c,v $
Revision 1.12 2000/01/10 14:42:30 kettenis
2000-01-10 Mark Kettenis <kettenis@gnu.org>

* cprocs.c: Include <assert.h>

Revision 1.11 2000/01/09 23:00:18 roland
2000-01-09 Roland McGrath <roland@baalperazim.frob.com>

* cprocs.c (cproc_alloc): Initialize P->wired and P->msg here (code
from cthread_wire).

(cthread_wire): Reduce to just an assert, cthreads always wired.
(chtread_unwire): Abort if called.

Revision 1.10 1998/07/20 06:59:14 roland
1998-07-20 Roland McGrath <roland@baalperazim.frob.com>

* 1386/csw.S (cproc_prepare): Take address of cthread_body as third
arg, so we don’t have to deal with PIC magic to find its address
without producing a text reloc.

* cprocs.c (cproc_create): Pass &cthread_body to cproc_prepare.

Revision 1.9 1996/11/18 23:54:51 thomas
Mon Nov 18 16:36:56 1996 Thomas Bushnell, n/BSG <thomas@gnu.ai.mit.edu>

* cprocs.c (cproc_create): Cast CHILD in assignment.

Revision 1.8 1995/12/06 19:48:34 mib
(condition_unimplies): Take address of (*impp)->next in assignment to
IMPP on loop step instruction.

Revision 1.7 1995/09/22 17:51:10 roland
Include hurd/threadvar.h.

Revision 1.6 1995/08/30 15:57:47 mib
Repair typos.

Revision 1.5 1995/08/30 15:50:53 mib

(cond_signal): If this condition has implications, see if one of them
needs to be signalled when we have no waiters.

(cond_broadcast): Signal the implications list too.
(condition_implies, condition_unimplies): New functions.

Revision 1.4 1995/04/04 21:04:29 roland
(mutex_lock_solid, mutex_unlock_solid): Renamed to __x*.

(_cthread_mutex_lock_routine, _cthread_mutex_unlock_routine): Variables
removed.

Revision 1.3 1994/05/19 04:55:30 roland
entered into RCS

Revision 2.15 92/03/06 14:09:31 rpd
Replaced swtch_pri with yield.
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[92/03/06 rpd]

Revision 2.14 91/08/28 11:19:16 jsb
Fixed the loop in cproc_fork_child that frees cprocs.
[91/08/23 rpd]

Revision 2.13 91/07/31 18:33:04 dbg
Fix some more bad types. Ints are NOT pointers.

Fix argument type mismatch in cproc_create.
[91/07/30 17:32:59 dbg]

Revision 2.12 91/05/14 17:56:11 mrt
Correcting copyright

Revision 2.11 91/02/14 14:19:26 mrt
Added new Mach copyright

[91/02/13 12:40:50 mrt]

Revision 2.10 90/11/05 14:36:41 rpd
Added cproc_fork_{prepare,parent,child}.

[90/11/02 rwd]

Fix for positive stack growth.
[90/11/01 rwd]

Add spin_lock_t.

[90/10/31 rwd]
Revision 2.9 90/10/12 13:07:12 rpd
Fix type

[90/10/10 15:09:59 rwd]

Comment code.
[90/10/02 rwd]

Revision 2.8 90/09/09 14:34:44 rpd
Remove special mutex. Remove thread_calls and debug_mutex

[90/08/24 rwd]
Fix up old call to cthread_msg_busy to new format.

[90/08/22 rud]

Revision 2.7 90/08/06 15:09:17 rwd
Fixed arguments to cthread_mach_msg.

[90/06/26 rwd]
Add additional STATISTICS.
[90/06/07 rwd]

Attempt to reduce number of times a cthread is released to to a
msg_receive by adding min/max instead of single number to
cthread_msg calls.

[90/06/06 rwd]

Revision 2.6 90/06/02 15:13:36 rpd

Converted to new IPC.
[90/03/20 20:46:16 rpd]

Revision 2.5 90/05/29 18:40:11 rwd
Don’t incr special field until the mutex grab is successful.

[90/05/09 rwd]

Revision 2.4 90/03/14 21:12:02 rwd
Added WAIT_DEBUG code for deadlock debugging.

[90/03/01 rwd]
Insert cprocs in cproc_list as allocated.

[90/03/01 10:20:16 rwd]

Revision 2.3 90/01/19 14:36:57 rwd

Make cthread_msg_busy only release new thread if this is still
busy. Ie don’t release two on back to back calls.

[90/01/11 rwd]

Add THREAD_CALL code. Add CPROC_ARUN state.
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[90/01/03 rwd]

Add new cthread_msg_rpc call

[89/12/20 rwd]

Change cproc_self pointer to top of stack. Now need to change
the stack of the first thread.

[89/12/12 rwd]

Revision 2.2 89/12/08 19:53:13 rwd
Added CPROC_CONDWAIT state to deal with lock held
across mutex_unlock problem.

[89/11/29 rwd]
Changed mutexes to not hand off. MUTEX_EXTRA conditional is

now obsolete.

[89/11/27 rwd]

Add MUTEX_EXTRA code for extra kernel threads to serve special
mutexes in time of mneed.

[89/11/25 rwd
Add MUTEX_SPECIAL and DEBUG_MUTEX code
[89/11/24 rwd]

Changed mutex_lock to mutex_lock_solid. Mutex_lock is now a

macro which tries the spin_lock before making a subroutine call.
Mutex_unlock is now a macro with mutex_unlock_solid for worst case.
[89/11/13 rwd]

Rewrite most to merge coroutine and thread implementation.
New routines are cthread_set_kernel_limit, cthread_kernel_limit,
cthread_wire, cthread_unwire, and cthread_receive.

[89/10/23 rwd]
Revision 2.1 89/08/03 17:07:10 rwd
Created.

11-Apr-89 David Golub (dbg) at Carnegie-Mellon University
Made condition_yield loop break if swtch_pri returns TRUE (in
case we fix it).

31-Mar-89 David Golub (dbg) at Carnegie-Mellon University
Change cond_signal, cond_broadcast, and cproc_continue so that
the condition’s spin lock is not held while continuing the
process.

16-Jan-89 David Golub (dbg) at Carnegie-Mellon University

Changes for stand-alone library to run on pure kernmel:

. made IPC_WAIT standard, as calls that are used if IPC_WAIT ==
vanished a year ago.

. Removed (as much as possible) references to stdio or other U*X
features.

01-Apr-88 Eric Cooper (ecc) at Carnegie Mellon University
Changed condition_clear(c) to acquire c->lock,

to serialize after any threads still doing condition_signal(c).
Suggested by Dan Julin.

19-Feb-88 Eric Cooper (ecc) at Carnegie Mellon University
Extended the inline scripts to handle spin_unlock() and mutex_unlock().

28-Jan-88 David Golub (dbg) at Carnegie Mellon University
Removed thread_data argument from thread_create
and converted to new thread_set_state call.

01-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University
Added inline expansion for cthread_sp() function.

21-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University
Fixed uninitialized reply_port in cproc_alloc() (found by rds).

14-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University
Tried using return value of swtch() to guide condition_wait().
Performance was worse than using a hybrid spin/yield/block
scheme, so the version using swtch() was commented out.
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Disabled IPC_WAIT in released version.

13-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University
Added IPC_WAIT option.

If defined, thread synchronization (condition_wait() and
cproc_continue()) are implemented using msg_receive() and
msg_send() instead of thread_suspend() and thread_resume().

11-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University

Moved thread reply port to cproc structure in cthread_intermals.h,
because mig calls are made while cproc is idle (no cthread structure).
Changed cproc_switch() and cproc_start (COROUTINE implementation)

to eliminate dependency on cproc layout.

File: cprocs.c
Author: Eric Cooper, Carnegie Mellon University
Date: Aug, 1987

Implementation of cprocs (lightweight processes)
and primitive synchronization operationms.

LR I K CBE R R R R B R K R K K CEE BE B

*
~

#include "cthreads.h"
#include "cthread_internals.h"
#include <mach/message.h>
#include <hurd/threadvar.h> /* GNU */
#include <assert.h>
#tdefine ECHO_ON 1 /#*x*/
#include "echoer.h"
#include "timer.h"
*

* C Threads imports:

*/

extern void alloc_stack();

extern void cproc_switch(); /* cproc context switch */

extern void cproc_start_wait(); /* cproc idle thread */

extern vm_offset_t cproc_stack_base(); /* return start of stack */
extern vm_offset_t stack_init();

[*kkkxxxxxkkScheduler related codekkkkskkskskskskskokskskskkkkkkkkkkksk/

extern int schedon;

extern int user_init;

int ready_queue_counter = O;

struct cthread_queue sched_cprocs_ready = QUEUE_INITIALIZER;
struct mutex sched_queue_lock = MUTEX_INITIALIZER;

struct cthread_queue cprocs_done = QUEUE_INITIALIZER;

struct mutex done_queue_lock = MUTEX_INITIALIZER;

cproc_t running_ cproc = NO_CPROC;

cproc_t sched_cproc = NO_CPROC;

/********End of scheduler related code*********************/
*

/* Port_entry’s are used by cthread_mach_msg to store information
* about each port/port_set for which it is managing threads

*/

typedef struct port_entry {
struct port_entry *next; /* next port_entry */
mach_port_t port; /* which port/port_set */
struct cthread_queue queue; /* queue of rumnnable threads for this
port/port_set */

int min; /* minimum number of kernel threads to be
used by this port/port_set */
int max; /* maximum number of kernel threads to be

used by this port/port_set */
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int held; /* actual number of kernel threads
currentlt in use */
spin_lock_t lock; /* lock governing all above fields */
} *port_entry_t;

#define PORT_ENTRY_NULL ((port_entry_t) 0)
/* Available to outside for statistics */

int cthread_wait_stack_size = 8192; /* stack size for idle threads */
int cthread_max_kernel_threads = 0; /* max kernel threads */

int cthread_kernel_threads = 0; /* current kernel threads */
private spin_lock_t n_kern_lock = SPIN_LOCK_INITIALIZER;

/* lock for 2 above */

cproc_t cproc_list = NO_CPROC; /* list of all cprocs */
private cproc_list_lock = SPIN_LOCK_INITIALIZER;
/* lock for above */
private int cprocs_started = FALSE; /* initialized? */
private struct cthread_queue ready = QUEUE_INITIALIZER;
/* ready queue *//*This queue is always empty */
private int ready_count = O; /* number of ready threads on ready queue
- number of messages sent */
private spin_lock_t ready_lock = SPIN_LOCK_INITIALIZER;

/* lock for 2 above */
private mach_port_t wait_port = MACH_PORT_NULL;

/* port on which idle threads wait
*/
private int wait_count = O; /* number of waiters - messages pending to

wake them */
private struct cthread_queue waiters = QUEUE_INITIALIZER;

/* queue of cthreads to run as

idle =*
private spin_lock_t waiters_lock = SPIN_LOCK_INIT{ALIZER;
/* lock for 2 above */
private port_entry_t port_list = PORT_ENTRY_NULL;
/* master list of port_entries */
private spin_lock_t port_lock = SPIN_LOCK_INITIALIZER;
/* lock for above queue */
private mach_msg_header_t wakeup_msg; /* prebuilt message used by idle
threads */
/*
* Return current value for max kernel threads

*/Note: 0 means no limit
%

cthread_kernel_limit()

return cthread_max_kernel_threads;

/*
Set max number_ of kernel threads L
Note: This will not currently terminate existing threads

* over maximum.
*

* *

cthread_set_kernel_limit(n)
int n;

cthread_max_kernel_threads = n;

/*

*/Wire a cthread to its current kernel thread
*

void cthread_wire()

register cproc_t p = cproc_self();
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kern_return_t r;

/* In GNU, we wire all threads on creation (in cproc_alloc). */
assert(p—>wired != MACH_PORT_NULL);

}

/*

* Unwire a cthread. Deallocate its wait port.

*/

void cthread_unwire()

register cproc_t p = cproc_self();

/* This is bad juju in GNU, where all cthreads must be wired. */
abort();
#if O
if (p->wired != MACH_PORT_NULL) {
MACH_CALL (mach_port_mod_refs(mach_task_self(), p->wired,
) MACH_PORT_RIGHT_SEND, -1),
r;
MACH_CALL (mach_port_mod_refs
(mach_task_self (), p->wired,
MACH_PORT_RIGHT_RECEIVE, -1), r);
p—>wired = MACH_PORT_NULL;
#ifdef STATISTICS
spin_lock(&wired_lock) ;
cthread_wired—-;
spin_unlock(&wired_lock) ;
#endif /* STATISTICS */

i
#endif
}
private cproc_t cproc_alloc(int f)

register cproc_t p = (cproc_t) malloc(sizeof (struct cproc));
kern_return_t r;
cproc_t self;

p—>incarnation = NO_CTHREAD;

#if O
/* This member is not used in GNU. */
p—>reply_port = MACH_PORT_NULL;

#endif

spin_lock_init(&p->lock) ;
/KoK skokok ok ok sk ok ok ok ook ok ok sk ok ok ok /
if (sched_cproc == NO_CPROC)
sched_cproc = p;
p—>group_next = NULL;
mutex_lock(&sched_queue_lock) ;
if (user_init) {

if (£) {
sched_queue_eng (&sched_cprocs_ready, p);
} else {

self = cproc_self();
while (self->group_next != NULL) /* Enter new cproc in this
cproc’s group queue */
self = self->group_next;
self->group_next = p;
3

/%% sk sk sk ok sk sk ok sk ok ok sk ok ok ok sk ok sk k /
p—>state = CPROC_RUNNING;
p—>busy = 0;

*

* In GNU, every cthread must be wired. So we just
* initialize P->wired on creation.
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* A wired thread has a port associated with it for all
* of its wait/block cases. We also prebuild a wakeup
* message.

*/

MACH_CALL (mach_port_allocate(mach_task_self(),
MACH_PORT_RIGHT_RECEIVE,
&p—>wired), r);
MACH_CALL (mach_port_insert_right (mach_task_self(),
p—>wired, p—>wired,
MACH_MSG_TYPE_MAKE_SEND) ,
r);
p—>msg.msgh_bits =
MACH_MSGH_BITS (MACH_MSG_TYPE_COPY_SEND, 0);
p—>msg.msgh_size = 0; /* initialized in call */
p—>msg.msgh_remote_port = p->wired;
p—>msg.msgh_local_port = MACH_PORT_NULL;
p—>msg.msgh_kind = MACH_MSGH_KIND_NORMAL;
p—>msg.msgh_id = 0;
spin_lock(&cproc_list_lock);
p—>list = cproc_list;
cproc_list = p;
spin_unlock (&cproc_list_lock);

mutex_unlock(&sched_queue_lock) ;
return p;

¥

*
* Called by cthread_init to set up initial data structures.

*/

vm_offset_t cproc_init()

{
kern_return_t r;
cproc_t p = cproc_alloc(1);
cthread_kernel_threads = 1;
MACH_CALL (mach_port_allocate(mach_task_self(),
MACH_PORT_RIGHT_RECEIVE,
&wait_port), r);
MACH_CALL (mach_port_insert_right (mach_task_self(),
wait_port, wait_port,
MACH_MSG_TYPE_MAKE_SEND) ,
r);
wakeup_msg.msgh_bits =
MACH_MSGH_BITS(MACH_MSG_TYPE_COPY_SEND, O0);
wakeup_msg.msgh_size = 0; /* initialized in call */
wakeup_msg.msgh_remote_port = wait_port;
wakeup_msg.msgh_local_port = MACH_PORT_NULL;
wakeup_msg.msgh_kind = MACH_MSGH_KIND_NORMAL;
wakeup_msg.msgh_id = O;
cprocs_started = TRUE;
/*
* We pass back the new stack which should be switched to
* by crt0. This guarantess correct size and alignment.
*/
return (stack_init(p));
}
/*

* Insert cproc on ready queue. Make sure it is ready for queue by
* synching on its lock. Just send message to wired cproc.

*/

private int cproc_ready(p, preq)
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register cproc_t p;
register int preq;

kern_return_t r;

r = mach_msg(&p->msg, MACH_SEND_MSG,
sizeof p->msg, 0, MACH_PORT_NULL,
MACH_MSG_TIMEOUT_NONE, MACH_PORT_NULL);
#ifdef CHECK_STATUS
if (r !'= MACH_MSG_SUCCESS) {
mach_error("mach_msg", r);
exit(1);

}
#endif /* CHECK_STATUS */
return TRUE;

/*
* This is only run on a partial "waiting" stack and called from
* cproc_start_wait

*/

void cproc_waiting(p)
register cproc_t p;

mach_msg_header_t msg;
register cproc_t new;
kern_return_t r;

#ifdef STATISTICS
spin_lock(&ready_lock) ;
cthread_waiting++;
cthread_waiters++;
spin_unlock(&ready_lock) ;
#endif /* STATISTICS */
for (;;) {
MACH_CALL (mach_msg(&msg, MACH_RCV_MSG,
0, sizeof msg, wait_port,
MACH_MSG_TIMEOUT_NONE,
MACH_PORT_NULL), r);
spin_lock(&ready_lock) ;
cthread_queue_deq(&ready, cproc_t, new);
if (new != NO_CPROC)
break;
wait_count++;
ready_count++;

#ifdef STATISTICS
cthread_none++;

#endif /* STATISTICS */
spin_unlock(&ready_lock) ;

}
#ifdef STATISTICS
cthread_ready—-;

cthread_running++;
cthread_waiting--;

#endif /* STATISTICS */
spin_unlock(&ready_lock) ;
spin_lock(&new—->lock) ;
new->state = CPROC_RUNNING;
spin_unlock (&new—>lock) ;
spin_lock(&waiters_lock);
cthread_queue_eng(&waiters, p);
spin_lock(&p—->lock);
spin_unlock(&waiters_lock) ;
cproc_switch(&p->context, &new->context, &p->lock);

}

/*

* Get a waiter with stack
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*

*/

cproc_t cproc_waiter()

register cproc_t waiter;

spin_lock(&waiters_lock) ;
cthread_queue_deq(&waiters, cproc_t, waiter);
spin_unlock(&waiters_lock) ;
if (waiter == NO_CPROC) {
vm_address_t base;
kern_return_t r;
#ifdef STATISTICS
spin_lock(&waiters_lock);
cthread_wait_stacks++;
spin_unlock(&waiters_lock);
#endif /* STATISTICS */
waiter = cproc_alloc(1);
MACH_CALL (vm_allocate(mach_task_self(), &base,
cthread_wait_stack_size, TRUE), r);
base;
cthread_wait_stack_size;

waiter—->stack_base
waiter—->stack_size

return (waiter);

/*
* Current cproc is blocked so switch to any ready cprocs, or, if
* none, go into the wait state.

*
* You must hold cproc_self()->lock when called.
*/
cproc_block()
{
extern unsigned int __hurd_threadvar_max; /* GNU */
register cproc_t waiter, new, p = cproc_self();
register int extra;
mach_msg_header_t msg;
kern_return_t r;
spin_unlock (&p->lock) ;
MACH_CALL (mach_msg(&msg, MACH_RCV_MSG,
0, sizeof msg, p->wired,
MACH_MSG_TIMEOUT_NONE, MACH_PORT_NULL),
r);
return;
}
/*
* Implement C threads using MACH threads.
*/

cproc_t cproc_create(cthread_t t, int f)

register cproc_t child = cproc_alloc(f);
register kern_return_t r;

extern void cproc_setup();

extern void cproc_prepare();

extern void cthread_body();

thread_t n;

alloc_stack(child);

spin_lock(&n_kern_lock) ;

cthread_kernel_threads++;

spin_unlock (&n_kern_lock) ;

MACH_CALL (thread_create(mach_task_self(), &n), r);
cthread_assoc(child, t); /* associate cthread with cproc */
child->mach_thread = n;
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cproc_setup(child, n, cthread_body);
if (luser_init)

MACH_CALL (thread_resume(n), r);
if (1) {

MACH_CALL (thread_resume(n), r);

}

#ifdef STATISTICS
spin_lock(&ready_lock) ;
cthread_running++;
spin_unlock(&ready_lock) ;

#endif /* STATISTICS */
return child;

void condition_wait(c, m)
register condition_t c;
mutex_t m;

register cproc_t p = cproc_self();
p->state = CPROC_CONDWAIT | CPROC_SWITCHING;

spin_lock(&c->lock) ;
cthread_queue_enq(&c->queue, p);
spin_unlock(&c->lock) ;

#ifdef WAIT_DEBUG
p—>waiting_for = (char *) c;

#endif /* WAIT_DEBUG */

mutex_unlock(m) ;

spin_lock(&p—->lock) ;
if (p->state & CPROC_SWITCHING) {
cproc_block();

} else {
p->state = CPROC_RUNNING;

spin_unlock(&p->lock) ;

#ifdef WAIT_DEBUG
p—>waiting_for = (char *) 0;

#endif /* WAIT_DEBUG */
/*
* Re-acquire the mutex and return.
*/

mutex_lock(m) ;

¥

/* machine dependent */

/* Declare that IMPLICATOR should consider IMPLICATAND’s waiter queue
to be an extension of its own queue. It is an error for either
condition to be deallocated as long as the implication persists. */

void
condition_implies(condition_t implicator,
condition_t implicatand)

{
struct cond_imp *imp;
imp = malloc(sizeof (struct cond_imp));
imp->implicatand = implicatand;
imp->next = implicator->implications;
implicator->implications = imp;

+

/* Declare that the implication relationship from IMPLICATOR to

IMPLICATAND should cease. */
void
condition_unimplies(condition_t implicator,
condition_t implicatand)
{
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struct cond_imp **impp;

for (impp = &implicator->implications; *impp;
impp = &(*impp)->next) {
if ((*impp)->implicatand == implicatand) {
struct cond_imp *tmp = *impp;
*impp = (*impp)->next;
free(tmp) ;
return;

}
}

/* Signal one waiter on C. If there were no waiters at all, return
0, else return 1. */

int cond_signal(c)

register condition_t c;

register cproc_t p;
struct cond_imp *imp;

spin_lock(&c->lock) ;
cthread_queue_deq(&c->queue, cproc_t, p);
spin_unlock (&c->lock) ;
if (p != NO_CPROC) {

cproc_ready(p, 0);

return 1;
} else {

for (imp = c->implications; imp; imp = imp->next)

if (cond_signal (imp->implicatand))
return 1;

return O;

3

void cond_broadcast(c)

register condition_t c;

{
register cproc_t p;
struct cthread_queue blocked_queue;
struct cond_imp *imp;
cthread_queue_init (&blocked_queue) ;

spin_lock(&c->lock) ;
for (5;5) {
register int old_state;
cthread_queue_deq(&c->queue, cproc_t, p);
if (p == NO_CPROC)
break;
cthread_queue_enq(&blocked_queue, p);

spin_unlock (&c->1lock) ;
for (;;) {
cthread_queue_deq(&blocked_queue, cproc_t, p);
if (p == NO_CPROC)
break;
cproc_ready(p, 0);
}
for (imp = c->implications; imp; imp = imp->next)
condition_broadcast (imp->implicatand) ;

}
void cthread_yield()

yield();
return;
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}

/*

* Mutex objects.

*/
void __mutex_lock_solid(void #*ptr)
{

register mutex_t m = ptr;
register cproc_t p = cproc_self();
register int queued;
register int tried = 0;
#ifdef WAIT_DEBUG
p—>waiting for = (char *) m;
#endif /* WAIT_DEBUG */
while (1) {
spin_lock (&m->1lock) ;
if (cthread_queue_head(&m->queue, cproc_t) == NO_CPROC) {
cthread_queue_enq(&m->queue, p);

queued = 1;
} else {
queued = 0;

if (spin_try_lock(&m->held)) {
if (queued)
cthread_queue_deq(&m->queue, cproc_t, p);
spin_unlock(&m->lock) ;
#ifdef WAIT_DEBUG
p—>waiting_for = (char *) 0;
#endif /* WAIT_DEBUG */
return;
} else {
if (!queued)
cthread_queue_enq(&m->queue, p);
spin_lock(&p->lock) ;
spin_unlock (&m->lock) ;
cproc_block();
if (spin_try_lock(&m->held)) {
#ifdef WAIT_DEBUG
p—>waiting_for = (char *) 0;
#endif /* WAIT_DEBUG */
return;

#ifdef STATI%TICS
spin_lock (&mutex_count_lock) ;
cthread_no_mutex++;
spin_unlock(&mutex_count_lock) ;

#endif ) /* STATISTICS */
}

}

void __mutex_unlock_solid(void *ptr)

{

register mutex_t m = ptr;
register cproc_t new;
if (!spin_try_lock(&m->held))
return;
spin_lock (&m->lock) ;
cthread_queue_deq(&m->queue, cproc_t, new);
spin_unlock (&m->held) ;
spin_unlock (&m->lock) ;
if (new) {
cproc_ready (new, 0);
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[**kkxxxxxkkScheduler related codekkkskskskkskskskskskskkkkkkkkkkkkk/

extern int ready_threads;

/*cthread status codes*/
#define T_MAIN Ox1

#define T_RETURNED 0x2
#define T_DETACHED Ox4

any_t round_robin(any_t param)

register int dt = 0, time =
((int) param > 0) ? ((int) param) : 100;
cproc_t proc, rdproc, nrproc;
register kern_return_t r;
static ttimer t = NULL_TIMER, tdum;

if (t.tv_sec == 0 && t.tv_usec == 0) {
refresh_timer (&t);

refresh_timer (&tdum) ;

if ((dt = sub_timer(&t, &tdum) / 1000) >= time) {
t = tdum;
mutex_lock(&sched_queue_lock) ;
if ((proc = running cproc) != NO_CPROC) {

/* Suspend currently running cproc and enqueue if not finished

*/
if (!
(running_cproc->incarnation->state & T_RETURNED))
sched_queue_enqg(&sched_cprocs_ready, running_cproc); /* Insert
back in
queue so
we_ can
select it
next time
*/
while (proc != NULL) { /* Also suspend other threads in

this cproc’s group */
MACH_CALL (thread_suspend(proc->mach_thread), r);
proc = proc->group_next;

}
sched_queue_deq(&sched_cprocs_ready, running_cproc);
if ((proc = rumning_cproc) != NO_CPROC) { /* This will be
false when
there are no
cthreads
created */
while (proc != NULL) { /* Resume all threads in this

cproc’s group */
MACH_CALL (thread_resume (proc->mach_thread), r);
proc = proc->group_next;

mutex_unlock(&sched_queue_lock) ;

} else {
time = time - dt;

schedyield(((running_cproc !=
NO_CPROC) ? running_cproc->
mach_thread : MACH_PORT_NULL), time);
return param;

}

any_t first_come(any_t param)

{
register int time = ((int) param) ? ((int) param) : 100;
register kern_return_t r;
register cproc_t proc;
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¥

mutex_lock(&sched_queue_lock) ;
if ((proc = running_ cproc) != NO_CPROC
&& running_ cproc->incarnation->state & T_RETURNED) {
/* running_cproc has finished suspend it */
MACH_CALL (thread_suspend (running_cproc->mach_thread), r);
while (proc->group_next != NULL) { /* Also suspend other
threads in this cproc’s
group */
proc = proc->group_next;
MACH_CALL (thread_suspend (proc->mach_thread), r);

}
running_cproc = NO_CPROC;

if (running_cproc == NO_CPROC) {
/* We don’t have a running cproc so we invoke the next one */
sched_queue_deq(&sched_cprocs_ready, running_cproc);
if ((proc = running_cproc) != NO_CPROC) {
MACH_CALL (thread_resume (running_cproc->mach_thread),
r);
while (proc->group_next != NULL) { /* Resume all threads in
this cproc’s group */
proc = proc->group_next;
MACH_CALL (thread_resume (proc->mach_thread), r);

}

mutex_unlock(&sched_queue_lock) ;
schedyield(((running_cproc !=
NO_CPROC) ? running_cproc->

mach_thread : MACH_PORT_NULL), time);
return param;

/*This is real old don’t pay attention at it*/
#if O
any_t shortest_job(any_t param)

int time = ((int) param) ? ((int) param) : 100;
kern_return_t r;

register cproc_t i = NO_CPROC, min = NO_CPROC;
static ttimer t = NULL_TIMER, tdum;

int dt = 0;

if (t.tv_sec == 0 && t.tv_usec == 0) {
refresh_timer (&t) ;

refresh_timer (&tdum) ;
if ((dt = sub_timer(&t, &tdum) / 1000) >= time) {
t = tdum;
mutex_lock(&sched_queue_lock);
sched_queue_deq(&sched_cprocs_ready, 1i);
for (min = i; i != NO_CPROC; i = i->sched_next) {
if (i->incarnation->state & T_RETURNED)
continue;
else if ((*(int *) (i->incarnation->sched_data)) <
(*(int *) (min->incarnation->sched_data))) {

sched_queue_enqg(&sched_cprocs_ready, min); /* Enqueue
previous
) ) minimum */
min = i;
} else
sched_queue_enqg(&sched_cprocs_ready, 1i); /* Re—enqueue

if not
minimum */

}
if (running_cproc != NO_CPROC) {
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MACH_CALL (thread_suspend(running_cproc->mach_thread),

r);
if (!
(running_cproc—>incarnation->state & T_RETURNED))
sched_queue_eng(&sched_cprocs_ready, running_cproc); /* Insert
back in
queue so
we_can

select it
next time
*/
}

if (min != NO_CPROC) {

MACH_CALL (thread_resume (min->mach_thread), r);
running_cproc = min;

mutex_unlock(&sched_queue_lock) ;

} else {
time = time - dt;

}
schedyield(((min !=
NO_CPROC) ? min->mach_thread : MACH_PORT_NULL),
time);
return param;

#endif
/] 3¢ 3k 3k sk sk sk sk sk ok ok ok ok s s s o ok sk sk ok ok K Kk ok ok o o s ok ok ok sk sk Kok Kk ok ok o o ok sk ok sk sk koK K KKk ok o o s sk ok sk sk Kk ok ok ok s o ok ok sk sk ok ok K ok ok ok s sk sk ok sk ok ok /

cproc_fork_prepare ()

{
register cproc_t p = cproc_self();
vm_inherit(mach_task_self(), p->stack_base, p->stack_size,
VM_INHERIT_COPY);
spin_lock (&port_lock) ;
spin_lock(&cproc_list_lock);
}
cproc_fork_parent ()
{
register cproc_t p = cproc_self();
spin_unlock (&cproc_list_lock) ;
spin_unlock (&port_lock) ;
vm_inherit(mach_task_self(), p->stack_base, p->stack_size,
VM_INHERIT_NONE) ;
}
cproc_fork_child()
{

register cproc_t 1, p = cproc_self();
cproc_t m;

register port_entry_t pe;
port_entry_t pet;

kern_return_t r;

vm_inherit (mach_task_self(), p->stack_base, p->stack_size,
VM_INHERIT_NONE) ;

spin_lock_init(&n_kern_lock);

cthread_kernel_threads = 0;

#ifdef STATISTICS
cthread_ready = O;

cthread_running
cthread_waiting
cthread_wired = O;
spin_lock_init(&wired_lock);
cthread_wait_stacks = 0;
cthread_waiters = 0;
cthread_wakeup = 0;

B

1
0;
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cthread_blocked = 0;
cthread_rnone = 0;
cthread_yields = O;
cthread_none = 0;
cthread_switches 5
cthread_no_mutex 0;
spin_lock 1n1t(&mutex count_lock);
#endif /* STATISTICS */
for (1 = cproc_list; 1 != NO_CPROC; 1 = m) {
m = 1l->next;
if (1 '= p)
free(l);

X

cproc_ 11st =p;

p—>next = NO_CPROC;
spin_lock_lnlt(&cproc_list_lock);
cprocs_started = FALSE;
cthread_queue_init (&ready) ;
ready_count = 0;
spin_lock_init(&ready_lock) ;

MACH_CALL (mach_port_allocate(mach_task_self(),
MACH_PORT_RIGHT_RECEIVE,
&wait_port), r);
MACH_CALL (mach_port_insert_right (mach_task_self (),
wait_port, wait_port,
) MACH_MSG_TYPE_MAKE_SEND) ,
r);
wakeup_msg.msgh_remote_port = wait_port;
wait_count = O;
cthread_queue_init (&waiters);
spin_lock_init(&waiters_lock);
for (pe = port_list; pe != PORT_ENTRY_NULL; pe = pet) {
pet = pe—->next;
free(pe);

}
port_list = PORT_ENTRY_NULL;
spin_lock_init (&port_lock) ;

if (p->wired)
cthread_wire();

B.3 libthreads/cthread internals.h

Mach Operating System
Copyright (c) 1991,1990,1989 Carnegie Mellon University
A1l Rights Reserved.

Permission to use, copy, modify and distribute this software and its
documentation is hereby granted, provided that both the copyright
notice and this permission notice appear in all copies of the
software, derivative works or modified versions, and any portions
thereof, and that both notices appear in supporting documentation.

CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS "AS IS"
CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR
ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE.

Carnegie Mellon requests users of this software to returm to

Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU
School of Computer Science

Carnegie Mellon University
Pittsburgh PA 15213-3890

L I R R R R R R R R
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*
* any improvements or extensions that they make and grant Carnegie Mellon
* the rights to redistribute these changes.

*/

/*

* HISTORY

$Log: cthread_internals.h,v $

Revision 1.3 1995/08/29 14:49:20 mib
(cproc_block): Provide decl.

Revision 1.2 1994/05/05 10:58:01 roland

entered into RCS

Revision 2.14 92/08/03 18:03:56 jfriedl
Made state element of struct cproc volatile.
[92/08/02 jfriedl]

Revision 2.13 92/03/06 14:09:24 rpd
Added yield, defined using thread_switch.
[92/03/06 rpd]

Revision 2.12 92/03/01 00:40:23 rpd
Removed exit declaration. It conflicted with the real thing.
[92/02/29 rpd]

Revision 2.11 91/08/28 11:19:23 jsb
Fixed MACH_CALL to allow multi-line expressions.
[91/08/23 rpd]

Revision 2.10 91/07/31 18:33:33 dbg
Protect against redefinition of ASSERT.
[91/07/30 17:33:21 dbg]

Revision 2.9 91/05/14 17:56:24 mrt
Correcting copyright

Revision 2.8 91/02/14 14:19:42 mrt
Added new Mach copyright

[91/02/13 12:41:02 mrt]

Revision 2.7 90/11/05 14:36:55 rpd
Added spin_lock_t.
[90/10/31 rwd]

Revision 2.6 90/09/09 14:34:51 rpd
Remove special field.
[90/08/24 rwd]

Revision 2.5 90/06/02 15:13:44 rpd
Converted to new IPC.
[90/03/20 20:52:47 rpd]

Revision 2.4 90/03/14 21:12:11 rwd
Added waiting_for field for debugging deadlocks.

[90/03/01 rwd]
Added list field to keep a master list of all cprocs.
[90/03/01 rwd]

Revision 2.3 90/01/19 14:37:08 rwd

Keep track of real thread for use in thread_* substitutes.

Add CPROC_ARUN for about to run and CPROC_HOLD to avoid holding
spin_locks over system calls.

[90/01/03 rwd]

Add busy field to be used by cthread_msg calls to make sure we
have the right number of blocked kernel threads.

[89/12/21 rwd]

Revision 2.2 89/12/08 19:53:28 rwd
Added CPROC_CONDWAIT state

[89/11/28 rwd]

Added on_special field.

E R R K R R I R R R R R R I R IR D CRE R N R RN R IR R R K B R R R K R R R AR R K R R R K I K R RN
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[89/11/26 rwd]

Removed MSGOPT conditionals

[89/11/25 rwd

Removed old debugging code. Add wired port/flag. Add state
for small state machine.

[89/10/30 rwd]
Added CPDEBUG code

[89/10/26 rwd]
Change TRACE to {x;} else.
[89/10/24 rwd]

Rewrote_to work for limited number of kernel threads. This is
basically a merge of coroutine and thread. Adde

cthread_receivce call for use by servers.
[89/10/23 rwd]

/

cthread_internals.h

Private definitions for the C Threads implementationm.

The cproc structure is used for different implementations
of the basic schedulable units that execute cthreads.

/

#include "options.h"

#include <mach/port.h>

#include <mach/message.h>
#include <mach/thread_switch.h>

#if !defined(__STDC__) && !defined(volatile)

# ifdef __GNUC__

# define volatile __volatile__

# else

# define volatile /* you lose */
# endif

#endif

LK I K B KR N R CRE I I I R KRR

*
* Low-level thread implementation.
* This structure must agree with struct ur_cthread in cthreads.h
*/
typedef struct cproc {

struct cproc *next; /* for lock, condition, and ready queues */
cthread_t incarnationm; /* for cthread_self() */
struct cproc *1list; /* for master cproc list */

#ifdef WAIT_DEBUG
volatile char #*waiting_for; /* address of mutex/cond waiting for */

#endif /* WAIT_DEBUG */
#if O
/* This is not needed in GNU; libc handles it. */
mach_port_t reply_port; /* for mig_get_reply_port() */
#endif

int context;
spin_lock_t lock;
volatile int state; /* current state */
#define CPROC_RUNNING O
#define CPROC_SWITCHING 1
#define CPROC_BLOCKED 2
#define CPROC_CONDWAIT 4
mach_port_t wired; /* is cthread wired to kernel thread */

int busy; /* used with cthread_msg calls */
mach_msg_header_t msg;

unsigned int stack_base;
unsigned int stack_size;
/**x*kxKinalis***x***x*x*x//* for use by the scheduler */
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struct cproc *sched_next; /* For entering scheduling queue */

thread_t mach_thread; /* mach thread this cproc is attached to */
struct cproc *group_next; /* pointer to next cproc in group */
/KK skokok ok ko ok ok ok sk okok ok ok skok sk okok ok /
} *cproc_t;

#define NO_CPROC ((cproc_t) 0)
#define cproc_self() ((cproc_t) ur_cthread_self())

int cproc_block();

#if O
/* This declaration conflicts with <stdlib.h> in GNU. x*/

*
* C Threads imports:
*/
extern char *malloc();
#endif

/*

* Mach imports:

*/

extern void mach_error();

/*

*/Macro for MACH kernel calls.
*

#ifdef CHECK_STATUS

#define MACH_CALL(expr, ret) \

if (((ret) = (expr)) !'= KERN_SUCCESS) { \

quit(l, "error in %s at %d: %s\n", __FILE
mach_error_string(ret)); \

} else

#else /* CHECK_STATUS */

#define MACH_CALL(expr, ret) (ret) = (expr)

#endif /* CHECK_STATUS */

#define private static

#ifndef ASSERT

#define ASSERT(x)

#endif
#define TRACE(x)

*
/* What we do to yield the processor:
* (This depresses the thread’s priority for up to 10ms.)
*/
#define yield() \
(void) thread_switch(MACH_PORT_NULL, SWITCH_OPTION_DEPRESS, 10)
/3 3k sk sk ok ok ok ke sk ok sk ok ok sk ok ok sk ok sk ok sk ok ok /
#define schedyield(n,t) \
(void) thread_switch((n), SWITCH_OPTION_WAIT, (t))

B.4 libthreads/cthreads.c
/

LINE__, \

——y ——

Mach Operating System
Copyright (c) 1991,1990,1989 Carnegie Mellon University
A1l Rights Reserved.

Permission to use, copy, modify and distribute this software and its
documentation is hereby granted, provided that both the copyright
notice and this permission notice appear in all copies of the
software, derivative works or modified versions, and any portions
thereof, and that both notices appear in supporting documentation.

CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS "AS IS"
CONDITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY OF ANY KIND FOR
ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE.

LR O N K R R KR R
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Carnegie Mellon requests users of this software to return to

Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU
School of Computer Science

Carnegie Mellon University
Pittsburgh PA 15213-3890

any improvements or extensions that they make and grant Carnegie Mellon
the rights to redistribute these changes.

/

Kinalis Athanasios 18/3/2001

HISTORY
$Log: cthreads.c,v $

Revision 1.9 1998/11/22 18:18:10 roland
1998-11-12 Mark Kettenis <kettenis@phys.uva.nl>

* cthreads.c (cthread_init): Move cthread_alloc call before
cproc_init call, since cthread_alloc uses malloc, and malloc won’t

work between initializing the new stack and switching over to it.

Revision 1.8 1998/06/10 19:38:01 tb
Tue Jun 9 13:50:09 1998 Thomas Bushnell, n/BSG <tb@mit.edu>

* cthreads.c (cthread_fork_prepare): Don’t call
malloc_fork_prepare since we are no longer providing our own
malloc in this library.

(cthread_fork_parent): Likewise, for malloc_fork_parent.
(cthread_fork_child): Likewize, for malloc_fork_child.

Revision 1.7 1997/08/20 19:41:20 thomas
Wed Aug 20 15:39:44 1997 Thomas Bushnell, n/BSG <thomas@gnu.ai.mit.edu>

* cthreads.c (cthread_body): Wire self before calling user work
function. This way all cthreads will be wired, which the ports
library (and hurd_thread_cancel, etc.) depend on.

Revision 1.6 1997/06/10 01:22:19 thomas
Mon Jun 9 21:18:46 1997 Thomas Bushnell, n/BSG <thomas@gnu.ai.mit.edu>

* cthreads.c (cthread_fork): Delete debugging oddity that crept
into source.

Revision 1.5 1997/04/04 01:30:35 thomas
*** empty log message ***

Revision 1.4 1994/05/05 18:13:57 roland
entered into RCS

Revision 2.11 92/07/20 13:33:37 cmaeda
In cthread_init, do machine dependent initialization if it’s defined.
[92/05/11 14:41:08 cmaedal]

Revision 2.10 91/08/28 11:19:26 jsb
Fixed mig_init initialization in cthread_fork_child.
[91/08/23 rpd]

Revision 2.9 91/07/31 18:34:23 dbg
Fix bad self-pointer reference.

Don’t declare _setjmp and _longjmp; they are included by

cthreads.h.
[91/07/30 17:33:50 dbg]

Revision 2.8 91/05/14 17:56:31 mrt
Correcting copyright

Revision 2.7 91/02/14 14:19:47 mrt
Added new Mach copyright

[91/02/13 12:41:07 mrt]
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Revision 2.6 90/11/05 14:37:03 rpd
Added cthread_fork_{prepare,parent,child}.

[90/11/02 rwd]
Add spin_lock_t.
[90/10/31 rwd]

Revision 2.5 90/08/07 14:30:58 rpd
Removed RCS keyword nonsense.

Revision 2.4 90/06/02 15:13:49 rpd
Converted to new IPC.
[90/03/20 20:56:44 1rpd]

Revision 2.3 90/01/19 14:37:12 rwd
Make cthread_init return pointer to new stack.

[89/12/18 19:17:45 rwd]

Revision 2.2 89/12/08 19:53:37 rwd
Change cproc and cthread counters to globals with better names.

[89/11/02 rwd]
Revision 2.1 89/08/03 17:09:34 rwd
Created.

31-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University
Changed cthread_exit() logic for the case of the main thread,
to fix thread and stack memory leak found by Camelot group.

21-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University
Added consistency check in beginning of cthread_body() .

11-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University

Removed cthread_port() and cthread_set_port().

Removed port deallocation from cthread_free().

Minor changes to cthread_body(), cthread_exit(), and cthread_done().

10-Aug-87 Eric Cooper (ecc) at Carnegie Mellon University
Changed call to mig_init() in cthread_init() to pass 1 as argument.

31-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University
Added call to mig_init() from cthread_init().

File: cthreads.c .
Author: Eric Cooper, Carnegie Mellon University

Date: July, 1987

I R R I R B R R R R CRECNE R R R R K R I R R R R K I R R R K K R

Implementation of fork, join, exit, etc.

*
~

#include "cthreads.h"
#include "cthread_internals.h"

#define ECHO_ON 1 /* Define this to output to terminal */
7include "echoer.h"
*
* C Threads imports:
*/
extern cproc_t cproc_create(cthread_t, int);
extern vm_offset_t cproc_init();
extern void mig_init();
/**kxxkxkkxkkScheduler related codekskkskskskskskskskkkkx/
static int sched_counter = 0;

static sched_func schedfunc = NULL; /* Holds the function that the
scheduling algorithm */

static any_t schedparams = NULL; /* Holds the parameter to be
passed to the above function */

struct mutex scheduler_lock = MUTEX_INITIALIZER; /* A lock to
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int ready_threads = 0; /* Used to count threads

/**x*kx*kxxScheduling algorithms*kkkksikkkkkx/
/*Implemented in cprocs.c*/

extern any_t round_robin(any_t);

extern any_t first_come(any_t);

extern any_t shortest_job(any_t);

extern struct cthread_queue sched_cprocs_ready;
extern struct mutex sched_queue_lock;

extern struct cthread_queue cprocs_done;

extern struct mutex done_queue_lock;

extern cproc_t running_cproc;

extern cproc_t sched_cproc;

int schedon = FALSE;

int user_init = FALSE;

5***********End of scheduler related code*kskkskkksk*kkkkkx/
*

* Mach imports:

*/
/*
* C library imports:

*/

/*
*/Thread status bits.
*
#define T_MAIN Ox1
#define T_RETURNED 0x2
#define T_DETACHED Ox4

#ifdef DEBUG
int cthread_debug = FALSE;

#endif /* DEBUG */

access above
data *
in ready queue */

private struct cthread_queue cthreads = QUEUE_INITIALIZER;

private struct mutex cthread_lock = MUTEX_INITIALIZER;

private struct condition cthread_needed = CONDITION_INITIALIZER;
private struct condition cthread_idle = CONDITION_INITIALIZER;

int cthread_cprocs = 0;
int cthread_cthreads = 0;
int cthread_max_cprocs = 0;

private cthread_t free_cthreads = NO_CTHREAD; /* free list */

private spin_lock_t free_lock = SPIN_LOCK_INITIALIZER;
private struct cthread initial_cthread = { 0 };

private cthread_t cthread_alloc(func, arg)
cthread_fn_t func;
any_t arg;

register cthread_t t = NO_CTHREAD;
if (free_cthreads != NO_CTHREAD) {
E 3

* Don’t try for the lock unless
* the list is likely to be nonempty.
* We can’t be sure, though, until we lock it.

*/
spin_lock(&free_lock);
t = free_cthreads;
if (t !'= NO_CTHREAD)
free_cthreads = t->next;
spin_unlock(&free_lock) ;

}
if (1/: == NO_CTHREAD) {
*
* The free list was empty.
* We may have only found this out after
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}

* locking it, which is why this isn’t an
* "else" branch of the previous statement.
*/
t = (cthread_t) malloc(sizeof (struct cthread));

¥t = initial_cthread;
t->func = func;
t->arg = arg;

return t;

private void cthread_free(t)
register cthread_t t;

int

spin_lock(&free_lock);
t->next = free_cthreads;
free_cthreads = t;
spin_unlock(&free_lock);

cthread_init ()

static int cthreads_started = FALSE;
register cproc_t p;

register cthread_t t;

vm_offset_t stack;

if (cthreads_started) {
user_init = TRUE;
return O;

}
t = cthread_alloc((cthread_fn_t) 0, (any_t) 0);

stack = cproc_init();
cthread_cprocs = 1;

#ifdef cthread_md_init

cthread_md_init () ;

#endif

}

/*
* Used for automatic initialization by crtO.
* Cast needed since too many C compilers choke on the type void (%) ().

*/

cthread_cthreads = 1;
t->state |= T_MAIN;
cthread_set_name(t, "main");

/* cproc_self() doesn’t work yet, because we haven’t yet switched to
the new stack. */

p = *(cproc_t *) & ur_cthread_ptr(stack);

p—>incarnation = t;

/* The original CMU code passes P to mig_init. In GNU, mig_init does
not know about cproc_t; instead it expects to be passed the stack
pointer of the initial thread. */

mig_init((void *) stack); /* enable multi-threaded mig interfaces */

cthreads_started = TRUE;

return stack;

int (*_cthread_init_routine) () = (int (*)()) cthread_init;

/

*

* Procedure invoked at the base of each cthread.

*/

extern cproc_block();

void cthread_body(self)
cproc_t self;

register cthread_t t;
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}

static once = 0;

cproc_t tmp, i;

ASSERT (cproc_self () == self);

TRACE (printf (" [idle] cthread_body(%x)\n", self));

t = self->incarnation;

if (_setjmp(t—->catch) == 0) /* catch for cthread_exit() */
t->result = (*(t->func)) (t->arg);

£
*/Return result from thread.
*

mutex_lock(&t->lock) ;
t->state |= T_RETURNED;

mutex_lock(&sched_queue_lock);
TRACE(printf (" [%s] done()\n", cthread_name(t)));
/* Remove current cproc from sched_cprocs_ready queue */
if (t->state & T_DETACHED) {
mutex_unlock (&t—>1lock) ;
cthread_free(t);
} else {
mutex_unlock (&t->1lock) ;
condition_signal (&t->done);

mutex_unlock(&sched_queue_lock) ;
/* Signal that we’re idle in case the main thread * is waiting to exit

*/
cthread_cthreads —= 1;
condition s1gna1(&cthread idle);
spin_lock(&self->lock) ; /* Lock before calling cproc_block() */

cproc_block();

cthread_t cthread_fork(func, arg)
cthread_fn_t func;
any_t arg;

}

register cthread_t t;
cproc_t cproc;
kern_return_t r;

mutex_lock(&cthread_lock) ;
if (!schedon) { /* First start the scheduler */
t = cthread_alloc(sched, NULL);
++cthread_cthreads;
cthread_cprocs += 1;
cproc = cproc_create(t, 1);
schedon = TRUE;

}

TRACE(printf (" [%s] fork()\n", cthread_name(cthread_self())));
t = cthread_alloc(func, arg);

++cthread_cthreads;

cthread_cprocs += 1;

cproc = cproc_create(t, 1);

mutex_unlock (&cthread_lock);

return t;

cthread_t cthread_spawn(func, arg)
cthread_fn_t func;
any_t arg;

register cthread_t t;
cproc_t cproc;
kern_return_t r;

mutex_lock(&cthread_lock);

if (!schedon) { /* First start the scheduler */
t = cthread_alloc(sched, NULL);
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++cthread_cthreads;
cthread_cprocs += 1;

cproc = cproc_create(t, 0);
schedon = TRUE;

}

TRACE(printf (" [%s] fork()\n", cthread_name(cthread_self())));
t = cthread_alloc(func, arg);

++cthread_cthreads;

cthread_cprocs += 1;

cproc = cproc_create(t, 0);

mutex_unlock (&cthread_lock) ;

return t;

}

void cthread_detach(t)
cthread_t t;

TRACE (printf
("[%s] detach(%s)\n", cthread_name(cthread_self()),
cthread_name(t)));
mutex_lock(&t->lock);
if (t->state & T_RETURNED) {
mutex_unlock (&t->lock) ;
cthread_free(t);
} else {
t->state |= T_DETACHED;
mutex_unlock (&t—>1lock) ;

¥

any_t cthread_join(t)
cthread_t t;

any_t result;

TRACE(printf
("[%s] join(%s)\n", cthread_name(cthread_self()),
cthread_name(t)));
mutex_lock(&t->lock);
ASSERT (! (t->state & T_DETACHED));
while (!(t->state & T_RETURNED))
condition_wait (&t->done, &t->lock);
result = t->result;
mutex_unlock (&t->1lock) ;
cthread_free(t);
return result;

¥

void cthread_exit(result)
any_t result;

{
register cthread_t t = cthread_self();
TRACE(printf ("[%s] exit()\n", cthread_name(t)));
t->result = result;
if (t->state & T_MAIN) {
mutex_lock(&cthread_lock) ;
while (cthread_cthreads > 1)
condition_wait(&cthread_idle, &cthread_lock);
mutex_unlock(&cthread_lock) ;
exit((int) result);
} else {
_longjmp(t->catch, TRUE);
}
/*

* Used for automatic finalization by crt0. Cast needed since too many C
* compilers choke on the type void (*)().
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*/
int (*_cthread_exit_routine) () = (int (%) ()) cthread_exit;

void cthread_set_name(t, name)

cthread_t t;
char *name;
{
t->name = name;
}
char *cthread_name(t)
cthread_t t;
{
return (t == NO_CTHREAD
? "idle" : (t->name == 0 ? "?" : t->name));
}

%nt cthread_limit()

return cthread_max_cprocs;

}
void cthread_set_limit(n)
int n;

cthread_max_cprocs = n;
}

int cthread_count()

return cthread_cthreads;

cthread_fork_prepare()

{
spin_lock(&free_lock) ;
mutex_lock(&cthread_lock) ;
cproc_fork_prepare();

cthread_fork_parent ()

{
cproc_fork_parent () ;
mutex_unlock(&cthread_lock);
spin_unlock (&free_lock) ;

Ethread_fork_child()

cthread_t t;

cproc_t p;

cproc_fork_child();

mutex_unlock (&cthread_lock);
spin_unlock(&free_lock);
condition_init(&cthread_needed) ;
condition_init(&cthread_idle);

cthread_max_cprocs = 0;
stack_fork_child();

while (TRUE) { /* Free cthread runnable list */
cthread_queue_deq(&cthreads, cthread_t, t);
if (t == NO_CTHREAD)
break;
free((char *) t);

while (free_cthreads != NO_CTHREAD) { /* Free cthread free list */
t = free_cthreads;
free_cthreads = free_cthreads—->next;
free((char *) t);
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cthread_cprocs = 1;

t = cthread_self();

cthread_cthreads = 1;

t->state |= T_MAIN;

cthread_set_name(t, "main");

p = cproc_self();

p—>incarnation = t;

/* XXX needs hacking for GNU */

mig_init(p); /* enable multi-threaded mig interfaces */

}

[**kkxxxkxkkScheduler related codekkksksksksksksk sk skkkkkkkkkkkkk /

/*Scheduler thread.
*Just calls the scheduling algorithm.

*Maybe we should call the algorithm function from cthread_body directly or
*use this instead of cthread_body.

*
any_t sched(any_t t)

{
register cproc_t p = cproc_self();
register cproc_t i;
register kern_return_t r;
while (1) {
mutex_lock(&scheduler_lock) ; /* Not very successful lock if we
want to change scheduler
dynamically? */
if (schedfunc != NULL) {
schedfunc(t ? t : schedparams);
mutex_unlock(&scheduler_lock);
} else {
mutex_unlock(&scheduler_lock);
schedyield (MACH_PORT_NULL, 50);
}
}
}

/*Sets the scheduling algorithm to be called. It can a user defined one but
*probably that won’t be used. Better call this from the main thread*/

int set_sched(any_t f, any_t param)

{
mutex_lock(&scheduler_lock);
switch ((int) f£) {
case SMAS_SCHED_ROUNDROBIN:
schedfunc = round_robin;
break;
case SMAS_SCHED_FIRSTCOME:
schedfunc = first_come;
break;
#if O
case SMAS_SCHED_SHORTESTJOB:
schedfunc = shortest_job;
break;
#endif
default:
schedfunc = (sched_func) f;
break;
schedparams = param;
mutex_unlock(&scheduler_lock);
return FALSE;
}

int retcounter()
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return sched_counter;

B.5 libthreads/cthreads.h

Mach Operating System
Copyright (c) 1991,1990,1989 Carnegie Mellon University
A1l Rights Reserved.

Permission to use, copy, modify and distribute this software and its
documentation is hereby granted, provided that both the copyright
notice and this permission notice appear in all copies of the
software, derivative works or modified versions, and any portioms
thereof, and that both notices appear in supporting documentation.

CARNEGIE MELLON ALLOWS FREE USE OF THIS SOFTWARE IN ITS "AS I
DITION. CARNEGIE MELLON DISCLAIMS ANY LIABILITY QF ANY KIND FOR
ANY DAMAGES WHATSOEVER RESULTING FROM THE USE OF THIS SOFTWARE.

Carnegie Mellon requests users of this software to returm to

Software Distribution Coordinator or Software.Distribution@CS.CMU.EDU
School of Computer Science

Carnegie Mellon University
Pittsburgh PA 15213-3890

any improvements or extensions that they make and grant Carnegie Mellon
the rights to redistribute these changes.

/

HISTORY
$Log: cthreads.h,v $

Revision 1.15 1999/06/13 18:54:42 roland
1999-06-13 Roland McGrath <roland@baalperazim.frob.com>

* cthreads.h (MACRO_BEGIN, MACRO_END): #undef before unconditionally
redefining. Use GCC extension for statement expression with value O.

Revision 1.14 1999/05/30 01:39:48 roland
1999-05-29 Roland McGrath <roland@baalperazim.frob.com>

* cthreads.h (mutex_clear): Change again, to call mutex_init.

Revision 1.13 1999/05/29 18:59:10 roland
1999-05-29 Roland McGrath <roland@baalperazim.frob.com>

* cthreads.h (mutex_clear): Change from syntax error to no-op (with
warning avoidance).

Revision 1.12 1996/05/04 10:06:31 roland
[1int] (NEVER): Spurious global variable removed.

['1int] (NEVER): Useless macro removed.

Revision 1.11 1996/01/24 18:37:59 roland
Use prototypes for functions of zero args.

Revision 1.10 1995/09/13 19:50:07 mib
(CONDITION_INITIALIZER): Provide initial zero for IMPLICATIONS member.
(condition_init): Bother initializing NAME and IMPLICATIONS members.

Revision 1.9 1995/08/30 15:51:41 mib

(condition_implies, condition_unimplies): New functioms.

(struct condition): New member ‘implications’.

(cond_imp): New structure.

(cond_signal): Return int now.

(condition_broadcast): Always call cond_broadcast if this condition
has implications.

(condition_signal): Always call cond_signal if this condition has
implications.
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Revision 1.8 1995/08/30 15:10:23 mib
(hurd_condition_wait): Provide declaration.

Revision 1.7 1995/07/18 17:15:51 mib
Reverse previous change.

Revision 1.5 1995/04/04 21:06:16 roland
(mutex_lock, mutex_unlock): Use __ names for *_solid.

Revision 1.4 1994/05/05 10:52:06 roland
entered into RCS

Revision 2.12 92/05/22 18:38:36 jfriedl
From Mike Kupfer <kupfer@sprite.Berkeley.EDU>:

Add declaration for cthread_wire().
Merge in Jonathan Chew’s changes for thread-local data.

Use MACRO_BEGIN and MACRO_END.

Revision 1.8 91/03/25 14:14:49 jjc
For compatibility with cthread_data:
1) Added private_data field to cthread structure
for use by POSIX thread specific data routines.
2) Conditionalized old data field used by cthread_data
under CTHREAD_DATA for binary compatibility.
3) Changed macros, cthread_set_data and cthread_data,

into routines which use the POSIX routines for
source compatibility.

Also, conditionalized under CTHREAD_DATA.
[91/03/18 jjcl
Added support for multiplexing the thread specific global
variable, cthread_data, using the POSIX threads interface
for thread private data.
[91/03/14 jjcl

Revision 2.11 91/08/03 18:20:15 jsb

Removed the infamous line 122.
[91/08/01 22:40:24 jsb]

Revision 2.10 91/07/31 18:35:42 dbg
Fix the standard-C conditional: it’s __STDC__.

Allow for macro-redefinition of cthread_sp, spin_try_lock,
spin_unlock (from machine/cthreads.h).
[91/07/30 17:34:28 dbg]

Revision 2.9 91/05/14 17:56:42 mrt
Correcting copyright

Revision 2.8 91/02/14 14:19:52 mrt
Added new Mach copyright

[91/02/13 12:41:15 mrt]

Revision 2.7 90/11/05 14:37:12 rpd
Include machine/cthreads.h. Added spin_lock_t.
[90/10/31 rwd]

Revision 2.6 90/10/12 13:07:24 rpd
Channge to allow for positive stack growth.
[90/10/10 rwd]

Revision 2.5 90/09/09 14:34:56 rpd
Remove mutex_special and debug_mutex.
[90/08/24 rwd]

Revision 2.4 90/08/07 14:31:14 rpd
Removed RCS keyword nonsense.

Revision 2.3 90/01/19 14:37:18 rwd
Add back pointer to cthread structure.

[90/01/03 rwd]

136



~

LR R I R R I K R R K R K R R CNE R R R R R RN R R R R R R R R R K R R K I K R R N CEE R K K K R

*
*

Change definition of cthread_init and change ur_cthread_self macro

to reflect movement of self pointer on stack.
[89/12/18 19:18:34 rwd]

Revision 2.2 89/12/08 19:53:49 rwd
Change spin_try_lock to int.

[89/11/30 rwd]
Changed mutex macros to deal with special mutexs
[89/11/26 Twd]

Make mutex_{set,clear}_special routines instead of macros.

[89/11/25 rwd]
Added mutex_special to specify a need to context switch on this

mutex.
[89/11/21 rwd]

Made mutex_lock a macro trying to grab the spin_lock first.

[89/11/13 rwd]
Removed conditionals. Mutexes are more like conditions now.
Changed for limited kermel thread version.

[89/10/23 rwd]
Revision 2.1 89/08/03 17:09:40 rwd
Created.

28-0ct-88 Eric Cooper (ecc) at Carnegie Mellon University
Implemented spin_lock() as test and test-and-set logic
(using mutex_try_lock()) in sync.c. Changed ((char *) 0)
to 0, at Mike Jones’s suggestion, and turned on ANSI-style
declarations in either C++ or _STDC_.

29-Sep-88 Eric Cooper (ecc) at Carnegie Mellon University
Changed NULL to ((char *) 0) to avoid dependency on <stdio.h>,
at Alessandro Forin’s suggestion.

08-Sep-88 Alessandro Forin (af) at Carnegie Mellon University
Changed queue_t to cthread_queue_t and string_t to char *
to avoid conflicts.

01-Apr-88 Eric Cooper (ecc) at Carnegie Mellon University
Changed compound statement macros to use the

do { ... } while (0) trick, so that they work

in all statement contexts.

19-Feb-88 Eric Cooper (ecc) at Carnegie Mellon University
Made spin_unlock() and mutex_unlock() into procedure calls
rather than macros, so that even smart compilers can’t reorder
the clearing of the lock. Suggested by Jeff Eppinger.

Removed the now empty <machine>/cthreads.h.

01-Dec-87 Eric Cooper (ecc) at Carnegie Mellon University
Changed cthread_self() to mask the current SP to find
the self pointer stored at the base of the stack.

22-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University
Fixed bugs in mutex_set_name and condition_set_name
due to bad choice of macro formal parameter name.

21-Jul-87 Eric Cooper (ecc) at Carnegie Mellon University
Moved #include <machine/cthreads.h> to avoid referring
to types before they are declared (required by C++).

9-Jul-87 Michael Jones (mbj) at Carnegie Mellon University
Added conditional type declarations for C++.
Added _cthread_init_routine and _cthread_exit_routine variables
for automatic initialization and finalization by crtO.

File: cthreads.h . . .
Author: Eric Cooper, Carnegie Mellon University

Date: Jul, 1987
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Definitions for the C Threads package.
/

#ifndef _CTHREADS_
#define _CTHREADS_ 1

/* MIB XXX */
#define CTHREAD_DATA

#if 0
/* This is CMU’s machine—dependent file. In GNU all of the machine
dependencies are dealt with in libc. */

#include <machine/cthreads.h>
#else
#include <machine-sp.h>

/*#define cthread_sp() ((int) __thread_stack_pointer ()) #x*xx*

* Kinalus: This causes cthread_sel() to fail compilation*/
#endif

#if c_plusplus || __STDC__

#ifndef C_ARG_DECLS
#define C_ARG_DECLS(arglist) arglist

* K ¥ *

#endif /* not C_ARG_DECLS */
typedef void *any_t;
#else /* not (c_plusplus || __STDC__) */

#ifndef C_ARG_DECLS
#define C_ARG_DECLS(arglist) ()

#endif /* not C_ARG_DECLS */
typedef char *any_t;
#endif /* not (c_plusplus || __STDC__) */

#include <mach/mach.h>

#include <mach/machine/vm_param.h>

#ifndef TRUE

#define TRUE 1

#define FALSE O

#endif /* TRUE */

#undef MACRO_BEGIN

#undef MACRO_END

#define MACRO_BEGIN __extension__ ({
#define MACRO_END O; })

/*
* C Threads package initializationm.
*/
extern int cthread_init C_ARG_DECLS((void));
#if O
/* This prototype is broken for GNU. */
extern any_t calloc C_ARG_DECLS((unsigned n, unsigned size));
#else
#include <stdlib.h>
#endif
/*
* Queues.
*/
typedef struct cthread_queue {
struct cthread_queue_item *head;
struct cthread_queue_item *tail;
} *cthread_queue_t;

typedef struct cthread_queue_item {
struct cthread_queue_item *next;
} *cthread_queue_item_t;
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#define NO_QUEUE_ITEM ((cthread_queue_item_t) 0)
#define QUEUE_INITIALIZER { NO_QUEUE_ITEM, NO_QUEUE_ITEM }

#define cthread_queue_alloc() ((cthread_queue_t) calloc(l, sizeof(struct cthread_queue)))
#define cthread_queue_init(q) ((q)->head = (q)->tail = 0)
#define cthread_queue_free(q) free((any_t) (q))

#define cthread_queue_enq(q, x) \

MACRO_BEGIN \

(x)—>next = 0; \

if ((@)->tail == 0) \

(qQ)->head = (cthread_queue_item_t) (x); \

else \

(@)—>tail->next = (cthread_queue_item_t) (x); \
(g)->tail = (cthread_queue_item_t) (x); \
MACRO_END

#define cthread_queue_preq(q, x) \

MACRO_BEGIN \

if ((g)->tail == 0) \

(q)->tail = (cthread_queue_item_t) (x); \
((cthread_queue_item_t) (x))->next = (q)->head; \
(g)->head = (cthread_queue_item_t) (x); \
MACRO_END

#define cthread_queue_head(q, t) ((t) ((q)->head))

#define cthread_queue_deq(q, t, x) \
MACRO_BEGIN \
if (((x) = (t) ((@)->head)) !'= 0 && \
((g@)->head = (cthread_queue_item_t) ((x)->next)) == 0) \
(q)—>tail = 0; \
MACRO_END
#define cthread_queue_map(q, t, f) \
MACRO_BEGIN \
register cthread_queue_item_t x, next; \
for (x = (cthread_queue_item_t) ((q)->head); x != 0; x = next) { \
next = x—>next; \

(x(£)) ((£) x); \

X\
MACRO_END
#if 1

/* In GNU, spin locks are implemented in libc.

Just include its header file. =*/
#include <spin-lock.h>

#else /* Unused CMU code. */
/*
* Spin locks.
*/
extern void
spin_lock_solid C_ARG_DECLS((spin_lock_t * p));
#ifndef spin_unlock
extern void
spin_unlock C_ARG_DECLS((spin_lock_t * p));
#endif

#ifndef spin_try_lock

extern int
spin_try_lock C_ARG_DECLS((spin_lock_t * p));

#endif

#define spin_lock(p) ({if (!spin_try_lock(p)) spin_lock_solid(p);})
#endif /* End unused CMU code. */

/*

* Mutex objects.
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*/
typedef struct mutex {
/* The ‘held’ member must be first in GNU. The GNU C library relies
on being able to cast a ‘struct mutex *’ to a ‘spin_lock_t *’
(which is kosher if it is the first member) and spin_try_lock that
address to see if it gets the mutex. */
spin_lock_t held;
spin_lock_t lock;
char *name;
struct cthread_queue queue;
} *mutex_t;

/* Rearranged accordingly for GNU: */
#define MUTEX_INITIALIZER { SPIN_LOCK_INITIALIZER, SPIN_LOCK_INITIALIZER, O, QUEUE_INITIALIZER

#define mutex_alloc() ((mutex_t) calloc(l, sizeof(struct mutex)))
#define mutex_init(m) \

MACRO_BEGIN \

spin_lock_init(&(m)->lock); \

cthread_queue_init (&(m)->queue); \

spin_lock_init(&(m)->held); \

MACRO_END
#define mutex_set_name(m, x) ((m)->name = (x))
#define mutex_name(m) ((m)->name != 0 ? (m)->name : "?")

#define mutex_clear(m) mutex_init(m)
#define mutex_free(m) free((any_t) (m))

extern void __mutex_lock_solid(void *mutex); /* blocking -- roland@gnu */
extern void __mutex_unlock_solid(void #*mutex); /* roland@gnu */

#define mutex_try_lock(m) spin_try_lock(&(m)->held)
#define mutex_lock(m) \

MACRO_BEGIN \

if (!spin_try_lock(&(m)->held)) { \
__mutex_lock_solid(m); \

} A\
MACRO_END
#define mutex_unlock(m) \
MACRO_BEGIN \
if (spin_unlock(&(m)->held), \
cthread_queue_head (&(m)->queue, int) != 0) { \
__mutex_unlock_solid(m); \

;o\
MACRO_END

/*
*/Condition variables.
*
typedef struct condition {
spin_lock_t lock;
struct cthread_queue queue;
char *name;
struct cond_imp *implications;
} *condition_t;

struct cond_imp {
struct condition *implicatand;
struct cond_imp *next;
};
#define CONDITION_INITIALIZER { SPIN_LOCK_INITIALIZER, \
QUEUE_INITIALIZER, O, O }

#tdefine condition_alloc() ((condition_t) calloc(i, \
sizeof (struct condition)))

#define condition_init(c) \

MACRO_BEGIN \

spin_lock_init(&(c)->lock); \

cthread_queue_init (&(c)->queue); \

(c)->name = 0; \
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(c)—>implications = 0; \

MACRO_END
#define condition_set_name(c, x) ((c)->name = (x))
#define condition_name(c) ((c)->name != 0 ? (c)->name : "7")

#define condition_clear(c) \
MACRO_BEGIN \
condition_broadcast(c); \
spin_lock(&(c)->lock); \
MACRO_END

#define condition_free(c) \
MACRO_BEGIN \
condition_clear(c); \
free((any_t) (c)); \
MACRO_END

#define condition_signal(c) \

MACRO_BEGIN \

if ((c)->queue.head || (c)->implicatiomns) { \
cond_signal(c); \

X\
MACRO_END

#define condition_broadcast(c) \

MACRO_BEGIN \

if ((c)->queue.head || (c)->implicatiomns) { \
cond_broadcast(c); \

;o\
MACRO_END

extern int
cond_signal C_ARG_DECLS((condition_t c));

extern void
cond_broadcast C_ARG_DECLS((condition_t c));

extern void
condition_wait C_ARG_DECLS((condition_t ¢, mutex_t m));

extern int
hurd_condition_wait C_ARG_DECLS((condition_t ¢, mutex_t m));
extern void

condition_implies

C_ARG_DECLS((condition_t implicator, condition_t implicatand));
extern void

condition_unimplies

C_ARG_DECLS((condition_t implicator, condition_t implicatand));

*
* Threads.
*/

typedef any_t(*cthread_fn_t) C_ARG_DECLS((any_t arg));
#include <setjmp.h>

typedef struct cthread {
struct cthread *next;
struct mutex lock;
struct condition done;
int state;
jmp_buf catch;
cthread_fn_t func;
any_t arg;
any_t result;
char *name;
#ifdef CTHREAD_DATA
any_t data;
#endif /* CTHREAD_DATA */
any_t private_data;
struct ur_cthread *ur;
#if O
/***¥x*x*¥Kinalis: data could be stored here for use by
* scheduling algorithms currently unused**/
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any_t sched_data;
/3% sk ke sk ok sk ok ok sk ok sk ok Kk k ko /
#endif
} *cthread_t;

#define NO_CTHREAD ((cthread_t) 0)

extern cthread_t
cthread_fork C_ARG_DECLS((cthread_fn_t func, any_t arg));

extern cthread_t
cthread_spawn C_ARG_DECLS((cthread_fn_t func, any_t arg));

extern void
cthread_detach C_ARG_DECLS((cthread_t t));

extern any_t cthread_join C_ARG_DECLS((cthread_t t));

extern void
cthread_yield C_ARG_DECLS((void));

extern void
cthread_exit C_ARG_DECLS((any_t result));
/*
* This structure must agree with struct cproc in cthread_internals.h
*/
typedef struct ur_cthread {
struct ur_cthread *next;
cthread_t incarnation;
} *ur_cthread_t;

#ifndef cthread _Sp

extern in
cthread_ sp C_ARG_DECLS ((void));
#endif

extern int cthread_stack_mask;

#ifdef STACK_GROWTH_UP

#define ur_cthread_ptr(sp) \

(* (ur_cthread_t *) ((sp) & cthread_stack_mask))

#else /* STACK_GROWTH_UP */

#define ur_cthread_ptr(sp) \

(* (ur_cthread_t *) ( ((sp) | cthread_stack_mask) + 1 \
- sizeof (ur_cthread_t *)) )

#endif /* STACK_GROWTH_UP */

#define ur_cthread_self() (ur_cthread_ptr(cthread_sp()))

#define cthread_assoc(id, t) ((((ur_cthread_t) (id))->incarnation = (t)),

((t) ? ((t)->ur = (ur_cthread_t)(id)) : 0))
#define cthread_self() (ur_cthread_self()->incarnation)

extern void
cthread_set_name C_ARG_DECLS((cthread_t t, char *name));

extern char *cthread_name C_ARG_DECLS((cthread_t t));

extern int
cthread_count C_ARG_DECLS((void));

extern void
cthread_set_limit C_ARG_DECLS((int n));

extern int
cthread_limit C_ARG_DECLS((void));

extern void
cthread_wire C_ARG_DECLS((void));

7ifdef CTHREAD_DATA

*
* Set or get thread specific "global" variable
*

* The thread given must be the calling thread (ie. thread_self).
* XXX This is for compatibility with the old cthread_data. XXX

*/

extern int
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cthread_set_data C_ARG_DECLS((cthread_t t, any_t x));

extern any_t cthread_data C_ARG_DECLS((cthread_t t));
#endif /* CTHREAD_DATA =/
/*
* Support for POSIX thread specific data
*
* Multiplexes a thread specific "global" variable
* into many thread specific "global" variables.
*/
#define CTHREAD_DATA_VALUE_NULL (any_t)O
#define CTHREAD_KEY_INVALID (cthread_key_t)-1
typedef int cthread_key_t;
/*
* Create key to private data visible to all threads in task.
* Different threads may use same key, but the values bound to the key are
* maintained on a thread specific basis.
*/
extern int
cthread_keycreate C_ARG_DECLS((cthread_key_t * key));
/*
* Get value currently bound to key for calling thread
*/
extern int
cthread_getspecific

C_ARG_DECLS((cthread_key_t key, any_t * value));

*
* Bind value to given key for calling thread

*/
extern int L
cthread_setspecific

C_ARG_DECLS((cthread_key_t key, any_t value));
/*
* Debugging support.
*/
#ifdef DEBUG
7ifndef ASSERT
*
* Assertion macro, similar to <assert.h>
*/

#include <stdio.h>
#define ASSERT(p) \

MACRO_BEGIN \

if () {\

fprintf (stderr, \

"File %s, line Jd: assertion p failed.\n", \
__FILE__, __LINE__); \

abort(); \

A\

MACRO_END

#endif /* ASSERT */
#define SHOULDNT_HAPPEN O

extern int cthread_debug;

#else /* DEBUG */

#ifndef ASSERT
#define ASSERT(p)

#endif /* ASSERT */
#endif /* DEBUG */

/FxkxxxxxkkkkScheduler related codekkkskskskskskokskkokskkkkkk k kkkkokkk /
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extern int ready_queue_counter;

#define sched_queue_enq(q, x) \
MACRO_BEGIN \

(x)->sched_next = 0; \

if ((@)->tail == 0) \

(@)—>head = (cthread_queue_item_t) (x); \
else \

((cproc_t) (g)->tail)->sched_next = (x); \
(g)->tail = (cthread_queue_item_t) (x); \
ready_queue_counter++; \

MACRO_END

#define sched_queue_head(q) ((cproc_t) (q)->head)

#define sched_queue_deq(q, x) \
MACRO_BEGIN \
if (((x) = (cproc_t) ((g)->head)) != 0 && \
((@)->head = (cthread_queue_item_t) ((x)->sched_next)) == 0) \
(@)->tail = 0; \
if ((x) '=0) \
ready_queue_counter—-; \
MACRO_END

#define SMAS_SCHED_ROUNDROBIN (any_t)1
#define SMAS_SCHED_FIRSTCOME (any_t)2
#define SMAS_SCHED_SHORTESTJOB (any_t)4

typedef any_t(*sched_func) (any_t);
extern struct cthread_queue ready_queue;

extern any_t sched(any_t);
extern int set_sched(any_t, any_t);
extern int retcounter();

#endif /* _CTHREADS_ */
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