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HacsaoB macrep pana: Amar Valgrind - nvmtementaruja kKousennuje FPXX 3a

apxurektypy MIPS

Pesume: IIporpamcka mojpiika je cBe NMPHUCYTHHUja, HAIIPETKOM TEXHOJIOTHje JI0-
Jla3u J10 mopacTa y rnepdopMancaMa u MoryhHoctuma padynapa. Kako kopucHuakn
3aXTEBHU CBe BUIIIE PACTy, CAMUM THM pPacTe KOMIIJIEKCHOCT IpoIeca pa3Boja cod-
TBepa. JaBipa ce MOTpeda 3a ajgaThMa KOJjU CIIyKe 3a JIETEKIN]y W OTKIIAmAbe
rperraka, Kao U 3a aHaJM3y U [MPaB/beibe TPoduIa KOPUCHUIKUX ITporpaMa. JeaaHn
TakaB aJyar jecre Valgrind.

Apxurexktypa MIPS je apxuTeKTypa ca IPOIeCcOPOM CMAameHOr CKyIla Hapeadu
(enr. Reduced Instruction Set Computer, ckp. RISC) u jemna oj] 3aCTYIUbEHUjUX
apXUTEKTypa Ha TPXKUIITY cucTeMa ca yrpahenum pauynapom. Konsenruja FPXX
je cueruduuna 3a apxurekrypy MIPS. lnb oBor pajia je ynosHaBame ca aJgaToM
Valgrind m cBuM MoryhHocTuMa Koje HAM OH HYJIHM, YIIO3HaBaIbe ca CHernuuIHo-

ctuMa KouBeHnuje FPXX Kao u umIiieMeHTallja OBe KOHBEHIIMje y OKBUPY aJjiaTa.

Kipyune peun: Valgrind, MIPS, FP peructpu, kouennuja FPXX
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I'maBa 1

YBoOZI

Tpazkerme pazjiora HEMIPABUIHOT PaJia CHCTEMa MOXKe TPajaTu HOIPUIUIHO JIyTO,
IIOTOTOBO aKO CE€ CHCTEM CACTOjU U3 JIeCeTUHA XW/baJla JIMHIja KOJla W JeCeTHHe I1a
U CTOTHHE OIlepalija ajolnupama u jeajonupama Memopuje. [log oBum, mojapa-
3yMEBaMO T'DEIKe KOjeé KOMITHIATOP He IMpujaBbyje, IMOMyT Iypeha MeMOpPHje Win
KopHIThemne HEMHUIIN]aIM30BaHNX BPETHOCTH. 3a HEeKe, Ol CJI0KeHuje, BUIIEHUTHE,
CUCTEME, OBe TPEIKe Ce MOTY jJaBUTH Y BUJLy HEOUEKHMBAHOI MPUCTYIIA JE/HEHUM TI0-
JIaIiIMa, OJHOCHO YTPKUBAILY 3a IMPUCTYII UCTUM. JeJdaH OJ ajaTa KOju MOMaxKy y
OTKpUBamy OBakBUX Tpemtaka jecre Valgrind [7|. Valgrind upencrasiba BeoMa Ko-
pUCTaH ajiaT, MOTOJaH 3a aHaJIN3y CBUX HIUBOa MeMopwuje. Ilymrame nmporpama Kpos
Valgrind jecre 3Ha1ajHO criopuje, oJ1 IBaJIECET JO CTO IIyTa CIIOpHUje, ajau ca JJakohoMm
MOKE€ OTKPUTH Hajpa3/IMIUTHje HEIPABUIHOCTH.

Ca pasBojem m mpomeHama came apxutektype MIPS, Mopa jia ce m Mema J1eo
anara Valgrind cnermududan 3a OBy apXUTEKTypy. JejHa oOJ] MHOBAIMja je M KOH-
gernuja FPXX [8]. la 6u kopucuuim oBor ajara Ha apxurektypu MIPS morim
HCIPABHO JIa Ta KOPHUCTE, MOPajy Jla HacTaHy M3MeHe y camoM asary. l[{mib oBor
paja je omoryhasame KopucHuiimMma ajata Valgrind na Bpiie aHaju3y porpama
WJIM CUCTEMa KOjU Cy TPEeBeJIeHn y CKIaly ca koupernmujom FPXX, kao u nupesoheme
U U3TPajiiba CAMOT OBOT' ajlaTa y CKJIAJY Ca OBOM KOHBEHIIHjOM.

Apxurexktypa MIPS je Beoma pacupocTparmeHa y cucreMnMa ca yrpeheHum pa-
gyrapom [13]. VY ruasu [2] he 6utn onucana apxurektypa MIPS. Buhe onucanu
PErucTpu Koju ce KOPUCTEe y OBOj apXUTEKTYPU U PETUCTPHU 3a paJi ca OpojeBUMa y
mokpeTHOM 3ape3y. Ha Kpajy oBe riiaBe 6umhe onmcana kouenrmja FPXX. Y oBom
niesty he OuTw mpejicTaB/beHe CBe KapaKTePUCTUKE U 3aXTEBU KOjU CYy MOPAJM OUTH

UCIYI-EHU TP UMerieMenTanuju y auary Valgrind.
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Y rnasu |3| he outu onucan cam ajnar Valgrind, Hadun pajia U apXUTEKType 3a
Koje je mosp:kaH. bBuhe jmera/pHO omucaH HAYUH Pajia CBUX ajara y3 IpuMepe Ipe-
IMaKa Koje ce Hajuernhe jaB/bajy HMPUJIMKOM IIPOTPAMUparba, KA0 U HAYUH HHHUXOBOT
JIETEKTOBAIbA.

VY rnasu |4 6uhe 6/mke 1pesicTaB/beHa apxuTekTypa asara Valgrind. Buhe onum-
caHa u cama nminieMenTaruja kousennuje FPXX. Buhe onucanu xopaiu 1o Kojuma
ce 0JIBHjao IpoIlec UMILIeMeHTalje u Ouhe mpejcTaB/beHe U3MeHe Koje Cy IpuMe-
IbEHE.

VY zakpyuky he Outu jmaT ocBPT Ha paji. ¥ OBOj ryiaBu he OUTH ITIOMEHYTH U

Moryhu mpasarl Ja/ber pajia Ha OBOM IPOjEKTY.
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Apxurektypa MIPS

VY oBoj raBu onucana je apxurekrtypa MIPS uporecopa. Y mnoryiaB/by onu-
cane cy apxurekrype nporecopa CISC (ckpalieno ox enrn. Complex Instruction
Set Computing) nu RISC (ckpalieno oz enri. Reduced Instruction Set Computing),
JIOK je y TOIJIaBJbY ormcana apxutrektypa MIPS. ¥V nornasiby Cy OIHICaHN
peructpu apxurektype MIPS, a y noryaBiby cy JerajbHo obpaheHu perucrpu 3a
paJj ca bpojeBnMa y moKpeTHOM 3ape3y. Ha kpajy, y moriasiby je onmcaHa KOH-

Berrmja FPXX, guja he umitementanuja y agary Valgrind 6utn onucana y ryiaBu

4l

2.1 CISC n RISC

Juszajaepu xap/aBepa paJjie Ha IIPOHAJACKY HOBUX TEXHOJIOTHja W ajaTa Koju ou
UM OJIAKIIAJIN [10CA0 UMILIEMEHTAIje apXUTEKType KOja MOXKe JIa UCIIyHU CBa HbH-
XOBa OYeKMBamba. APXUTEKTypa Xap/Bepa MoxKe Ja Oy1e NMILJIeMeHTHpaHa Tako J1a
Oy1e i Xap/Bepckn crenndudHa min crennduaHa 3a copreep. AKO mocMaTpamo
XaJIpBep IpoIecopa, MOCTOje JIBa KOHIENTa 3a UMILIEMEHTAIU]y Xap/Bepa IIpolie-
copa, jeana je RISC (eur. Reduced Instruction Set Computer), apxurekrypa ca
poIecOpoM cMarbeHor ckymna napenou. pyra je CISC (enr. Complex Instruction
Set Computer), apXuTeKTypa ca IpPOIECOPOM CJIOXKEHOr cKyla nacTpyKiuja [10].

CISC apxurekypy IHpoliecopa KapakTepuiine Oorar cKyi uHCTpyKimja. OBaj
MIPUCTYII WMeIIEMEHTaIlje XapBepa MOKyIlaBa Ja CMambnd Opoj MHCTPYKIHja IO
[porpamy, »KPTBOBambeM Opoja MUKJIyca M0 UHCTPYKIuju. PadyHapu 3acHOBaHU Ha
CISC apxuTeKTypHu Cy JM3ajHUPAHM J& CMaibyjy TPOIIKOBE MEMOPHje 3a CKJIaIu-

IITekhe mporpaMa. BeJuKuM mporpamMuMma je moTpebHO MHOTO MeMOpHje, IuMe Ce
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Glavna memorija

CISC Arhitektura

Cmuka 2.1: CISC apxurektypa

nosehaBa TpoIIak MeMopuje U BeJIMKa MeMOpHja 1mocraje ckyisba. [la 6u ce permo
oBaj IpobsIeM, OPOj UHCTPYKIIHja 110 TPOrpaMy MOYKe OUTH CMAHEH YIDAJIFOM BUIIIE
oneparnuja y jeJiHy MHCTPYKIM]y, paselin rako komiuiekcuuje unerpykiuje [10].

RISC' apxumrekTypa KOPHCTH BHUCOKO ONTHMU30BaH CKyI WHCTPYKIHja. Ko
RISC apxurekType MOTHUB je oOpHYT y omHocy Ha CISC apxurekypy, cMamyje ce
Opoj nUKJIyca 10 UHCTPYKIIUjH 110 TIeHU Opoja MHCTPYKIH]ja 1o mporpamy. [Iporouna
obpasia (eHr. pipeline) je jemHa oJ jeJMHCTBEHUX OJiuKa apxurekType RISC, Koja
je TocTUrHyTa MpeKIallabeM U3BPIIaBambha HEKOJIMKO HHCTPYKIHja. 3000 IPOTOTHE
obpajsie RISC apxutekTypa nMa BeJIUKY IIPEJTHOCT y TepdopMaHcama y OJHOCY Ha
CISC apxurekrype [10].

2.2 MIPS

MIPS je RISC apxutekTypa Ipolecopa, poheHa y ILIOJHOM IEPUOLY aKaIeM-

CKHUX UCTpaKUBamha U pa3Boja, 0caMJIeceTux rojinHa nporunior Beka. MIPS mpojekar
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(Instrukcije) (Podaci)

Glavna memorija

RISC Arhitektura

Chauka 2.2: RISC apxurekrypa

je jemaH on MUOHUPCKEUX Ipojekara Ha Cramadopay, Ha KoM je paano [lon Xenecu
ca CBOJUM CTY/IEHTUMA.

PenaruBna jegnocraBHOCT je Omita KoMmepijaana HyKHOCT 3a MIPS mnponecope,
Koja ce 1985. roaune pa3Bmiia M3 aKaJeMCKOI IpOjeKTa 3a M3pajy W Iacupa Ha
TPXKUINTe dnrnoBa. Kao pesynrar, oBa apXuTeKTypa je mMasa (MOXKJa oIl yBeK
nma) HajBelin panr npoussohaua y ungycrpuju, npossojehu oq ASIC jesrapa (MIPS
Technologies) no Beoma jedrunux nporuecopa (IDT, AMD/Alchemy), yxbyayjyhu
u camo 64-6urne npornecope (PMC-Sierra, Toshiba, Broadcom).

[Iporecopu 3acHoBanu Ha MIPS ckyily WHCTPYKIIAja ce 9eCTO KOPUCTEe KO Ha-
MeHCKuX ypebaja u pyunux pauynapa (enr. handheld PC'). Mobuinu ypebaju, cer-
Tonl GOKCOBH, IMaMETHH TeJIeBU30pHU, 3a Koje ce decto Kopucrte MIPS mporecopn,
MOBJIaYe ca COOOM BeJMKHU OPOj allInKalldja Ca WHTEH3UBHUM H3PadyHABAEM Kao
IIITO Cy: IMPOIECUPaIbe CJIUKe U BHjea, HHTepaKija udMehy doBeka n KOMIIjyTepa,

aHaJIU3a IIoJaTaKa...
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2.3 Perncrpu y MIPS-y

Perucrpu npejcras/bajy Majly, Beoma Op3y MeMOPHjy, Koja je Jieo Ipolecopa.
MIPS mporecopu MOTY BPIIUTH OII€pAIlje CaMo HaJl CaJIpyKajiuMa Perucrapa u Crie-
[IMjaJHUIM KOHCTaHTaMa Koje Cy Jle0 MHCTPYKIIHJe.

Y apxurexktypu MIPS, nocroju 32 perucrapa ommre HameHe. Camo JBa peru-

cTapa ce TOHAIajy Jpyradnje o/ OCTAJINX PErucrapa:

$0 - VBek Bpaha nymy, 6e3 063upa Koja My ce€ BPEIHOCT JIOJIEIN

$31 - VYBek ce KOpHUCTH 3a aJpecy NoBpaTKa u3 (GpyHKIMje Ha KOjy Ce CKOYM HH-

CTpyKIHjoM jal

CBHu OBH perucTpu ce MOry KOPHUCTUTH 3a OWJIO KOjy MHCTPYKIH]y (MOXkKe ce dak
kopuctuTH 1 perucrap $0 Kao mecruHamja, Maja ie pesysarar Jia HeCTaHe).

Peructpu omnimre Hamene cy onucaHn y HACTaBKY:
at - PesepBucan 3a 1ceyJonHCTPYKIIHje KOje aceMOjiep reHepuiie

v0, v1 - Kopucre ce 3a Bpahame pesysirara Ipu MoBpaTky u3 Heke dynknuje. Pe-

3yJITAT MOYKEe OUTH IeJIOOPOJHOT THITa UK OPOj 3aliucal y (PUKCHOM 3ape3y.

a0 - a3 - Kopucre ce 3a npociehuBame pBa deTupu apryMenTa (pyHKIIje Koja ce

TTO3UBA.
t0 - t9 - Kopucre ce Kao npuBpeMeHN PEruCTPH.

s0 - s7 - Cajapxkaj OBUX permcrapa MOpa OCTATH HEIIPOMEeH HAKOH M3BPIIaBabha
cBake (pyHKIHje, IMTO ce IOCTHKE IMPUBPEMEHUM UYYyBAHEM OBUX pPerucrapa
HA CTEKY YKOJIUKO C€ FbUXOBA BPEJIHOCT Meiba y TOKY (yHKIMje u Bpahamem
HakoH 3aBpierka dyukimje. OBO cy perucTpu Koje dyBa 1mo3BaHa (GyHKIHTja

(enr. calee saved registers).

kO, k1 - PesepBucano 3a cucreMm IpeKHia, KOju HAKOH Kopuiihema He Bpaha ca-
JIpzKaj oBUX perucrapa Ha moderHu. CucTeM NpeKuja MPBO cadyBa cajprKaje
perucrapa OIIITe HaMeHe, KOjU Cy BaXKHU 3a IPOrPaM KOji Ce Y TOM TPEHYTKY
U3BPIIABAO, U YUjU CAJIPKAj ILUIAHUPA Jla Mema. ¥ Te CBPXe ce KOPUCTE OBU

perucTpu.
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gp - Kopucru ce y pasmumunre cBpxe. Y KOy KOjU He 3aBHCH OJ MO3WIMje (€HT.
Position Independent Code ckpaheno PIC), perucrap $gp mokasyje Ha Ta-
6esty nokasusaua, nosuary kao GOT (ckpaheno ox enr. Global Offset Table),
IIPEKO Koje MPHUCTYIa JeoBuMa Koja u nojainuma. PIC je KO Koju ce MO¥Ke
U3BPIIABATU HA OMJIO KOjOj MEMOPHjCKOj ajpecu, 0e3 moaundurarnmja. PIC
ce Hajuerthe KOPUCTHU 3a Jie/beHe OuUOJIMOTEKe, MPU YeMy Ce 3ajeTHUIKU KO
Oub/IMOTEKe MOXKe yIUTaTH y ojroBapajyhe Jiokaluje ajJpecHux IMpocTopa pa-
3JIMYUTUX IIporpaMa KOjU je KOPHUCTe.
VY peryiapHOM KOy KOjU 3aBHCH OJI IO3UIIMje, Perucrap $gp ce KOPUCTH Kao
[IOKa3MBa4Y Ha CPEJIMHY y CTaTUYKO] MeMopuju. 1o 3Ha4m Jla ce mojarumMa
Koju ce Hasaze 32 KB seBo mim jrecHO 01 ajipece Koja ce HaJIa3W Y OBOM pe-
TUCTPY MOXKe IPUCTYIUTHU ITOMONY jejiHe MHCTPYKIuje. Jlakie, mHCTpyKIHje
load u store Koje ce KOpUCTe 3a yUUTaBambe, OJJHOCHO CKJIQ/IUINTEHhe T0JaTaKa,
ce MOT'Y U3BPIIUTHU y CaMo JeJIHOj WHCTPYKIjU, & He Y JIBe Kao IITO je mHade
ciaydaj. Y IpakKch ce Ha OBe JIOKaIldje CMeITajy r100aHu odallid KOju He 3a-
y3umajy MHOTO Memopuje. OHO MITO je OUTHO je Ja OBaj Perucrap He KOPUCTE

CBHU CHUCTEeMU 3a KOMHI/IIIaIJ;I/ij 1 CBa OKPY2Ke€ba 3a U3BpIIaBalbe.

sp - llokasuBaa Ha crek. OHO mTO je OUTHO je Ja creKk pacte HaHmke. l[loTpebme
cy crenujajHe MHCTPYKIMje ja Ou ce IMoKa3uBad Ha CTEK IoBehao M cMambuo,
tako ja MIPS axypupa cTek caMo IpHU IO3WBY U IOBPATKy u3 (yKIyje,
Ipu 4YeMy je 3a TO OJI'OBOpHa (pyHKIHMja Koja je mo3Bana. Perucrap sp ce
npu yjaacky y yHKIHUjy mpujaarohaBa Ha HajHUXKY TadKy Ha CTEKY KOjoj he
ce npucrynatu y ¢ysknuju. Tako je omoryheHo ja KOMINJIATOP MOXKE Jia
MPUCTYIIN TTOMEH/bUBaMa Ha CTEKY ITOMONY KOHCTAHTHOI IIOMEPaja y OJHOCY

Ha $sp.

fp - ITosnar u kao $sp, nokasuBad Ha crek okBup. Kopucru ce o crpane dpyHKImje,
3a rpaheme crama Ha CTEKY, 3a CJIydaj /ia U3 HEKOI' pa3Jiora KOMIIMIATOD HJIN
nporpaMep He MOTY Jia U3padyHajy mmomepaj y ogHocy Ha $sp. To ce moxe
JIOTOJUTH YKOJIMKO IIPOr'PaM BPIINU HMPOIINPEHE CTEKA, IIPU Y€MY Ce BPETHOCT
poIperha padyHa y TOKY U3BpIIaBama. AKO ce JIHO CTeKa He MOXKe M3pa-
YyHATN y TOKY IIpeBolera, He MOXKe ce IPUCTYINUTH ITPOMEH/bUBaMa MOMOhy
$sp, na ce Ha noueTKy GpyHKIMje $fp MHUIM]AIU3Yje HA KOHCTAHTHY TIO3UIH]Y

Koja ojroBapa crek okBupy dyHKImje. OBo je JoKaaHO 3a (DYHKIIN]Y.

ra - OBo je mojpa3ymMeBaHu pPerucrap 3a CMeIlTarmbe ajpece MOBpaTKa U TO je Io-

7
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JIp’KaHo Kpo3 ojaroapajyhe mucrpykimje ckoka. OBo ce pa3inkyje oJ KOHBe-
IMje Koja ce KOPUCTU Ha apXUTeTKypu X806, T/ie MHCTPYKIUja 1MO3uBa (DyHK-
1uje aJipecy noBparka cMmerita Ha crek. llpu yrnacky y dbyHKIujy perucrap
ra OOMYIHO CaJIpyKU aJIpecy MoBpaTKa (pyHKIHje, TaAKO Ja ce PYHKIHje yriiaB-
HOM 3aBpIIaBajy MHCTPYKIMOM jr $ra, aau y NPUHIMILY, MOKE C€ KOPUCTUTH
U HEKU JIPYru perucrap. 300r HEKUX ONTUMU3AINMja KOje BPIIU IIPOIECOD,
npenopyuyje ce kopuiheme perucrapa $ra. PyHKIMje Koje MO3UBAjy Jpyre

dbyHKImMje Mopajy cadyBaTu cajprkaj perucrapa $ra.

2.4 Perucrtpu 3a paza ca 6pojeBuUMa y MOKPETHOM
3ape3sy y MIPS-y

Crangaps IEEE 754 je cranmaps Koju mporucyje HadrHe 3alica U HHTepIpeTa-
nuje 6pojeBa y mokpeTHOM 3ape3y. Apxurektypa MIPS kopuctu asa dpopmara FP
(ckp. Floating Point) npenopydena oj crpane IEEE 754:

e Jednocmpyra npeyusrnocm (enr. Single precision) - Kopucru ce 32 6ura 3a
qyBambe y Memopuju. MIPS KOMIUIATOpU KOPUCTE jeTHOCTPYKY IPEIU3HOCT

3a poMensbuBe Tuna float

o Jlsocmpyka npeyusnocm (enr. Double precision) - Kopuctu ce 64 Gura 3a
qyBambe y MemMopuju. (' KOMIMIATOPH KOPUCTE JIBOCTPYKY mperu3HocT 3a C

double Tumnose momaraka.

Hauun na koju ce 64-OutHa ped cMerra y MEMOPU]Y, OJTHOCHO JIBe PEYU OJI KOjuX
ce OH CACTOjW, 3aBUCH OJ] HAYMHA Ha KOjU MPOIECOp CMeIITa mojaTke y MeMopujy (
HIZKI OUT Ha HUKO] ajpecu (eHr. little endian) wiaw Buim OGUT HA HUXKO] aIpecu
(enr. big endian)).

Crannapn IEEE 754 je Beoma 3axTeBaH U IIOCTABHO je JiBa BEJUKA IMPOOIEMA.
[IpBu mpobsieMm jecte omoryhaBaibe JgeTeKIje HEyOOMYajHUX pe3yJiTara, Kao MITo Cy
BPEJ/IHOCTHU KOje Cy IIPEBUIIE BeJIMKe Jia OU MOIJIe jia ¢e IPUKAXKY, BPEJIHOCTU KOje CY
[IPEBHUIIE MaJie Jia IbUXOBa PElpe3eHTalllja ocTaje TPo0IeMaTuIHa U BPETHOCTU
Kao IITO je KopeH Opoja munyc jemnan. [locroju onmuja ma ce umiuiementupa [EEE
MeXaHW3aM CUTHAJIU3Uparba U3y3eTaka, aji je MpodJeM Jia ce JIETEKTY]Y CIydajeBu

KaJla Xap/Bep He MOKe Jla IPOU3BeJie UCIIPaBaH pe3yJiTaT u norpebna My je momoh.
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Kana ce IEEE usyserak gecu tpebajo 6m 0O6€BeCTUTH U KOPHCHHKA, OBO OU
Tpebajo OUTU CHMHXPOHO; HAKOH 3ayCTaB/baiba cTaibe [P perucrapa je mCTo Kao u
[Ipe MOovYeTKa U3BPIIaBaba MHCTPYKIHje Koja je JoBeJia JI0 U3y3eTKa.

Y apxurekrypu MIPS, XapaBepcka 3aycTaB/babha Cy WMILIEMEHTHpaHa Ha Ha-
quH Koju je onmcan. OBo 3ampaBo orpaHmvaBa Moryhaoctu mporodne obpajse FP
oriepalja, jep ce He MOXKe M3BPIIUTHU cjejeha MHCTPYKIUje CBe JIOK Xap/Bep Huje
curypat Jia ciejgeha FP onepaliuja Hehe Mpou3BecTr 3aycTaBibabe. 3apa,i nsdera-
Balba JI0/laBalba BpeMeHa 3a U3BpInaBaibe, F'P oneparyje MOpajy Ja ojjiyde ja Jin
he mohm 1o 3aycraBibarma y IpBOj dasu.

MIPS uporniecopu umajy TpujeceT u jsa F'P perucrapa, Koju cy oOUIHO obeJie-
xeuu 3f0 - §f31. Ca u3y3eTKOM HEKHX jaKO CTapux Iporecopa Kao mro je MIPS I,
cBaKHU peructap je 64-6uTHU U MOXKe JIa CaJIPZKKU BPEJTHOCT JIBOCTPYKE IPEIU3HOCTH.

[IpBu MIPS mporiecop je umao IecHaeCT perucrapa. 3anpaBo, MOCTajaJIo je TPu-
Jlecer u jiBa 32-OUTHUX perucrapa, aau 0J] CBAKOT Mapa HapHO/HeMapHUX Perucrapa
HAIIpaBJbEHA je jeJIMHMIA 38 MaTeMaTudKe ornepaluje (yK/bydyjyhu u MaTeMaTnake
orepalije 3a JBOCTPYKY HpenusHocT). HemapHu permcrpu ce Kopucre 3a orepa-
Iuje yduTaBarmba, dyBaiba U IpeMeliTamba usMmely FP perucrapa m perucrapa 3a
11eJI00pOjHE BPEIHOCTH.

MIPS I je uzbauen us ymnorpebde, ajgu KacHHUje Bep3Uje IPOIecopa MMajy TaKo-
3BaHM ,,0uT KoMuatubmiHoct” y peructpy SR(FR). Ykoinko ce y oBaj perucrap
[IOCTaBU BPEIHOCT HyJa J00mjajy ce omeparmje 3a mporecop MIPS I. Jomr yBexk je
y yrnorpebu BeJiMKa KOJU4YnHa copTBEpPa KOju pajie Ha oBaj HaumH. /la Ou mporpam
Morao jia Kopuctu FP perucrpe Mopa Jia MOCTOjU MOJIPIITKA KOMINJIATOPA, Kao U
Jla TIe0 CUCTEM Ha KOM KeJTUMO Jia [IOKPEeHeMO IporpaM OyJie y KOH3UCTEHTHOCTH Ca
koputnthemeM F'P perucrapa.

MIPS FP peructpu ce Takohe KOPHCTE 3a UyBalbe U YIIPaB/balbe O3HAUCHHX
1e106pojunx Bpeanoctu (32-6urHux u 64-6utHux). TauHuje, Kaja y mMporpamy Io-
CTOju KOHBep3Uja 13 IeJI00pOojHe BPEIHOCTU y OpojeBe ca IMOKPEeTHUM 3ape30M, CBe
Te olepalje Koupepauje kopucrte camo FP perucrpe - 1eobpojua spegaoct y FP

PErucTpy je KOHBEpTOBaHA y BPEIHOCT y MOKpeHToM 3apesy y FP perucrpy [13].

2.5 KonaBenmunja FPXX

MIPS 032 ABI je 32-6utHu CKyll UHCTPYKIINja 1 IpaBujia 3a apxutekrypy MIPS
nporecopa. Koupennuja FPXX je momarak MIPS 032 ABI ckyny npaBuja u jie-
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dunUIIEe yeaoBe Koje Tpeba Jia 33 0BOJHU MAITUHCKH TTPOTPaM KaKo OU ce KOPEKTHO
U3BpIIIaBao HE3aBUCHO O] peKUMa y KOMe pa/ii jeJIMHUIIA 3a ollepaliije ca OpojeBuma
y mokperHoM 3ape3y. l[Iporpamckn K6 KOju TOIITYyje OBy KOHBEHIIHjY HPAKTUIHO
KOPHUCTHU TIOJCKYIl MHCTPYKIMja Koje Cy 3ajeJHUuYKe 3a 00a peKrMa W Kao TaKaB
HUje ONTHUMAJIAaH, A/l je TOroJaH 38 KOMOMHOBAME Ca KOJIOM IPEBEJIMHNM 3a OUJI0
KOjU PEXKUM paJjia y mokpeTHoMm 3ape3y. Urneja je ma je/bene OubmMoTeke U KOpU-
CHUYKHM IIporpaMu Koju Tpeba Jia Oy/y rnmoprabuiHu, Oy/y NPeBeJIeHN Y CKJIAILY ca
KoHBeHIjoM FPXX.

MIPS ABI je memaH TOKOM BpeMeHa KakKo ce MembaJja apxuTekypa. lIpomene
KOje Cy HacTajie y apXuTeKTypH 3axTeBajie cy Ja ce npeuctuta cramwe 032 ABI n
IIPOTIEHN Jla JTK TTocToju MoryhHocT ja ce Hanpasu A Bl koju 6u 610 KoMmaTnOuIaHn
ca TaJIallbuM U CBUM OyayhuM ynanpehusamuma apxurekype. 1pu ryiaBHa pasJjora
3a npommpuBame 032 ABI-ja cy 6mwia yeohemwe MSA ASE (MSA je npoumuperse
apxutrektype MIPS momynom SIMD, noBe unctpykimje omoryhasajy edpukacHo ma-
paJieJTHO U3BpIIaBame BeKTOpcKux omeparmja [12]), xKeba 1a ce MCKOPUCTH PezKUM
FR=1 jenunutie 3a paji y mokpeTHoM 3ape3y u MIPS32r6 apxutekTypa Koja mojIp-

Kaga camo pexkum FR=1 [§].

Pexxum FR=0 (FP32) onucyje FPU ca tpujecer u jiBa 32-6urha perucrpa. OBu
perucrpu cy nymepucanu ox $f0 jgo $f31. IlapoBu napuux um HemapHux peru-
cTapa ce Kopucre 3a jgobujeme 64-0uTHIX KOHTejHepa u HyMepucanu cy o $f0
1o $£30. Ha Taj naunn gobujamo 16 permcrapa jep KOPUCTHMO CAMO PETUCTPE
ca IapHUM HMHJIEKCOM, Tj. perucrpe Koje mmvenyjemo $f0, $f2, $f4 ... u $£30.

Omneparyje TBOCTPYKe MPEIM3HOCTH HE CMEjy Jla KOPUCTe HellapHe PerucTpe.

Pexxum FR=1 (FP64) onucyje FPU koju uma tpujecer u jsa 64-6utHa peru-
crpa. OBu perucrpu cy mymepucanu oj $f0 mo $f31 u cBaku o WBUX ce MoxKe
KOPHUCTUTHU U 3& BPEIHOCTHU jeJIHOCTPYKE U JIBOCTPYKe Ipernu3nocTu. Kaja ce
KOPHUCTE 3a Ollepaliije ca jeJITHOCTPYKOM IPEIU3HOIINY BUIIX 32-6uta mocraje

HetebnHICAHO.

Pexxum FRE=1 je yBenen ca mporecopom MIPS32r5. OBaj pexum ce KOPUCTH y
KOHjyHKIUjU ca pexxumom FR=1, FPU uma tpujecer u jisa 64-OutHa peru-
cTpa, ajIu je MoHallame ojapeheHnx nHCTpyKInja Kao y pexxumy FR=(0. Ore-
paruje ca 64-6uTHUM WM MUPUM (popMaTUMa ce U3BPINABAjy HA UCTU HATHH
Kao Jla ce u3BpIiasajy y pexxkumy FR=1, anu 32-6uthnu opMaTi uMajy moHa-

mame Kao y pexkumy FR=0. Ilocebna kapakrepuctuka pexxkuma FRE jecte
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Tabema 2.1: Omnrmuje 3a nmpeBoherme mporpaMa

‘ Ormmmje ‘ SHaueme

-mfp32 | [enepuriie ce K61 Koju IpeTIIOCTaB/ba 18 he pajJuTi camMo
na FP=0 FPU nponecopy

-mfpxx | ['enepuriie ce KO KOju MOXKe J[a Ce TIOBEXKe ca, KOJIOM KOju
je mpesesen ca omnrujom -mfp32 mim -mfp64 u moxke 12
ce nokpene Ha FP=0 unmu FP=1 FPU nponecopy
-mfp64 | I'enepuiiie ce KO1 KOju IPeTIIOCTaB/ba J1a he pajuTi camMo
na FP=1 FPU nponecopy

PYKOBamhe perucrapa ca npernusHomniny o 32-6uTta M MOHaIIame MoceOHO ca
HerapuuM peructpuma. Jla 6u ce pexxum FP32 u3BpiiraBao KOPEKTHO KaJla ce
KOPHCTEe HENIApHU PErUCTPU MOPa Jla Ce ayKypupa BUIIU 32-OUTHU JIe0 ITapHOT
64-OuTHOr peructpa, Takohe axkypuparme HapHux 64-OMTHUX permcrapa muMa
3a MOCJIEIUILY aXKypHUpammhe HellapHux 32-0uTHux peructapa. Pexxum FRE oBo
JIOCTUZKe TaKO IITO IpeyCcMepaBa UNTarmke U IHUCAE Ca HEMapHUX permcrapa

Ha TOpHUX 32-0UTa MAPHUX PErucrapa.

[Ipee Bep3uje MIPS-a cy nogpxkaBaJie caMo 32-OUTHHU KOIIPOIECOP, 0K KO OCTa~
JIUX Bep3uja Komporecop Moxke outn u 32-6utau n 64-6utau. Ilpuimkom nucama
IporpamMa Imporpamep, 0JIHOCHO KOMIIUJIATOPU KOjU ce KOPUCTE MOPajy Ja Oy1y cBe-
CHU y KOM peXuMy he ce M3BpIIaBaTh MPOrpaM W y CKJIJLY ca THM Jia Oupajy
uHCTpyKInje Koje he ce kopucruru. Jlosare cy HOBe oIIuje IPUIUKOM IIpeBOheba
porpama 3a 0Jabup jeJHOr OJ[ TPU peXkuMa, IIpuKasaHux y tabesn [2.1]

[Tapastenino ca yBohemem kouBennuje FPXX ysenena je u .MIPS.abiflags cek-
nja objekTHOr dajira. OBa ceKimja caap:Ku CTPYKTYPY HOJaTaKa Koja IIPeICTaB/ba
cymruHcke nHdopmarmje Koje omoryhasajy ompehuBame, uzmely octajor u, pe-
JKuMa y KoM mporpam paau. Y rtabesn [2.2] y kononu Ommpje cy mpejcraBibene
oTIIHje ca KOjuMa ce MPEeBOJIM IporpaM, 10K y koyioau FP_ABI cy BpegHocTH KOje
ce TOM IPWJINKOM ynucyjy y ogrosapajyhe nosse . MIPS.abiflags ceknuje objekTHOT
dajna. Ilpuaukom ojyrydymBama y KOM DEXXHUMY he pajuTl MporpaM, je3rpo 4muTa
Bpennoct FP_ABI u3 caMor mporpamMa Kao U W3 WHTEPIpeTepa YKOJIUKO Ce PaJin
0 JMHAMUYKHU IpeBejieHOM mporpamy. Ha ocHoBy Te jiBe BpemHOCTH Ce y je3rpy
oyIyayje y KoM pexkumy he nporpam pajgutu. Ha mpumep, ako je mporpam mpe-
BejsieH ca onmnujama -mabi=32 -mfp32 (FP_ABI = 1), a unrepnperep ca ommumjama
-mabi=32 -mfpxx (FP_ABI = 5) uporec he 3anodern pajy pexxumy FR = 0. Ako
je mporpam mpesejier ca ommujama -mabi=32 -mfpxx -modd-spreg (FP_ABI = 6),

11
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Tabemna 2.2: Omrmuje 3a nmpeBoherme mporpaMa n BpeaHocTu npomensbuse FP ABI
Omrmje ‘ FP_ABI ‘

-mabi=32 -mfp32
-mabi=64 -mfp64
-msingle-float
-msoft-float
-mabi=32 -mfpxx
-mabi=32 -mfp64 -modd-spreg
-mabi=32 -mfp64 -mno-odd-spreg

O Ul W N~

a uHTeprperep ca ommujama -mabi=32 -mfpxx (FP_ABI = 5) nponec he 3anodern
pan y pexumy FR = 1.

Nucrpyknuja mtcl xkonupa Bpeanoct uz GP peructpa y FP perucrap, tadnuje
HIKuX 32-6uta m3 GP perucrtpa npernucyje y Hmkux 32-éuta FP perucrpa. WNn-
crpykimja mfel konupa Bpeaaoct u3 FPy GP perucrap [I1]. Mucrpykimje mtcl u
mfcl ce He cMejy KOPUCTUTH 3a IIPUCTYTIALE BHUIIIET JIe1a PErucTapa JBOCTPYKE Ipe-
[IU3HOCTH. YKOJIMKO je TOTPeOHO OBe MHCTPYKIIUje Ce MOI'Y KOPUCTUTHU 3a MPUCTYII
HUKEM JIeJIy Peructpa JBocTpyke npermsnoctr. Cpaku npeHoc 64-OuTHuX 1moja-
taka m3meh)y GP u FP perucrapa ABOCTPYKe IPEIU3HOCTH MOPa Ce€ PAJIUTH KPO3
MeMopHjy. ApxuTekType Koje nojapxkaajy uncrpykuuje MTHC1/MFHC1 mory on-
TUMaJIHIje TPUCTYIIUTH BUIIEM JIey perucrapa Jsocrpyke mpermsaoctu [§]. Wa-
crpykimja MTHC1 xonmpa cajgp:xkaj n3 GP perucrpa y ropwmux 32-6uta FP pe-
ructpa, ok wacrpykiuja MEFHCT konupa ropmwux 32-6urta uz FP perucrpay GP
perucrap [11].

Cucremcku 103uB pretl() ce mosmBa ca TPBUM apryMEHTOM KOjU TOBODH IITA
Tpeba Jla ce paJin, JIOK OCTAJM 3aBUCE YMHOTOMe OJ1 pBor aprymenTa. Oj1 Bepauje
jesrpa 4.1 cucremckom nosuBy pretl() pojare cy JBe HOBe OIIUje KOJUMA Ce MOXKe
o/ipenTH u mpoMeHuTH TpenyTHH pexkuM FPU perucrapa. Ommmjom PR GET  FP-
_ MODE pretl() cucremcku nosus Ham Bpaha pexxum, 1ok ca ommujom PR SET FP-
_ MODE wmoxemo Jia MemaMoO TPEHYTHH pexkuM paja. Prctl() cucremcku mo3ns
MOZKe JIa KOHTPOJIHIIE TPEHYTHU PETUCTAPCKH PEYKUM - PEYKUM Ce MOKe IMOTJIEJIATH
U HOBHU DEXKHUM MOXKe OUTH moctaBibeH. Pretl() cucreMcKu mo3uB MOXKE Ja IIPOMEHH

PEXKUM CBUX HUTHU KOje Cy Y TOM TpeHyTKy akTusHe [J].
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I's1aBa 3

Agar Valgrind

Valgrind je minardopMma 3a mnpaBibeibe ajara 3a JUHAMUYIKY OMHApPHY aHaJInu3y
Koja. Jmnammaka anaan3a oOyxBaTa aHAIN3Y KOPUCHUIKOL IPOrpaMa y HU3BPIIa-
Baby, JIOK OMHApHA aHAIN3a 00yXBaTa aHAIN3Yy Ha HUBOY MAITHHCKOT KOJIA, CHUMJbe-
HOI WJIM Kao 06jeKTHU KOJI (HermoBesaH) win Kao usBpuran KO (mosesan). [locroje
Valgrind anatm Koju MOTYy ayTOMATCKHU Ja JIETEKTYjy MpobJjieMe ca MEMOPUjOM U
nporecnma. Amar Valgrind ce moyke KOPUCTHTH W KaO ajaT 3a MPaB/bEHe HOBUX
anara. Valgrind mucrpudbynuja TpeHyTHO Opoju ciaejehe ajaTe: IeTEKTOP MEMOPH]-
ckux rpemaka (Memcheck), nerexrop rpemiaka uuru (Helgrind u DRD), ontuvusa-
Top ket MeMopuje u ckokoBa (Cachegrind), rerepaTop rpada CKpuBeHe MeMOpH]je
u upejukimje ckoka (Callgrind) u onrumuszarop kopuiihema JUHAMIYKE MEMODH]je

(Massif). Valgrind pamn na ciaegehum apxurekrypama:

Linux - 286, AMD64, ARM, ARM64, PPC32, PPC64, S390X, MIPS32, MIPS64
Solaris - 286, AMDG6/,

Android - ARM, ARM64,286 (4.0 u nHosuje), MIPS32

Darwin - 286, AMD6/(Mac OS X 10.12)

Y HapeHUM TOTIaB/buMa 6uhe jgeTa/pHO onmcana CTpyKTypa Valgrind-a u mbe-
rOBUX aJjaTa, Kao ¥ HAIWH yroTpebe ca mpuMepuMa MpobieMa ca KOjuMa ce Mpo-
rpamepu cBakojiHeBHO cycpehy. VY mnoryiaBiby ouhe onmcan anar Memcheck, y
[IOT/IABJBY he 6utu Bume peun o anaty Cachegrind, y norjaaBsby Cy olmcaHu
asatu Helgrind m DRD, y nornaBiby orucad je anar Callgrind, y nornasiby

6uhe peun o amary Massif.
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3.1 O Valgrind-u

AnaT 3a IMHAMUYKY aHAJIM3Y KOJa Ce Kpempa Kao JOJaTak, IMHCAH y IporpaM-

ckoM jesuky C, Ha jesrpo Valgrind-a.
Jesepo Valgrind-a + asam xoju ce dodaje = Anram Valgrind-a

Jearpo Valgrind-a omoryhasa m3BpIaBame KJIUjeHTCKOT IIporpaMa, Kao U CHH-
Marbe U3BEITaja KOji Cy HACTAIU IMPUJIMKOM aHAJM3e CAMOT IIPOTPaMA.

Anaru Valgrind-a kopucre meToty 60jerba BpegHocTu. OHE 3aIpaBo CBaKW Peru-
crap U MEMOPHjCKY BPEIHOCT ,,00je” (3aMemyjy) ca BpejaHolnlly Koja TOBOPU HEITO
JIOJIATHO O OPUTHHAJIHO] BPEIHOCTH.

Csu Valgrind anatu pajie Ha UCTOj OCHOBU, HAKO HHMOPMAIIHIje KOje ¢e eMUTY]Y
Bapupajy. Mudopmalinje Koje ce eMUTYjy MOT'Y ce HCKOPUCTHUTHU 3a OTKJ/Iabhaibe I'Pe-
IMaKa, ONTHMHU3AIIN]y KOJ/Ia WIN OUJI0 KOjy JAPYTY CBPXY 3a KOjy je ajaT Jnu3ajHIpPaH.

Craku Valgrind-oB anat je craTuvku 1moBe3aHa U3BPIIMHA JATOTEKA KOja CapKN
KOJT aslata u KOJ, je3rpa. V3spiina garoreka valgrind mpejicraBiba IporpamMm oOMOTaY
KOju Ha OCHOBY --tool oruje 6upa anat Koju Tpeda nmokpenyTu. M3Bpina jraToreka
ajlaTa CTATHIKHU je JIMHKOBaHA TAKO Jla Ce yUINTaBa IMOYEB O HEKE aJipece Koja je
O00UYHO JIOCTa M3HAJ aJIPECHOT IIPOCTOPA KOjU KOPUCTE KJIACUIaH KOPUCHUYKH MPO-
rpam (na 86 /Linux uw MIPS /Linux xopuctu ce aapeca 0x38000000). Valgrind-
OBO j€3rpo MIPBO MHUIIHjAJIA3Yj€ TIOJICUCTEM Kao IIITO Cy MEeHalep aJpecHor MpocTopa,
U IHEroB YHYTPAIIbU aJOKATOP MEMODPHje U 3aTUM yIUTABA KJIUJEHTOBY W3BPIIHY
naroreky. [lorom ce manmujamusyjy Valgrind-osu nogcucremMu Kao IITO Cy TPaHCIa-
nuona tabesia, armapaT 3a 00paJLy CUTHaJja, pacrnopehuBad HUTH U yIUTABA]y CE WH-
dopmarmje 3a gedbaroBame KiIHjeHTa, YKOJIUKO mocroje. O Tor TpenyTka Valgrind
UMa TIOTIIYHY KOHTPOJIy U TOYHIbe ca MPeBolerheM U M3BPIIaBAmEM KJIUjEHTCKOT
nporpama. Moxke ce pehu na Valgrind spmm JIT (Just In Time) npeBoheme ma-
IMITHCKOT KO/JIa ITporpaMa y MAITUHCKHM KO/I IporpaMa J0IYyHeH NHCTPYMEHTAIIA]OM.
Hujeman meo koja K/njeHTa ce He M3BPIIABa Yy CBOM M3BOPHOM 00OJMKYy. Ajar y
opurnHaJaHU KO1 yMehe omnepariyje y CBpXy WHCTPYMeHTAInje, 3aTUM ce TaKaB KOJT
npesoqu. [Ipesobheme ce Bpimm guHamMu4ku, npesoherme 6/10ka 1mo morpedbu. [Iporec
1peBohema ce CacToju U3 palriIabiBaba OPUTMHAIHOT MAITUHCKOT KOJa Y OJIN0Ba-
pajyhy mehypenpesenrarujy (enrit. intermediate representation, ckpaheno IR) koju
ce KaCHIje NHCTPYMEHTaInu3yje ca ajJaToM U ITOHOBO IIPEBOJIN Y HOBU MAITMHCKN KOJI.

Pesynrar cBera oBora ce Ha3MBa TpaHCIallja, KOja ce 1yBa y MEMOPHjU U KOja ce

MU3BPIIaBa 10 HoTpedr. Je3rpo TPOoIu HajBUIle BpeMaHa Ha caM IIPOIEeC IpaB/beiba,
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IIpoHAaIazKemha 1 M3BpIIaBama Tpancaanuje. OpurmHaa nu KO ce HUKaIa He U3BP-
masa. JeguHu 1mpobJieM KOju ce OBJie MOKe JIOTOJIUTH je aKO Ce BPIIMU TPaHCJIAIN]ja
KOJIa KOjU ce MeHha TOKOM HM3BpIlIaBarmha IIPOTrpPaMa.

[TocToje MHOTE KOMILTUKAIIAje KOje HACTajy MPUJIMKOM CMEIITarmba JBa IIporpama
y jema mporiec (KJIMjeHTCKH mporpaMm u mporpam aJjara). MHoru pecypcu ce jese
u3Mehy oBa JBa mporpama, Kao IITO Cy PErucTpu Wian Memopwuja. Takobhe, amar
Valgrind-a ne cMe J1a ce oJpeKHe TOTaJHe KOHTPOJIE Ha i U3BPIITABAHEM KJIMjeHTCKOT

IporpamMa IIpuJanKOM HU3BpIlIaBaiba CUCTEMCKUX IIO3UBa, CUT'HaJla U HUTH.

OcHoBHU OJIOK

Valgrind nenm opurunajnu KOJ1 y CeKBeHIle KOje ce HAa3MBajy OCHOBHU OJIOKOBH.
OcHoBHHI OJIOK je NMPaBOJMHUjCKA CEKBEHIIA MAITUHCKOT KOJa, Ha YUji Ce MMoYeTaK
cKade, a KOja ce 3aBpIliaBa ca CKOKOM, MO3UBOM (DYHKIIH]je UJIU TOBPATKOM Y (PYHK-
nujy mosuBaona. CBaku KO Iporpama KOju Ce aHaIM3upa MOHOBO Ce IPEBOJIA Ha
3aXTeB, MOjeIMHAYHO IO OCHOBHIM OJIOKOBHMa, HETIOCPETHO IIPe CaMOT N3BPIIaBabha
camor 6j10ka. AKO y3MeMo Jia Cy OCHOBHU OJIOKOBU KJjIHjeHTCKOr Kojia BB1, BB2, ...
OHJIa IIPEBeJIeHe OCHOBHE OJI0KOBe obesexkaBamo ca t(BB1), t(BB2), ... Bemaunna
OCHOBHOT 0JIOKa je OrpaHnYeHa Ha MAKCHMAJIHO IIIececeT MAITMHCKIX HHCTPYKIH]a.
Ha miporiecopuma MIPS, nHCTpyKIHje CKOKa U TPaHakha MMa]y TAKO3BAHO ,,0//I0YKEHO
uzBpmaBame”’. To 3Ha4YM J1a ce TPUINKOM U3BPIaBarmba TUX UHCTPYKIUja U3BPIIaBa
U WHCTPYKIMja KOja Ce HaJla3d HEIOCPE/IHO M3a MHCTPYKIje T'paHamba WM CKOKA.
Y caydajy Ja je mocserba IecjaeceTa MHCTPYKIMja OCHOBHOT OJIOKa MHCTPYKITHja
rpanama, Valgrind yauraBa m MHCTPYKIM]Y KOja Ce HAJIA3U HEIOCPEIHO M3a Ibe,
OJIHOCHO IIEeC/IeCeT U MPBY MHCTPYKIWMjy. Tume ce omoryhaBa KOH3MCTEHTHO U3BP-
IMaBame MMporpaMa Koji ce aHaJIu3upa, Kao U y CIydajy Jia ce IporpaM M3BpIIaBa
6e3 mocpencTBa Valgrind-a. YKOJINKO HAKOH H3BPIIEHUX IMECAECCET HHCTPYKIIHja
Valgrind wuje Hammao Ha MHCTPYKIIN]y T'PaHamba, CEKBEHIa WHCTPYKIUja ce Jie/n

Ha JIBa WJIM BUIIE OCHOBHUX OJIOKOBA, KOJU Ce M3BPINABA]Y jeJIaH 3a JPYTUM.

CucreMcKH 1mMo3uUBHI

ITporpaMu KOMYHHUIIUPajy Ca ONEpATUBHUM CHCTEMOM IIOMONY CHCTEMCKHX IIO-
suBa (eHr. system calls), Tj. npeko onepanuja (byHKIMja) Koje peduHuIIe ONepa-

THUBHHN CUCTEM.
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CucreMcKE TIO3UBHU ce peajn3yjy moMohy cucrema mpekujia: KOPUCHUIKH ITPO-
rpaM IIOCTaB/ba MapaMeTpe CUCTEMCKOI IO3UBa Ha ojipehene memopujcke Jiokarumje
WX PErucTpe IMPOoIEecopa, MHUIUPA MPEKUJ, OINEPATUBHU CHUCTEM IPEY3UMa KOH-
TPOJTy, Y3UMa TapaMeTpe, U3BPIIaBa TpaxKeHe pPaJiibe, Pe3YyJITaT cTaB/ba Ha ojipehene
MEMOPHU]jCKe JIOKAIlje WK Y Peructpe u Bpaha KOHTPOJIY KOPUCHUIKOM MPOTPAMY.

Annmkanmja Koja ke Jla KOPUCTH HEKe OJI pecypca, Kao IITO Cy MeMOpHja,
IPOTIECOD WJIM YJIa3HO/m3ya3un ypehaju, KOMyHHIMpPaA ca je3rpoM ONPATUBHOL CHU-
crema Kopuctehn cucreMcke 1mo3use. Je3rpo onepaTuBHOr CUCTEMA JIEJIU BUPTYETHY
MEMOPHjy Ha KOPUCHUYKY MEMOPHUjy U cucTteMcky memopujy. Cucremcka memopuja
je onpehena 3a camo je3rpo OnepaTHBHOI CHCTEMA, HHeroBa IIPOIINpPerHha, Kao U 3a
yIpasbadke mporpame. KoprcHUYIKN TPOCTOP je Je0 MeMOpH]e Tie ce Hajla3e CBe KO-
PUCHUYKE allJInKaIlije MPUINKOM FhUXOBOT M3BPINaBarmka. KOpHCHUYKE alluKaiumje
MOTY Jia MPHCTYIIE YJIa3HO/u3aa3HuM ypehajuma, BUPTyaIHO] MEMOPHUjH, JTATOTE-
KaMa 1 JPYTUM PeCypPCUMa je3rpa ONepaTBUHOI CUCTeMa KOPUCTEeNN caMO CHCTEMCKe
nosuBe. Cucremcku 1mo3uBn 00e36el)yjy cupery n3mely mporpama Koju ce m3BpIiaBa
U OlEepaTBUHOT cucteMa. [eHepasiHo, pean3yjy ce Ha aceMOJEPCKOM je3UKy, ajiu
BUINK ITpOTrpacMKu je3ury, nomnyT jesuka C' u C++, Takohe omoryhasajy peaJinza-
IIAjy CHCTEMCKOT 1o3uBa. [Iporpam Koju ce m3BpIaBa MozKe IPOC/ICTUTH ITapaMeTpe
OIIPATUBHOM CHCTEMY Ha BUIIIE HadWHA, IIpocjehuBambe mapaMerapa y perucTpuma
poIecopa, MOCTAB/hAILEM MapaMeTapa y MeMOpPHjcKoj Tabesm. Ajpeca tabese ce
npocsellyje y perucTpy mporecopa, MoCTaB/bambeM IapaMerapa Ha BPX CTeKa (€HT.
push), Koje oleparBHU cUCTeM ,,cKuaa” (eHr. pop).

Cucremcku 1O3MBH ce U3BpIIaBajy 0e3 nocpejictBa Valgrind-a, 3aTo mTo jearpo
Valgrind-a we Moxe Jla IpaTH HUXOBO U3BPIIaBalbe Y CAMOM je3rpy OlEePaTUBHOT

CHUCTEMa.

Tpancaamuja

Y HacTaBKy cy omnmcanm Koparu koje Valgrind wm3BpimaBa TPUINKOM aHAJIN3e
nporpama. IlocToju ocam asa tpancmanuje. Cse dasze ocmM MHCTPYyMEHTAIIH]e

Kojy obaBiba asiat Valgrind-a, obasiba jesrpo Valgrind-a.

Huncacem6aupame - [Iporec npesohema MammHCKOr KoJa IporpamMa y eKBHBa-
JlenTHU acembyiepcku Koj. Valgrind Bpimu mpeBoherbe MaIlMHCKOT KOJa Mpo-
rpaMa y MHTepHH CKYII HHCTPYKIja Koja ce HasuBajy Mehyko/ (eHrit. intermediate

representation, ckp. IR). Mehykos npescraB/ba pejyKoBaHUn CKyI HHCTPYK-
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mja (ckp. enr. RISC). Y ooj dasu meljykon je npejcraBben crabaom. Osa

daza je 3aBuCHaA 0OJ] apXUTEKTypPe Ha KOjOj e M3BPIIABA.

Ontummzanuja 1 - Ilpsa dasza onrumuzanuje juneapusyje [R perpe3eHTaIn]y.
[Ipumersyjy ce Heke cTaHapjHe ONTUMU3AINjE MPOTPAMCKUX ITPEBOIIIAIA
Kao MITO Cy YKJIamalbe PEyIAHTHOI KOJa, €TMMHUHAIN]a [0/ In3pa3a, jeIHO-

CTaBHO OJMOTaBalb€ IICT/bU U CJI.

Nucrpymenramuja - Biok koja y IR penpesenranuju ce mpociehyje anary, Koju
MO2Ke TTPOU3BOJBHO Jla Ta Tpancdopmuie. [Ipuimkom nacTpyMenTanyje aaaT
y 3ajaTu OJI0K jo/iaje nojatHe [R onepaliije, KojuMa IIpoBepaBa UCIPABHOCT

paJjia 1porpama.

Ontummzanuja 2 - /pyra ¢aza ontumMusaryje je je/IHOCTaBHUja OJf IIPBE, YKJbY-
Uyje m3padyHaBame MaTeMaTHIKNX N3pa3a KOju ce MOy M3BPIINTH Ipe dase

n3BpHiaBaiba 1 YKJ/lalbalbe MPTBOI' KOJAA.

Narpaama crabia - JIuneapusosana IR perpeseHTalinja ce KOHBEPTYje HaTpar y

cTabJ10 pajin JaKIier n30opa HHCTPYKITHja.

Onabup nHcTpykmuja - Crabino [R penpesenTalyje ce KOHBepTYyje y JINCTY WH-
CTpyKIHja Koje Kopucte Bupryasne peructpe. Opa daza ce Takohe pa3iukyje

y 3aBHCHOCTH O/ apXUTETKype Ha KO0jOj ce U3BPIIaBa.

Asokarmja perucrapa - Bupryajanu peructpu ce 3amemyjy crBapHuM. [lo mo-
Tpebu ce yBojie npedanuBarma y Memopujy. He 3aBucu oy mmardopme, Kopuctu
no3uB (PYHKIMja KOje HajIa3e U3 KOjU Ce PErucrapa BPIIA YATAILE U Y KOje ce

BPIIU yIIUC.

Acembiiupame - l3abpane mHCTPYKIMje ce KOAMPAjy Ha ojrobBapajyhm HauuH U
cMerrTajy y 6,10k Mmemopuje. OBa dasza ce Takohe pasymkyje y 3aBUCHOCTH O

apXUTEKType Ha Koju ce m3piiasa [13].

3.2 Memcheck

Memopujcke rpemnike 49ecTo ce HajTexke JEeTEKTYjy, a caMUM THM U HajTexKe OT-

KJIamajy. Pazjior Tome je mTo ce TaKBU MPOOJIEMU UCIIO/baBajy HEJIeTEPMUHUCTUYKN
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U HHje UX JIAaKO penpojaykoBatu. Memcheck je anat Koju JeTeKTyje MEMOPHjCKe T'pe-
IITKe KOPUCHUYKOT mporpamMa. Kako He BpIM aHa/JMU3y U3BOPHOT KOja Beh MarimH-
ckor, Memcheck mma moryhHnocT anaJinze mporpamMa mucaHor y Oujio KoM je3uKy.

3a nporpame nmcane y jesunuma C u C++ jerexkryje yobudajue mpobiieme Kao
IIITO je MPUCTyTamke HEJOMYIITEHO] MEMOPHUjU, HAa TIPUMED YIUCHBae MoJlaTaka BaH
oricera XWIla U CTeKa U MPHUCTYIamke MeMOPHjU Koja je Beh ociiobohena. Asat gerek-
Tyje u Kopullheme BPeIHOCTH KOje HUCY WHUIUjaIu30BaHe U KOje Cy U3BeJIeHe O]
JIpYTUX HEMHUIN]AJIN30BaHNX BpeaHocTu. Hewcrpasho ociobaharme Xum memopuje,
Kao IITO je JyIuio ocjiobabhare Xuil OJIOKOBa WJIM HEyHapeHOr Kopuiihema (hyHK-
nuja malloc/new/new[] u free/delete/deletel[] je jour jeman o npobiema Koju
anatr Memcheck nerektyje. Kao u npekiaraime napaMerapa mpociaehenunx gpyHKIm-
jama (HOp. mpekJaname src 1 dst mokasmpada Koj QYHKIUje memcpy) U Iypere
MeMOopHuje.

[Iymrame mpesejienor mporpama Kpo3 Valgrind, Bpiu ce u3BpinaBambeM ciejehe

JITHUje Y TEPMUHAJIY:

valgrind --tool=memcheck ./main

Ommwmja --tool omapehyje koju anar he Valgrind maker kopucturu. [Iporpam Koju
paju 1oj; KoHTposom Memcheck-a je obudHO JBajieceT O CTO IyTa CIIOPUjH HEro
KaJla ce M3BPIaBa CaMOCTAJIHO, 300T TpaHcaalmje Koma. 3masuu mporpaM je mose-
han 3a m3a3 Koju gojaje cam ajgar Memcheck, Koju ce ucuucyje Ha CTaHIAPIHOM

u3sa3y 3a rpemike [0].
Kopunihewe HeMHUNNjaJIM30BAHNX BPETHOCTHA

<stdio.h>

int main()

{

int x;
printf("x = s%d\n"

Cnuxka 3.1: [Ipumep nporpamMa Koju KOPUCTH HEUHUIINA]AJTU30BAHY TIPOMEH/bUBY
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Ha comnu [3.1] je mar npumep nporpama y KoMe KOPUCTHMO HEMHUIU]AJIH30BAHY
npoMeH/pbuBy. ['perika y Kopuiihemwy HEMHUIN]AIN30BaHE BPEJHOCTU C€ TeHEPUIIIe

KaJla IIporpaM KOPHUCTU IIPOMEHJ/bUBE YHje BPEJHOCTH HUCY MHUIU]AJIM30BAHE.

Memcheck, a memory error detector
Copyright (C) 2882-2017, and GNU GPL'd, by Julian Seward et al.
Using Valgrind-3.14.0.GIT and LibVEX; rerun with -h for copyright info
Command: ../main
==707T8==
==78708== Conditional jump or move depends on uninitialised value(s)
==TO70== at Ox4EB14CE: vfprintf (vfprintf.c:1660)
==T070== by ©@x4E8B3DE: printf (printf.c:33)
==7070== by B8x488548: main (in fexport/main)
=70 T0==
=7870== Use of uninitialised value of size 8
—=TAT0== at Bx4EB8099B: _itoa word (_itoa.c:179)
==TO70== by @x4es84636: vfprintf (vfprintf.c:1668)
by ©x4E8B3D&: printf (printf.c:33)
by Bx408548: main (in /export/main)

= Conditional jump or move depends on uninitialised value(s)
at Ox4E809A5: _itoa_word (_itoa.c:179)
by @x4E84636: vfprintf (vfprintf.c:1668)
by Bx4EBB3DB: printf (printf.c:33)
by o6x408548: main (in fexport/main)

Conditional jump or move depends on uninitialised wvalue(s)
at 8x4E84682: vfprintf (vfprintf.c:1668)

by Bx4EBB3DB: printf (printf.c:33)
by @x408548: main (in fexport/main)

Conditional jump or move depends on uninitialised value(s)
at 8x4E81599: vfprintf (vfprintf.c:1668)
by 8x4E8B3DB: printf (printf.c:33)
by @x4e8548: main (in fexport/main)

Conditional jump or move depends on uninitialised value(s)
at ex4eEg816iC: vfprintf (vfprintf.c:1668)
==7870== by 8x4E8B3DB: printf (printf.c:33)
== 7O 7 O== by ox4e8548: main (in fexport/main)

HEAP SUMMARY :
in use at exit: @ bytes in ©® blocks
total heap usage: @ allocs, @ frees, © bytes allocated

All heap blocks were freed -- no leaks are possible
==T870==
==7870== For counts of detected and suppressed errors, rerun with: -v
==7870== Use --track-origins=yes to see where uninitialised values come from
==7078== ERROR SUMMARY: 6 errors from 6 contexts (suppressed: ® from @)

Cruka 3.2: /lereknuja HEMHUIN]jATM30BAHIX BPEIHOCTH
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Cinuka [3.2] nmpukasyje uzna3 Valgrind-a xoju merekTyje Kopuiiheme HEMHUIIN]a-
JIN30BaHUX BPEJIHOCTH y Tiporpamy. [IpBu j1€0, 0JTHOCHO TIPBe TPU JIUHUjE Ce TIITaM-
1ajy NPUJINKOM IOKpeTama OMI0 KOI' ajara Koju je y ckjomy Valgrind-a, y oBom
ciayuajy amata Memcheck. Cnenehu jeo Ham 1mokasyje mOpyKe O I'penikaMa Koje je
Memcheck niponamao y mporpamy. Ilocienma muHnja npukasyje pesume CBUX I'pe-
IIaKa Koje je ajaT IMPOHAIIAO ¥ IITaMIIa Ce M0 3aBPIIETKY pajia.

Ha oBoj caumu je mpukazan uszia3 u3z Valgrind-a Kaja ce oTKpuje KOpHIIheme
HEMHUINjATN30BAHUX BPEJIHOCTH. Y TPOTrpaMy HEHMHUIIN]aJM30BaHa ITPOMEH/bIBA
MO2Ke BHUIIE IyTa Jia ce Konupa, Memcheck nipatu cBe To, 6eie:ku TIOJIATKE O TOME,
aJIi He IpUjaBJ/byje TPemKy. ¥ CIydajy Jia ce HeHHUIIU]aJIn30BaHe BPETHOCTH KO-
pucTe Ha HAYWH Ja OJ] T€ BPEJIHOCTH 3aBUCHU JIaJbH TOK MpPOrpaMa WU aKo je I0-
TpPeOHO MPUKA3UTHU BPEJIHOCTH HEMHUITUjaIn30Bane nmpoMensbuse, Memcheck mpuja-
BJbyje rpemky. Jla Ou Moryin jia BUJIMMO TJIABHU M3BOP KOPUIINEIha HEWHUIT]AJIM-

30BAHUX BPEJHOCTH y IPOrpaMmy, Jojaje ce ommmja --trace-origins=yes [0].

Kopuimhewe HemnumnujajgmsoBane njin HeaJpecupaHe

BpeJHOCTN y CUCTEMCKOM IIO3UBY

Memcheck npaTn cBe mapamerpe CHCTEMCKOr mo3uBa. lIpoBepaBa cBaku mapa-
MeTap IojeJIMHaYHO, 6e3 003upa Jia Jin je WHHUIMjaan30Ban uin He. [Ipoepasa ia
JII CUCTEMCKH TI03UB Tpeda Jla duTa U3 MeMOopHje Koja je JiepuHrcana y mporpamy.
Memcheck tipoBepaBa jia Jin je 1ejia MeMOpHUja ajipecupaHa W WHUIMjAJTH30BaHa.
Axo cucremckn 1mo3uB Tpeba Ja nmie y memopujy, Memcheck tpoBepasa ma i je
Ta Memopuja ajpecupana. [locie cucremckor nmosusa Memcheck penusno axxypupa
uHdoOpMaImje 0 MIPOMEHN Y MEMOPHJU KOje CY HOCTAB/bEHE Y CUCTEMCKOM ITO3UBY.

Ha comnu [3.3] nar je npumep cucreMcKor o3uBa ca HEUCIPABHUM IapaMeTPUMA.
Ha comrum je m3BernTaj Koju J00MjaMO HAKOH aHaIM3e nporpama ca cimke [3.3)
Mozxkemo ma Buaumo ga je Memcheck npukazao mHdoOpMaliuje o Kopuinhemy Heu-
HUIIjAJIN30BaHIX BPEJIHOCTH Y CUCTEMCKUM TTo3uBuMa. [IpBa rperika mpukasyje aa
mapamMeTap arr CHCTEMCKOD Mo3uBa write() MoKa3yje Ha HEMHUIUjATH30BAHY BPEJI-
noct. /Jlpyra rperika npukasyje na je mojartak Koju ce mpociehyje cHCTeMCKOM
nosusy exit() nenedunucan. Takobhe, npukazase cy u JIMHHjE Y CAMOM MPOTPAMY

rjie ce oBe BpeJHOCTH Kopucte [6].
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<stdlib.h>
<unistd.h=

int main( void )

{

char * arr = malloc(1f

int * arr2 = malloc( (Int));
write(1l ]
exit(arr2[0]);

Cauka 3.3: [Ipumep cucreMcKOr MO3MBa €& HEUCIIPABHUM IIapaMeTpuMa

--track-ariglng

Cmuka 3.4: Ilpumep m3iaza 3a mnporpam Koju y ceOu CajaprKu IMO3UB CHUCTEMCKOT
1IO3WBa Ca HEUCIIPABHUM ITapaMeTpuMa
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<stdio.h>

int main( void )

{

show-reachablesyes --track-criglns=yes .. /fmaln

et al.
copyright Lnfo

Chauka 3.6: IIpumep mziasa 3a mporpam y KOM ce HeJarajaHo ociaobabha memopuja

Henonymreno ociiobahame memopuje

Ha coumm JlaT je IpuMep Iporpama y Kome ce HejerajHo ocjobaha Memo-

puja. Memcheck mpatu cBaKO ajoluparme MEeMOpPHje Koje MporpaM HallpaBH YIIO-
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Tpebom dyHKIMja malloc/new, Tako Ja OH YBEK Ioce/yje HH(pOPMAIU]y Jda JIH CY
aprymenTu koju ce npociehyjy dpynkmnujama free/delete jierutuMHN WM HE. Y
HAIlleM [IpUMepy, IIporpaM ocjiobaha mcTy MeMOpujcKy 30HY JiBa 1yTa. V3Bermiraj o
HeJIOIyIITeHOM ociobalhary MeMopuje IprKas3aH je Ha caui [3.6]

Memcheck je npujaBuo ma je mporpam IOKYIIAo JiBa IIyTa Jia 0CJI0001u HEeKy
Memopujcky 3ony. Taxobe, Memcheck he nmam npujaBuT U ako MMporpam MOKYyIIa
Jla 0cJ000/I MEMOPHUjCKY 30HY IIPEKO IMOKas3uBada KOjU He IoKa3yje Ha IoYeTak

JquHamMnake Memopuje [6].

lerekiuja 1mypema MeMopuje

Memcheck 6etexku 110/1aTKe O CBUM JIMTHAMUYIKUAM OJIOKOBUMAa KOjU Cy aJIONUpaHU
TOKOM M3BpITNIaBarba Imporpama mo3uBoMm ¢yuakimja malloc(), new() u ap. Kama
porpam mpekune ca pajom, Memcheck Tadno 3HA KOJIMKO MEMOPHUjCKUX OJIOKOBA
Huje ocaobolheno.

Axko je ommmmja --leak-check amexBaTHO TTOzeNeHa, 3a CBaKu HeocaoboheHu OJI0K
Memcheck onpelyje na i je Moryhe npucTymuTu ToM OJIOKY ITPEKO ITOKa3UBada.

[TocToje nBa HAUMHA JTa IPUCTYIIUMO CAJIPYKA]y HEKOT MEMOPHUjCKOT OJIOKa IIPEKO
nokazuBada. [[pBu HAYMH je IpeKo MOKa3uBada KOjU IMOKa3yje Ha IM0YeTaK MEMOPHU]-
ckor 6Jyioka. /Ipyru Hadywn je mpeko MokasuBada KOju MOKa3yje Ha cajipKa] YHyTap
MEMOPHjCKOT' OJIOKA.

[TocToju HEKOMKO HAYMHA JIa CA3HAMO JIa JIM ITOCTOJU TOKa3WBad KOjH IOKa3yje
Ha, YHYTPAIHOCT HEKOI MeMOopHjcKor 0j10Ka. IIpBu nadu je j1a je mocrojao mokKasu-
BaY KOjU je MOKA3UBA0 Ha MOYeTak 0JIOKA, ajii je HaMepHO (Ui HEHAMEPHO) IOMEPEH
Jla TIoKazyje Ha yHYTPaIIhocT O1oKa. JIpyrn HadmH, ako IMOCTOju HexKe/beHa BpeJl-
HOCT Yy MEMOPHjU, KOja je Y MOTIYHOCTU HeroBe3aHa U ciaydajHa. U tpehwm naunm,
aKo mocToju mokasmsad Ha Hu3 C++ objekara (Koju mocemyjy JeCTpyKTOpe) KOju
cy anonupanu ca new[]. ¥V tpehem ciyuajy, HeKM KOMIUJIATOPU UyBajy ,,MarudHu
IMOKa3UBa4~ KOjU CAJIP:KU JIY?KUHY HU3a O IIoYeTKa OJIOKA.

Ha ciumu |3.7|je npukaszano jgeBeT MOryhux ciydajeBa Ka/la IOKa3uBaIn MIOKa3yjy
Ha HeKe Memopujcke OjiokoBe. Memcheck objeiubyje HeKke OJ1 OBUX CJIydajeBa, TaKo

Jla 100MjaMo Hape/IHe YeTUPU KaTeropuje.

Jor yBek mocrymnan (eur. Still reachable) - Opo nokpusa mpumepe 1 u 2 Ha
caunu [3.7  TlokasuBad koju mokasyje Ha noderak GJOKa WM BHUIIE MOKA-

3UBava KOjU MOKa3yjy Ha IrodeTak OJioKa cy mpoHahenu. 3arTo mTo mocToje
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BBB
BBB
BBB
BBB
BBB
BBB
BBB
BBB
BBB

(
(
(
(
(
(
(
(
(

D 00~ U B~ Wk

RRR: skup pokazivaca

AAA, BBB: memorijski blokovi u dinamickoj memoriji
--->: pokazivac

-?->: unutrasnji pokazivac (eng. interior-pointer)

Cruka 3.7: [Ipumep mokaszmBada Ha MEMOPHUjCKU OJIOK

[IOKa3MBaIN KOjU IOKa3yjy HA MEMODPHjCKY JIOKAIlnjy Koja HEje ocsjaobobhena,
IIporpaMep MOXKe J1a OCJI000IM MEMOPHJCKY JIOKAIH]y HEOCPEeTHO TIPe 3aBP-

IeTKa U3BpIIaBamba MporpaMa.

Hedunnnantusuo n3rybssen (eur. Definitely lost) - OBo ce ogaoCH Ha ciry4aj
3 na counu [3.7] Oo 3Haum 12 je Hemoryhie nponahu nokasuBad Koju nokasyje
Ha MeMopwujcku 0J10K. BJIOK je mporuaiien u3ryo/beHnM, 3ay3eTa MeMOpHja He
MOZKe JIa ce 0CJI000/IM TIpe 3aBpIIeTKa IIporpaMa, jep He IMOCTOjH ITIOKa3uBad Ha

Y.

Mupupexkrro usrybseen (enr. Indirectly lost) - Oso nokpusa ciaydajese 4 u 9
Ha CJIAIHA Mewmopujcku 6JI0K je n3ry0/beH, He 3aTO IITO He ITOCTOjU ITOKa-
3UBaY KOjU MOKa3yje Ha Iera, Hero 3aTo IITO Cy CBU OJIOKOBH KOjU YKa3yjy Ha
wera u3ryo/benn. Ha mpumep, ako mmamo OMHapHO €TabJI0 U KOPEH je U3Ty-
OJ/beH, CBa Jiera IBOPOBU Cy UHANPEKTHO n3ryb/benn. C 063upom Ha TO Ja he
1po0JIeM HECTaTH aKO Ce MOMPAaBU MOKA3WBaY Ha JePUHUTUBHO U3ryO/beH OJI0K
KOjU je Y3POKOBAO MHJIMPEKTHO T'yOsbere Osi0ka, Memcheck nehe npujaButu

OBY TPEIIKY YKOJIMKO HUje YKJbydeHa oIuja --show-reachable=yes.
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Moryhe usry6spen (enr. Possibly lost) - Oso cy ciyuajeBu o1 5 110 8 HA CJIUIH
.7l TIponaben je jesan mim Buille BUIle MOKA3UBaYa HA MEMOPHjCKH OJIOK,
aJll HajMalbe jeJlaH OJf IhUX IOKa3yje Ha YHYTPAIIHhOCT MEMOPU)CKOT OJIOKA.
To mozke 6uTH caMo ciIydajHa BPeJHOCT Yy MEMOPHjHU KOja IMoKa3yje Ha yHyTpa-
IIIOCT OJIOKA, aJI OBO He Tpeba cMaTpaTH y Pejly JIOK Ce He Pa3pelIn CIydaj

[IOKa3MBava KOjU MOKa3yje HA YHYTPAIIHOCT OJIOKA.

Axko mocToju 3abpaHa NMpuKa3uBamba Iperike 3a ojpehenn Mmemopujcku O6JI0K, 6e3

003upa K0joj 0J1 Tope IOMEHYTHX KaTeropuja npuriajia, ona nehe outu npukasaxa.

LEAK SUMMARY :
definitely lost: 47 bytes in 3 blocks
indirectly lost: @ bytes in © blocks

possibly lost: ® bytes in @ blocks
still reachable: @ bytes in © blocks
suppressed: @ bytes in © blocks

Chauka 3.8: Pesnme mypema Mmemopuje

16 bytes in 1 blocks are definitely lost in loss record 2 of 3
at 0x4847838: malloc (vg_replace malloc.c:299)
by @x400784: main (in /home/aleksandrak/main)

19 bytes in 1 blocks are definitely lost in loss record 3 of 3
at 0x4847838: malloc (vg_replace malloc.c:299)
by @x40073C: main (in /home/aleksandrak/main)

Crnuka 3.9: UsBemraj o mypemy MemMopuje

Ha caumnm je mar pesmme Iypema Memopuje koju ucmmcyje Memcheck. Axo
je yKJpydeHa ommuja --leak-check=yes, Memcheck he npukasaru Jiera/baH U3BEIITa]
0 CBaKoM JIepUHUTUBHO Wi Moryhe ma3ryb/beHOM OJIOKY, Kao U O TOME TJie je OH
ajsionupan. Memcheck nam He MO2Ke pehu Ka/1a, KaKO UJIN 3aITO je HEeKH MEMOPHjCKU
010K m3rybspeH. l'enepano, mporpaMm He Tpeba Jia mMa HujegaHy JeUHUTBHO WU

Moryhe n3ryb/ben 6JIOK Ha H3J1a3Yy.
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Ha cymmm je mpuKazaH u3BeITaj kKoju nam jaje Memcheck o nepuruTUBHOM
ryouTky sBa 6/ioka Beqmuune 16 n 19 6ajra, Kao u JUHU]Y y Iporpamy Tjie Cy OHH
AJIOIUPAHU.

360r mocrojarma BUIE THIIOBA IyPeba MEMOPHje IMOCTaB/ba e MUTAabe Koje Iry-
peme MeMopuje Ha u3Jia3y u3 mporpama Tpebda jia mocMarpamo Kao ,,I'Pemiky’, a Kojy

ne. Memcheck kopuctu cienehu Kkpurepujym:

o Memcheck cmarpa Jia je mypeme MeMopHje ,,Iperika’ caMo aKo je yKJbydeHa
onmmja --leak-check=full. pyrum pedmma, ako HOJAINA O IypPEHY MEMOPHje

HUCY IIPUKA3aHU, cCMaTpa ce Jia TO Iypere HHje ,, I'PeIka’.

o Jledpunurusuo u moryhe n3ryospeHu 6JIOKOBU ce CMATPA]y 3a IPaBYy ,,I'PEIKy’,
JIOK WHJINPEKTHO U3TYOJHEHU U JOII YBEK JOCITYHU OJIOKOBH CE HE CMATPajy Kao

rpemika [6].

3.3 Cachegrind

Cachegrind je ajar Koju cuMysupa U IPaTH IPUCTYI Kelll MEMOPUjH MAIIUHE Ha
KOJjOj ce IporpaM, Koju ce anaausupa, u3ppirasa. OH cuMy/Inpa MEMOPH]Y MAIHE,
KOja MMa, IPBU HUBO KeIl MEMOpHje T0JIe/beHe y JIBE OJIBOjeHe HEe3aBHCHE CEKIIUje:
11 - cekmuja Kem MeMopHuje y KOjy ce CMeITajy WHCTpyKiuje u D1 - ceKnmja Ker
MeMopHje y Kojy ce cMmeriTajy noganu. pyru auBo kemr memopuje Kojy Cachegrind
cumyupa je objeauiber - L2. OBaj naunn Kondwurypalmje ojJrosapa MHOTUM MO-
JIEPHUM MaIlTHHAMA.

[locToje mammHe Koje MMajy W TPU WIM YeTUPU HUBOA KeIl MeMopuje. Y TOM
ciay4ajy, Cachegrind cumynupa TPUCTYIT IPBOM U IOCJIEIbEM HUBOY. |eHepasiHO
rienano, Cachegrind cumynupa 11, D1 w LL (mocsiesu HUBO KeIlll MEMOPH)e).

Cachegrind npukymba ciiefiehe CTaTUCTUYKE MOJATKE O IMPOrpaMy KOju aHajIu-

supa (ckpaliennrie Koje ce Kopucre Jlajbe y TEKCTy Cy JaTe y 3arpajama):

e [lomamy o ynTamuMa WHCTPYKIMja U3 KEIl MeMOpHje YKJbydyjy ciesiehe cra-

THUCTUKE

Ir - ykynan 6poj U3BpIIEHUX UHCTPYKIIU]ja
I1mr - 6poj npomariaja ynTama WHCTPYKIIAja U3 Kell MeMopuje HuBoa 1

ILmr - 6poj mpomaraja YnuTama WHCTPYKIMja U3 Kell MeMopuje HuBoa L L
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e [logamu o ynramuma O6p3e MeMopHuje YKJbydyjy ciejehe cTaTuCTUKe

Dr - ykynan 6poj untama MeMopuje
D1mr - 6poj npomaraja untama HUBOA Kell MeMopuje D1

DLmr - 6poj npomariaja dnrama HEBOA Kell Mmemopuje LL
e [lomamu o nucamuMa y Op3y MeMOpHjy YKJbYUY]y ciejehie cTaTucTuke

Dw - ykyman 6poj nucarma y MEMOPUjI
D1mw - 6poj mpomarnaja nucarma y HUBO Kelll Mmemopuje D1

DLmw - 6poj npomainaja nucama y HUBO Kerl Memopuje LL

e Bpoj yeiosro usBpienux rpana (Bc) n 6poj mpomariaja ycJ0BHO H3BPIIEHIX

rpana (Bcm).

e Bpoj namupexrTHo usBpiienux rpara (Bi) u 6poj mpomariaja HHINPEKTHO 13-

BpieHux rpata (Bim).

[Ipumerumo 1a je 6poj npucryna DI jeny ke memopuje jeaHak 30upy DImr
u DImw, 10K je yKyman Opoj mpuctyia Huboy LL jennax 36upy ILmr, DLmr u
DLmw 6pojy npuctyna. OBa cTaTUCTHKA ce NPHUKYIL/ba Ha HUBOY IIEJIOr IIporpaMa,
Kao U rnojejuHadHo Ha HuBoy dyukmnuja. Moxke ce Takobhe, j1obutu u 6poj npucryia
CKPUBEHO] MEMODPHUJH 3a CBaKy JMHU]Y KOJa y OpPUTMHAJJIHOM mporpamy. Ha momep-
HuM MaruHama L] npomariiaj Korra oko 10 mporiecopckux nukiayca, LL npomariaj
KorTa oko 200 mpoIecopcKux MUKJIyca, a MIPOMalllajl YCJIOBHO U MHUJIUPEKTHO W3-

Bpiiene rpade oj 10 jo 30 nporecopekux mukiyca [1.

Kopunthemwe Cachegrind-a

Ha nmouerky kopumhema ayata Cachegrind, mporpaM Koju KeJnMO 1 aHaIn3HU-
pamo rokpehemo camum Cachegrind-om. Ha Taj Hauun npukyi/baMo wHGOpMaIiije
KOje cy HaM IOTpeOHe 3a KacHHuje Mpoduimcame Koja. 3aruM mokpehemo asar
cg_annotate y okBupy naxera Valgrind xoju HaMm npuKasyje JeTajbaH U3BEIITa] O
nporpamy Koju anaausupamo ca Cachegrind-om. OUIMOHO, MOXKEMO J1a, KOPUCTHMO
aJiaT ¢g_merge Jia CYMUPAMO Yy jeJHy JIATOTEKY BUIIE U3J1a3a KOje CMO JTOOMIN BUIIIE-
crpykuMm nokperameM Cachegrind-a Ham uctum nporpamom. Ty HaToTeTky KacHHUje

KOPUCTHMO Kao yia3 y c¢g_annotate. Taxolhe, moxkemo ja Kopuctumo ajnar cg  diff
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KOjU MIpaBU pa3anKy udMehy Buie nzsiaza u3 anata Cachegrind, Koje KacHUje KOPH-
CTAMO Kao yJa3 y ajaT cg_annotate.

[Iymrame nporpama main (Koju je oBie jaT Kao npumep) Kpos ajar Valgrind
u Tmokpetarbe camor amata Cachegrind Bpim ce m3BpIIaBameM ciefiehe JuHUje y

TEePMUHAJLY:

valgrind --tool=cachegrind ./main

[Iporpam koju ce nokpehe

(=9

Cachegrind, a cache and branch-prediction profiler

Copyright (C) 2882-2815, and GNU GPL'd, by Nicholas Hethercote et al.
Using Valgrin .11.08 and LibVEX; rerun with -h for copyright info
Command: trunk/cachegrindftests/clreg

o

o h
nown oL

=

I refs: 182,198
I1 i i T28
LLL mi :

I1

LL1

o

b1

LLd g

D1 miss rate:
LLd miss rate:

13,049 wr)
495 wr)
458 wWr)
3.8% %

P W LA
Y
- @

o,

LL refs: 2,58 | Qe C 495 wr)
= LL misses: ? 9 ( 1,76 B 458 wWr)
LL miss rate: 6% A% 3.5% )

Cauka 3.10: Uspemraj anara Cachegrind

Nsepimasame mporpama kpo3 Cachegrind Tpaje Beoma criopo. Hakon 3aBpiierka

paja, 1obujajy ce CTATUTCTUKE Kao IITO je IMPUKA3aHO Ha CJUIH .

Cachegrind metariogaliu

VY HacTaBKy Cy OINUCAHU METAIOAIN KOjU Ce UyBajy y CTPYKTypaMma.

I'mo6anmo crame kent memopuje. [IpBa crpykTypa Koja ce Haja3u y CKJIOIY
Cachegrind meranogataka je riiobano crame Op3e memopuje. OHa mpejcraB/ba TPU
Jesia cuMyspane kerr memopuje (L1, DI, LL). Hbene BpemHocT ce ocBexkaBajy
MIPUJINKOM W3BPIIEHE CBaKe WHCTPYKIMje IMporpaMa duja ce Kell MeMOpHUja CHMY-
JIipa, TadHuje, TPUJINKOM IT03UBa (PYHKIMje KOje CUMYIUPAjy TMPUCTYI Kell MeMO-
puju nmubHe mwiardopme. Pynkimjama ce upociehyjy uadbopmaluje o MPUCTYILY

KeIll MEMOPHjU, Kao IITO Cy aJIpece M BeJIMYNHA MEMOPH]je KOjOj ce MPUCTyIa.
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Cumysanmja TpuUCTyIia Kell MeMOPHUjU uMa ciejfiehe KapaKTepucTuKe Kaja ce
JIecH TIpoMalliaj yImca y Kell MeMOpHujy, OJ0K KOju je IOTPeOHO YIMCATH Ce CMe-
mray D1 neo xemr memopuje. MHCTpyKInje Koje MOAMMUKY]y BPEIHOCTH MEMOPH]e
TPETUpajy ce Kao duTarme Kell meMopuje. Hamme, mHCTPYKIHje Koje Membajy cajp-
JKaj Kelll MeMOpHje Hajlipe YuTajy cajpzKaj Kell MeMopuje, MOJIMMUKY]Y BPEIHOCT
U CHMMA]y HOBY BpennHocT. CaMuM THM, YIHUC Y KEIl MEMOPHjy HE MOXKE Jia U3a-
30Be IIpOMaliiaj, jep je rapaHToBaH ycHelrHuM dntambeM. Takohe, mub Cachegrind-a
Huje Ja MpuKaykKe KOJIMKO IyTa ce IMPUCTYIIa Kell MeMopuju, Beh 1ga mpukazke O6poj
IpoMaliiaja IpucTyIa Ker meMopuju. JIuauja y ke memMopuju, Kojoj ojJrosapa ca-
JIp2Kaj Y MEMOPHUjU ca JMPEKTHUM npucTytoM, oapebyje ce kao (M + N — 1), rue
je BeqmunHa JmHUje jenHako 2 Ha M Gajra, (Besmunua 6p3e MeMmopuje / BesndnHA
muHuje) jenHako je 2 wa N 6ajra. [leo L2 Kern MeMopwmje peIUIUupa cBe YHOCE Y
L1 neo xemr memopuje. Ownaj 6JIOK y Kelll MEMOPHUjU KOjU Cce HajMarhe KOPUCTH he
OouTn m36aveH U3 Kell MeEMOpPHUje YKOJIUKO je TOTPeOHO YOAITuTH HOBHU OJIOK IOJIaTaKa
y kem memopujy. Ca pedepenriama koje 1mokasyjy Ha JBe JIMHUjE y Kell MEeMOPHUju
pPyKyje ce Ha cienehn Haumn: yKoOJUKO cy nponahena oba 6Ji0ka y Kelll MEMOPHjH,
padyHaMO caMmo jeJlaH IOTOJaK, YKOJUKO jeJaH 00K HaheMo y Kelll MeMOpHUjHu, a
JIPYTHU He, padyHaMO jeJlaH MpoMaliaj (1 Hy/la Iorojiataka) u YKOJIIKo 06a 6J10Ka He
nponalieMo y kel MemMopuju, padyHaMmo jeflaH mpomMairaj (He JBa).

[TapameTpu cumysaupane Keri MeMopuje (BeJUYUHA KeIll MeMOpHje, BeJUvuHa
JMHUje U aconujaTuBHOCT) oapelyjy ce Ha jeman ox nBa HaunmHa. [lpBu HadwH je
yrnorpebom cpuid napejioe. /[pyru HauuH 1npeacTaB/ba PYIHO YHOIIICHE TapaMeTapa
CUMYJINpaHe Kelll MeMOpWUje, IPUJINKOM MoKpeTama camor Cachegrind.

IlenTpasHa Tabesa TpomkoBa. /Jlpyra cTrpykTypa Koja YHMHU METAIOJATKE
amara Cachegrind je nenTpaJiHa Tabesia TporkoBa. (CBaka JHHHja Y KOIY Koja ce
MHCTPYMEHTAJU3Y]je, aJ0IUpa jeJIHy OBAKBY Ta0e/y y KOjy CMEIITa IMOJIATKe O IIPU-
CTYIIy Kelll MEMOPHjH, OPOjy MOTrogaKa U IIpoMaliiaja MpUCcTya Kell MeEMOPUjH, KOju
ce JieliaBajy TPUJIMKOM U3BpIllaBarba caMe JuHuje Koma. Ha coaurm [IpUKa3aHe
Cy CTPYKTYyPe Koje IpeJIcTaB/bajy meHTpasny tabesry TpomkoBa. ULong je 64-OutHa
11eJI00pOjHa BPEIHOCT. Y3uMaMo 64-OMTHY BpEIHOCT, jep Opoj MPHUCTyIa MOXKe Ja
Oy/sie Behu Hero mMITo MOXKe Jia ce IpeJcTaBu 32-OMTHOM IeJI0OOPOJHOM BPEIHOIINY.
Y CC crpykrypu ml1 u m2 upeacrasibajy O0poj mpomamaja 3a L1 n LL meo ke
memopuje. Crpykrypa lineC'C caapxu tpu CC' enemenTa: 3a unrtame [ Jena, 3a
qnTaibe Jeqa D u 3a nucame y jeo D kem memopuje. [losbe next je morpedbno jep je

nenTpaHa Tabeia TPOIIKOBa IIpeJIcTaB/beHa Kao TpoMeHsbuBa ,hes” tabera. [lobe
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ULong a;
ULong ml;
ULong m2;

} CC;

ypedef struc

typedef struct 1lineCC lineCC;

struct LlineCC {
Int line;
CC Ir;
CC Dr;
CC Dw;
lineCC* next:

Chauka 3.11: CTpykrypa IeHTpaJiHe Tabesie TPOIIKOBA

typedef struct _instr_info instr_info;

struct instr info {
Addr instr_addr;

UChar instr size;
UChar data size;
LineCC* parent;

Cnuka 3.12: CrpykTypa Tabejie nHopMaIyja 0 HHCTPYKIIHjaMa

line mpeicTaB/ba OPOj JIMHUje y KOy KOja oJroBapa Toj Tadeau Tpomkosa. Cam 6poj
JINHUje HUje JI0BOJbaH Jia Ou ce IpoHalllIa JIMHUja Y KOy KOjoj ojJiroBapa IMeHTpaIHa
tabesia TpontkoBa (mmve dajia je morpebHo). VY mpakcu, TO 3HAYU MEeHTpaTHa Tabesia
TPOIIIKOBa MMa TPHU HOBOA: TPOIIKOBU Cy T'PYIUCAHH 110 UMeHY dajia, 3aTUM 10
nMeny YHKIMje U HA Kpajy 1o Opojy JImHHje.

Tabena uadopmanuja o uHCTpyKIjama. Tpeha crpykrypa Koja auau Me-
tanogarke anata Cachegrind je Tabena undopmaruja o uHcrpyKinujama. Owna ce
KOPHUCTH 3a dyBare HETPOMEH/bUBIX NH(MOPMAIja O CAMUM HWHCTPYKIIHjaMa TOKOM

caMmor mporieca mHCTpyMeHTaruje. Ha oBaj HaduH ce cMalbyje BeJIMYUHA JIOATOr
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KOJ1a KojuM ce aHaym3upa ko1, [loBehasa ce Op3una u3BpInaBama caMor ajaTa, jep
ce cMambyje Opoj apryMeHara Koju ce npocelyjy dbyHKInjaMa, Koje BpIile CUMYJIaIujy
[IPUCTYTIA KEIll MEMOPH]U.

CBakoj MHCTPYMEHTAIM30BAHO0] MHCTPYKIUJU JIOJIeJbyje Ce IO jeIHO TOoJbe Y Ta-
Oesin nHMOpPMAITTja 0 UHCTPYKIIHjaMa, KOje Caap:Ku CTPYKTYPY nstr_info, npukas3a-
noj na ciun [3.12] Tlosse instr_addr npeacrasiba ajpecy HHCTpyKIuje, instr_ size
[IpeJICTaB/ba BEJIMYUHY WHCTPYKIUje U3pakeHy y OajroBuma, data_ size qyBa BeJiH-
YUHY [OJIaTaKa KOMe HHCTPYKIwja npucTyia (0 yKOJIUKO HHCTPYKIHja He TPUCTYIIA
MEMOpUjU) U parent MOKa3yje Ha TOJbe y TAbEIH TPOIIKOBA 3a UCTY JIMHHU]Y KOJA

ojlakJie je uHCTpyKImja usseena [1].

NucrpymenTaliuja

[IpBr KOpak NMPUINKOM MHCTPYMEHTAIje KOJIa OJIHOCU Ce Ha IPOoJia3 KPOo3 CBe
OCHOBHE OJIOKOBe TI0je/IMHAYHO pajy mpedbpojaBarba UHCTPYKIIMja KOje ce HaJiase y
wuMa. Ha ocHoBy oBor 0Opoja ce Kpempa Jimcta instr info ejxemenara, mpu deMmy
CBaKMU €JIEMEHT JINCTE OJIrOBapa jeJIHOj MHCTPYKIUjU Y OCHOBHOM OJIOKY.

Y apyrowm mposazy, Cachegrind Bpim KaTeropusaliijy OPUTHHAJIHUAX UHCTPYK-

muja. Cachegrind nesm wHCTpyKIje y ciejehe KaTeropuje:

e lucTpyknuje Koje He MpHUCTyNajy MeMopuju, Hip. move $t3, $al

Nucrpyknmje Koje anrajy cajapxkaj memopuje, uup. lw $t3, 4($a0

Wucrpykipje Koje yImUCyjy cajiprkaj perumcrapa y MeMopujy, Hup. sw $t3,

4($a0)

Nucrpykiuje Koje MOIUMUKY]y caaprKaj MEMOPU]CKE JIOKAIIN]je

WucrpyKnmje Koje 9nTajy cajp:Kaj n3 jeJlHe MEMOPHjCKe JIOKAIIUje U Taj cajIp-

JKaj YIUCY]y Y JIPYTY MEMOPHUJCKY JIOKAITHU]Y.

Craka nHcTpyKIuja cucrema bazupanor na MIPS mnporiecopuma je pacTtaB/beHa
na Buie UCode nncrpyknuja, Tako ga Cachegrind onpehyje Kojoj KaTeropuju opu-
rUHAJIHA MHCTPYKIH]ja mpuia/ia Ha ocaoBy LOAD u STORE UCode nuncrpyknuja. Cach-
egrind auTa mwHGOpPMaIje Koje MOMaxKy IIPH OTKJIa/baiby rpemaka. Ha ocHOBY oBHX
nndopmarja on Kpeupa ejgemente [tneCC' y 1eHTpaIHOj Tabe U TPOIIKOBA. 3aTUM

nHuIMjaausyje ojapehene instr info egemMeHTe y HU3 KOjU je WHUIMjAJIN30BAH 34
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CBaKM OCHOBHH OJIOK MOjeIMHAYHO (TJIe je N-TH eJeMeHT instr info oaroBapa n-toj
HHCTPYKIMjH y ocHOBHOM 0JioKy). Kasa je naumjammsoBao cse enemente lineCC
u wnstr_info anar Cachegrind uzBpinasa mpolec HHCTPYMEHTAIM3aIUje KoJla KOju
ce cactoju u3 nosusa ojrosapajyhux C dyHKIHja, Koje CUMYIUpPajy TPUCTYI KeIl
memopwuju mmbHe mwiardopme. Koja C' dyuknmja he 6utn mo3Bana 3aBUCH O] Ka-
Teropuje Kojoj mHCcTpyKinuja npunajga. llocroje camo werupu Bpere C' dyukuja
KOje CUMYJIUpajy NPHUCTYI KeIl MeMOpHju, jep (dyHKIMje Koje MpHUIajiajy JIpyroj u
4YeTBPOj KaTeropuju mos3usajy ucty C' GyHKIH]Y 3a CUMYIUPAIhe TPUCTYIIA KEIT Me-
Mopuju. Bpoj mapamerapa koju ce mpociehyje dbyuknuju nporpamckor jesuka C ce,

onpelyje Ha ocHoBYy Kareropuje kojoj Ta dyHukimja npumnaia [1].

ITpukas craTucTuukmx mHdopmammja

[Ipumaukom 3aBpierka anaanse nporpama Cachegrind moxpamyje TPUKYILBEHY
Tabesly TPOIIKOBA y JATOTEKy Koja ce HasuBa cachegrind.out.pid; npu demy pid
peJICTaB/ba jeJIMHCTEBEHN MJICHTUMUKATOD TIpoIeca KOju ce m3Bpiino. Ajar rpy-
IIUIIIEe CBE TPOIIKOBE 10 (bajioBuMa u (pyHKIMjaMa KOjUMa TU TPOIIKOBU ITPUIIAJIA]Y.
[nobasnna craTucTuka ce padyHa HAKHA/HO, IIPUJIMKOM IIpUKa3a pe3y/iataTta. Ha oBaj
HaYWH Ce IMITeJIN jaKOo IIYHO BpeMaHa PUIMKOM aHajm3e Kojaa. PyHKIHje Koje CuMy-
JINPajy MPUCTYII Kell MEMOPHUJU Ce MO3UBAjy jaKo UecTo, TaKo Jjia OU J0/1aBarbe oIl
HEKOJINKO HHCTPYKIIHja KOje cabupajy, 3HATHO YCIIOPUJIO U OBAKO CIIOPO U3BPIIABAIHE

asara [I].

3.4 Helgrind u DRD

Helgrind je anat y ckjoimy mporpamckor makera Valgrind Koju OTKpUBa I'PEIKe
CUHXPOHU3AIMje TPUJINKOM yioTpedbe mojena autu POSIX, nok je DRD ajar 3a je-
teknujy rpemaka y C'n C++ mporpamuMma Koju Kopucte utie Hutu. DRD paju 3a
cBaku nporpam Koju kopuctu Hutu POSIX crangapia wim KOju KOPUCTE KOHIEIITe
koju cy Hajgorpabenu Ha oBaj cramjgapa. Anar DRD wu Helgrind we xopucrte ucre
AJITOPUTMe 32 OTKPHUBAIhe I'Pelraka, CAMIM TUM He OTKPUBA]y MCTe THUIIOBE I'DEITKA.

lnasue ancrpakmuje mozena uutu POSIX cy: rpyna HUTH KOja JIe/in 3a)e THIIKH
aJIpeCcHU IPOCTOP, (hOPMUpAIHE HIUTHU, Y€KAbe 3a 3aBPIIeTaK U3BPIIaBamba DyHKIIje
HUTH, U3J1a3 U3 PYHKIINje HUTU, MyTeKC 00jeKTH, YCJIOBHE IIPOMEJbUBE, TNTA]-ITHIIN

3aKJbydaBarbe U ceMadopu.
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Jlomta ynmorpeba maTEepdejca 3a mporpamuparbe HUTH POSIX

Mmore nMiuteMeHnTaImje naTEPdEjCca Cy ONTUMI30BaHe P/ OpKer BpeMeHa U3-
BpIiaBama. Takse umiuieMenTanuje ce Hehe Oyruru Ha ojpebhene rpemike (ako Mmy-
TEKC OTKJ/byda HeKa JIpyra HUT, a He OHA KOja Ia je 3aKjbydalia).

['pemike koje Helgrind u DRD uponasase cy:

e ['perike y oTK/byvyaBamy MyTeKca - KaJla je MyTeKc HeBaxkehn, Huje 3aK/bydan

WIN je 3aKJ/bydaH O/ CTpaHe Jpyre HUTH.

e ['perike y pajly ca 3aK/by4aHUM MYTEKCOM - YHUIITaBalbe HeBaxkeher mim 3a-
KJbY4aHOI' MyTEKCa, PEKYP3UBHO 3aKJ/bydaBalbe¢ HEPEKYP3UBHOI MYTEKCA, J1ea-

JIOKaltija MeMOpHje KOja CaJIp»KU 3aKJby9aH MYTEKC.

o [IpociiehuBame MmyTekca kao aprymerTa (byHKIHje KOja 0UeKyje Kao apryMeHT

reader-writer lock um oOpHYTO.

e ['pemke ca pthread barrier - HeBaxkeha mian Jaymia WHUIMjaIM3aIja, YHA-
mraBathe pthread barrier Koju HUKa/1a HUje NHUAIM]AJIM30BaH U KOTa HUTU

YeKajy WM deKarbe Ha o0jeKaT KOju Huje HUKA/a WHUIN]aTN30BaH.

e ['pemke mpmimkoMm Kopuiihema ¢ynknuje pthread_cond_wait - mpociehu-

Bame He3aK/byUaHOT, HeBaykKeher manm MyTeKca KOTra je 3aKJbydasa JIpyra HUT.

e Pthread ¢dyHKIuja BpaTtn KOJ I'PEIIKe KOjU je IIOTPEHO J0/aTHO O0pajnuTH,

KaJla ce HUT YHUIIITHU, a Ja JOII JIPXKU 3aK/bydaHy IIPOMEJbUBY.

e HekonsucrenrHe Bese I/IBMeby YCJIOBHUX ITPOMEJ/bUBUX 1 IbUXOBUX O,ZLFOBapajy—

hux MyTekca.

OBakBe T'pelKe MOry Ja J0BeIy J0 HeaeUHICAHOT MMOHAIIamka IporpaMa 1 JI0
1ojaBe rperraka y MporpaMuma Koje je KacHuje BeoMa Temmko oTrkputu. Helgrind
npecpehe no3uBe kKa dynkimjama 6ubsnoreke pthread, n 36or Tora je y moryhmo-
CTH Jla OTKpHje BeJUWKH Opoj rpemmaka. 3a cBe pthread dyakmmje xoje Helgrind
npecpehe, remepuiie ce mojgaTak o rpeminu ako (PyHKIHja BpaTu KOJI IPEIKe, HaKo
Helgrind muje Halao rperke y KoJLy.

[Iposepe Koje ce omHOCE HA MyTeKce ce Takohe MpuMemyjy 1 Ha reader-writer
lock. IlpujaB/bena rperika NnpukKaszyje U IPUMapHO CTalbe CTEeKa Koje IMoKazje TJie

je nmerekToBaHa rperika. Takohe, ykoJimko je moryhe ucnucyje ce u Opoj JuHuje y
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---Thread-Announcement

Thread #1 is the program's root thread

Thread #1 unlocked a not-locked lock at 8xFFEFFFCF@
Bx4C301D06: mutex_unlock _WRK (hg_intercepts.c:1086)
0x4C33B4C: pthread_mutex_unlock (hg_intercepts.c:1167)
Bx400867: nearly_main (tc®9_bad_unlock.c:27)
0x4008D3: maln (tc09_bad unlock.c:49)
at OxXFFEFFFCF@ was first observed
Bx4C33A93: pthread mutex init (hg intercepts.c:779)
Bx400843: nearly_mailn (tc®9_bad unlock.c:23)
0x4008D03: main (tco9_bad _unlock.c:49)

Address oxffefffcf® is on thread #1's stack
in frame #2, created by nearly_main (tc®9_bad_unlock.c:16)

Cruka 3.13: Ilpumep npukasa rpemike y mporpamy

caMOM KO/JIy TJIe Ce TPellika Hajla3u. Y KOJIMKO Ce IPelika OJfHOCH Ha MyTekc, Helgrind

he mpukazaTu u rJi€ je MPBU IYT JIETEKTOBAO MPOOJIEMATUIHU MYTEKC [4].

ITorennujasro 6Ji0KuMparme HUTH

Helgrind nipatu pemocies KOjuM HUTH 3akK/bydaBa mmpomesbuBe. Ha oBaj maumn
Helgrind nerexTyje moTeHIMjaJIHE JEJI0BE KO/ KOjU MOTY JTOBECTH J0 OJIOKOparba
nutu. Ha oBaj nadun je moryhe jieTeKToBaTH TI'PEIIKe KOje e HHUCY jaBUJIE TOKOM
caMmor Iporieca TecTHparba Iporpama, Beh ce jaB/bajy KacHHje TOKOM Kopuiihema
HNCTOI.

Nnycrpanuja oBaksor mpobJieMa je Jata y HACTaBKY.

e [IpernocraBumo j1a je gebenn oojekar O KoMe Jia OU MPUCTYINIA MOPAMO Jia

3aK/bydaMo JiBe nmpomensbuse My u M.

e SamucauMo 3aTuM Ja jiBe Hutu 17 u T Keje jia MpUCTyIe J1e/beHOj TPOMEH-
spuBoj O. Jlo 6iokopama HUTH Jlo1a3u KaJia HUT 1) 3akspyda My, a y ucrom
TpenyTKy 15 3akbyda M,. Hakon Tora nut 77 ocrane 6JiokupaHa jep deka Jia

ce oTksby4da My, a autr Th ocrane GJIoOKHpaHa jep deKa Jia ce OTK/byda 17.

Helgrind xpeupa rpad Koju npejcras/ba CBe IPOMEH/HUBE KOje Ce MOTY 3aKJby-

JaTH, a Koje je oTkpuo y mpormuioctu. Kaja nut nanhe nHa HOBY IPOMEHJBUBY KOjy
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3aK/byvaBa, rpad ce 0CBEXKHU M IPOBepaBa ce Ja Jii rpad cajpKu Kpyr y KOMe ce
HaJla3e 3aK/bydyaHe NpoMeH/buBe. l[locTojame Kpyra y KoMe ce Hajia3e 3aK/bydaHe
IPOMEHJbUBE je 3HaK Jjia je Moryhe ja he ce HUTH HeKaJla y TOKY U3BpIIaBarba 0J10-
Kuparu. AKO 10CTOje BHIIE O] JiBe 3aK/bydaHe NPOMEH/bUBE Y KPyry HnpobjeM je
jorr o36mbHIju [4].

Anar DRD He oTKpuBa OBaj THUII TPEIIaKa.

Tpka 3a momamuma

Tpka 3a moganuma (enr. Data races) MOXKe Jia ce jaBU ycJiesl HeJOCTATKa aJ1e-
KBaTHOI' 3aK/bydaBarmba Win cuaxponnzanuje. [Ipucryn noganuma 6e3 ajekBaTHOD
3aKJbyYaBarba I CHHXPOHHU3AIUje ce OJHOCU Ha MpobJieM KaJia JBe UJIU BUIIE HUTU
NPUCTYTAjy JIe/beHOM T0JIaTKy 0e3 cunxponusaruje. Ha oBaj madumn je moryhe ma
JIBE WJIM BUIIIE HATH Y UCTOM TPEHYTKY HPUCTYIIE JesbeHoM objekTy [4].

Ha ciumm IIPpUKa3aH je IpuMep IporpaMa y KOM ce KOPUCTU IIPOMEHJbUBA

0e3 ajieKBaTHE CUHXPOHUBAIIH]E.
<pthread. h>
var = ;

void* child fn{void* arg) {
var+s;

hild;
(&child, NULL, child fn,

(child, N

Cauka 3.14: Ilpumep npucryia IpoMeH/bUBOj 0e3 aJleKBaTHE CHHXPOHU3AIIN]e

Y oBoM mpumepy mpoOJieM HacTaje jep HUINTa He clipedaBa HUT POJUTEha U
JIeTeTa Ja y UCTO BpeMe IPUCTYIIEe U ITPOMEHe BPEJIHOCT Jie/beHe NMPOMEH/bUBE var.
[IpuaukoMm aHa/m3e oBaKBOI Iporpama ajgaroMm Helgrind mobuja ce m3Belnraj Koju

je npukasan Ha counu [3.15]
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Y u3BemTajy Koju je IpUKa3aH Ha CJNIN MOYKEMO TadHO Jla BUJUMO KOje
HUATHU I[PUCTYIIAjy MPOMEH/HbUBO] 63 CHHXPOHM3aIUje, IJie ce BPIIN caM TPUCTYII
[IPOMEHJ/HUBOj, UM€ U BEJUUUHY CaMe IIPOMEH/bUBE KOjO] HUTHU IPHUCTYHA]y DPajiu
npoMeHe meHe BpegHocTu [4].

DRD wucnmcyje mOpyKy CBaku IyT KaJjia OTKPHje Jia je JOILIO J0 TPKe 3a 10/1a-
nuMa y nporpamy. Tpeba umartu y Bujy nap cjiejehux cTBapu IPUIKKOM TyMaderba
ncnuca Koju HaMm asiaT DRD naje. Ilpso, DRD nojesbyje cBaKOj HUTHU jeJINHCTBEHU
6poj ID. BpojeBn koju ce nmomespyjy HUTHMa Kpehy of jelaH M HUKaJa ce He KO-
puctu uctu Opoj 3a BuUllle HUTU. J[pyro, TEPMHUH CETMEHT C€ OJHOCH HA CEKBEHILY
Y3aCTOITHUX OIlepalyja dyBamba, YUTamba U CUHXPOHU3AIlje KOoje ce U3BPIIaBajy y
jemroj nutu. CerMeHT yBeK IMOYUIbE U 3aBPINaBa Ce ONEPAINjOM CHHXOPHU3AIH]E.
Anajm3a TpKe 3a mojanuMa ce u3BpinaBa u3Mehy 1aBa cerMeHTa ymecto usMely 1mo-
jeIMHAYHUX Ollepallyja YuTamba U dyBaiba M0JIaTaKa, UCK/bYIHBO 300r yumnka. Ha
Kpajy, yBeK IOCTOje JiBa MPUCTYIIa MEMOPHjU MPUJINKOM TpKe 3a nomarmma. DRD
IITaMIIa U3BEIITaj O CBAKOM IIPUCTYITY MEMOPHjHA KOje je JIOBEJIO JI0 TPKe 3a Ioja-
1uMa.

Ha comnnm je nar uctmc amara DRD kana nponalje ma je IOILIO JI0 TPKE 34
nojarMa y uporpamy [3].

Anropuram meTreknuje IIPUCTyNa NPOMEHJbUMBOj 0e3 CHMHXpPOHHM3aIuje y

okBupy aJsiata Helgrind

AsropuraMm 3a JeTeKIujy IPHUCTYIa IPOME/BUBOj 0e3 CHUHXPOHHU3AIMje MMILIe-
MEeHTHDA ,Jiecusio ce nipe” penarjy (eHri. ,happens-before” relation). N nactaBKy
je Jar npumep Koju objamnimasa ,,jecuiio ce npe’ penanujy [3.17

Hur poauresb Kpenpa HUT jere. 3aTuM 006e Merbajy BPeIHOCT IIPOME/bUBE Var, a
3aTUM HUT POJNTE/ha YeKa Jia HUT JeTeTa W3BPpIN cBOjy dyHKIHjy. OBaj mporpam
HHje JI00pO HAIMCaH jep He MOXKEeMO Ca CHT'YPHOIINY Jia 3HaMO KOja je BPEIHOCT
[IPOMJbUBE Var NPUJIMKOM INTaMIlama ucre. AKO je HUT poauTesba OprKa O] HUTU
Jjerera, oHJa he 6wty mrammana BpeaHoct 10, y cynpornom he outu 20. Bp3una
M3BpIIaBaba HUTH POIUTE/ba U JeTeTa je HellTo Ha IIITa IIporpaMep HeMa YyTHUIaja.
Permemse oor npobiiema je y 3ak/bydaBaiby ImpoMesbuBe var. Ha mpumep, MoxkeMo 1a
IOIIIaJFEMO ITOPYKY M3 HUTH POJIATE/h HAKOH IIITO OHA IIPOMEHU BPEIHOCT IIPOMEJHUBE
var, a HUT jieTe Hehe MPOMEHUTH BPeJHOCT MPOMEH/bUBE var 0K He J00uje MOPYKY.

Ha oBaj nauun cmo curypnu ja he mporpam ncnimcatu spegaoct 10. Pazmena nmopyka
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---Thread-Announcement

Thread #32 was created
at Ox5157FBE: clone (clone.5:74)
Bx4E43199: do_clone.constprop.3 (createthread.c:75)
x4E448BA: create_thread (createthread.c:245)
pthread_create@@GLIBC_2.2.5 (pthread_create.c:611)

BxdC : pthread_create_WRK (hg_intercepts.c:427)

Bx4C32758: pthread_createg@* (hg_intercepts.c:468)

Bx400960: main (tc2l_pthonce.c:87)

-« «Thread-Announcement

Thread #2 was created
at Ox5157FBE: clone (clone.S5:74)
by 8x4E43199: do_clone.constprop.3 (createthread.c:75)
Ox4E448BA:
/ Bx4E448BA: pthread_create@@GLIBC_2.2.5 (pthrea r
j Bx4C3167TA: pthread create WRK (hg intercepts. T
0x4C32758: pthread_create@* (hg_intercepts.c:468)
8x480968: maln (tc2l pthonce.c:87)

Possible data race during read of size 4 at 6x601884 by thread ®3
Locks held: none

at Ox4608CF: child (tc21 pthonce.c:7T4)

by 0x4C3186E: mythread wrapper (hg_intercepts.c:389)

by 8x4E44183: start_thread (pthread create.c:312)

by @xS5157FFC: clone (clone.S5:111)

This conflicts with a previous write of size 4 by thread #2
Locks held: none

C3186E: mythread_wrapper (hg_intercepts.c:389)
by Bx4E44183: start_thread (pthread_create.c:312)
by 8x5157FFC: clone (clone.5:111)
Location 8x6081884 is @ bytes inside global var “unprotectedz”
declared at tc2l_pthonce.c:51

ssible data race during write of size 4 at 0x601884 by thread #3
Locks held: none
at @x408808: child (tc21_pthonce.c:74)
Bx4C3186E: mythread wrapper (hg_intercepts.c:389)
/ Bx4E44183: start_thread (pthread_create.c:312)
| Bx515TFFC: clone (clone.S:111)

This conflicts with a previous write of size 4 by thread #2
Locks held: none
at 0x4080808: child (tc21 pthonce.c:74)
by &8x4C3186E: mythread wrapper (hg_1intercepts.c:38%)
by Ox4E: cstart_thread (pthread create.c:312)
by OxS5157FFC: clone (clone.5:111)
Location 0x681884 1s @ bytes inside glebal var "unprotected2”

Cnuxka 3.15: U3sseriraj Helgrind-a 3a npuctyn mpoMe/buBoj 6€3 CHHXPOHU3AIU]je
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=iln=place --tooledrd --read-var-info=yes drd/tests

Bart Van che .,
with -h for yright info

Location 0x46010d3 vy i ¢ global var “s_racy”
declared at rwloc

intercept
312)

(drd_pthread
pthread_intercep

Other
at

c:1TAG)

Cruka 3.16: Ilpumep jerekiuje Tpke 3a MOJAIIMA

Kpenpa ,,JIeCUJI0 ce Tpe’ 3aBUCHOCT m3Mehy JjiBe jojiesie BpegHocT: var = 20; ce
noraha mpe var = 10;. Takobe, caja Builie HeMaMO MPUCTYI TPOMEHJHUBOj 0e3
cunxponuzaiuje. Huje obaBe3no ja 1masbeMo MOPYKY U3 HUTH poauTesb. Moxkemo
[IOCJIATHU TIOPYKY W3 HUTHU JIeTe HAKOH IITO OHA U3BPIIHU CBOjy J0/1e1y. Ha oBaj naunn
cMO curypHu Jia he ce ucnucatu Bpemroct 20.

Anar Helgrind pagan #a uctom opoM npuamuiny. OH IpaTu CBAKU TPUCTYIT MEMO-
pujcKoj Jokaruju. AKo ce JIOKaIyja, y OBOM IIPUMEDY var, IPHUCTYIa U3 JiBe HUTH,

Helgrind nposepaBa ma Jii ¢y TH HPUCTYIU IOBE3aHM Ca ,,IECHJIO Ce IIPe’ BE3OM.
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Parent thread: Child thread:

Cuuka 3.17: ,, lecusio ce npe” pesanuja

AKko HuCy, ajaT pHUjaBsbyje IPEIIKY O MIPUCTYITY TPOMEH/bUBO] €3 CHHXPOHU3AIIT]E.

AKo je TIpHCTYII JIe/beHO] TPOMEH/bUBOj W3 JIBE WJIU BHINE IMPOTPAMEpPCKe HUTHU
IIOBE3aH Ca ,,JIECUJIO Ce TIPe” PEeJIAIjoM, 3HAYH JIa TIOCTOjU CUHXOPHU3AIMOHY JIAHAIT
n3Mehy mporpamckux HUTH Koje 00e3b6elyje Jj1a ce caM NpHCTyI OJiBUja IO TavHO
ojipeheroM pejiociiety, 6e3 063upa Ha CTBAPHE CTOIE HAIIPETKA M0je IMHATHUX HUTH.

Crangap/iHe TPUMUTHBE HATU KPENpajy ,,JeCHJIO ce TIpe’ pesalmjy:

e AKO je MyTeKC OTKJbYUaH OJ cTpaHe HUTH 1], & KacHUje Wjn O/iMaxX 3aK/bydaH
oJ cTpaHe HUTHU 15, OHJIa ce mpucTyn Memopuju y dyukimju Th jemana mpe

Hero 1mTo HUT 1h OTKJbyda MyTeKC Ja OM MPUCTYIINIA MEMOPH]jU.
e llcra nneja ce omHocn u Ha reader-writer 3ak/bydaBaibe IPOMEH/bUBUX.

e AKO je KOHJIUIIMOHA MTPOMeJhbUBA CUTHAMN3UPaHa y (MYHKINUjH HUTH 1] U aKo
Jpyra HAT 15 YeKa Ha Taj CHUTHAJ, j1a OM HacTaBHUJa Ca PaJOM, OHJIA Ce MEMO-
pujcku npuctyi y 1} jemasa mpe cUrHaauU3aIuje, 0K HAT 15 BPIIA MPUCTYT

MEeMOpHjU HAKOH IITO n3alhe U3 crara deKara Ha CHUTHAJ KOju Imajbe HUT 7.

e Ako mut T, HacTaB/ba ca U3BPIIaBakHEM HAKOH IIITO HUT 17 0cs10601u cemadop,

OH/JTa KAXKEeMO J1a [TOCTOjH ,, IECUJIO Ce TIpe” pesialuja u3Mel)y mporpaMcKux HUTU
T1 n TQ.
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Helgrind nipecpehe cBe rope HaBejene gorahaje n kpenpa rpad Koju mpejicrapiba
CBe ,,JIECIJIO ce TIpe’ pejaluje y mporpamy. Takobhe, oH IpaTu CBe IPUCTYIIE MEMO-
puju y nporpamy. AKO [OCTOjU HPHUCTYIT HEKOj MEMOPH)CKO]j JIOKAIUjU Y IPOrpaMy
on crpane jBe HuTu U Helgrind ne Mmoxe ja Hahe myTtarmby Kpo3 rpad o jeaHor
MPUCTYTIA JIO JIPYTOr, TeHEePHIIe MoJaTaK O TPEIIU y IPorpamMy KOju aHaJM3UPA.

Helgrind we npoBepasa 1a Jii MOCTOjJU MPUCTYII MEMOPH)CKO] JIOKAIUjU Oe3 CUH-
XOPHM3AIMje YKOJNUKO Ce CBU MIPUCTYIIH TO]j JIOKAITU]U OJITHOCE Ha YNTahe CcajiprKaja Te
Jokanuje. JIBa mpuctytia cy y ,,JIeCuIo ce mpe’ pesalyju, Hako MOCTU)H TPU3BOJHHO
Jiyradak JiaHal cuHxponmsaiyje jgorahaja mamely Ta gBa npucryna. Axko wut 1)
npuctyna jJokanuju M, 3aTuM curHajusupa HUT 15, Koja KacHUje CUIHAJIU3UPA HUT
T3 xoja mpuctyna Jjokaruju M, KaxkeMo Jia Ccy OBa JiBa IpucTyna usmehy autu 1)
u T3 y ,jqecusio ce npe’ pejaluju, Hako u3Mehy mbux He IOCTOjU JIUPEKTHA Be3a.

Helgrind anropuram 3a JIeTeKIHjy NPUCTYIIa MEMOPUju 663 CHHXOPHU3AIIH]E ITPH-
KyIlJbeHe nHpopMaIje mpukasyje y popMu pruKa3aHoj Ha CJIUII

Ha comnu MOzKeMO Jia IipumeTumo ja Helgrind najupe ucnucyje nojaTke Tie
Cy HUTHU KOje Y3pOKYjy I'DENIKY HallpaB/beHe. [J1aBHU 110/1aTaKa O TPENIIN TOYNHE Ca
»Possibal data race during read”. 3aTum ce ucmucyje ajipeca rjie ce HeCUHXPOHH TTIPHU-
CTYII MEMODPUJH JIellaBa, Kao U BEJIMYNHA MEMOPHje KOjOj ce IMPUCTyIa. Y HaCTaBKY
Helgrind wncnucyje rme apyra HuT npucTtyna ucroj Jjgokanuju. Ha kpajy, Helgrind
IIOKPEHYT Ca OIIHjOM --read-var-inof=yes UCIHUCyje U caMo UMe IIPOMEH/bUBE KOjOj

ce MPUCTYTIa, KAo U Ijie y IPorpamy je Ta MpoMeH/buBa Jekaapucana [4].

Saap>kaBame KaTaHalla

[TpunukoM pajia HUTH MOKe JIohu JI0 mojaBe 3ajprKaBamba Karanna (enri. lock
contention), IpN KOjoj jeJIHA HUT He MOXKe Jla paJiu 3000 GJIOKUparha JPYyTUX HUTH.
JlemaBa ce ja HUT MOpa Jla YeKa Jla MyTeKC U CHHXOPHU3AIMoHnu reader-write
objekar Oy/y OTKJbydaHU O cTpaHe japyre Hutu. OBakKBa I0jaBa je HENOXKe/bHA Y
BUIIIEHUTHUM cHCTeMUMa, ajaT DRID oTKpuBa 0Baj THII IIPOOIEMA.

Sap:kaBarbe KaTaHalla CTBapa Kalllibema, Koja 0u Tpebasio mga Oyay IITo je MOo-
ryhe kpaha. Omnuje --exclusive-threshold=<n> u --shared-threshold=<n> omory-
hasajy ga DRD oTkpuje nperepaHo 3ajpKaBaibe KaTaHlla, TaKo ITo he IpujaBuTH
CBaKO 3aJipKaBarbe KaTaHIla Koje je JiyzKe oJ] 3ajaror mpara [3).

Anar Helgrind ne oTKpuBa OBaKaB THUII I'DEIaKa.

40



I'VJIABA 3. AJIAT VALGRIND

3.5 Callgrind

first2

J115.00 %

.......
..............

Cauka 3.18: Ilpumep Busyenuzanuje pyHKIIja

Callgrind je anar Koju TeHEpHIIE JIUCTY MO3UBa (DYHKIINja KOPUCHUIKOT IPO-
rpama y Bujy rpada. Y OCHOBHHM IOJellTaBamuMa CaKyIJ/beHU HOJAIN CacToje ce
0J1 Opoja U3BPIINEHUX WHCTPYKIMja, HUXOB OJIHOC Ca JIMHUJOM Yy W3BPIITHOM KO/LY,
OJTHOC TI03WBAOIL/T03Ban u3Mely dyHKImja, Kao u 6poj TakBux mosmsa. Jlomarna
noJieraBara oMoryhasajy aHaJn3uparmbe KoJa TOKOM U3PIIABAbA.

[lonanu Koju ce anasmsupajy ce 3anucyjy y ¢aja HakoH 3aBpIIeTKa paJja Mmpo-

rpama u anara. [logpkane KomaHe cy:

callgrind _annotate - na ocnosy resepucanor ¢ajia npukasyje JucTy QyHKIHja.
[Ipumep Buzyenmsaruje jmcre yHKIMja Tpukazan je Ha couiy [3.18 3a

rpaduUKy BU3yean3aIujy npenopy4yjy ce pogatuu agatu KCashegrind, koju
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oylakmmaBa HaBuraiyjy ykosuko Callgrind namnpaBu BeJMKY KOJUYIUHY TIO/a-

TaKa.

callgrind_ control - osa xomamnja omoryhaba MHTEpaKBUHY KOHTPOJYy W HaJrJle-
Jlarbe IporpaMa IpUIMKOM u3BpinaBamba. Mory ce poburn undopmarnmje o

CTarby Ha CTEKy, MOXKe ce Takole y CBaKOM TPEHyTKY reHepucari npodui [2].

Astar Cachegrind caxymba mogaTke, OJHOCHO Opoju morabaje Koju ce jemaBajy
JUPEKTHO Y jennoj dyukimju. OBaj MexaHm3aM CaKyIL/barba I0JIaTAKa Ce HA3MBA
€KCKJTY3UBHIM.

Anar Callgrind npomupyje oBy (GyHKIIMOHAIHOCT TAKO IMITO IPOIArupa IeHy
dyukiuje 10 menux rpauuna. Ha npumep, ako dyuknuja foo mosuBa QyHKIHU)Y
bar, nena ¢gynknuje bar ce gogaje dpyuknuju foo. Kaja ce opaj Mmexanusam mpu-
MEHH Ha Testy (DYHKII]Y, JT00Mja ce CJIMKa TaKO3BaHUX WHKJIY3UBHHUX ITO3UBa, TJIE
IeHa cBake (pyHKIIMje YK/bydyje U IeHe CBUX (DYHKIMja KOje OHa MO3UBA, JTUPEKTHO
WM UHIUPEKTHO.

Baxpaspyjyhu rpady mo3mBa, MOXKe J1a ce OJpeH, MMOYEeBIN o main ¢yHKIm]e,
Koja dyHkmja uMa HajBehy IeHy mosusa. I[lo3umBaoll/no3BaH IeHa je U3y3€THO
KOpHuCHA 3a podurcame PyHKIHja KOje UMajy BUIIIe T0O3UBA U3 PA3HUX (PYHKIIN]a,
U TJIe IMaMO [IPWJINKY 3a OITUMU3ZAIIN]Y HAIIET IporpaMa Memajyhu KO y pyHKIjn
KOja je T03WBaoIl, Ta9HUje PelyKoBambeM Opoja IMo3uBa.

Moryhnoct jieTeKToBaMba CBUX 103UBa (PYHKIIN]a, KAO U 3aBUCHOCT UHCTPYKITUja
amata Callgrind 3aBucu o mrardopMe Ha Kojoj ce u3Bpiasa. OBaj asar najoosbe
paju Ha 86 m amd6/, aau HaXKaJIOCT He Jlaje HajTadHuje pe3y/irare Ha ILraTdop-
mama PowerPc, ARM n MIPS. Pazjior Tome je mTo Koj HaBeJIeHUX IIaT(OpMu He
[IOCTOj¥ EKCILJIUITUTAH [TO3UB UJIU WHCTPYKIMja y cKyIy uncrpykiuja, na Callgrind

MODAa JIa Ce OCJIalba Ha XEYPHCTHUKe Jia OF JeTeKTOBAO Mmo3uBe win uHcrpykiuje [2].

3.6 Massif

Massif je anar 3a aHaau3y XUl MeMOPHje KOPUCHUYKOT Iporpama. OOyxsara,
KaKO MeMOPH]y KO0jo] KOPUCHUK MOKe Jla IMPUCTYIHU, TAKO U MEMOPHU]y KOja ce KO-
puctu 3a noMohHe KoHIleNTe Kao mTo ¢y book-keeping 6ajTroBa M mpocTop 3a Io-
paBHame. Moxke j1a n3padyHa BeJIMYUHY CTEK MEMOpHje IIporpaMa, aJii OBa OIIInja

HI/Ije IIoIpa3yMeBaHa, Beh MOpa €KCIJIMIIMTHO Ja Ce HaBeJe.
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Command :
Massif arguments: ==time-unit=6
f.out.1

Number of snapshots:
Detailed snapshots:

1,000
2,008
3,000

Cmuka 3.19: Ilpukas onrepehema xuna kopurihemem Massif amara

Anajmm3a mporpaMckor Xuita, Ha MOJIEPHUM padyHapuma KOju KOPUCTe BUPTY-
AJIHY MEMOPU]Y, JIOHOCH IIPEJIHOCT Y BUJLy yOp3aBara IIporpama, jep Mambu IporpamMmu
nMajy 00Jby MCKOPHIITNEHOCT Kellla U u3beraBajy crpanundere. Ko mporpama Koju
3aXTEBajy BEJIMKY KOJTUIUHY MEMOpPHje, J100pa NCKOPUIITNEHOCT XUIIa CMAabyje MAaHCY
3a U3IVIa/JbUBAIEM IIPOCTOPA 3a pa3MeHy (eHI. Swap space) KOPUCHUYKE MallliHe.

[TocToje onpehenn crenapuju mypema MeMOpHje KOju He CHajajy y KaacudaHe, 1
TaKBe MPOITYCTe He MOTY JIETEKTOBATH ajiaTu Kao mto je Memcheck. OBo ce neraBa
3aTO IITO MEMOPUja HUje 3a1IPaBo N3ryb/beHa, MoKa3uBad Ha by U JIajbe TIOCTOjU, aJil
OHa ce BuIle He KopucTu. [Iporpamu ca oBAaKBUM TUIIOM ITypeHha MEMOPHje JI0BOJIE 710
HeroTpeOHOr Kopuliihema ojpeheHe KOJMdnHe MEMOPHUje TOKOM CBOI' H3BPITIABAIHA.

Massif nomazke y oTKpuBamby Oalll OBAKBUX I[yPeHa MEMOPH]E.
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Massif we maje camo muapOpPMAIIjy O TOME KOJUKO XWUII MEMOpHje ce KOPUCTH,
Beh u JierasbHe nHMOPMalje Koje yuyhyjy Ha TO KOjHu Je0 Iporpama je oJroBopaH

3a ajonupame te Mmemopuje [5].

Kopunthemwe Massif-a

[Iporpam xoju ce mzBpmasa 1oy ajgarom Massif paau Beoma cropo. Haxon
3aBpIIleTKa pajia, cBe craTuctuke cy ucrnucane y dajir. Ilogpasymesanu dajr y
KOju ce mmie je massif.out. <pid>, roe <pid> upeacrapba 1D mpomeca. Moxke ce
npomeruTHn (aja y kome he ce ncnmcuBaTu KOMaHIOM --massif-out-file.

Ha 6u madopmanuje Koje je Massif cakynmo MOIJIM Jia BUJUMO Y UUT/HUBOM

dopmaty, kopuctumo ms_ print. Axko nmamo dajsr massif.out. 125/
ms_ print massif.out.1234

ms_ print Tpo3Bojiu Irpad KOju MOKa3yje Ha TPOIICHE MEeMOpHje TOKOM H3BpIIa-
Balba IIporpamMa, Kao 1 JieTajbie MH(OpMalldje O pa3nduTUM TadKaMa IIporpama
KOje Cy OJIrOBOpHE O ajokanuju memopuju. Kopuirheme pazimauTux CKpUnTH 3a
MIpe3eHTalIn]y pe3yaTaTa je HaMepHO, jep 0/iBaja caKyIl/baibe TogaTaKa OJ1 Tpe3eHTa-
nuje, Kao u Jia je Moryhe J0/IaTh HOB HAYWH IIPUKAa3a 10/IaTaKa y CBAKOM TPEHYTKY.

Ha cyiunum (3.19| npukaszan je npumep uzsasza uz ajnara Massif. Besmauna rpada
MOKe OUTH TTpoMerbeHa KopurihemeM ms_ print onmnuja --z u --y. CBaka BepTHKAJIA
IIpEe/ICTaB/ba MPECEK CTarba UCKOPUITNEHOCTU MeMOpHje Y ojpeheHOM TPEeHYTKY Bpe-
mena. Tekcer na muy ciuke |3.19) mokasyje jga cmo umasnu 25 npeceka. Massif to-
YHUEbe TAKO IITO OJIpaJyl IIPeceK 3a CBaKy aJoKallujy U JleaJoKallujy Xulla, ajl aKo
ce mporpaMm m3BpiaBa jgyxke Massif cBe pebhe Bpim mpeceke. VY ciydajy ClIOXKe-
HUX I[porpaMa, Koju ce u3BpInaBajy jyxke Massif He dyBa MOUYeTHE IpPECEKe Kaja
JIOCTUTHE MaKCHUMaJIHY BPEeJIHOCT mpeceKa. llogpasymeBana KoImdnHa peceka Kojy
amat Massif aysa je 100, oBO ce MOXKe NMPOMEHUTH KOPHUIINE-EM OIIHje --Mmax-
snapshots. OBo 3Ha4M Ja je oxrosapajyhm Opoj mpeceka cTamba cadyBaH y CBAKOM
TPEHYTKY Pajia IporpaMa.

Ogpehenn mpecernu cy jerasbauje obpahenn. Ob6paheru mpecenn cy mpejcra-
B/benu y rpady sHakom 'Q’. Ha jauy cimke je HarjaleHo Jia IOCTOje TpU
crama Koja cy jerasbHuje obpahena (crame 9, 14 u 24). Ilompasymesano je ja ce
CBaKoO JieceTo crarmbe obpalyje jieTasbHUje, ajll U OBO Ce MOXKE IMPOMEHUTHU OIIUjOM
--detailed-freq.
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Hleramnuje obpahenu rmpecernyu MOry OUTH TPEJICTaAB/LEHU W 3HAKOM '#', ajau y
TOM CJIy4ajy 3Ha4M Jia je UCKOPUIITNEeHOCT MeMOpHje y TOM TPEeHyTKYy Omjia HajBeha.
OBakaB 1peceka Mopa Jia ce 1ojasu bapem jeganom y rpady. Ha ciunu [3.19| ce Bujm
Jla je TakaB IIpecek, mpecek 0poj 14.

YTBphuBame Koju 01 IIpeceka je mpecek ca HajUCKOPUITNEeHNjOM MEMOPHUjOM HHje
yBek Tadan. Pazjior Tome je ma Massif y3uma y 063up camo Ipeceke Ko KOjux ce
Jlecuia JieaJioKalinja, OBUM ce m3beraBa oopahuBarmbe MHOIUX HEITOTPEOHUX IIPeceKa,
aJIi 3Ha9H JIa aKO IporpaM HUKaJla He Jeajonupa MeMopujy, nehe outn obpahennx
Ipeceka ca HajUCKOPHUIITNEeHnjoM MeMopHjoM. JoIn jejaH pasJior jecte jga obpahu-
Balbe IpeceKka Ca HajUCKOPUIITNEHUjOM MEMOPHUjOM OJIy3MMa JIOCTa BpeMaHa. 300r
Tora Massif dyBa camMo OHa cTamba Yuja BeaudnHa u3Hocu 1% o] BeJIMIrHe TIpeceKa

rje je uckopuithernoct memopuje 6usta wajseha [5].

Meperbe 1mesoKynHe MeMopuje

Tpeba marmacutn ga amat Massif Mepu caMo XU MEMOPH]Y, OTHOCHO MEMOPH]Y
Koja je asonumpana malloc, calloc, realloc, memalign, new, new[] m HeKOJUKO
npyrux cananux gysknuja. OBo 3uaun jna Massif ne mepum meMopujy Koja je aJjio-
IpaHa CHCTEMCKIM ITO3WBUMAa Kao ITO ¢y mmap, mremap u brk. Takobe, y mporpamy
MOTY Jla TIOCTOje CHCTEMCKU TO3UBHU 3a ajiorupame MeMopuje, Massif nehe yzeru y
003Up Ty MEMOPHjy TOKOM aHAJIM3€ IIPOrpaMa.

YKOJIMKO HaM je O] BEJMKOI' 3Hadaja Jia ce y3Me y OO3WMp CBa asolnupaHa Me-
MOpHja y HaIlleM IIporpamy, HOTPeOHO je YKJ/bYYUTH OIIHjy --pages-as-heap=yes.
YripyuauBamem oBe omiuje, Massif nehe npodajamuparu xun memopujy, Beh crpa-

Huie y Mmemopuju [5.
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NMmniementanuja KouBennuje FPXX

Cama crpykrypa Valgrind jesrpa ce moxke mojiesintu Ha JiBa jiejia VEX u coregrind.
Y VEX nemy cy nMIuieMeTupane HHCTPYKIIHje 38 CBaKy 0O/ apxuTeKTypa Kojy Valgrind
IIoJIpKaBa, OJIHOCHO OBaj JIe0 je OJroBOpaH 3a JucaceMOpupame u aceMoanpame. Y
VEX neny najoutnuja dpyukimja 3a gucacembiimpase je disInstr  MIPS, oBa dbyHK-
11ja je pa3/InunTa 38 CBAKYy apXUTEKTYPY U HEHO UME je Y CKJIaJy Ca CBAKOM apXu-
TEKTYpPOM. ¥ 0BOj (PYHKIIUjU Ce BPIIH JincaeMOImparme cBux nuerpyknuja y IR. [Ipu-
JINKOM aceMO/impara n360p MHCTPYKIIja BPIIU ce PEKYP3UBHUM OOMJIACKOM CTa0JIa
MHCTPYKIIja Y JyOMHY, TJie Cy 3a oOma3ak 3aBHCHO OJ TUIIA BPEIHOCTH HM3pa3a
koputithene ciejiehe dyukimje: wsel WordExpr R xkopuctu ce 3a 1e100pojHe Bpei-
voctu, isellnt6)Expr 3a 64-6uthe Ha 32-6utHOoM MIPS-u, iselDblExpr 3a 64-OutHe
BPEJ/IHOCTHU Ca TMOKPETHUM 3ape30M Ha 32-0uTHuM cuctemuma u iselFltExpr 3a Bpe-
HOCTH ca TOKPEHTUM 3ape3oM. Obuiaxkerme ce nouuntbe dyurmnujom iselSB_ MIPS
K0joj ce mpociehyje KopeH crabia, 0JHOCHO 1o cTabia Koje ce obmnasu. CBe oBe
dbyukuumje cmerrene cy y dajiuy VEX /priv/host_mips isel.c. ¥ bajuy VEX /priv/-
guest _mips_ helpers.c canpkane cy nomohne dgynkiuje koje ce ymehy y Valgrind-os
KOJT pajii MHATIjaJIn3allije 1 n3padyHaBamba 3aCTaBUIA KOjU MTOCTaB/bajy MHCTPYK-
uje Koje pajie ca bpojeBuMa y IOKpeTHOM 3ape3y. ¥ dajioBuma coregrind,/m_ syswr-
ap /syswrap-mips32-linuz.c u coregrind/m__ syswrap /syswrap-mips6j-linuz.c je oape-
Deno mpecperame CUCTEMCKUX TTO3UBa 3a 32-0uTHy u 64-6uTHY apxutekrypy MIPS.

Y coregrind je cmerTeH yipaB/badku jieo Valgrind-a, uMmiiieMeHTaIja CUCTeM-
CKHUX 1o3uBa U curuasa. HajourHuju jeo osue jecre dajur coregrind/m _ scheduler/-
scheduler.c. Y oBoMm ajiry ce oprannsyje W3BpIIaBarme MIporpaMa KOju ce IIyIITa
kpo3 Valgrind n niokpehe Valgrind-oe cucreme 3a ylnpaBibambe CUCTEMCKUM IT03U-

BuMa u curaajuma. [Ipe mokperama nporpama Kpo3 dbyHKuje y dajuy coregrind /-
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m_ scheduler/scheduler.c moTpeGHO je YTBPAUTH MOIYNHOCTH CHCTEMA, IITO Ce DA
y dajiay m_machine.c, Kao U MOCTAB/balbe CHCTEMA 3 YIIPAB/bathe MEMOPH)OM TIPO-
rpama Koju ce m3Bpmasa. Y dajiuy coregrind/m_ume/elf.c ce nanaze dyHKImje
Koje umuTajy u obpalyjy 3aryiaBibe yIuTaHOT IIporpaMa.

Y okBUpPY pajia cy pelaBaHa JiBa mpobsema. [IpBu mpobiiem je 6uo j1a ce omoryhn
npesoheme camor anara Valgrind ca onnumjom -mfprx, 10K je apyru mpobsem Ouo ja
ce omoryhm s1a ce mporpaMu IpeBeJIeHN Ca OIIUjOM -Mmfprs KOPEKTHO M3BPIIABAjY
kpo3 Valgrind.

Cge m3mene koje he 6utu mpuKaszaHe y HacTaBKy cy npuxsahene u yBpinhene y
raBHE ¢it perioduTopujyMm. /la 6u Mmoriie ja ce Bujie oBe u3MeHe noTpedbHo je nMaru
1eo kO 1 astata Valgrind. IIpey3umarse Kojia BpIIK ce TIOKpeTarbeM ciejiehe KoMaH e

y TEPMUHAJIY:
git clone git:/ /sourceware.org/git /valgrind.git

Hakon Tora Tpeba ce jionupat y AUPEKTOPUjyMy ajara. ¥ HacTaBKy he Ouru
JlaTe KOMaH/Jle Koje je TOTpeOHO M3BPIINTH U3 TEPMUHAIA U JUPEKTOPHjyMa Yy KOMe

ce Has1a3mM KoJ asiata Valgrind.

4.1 Ilpeohemwe anara Valgrind ca onmmjom
-mfpxx

Jla 6u omoryhmimu npeoheme anara Valgrind ca onmmjom -mfprz, 6umo je 1mo-
TpeOHO TPUIAroInTH aceMmosepcke feose Valgrind-a Tako na Oyny y cKjaajly ca KOH-
Bernrmjom FPXX. Ha ciaurnm je mpukazaHa IpoMeHa aceMOJIEpCKOT Jiefia aJjarta
Valgrind, omHOCHO yKJIambaibe M3 KOPHUIINEema Perucrapa ca HelmapHUM HHIECKCOM.
WNucrpyknuja mtcl 3amemena je MHCTPYKIIOM [dcl momTo ona paju ca 64-6utHum
BPEIHOCTHMa, OJTHOCHO cMernTa 64-O6utHy Bpeanoct y FP perncrap. OBa n3mena je
nmiiementupa y VEX /priv/quest_mips_helpers.c. Kao mrro ce Buju Ha ciumm npo-
MeeHa Cy JIBa MaKpoa Koja ce mo3uBajy u3 dyukiuje mips_ dirtyhelper calculate-
_FCSR_ fp32. OBa usmeHa ce MOyKe BUJIETH TIOKpeTameM ciejiehie Komanje y Tep-

MUHAJTY

git show 2746{7e70b2737b074459240956446329203c5{0
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#define ASM_VOLATILE_UNARY3Z_DOUBLE(inst) \
__asm__ volatile("cfec1l 5Sto, 531" "\nyt" LY
"ctcl %3, $31"  "\m\t" \
"mtcl %1, S$F20"  "in\t" \
"mtcl %2,  $F21"  "\n\t" \
"ctcl %2, 531" "\n\t" \
"ldec1 5f28, O(%1)" "\n\t" \
#inst" §f2e, s$fze" "\n\t" \
"cfcl %0, 531" "\nyt" \
"ctcl $te, $31"  "\m\t" \
t "=r" (ret) \
- : "r" (LoFsval), "r" (hiFsval), "r" (fcsr) Y
+ : "r" (&fsval), "r" (fcsr) \
: "te", "sfze", "sf21" \
|H
#define ASM_VOLATILE_BINARY32_DOUBLE(inst) LY
__asm__ volatile("cfcl 5te, $31" "\n\t" \
"ctecl XS, 31" "oy t" Y
"mtcl %1, sfze” "Lnit" 1
"mtcl %2, @ Sf21" "\nit" X
"mtcl %3, sf22" "\nit" \
"mtcl %4, sSF23" "oy t” Y
"ctcl %3, S$31° "\nit" \
"ldcl  &f28, O(%1)" "\n\t" \
+ "ldel §f22, O(%2)" "\n\t" \
#inst” Sf20, S$f20, 522" "\n\t" Y
"cfcl %6, 531" "\nit"” \
"ctel Ste, 5317 "\nit" \
: "=r" (ret) \
: "r" (loFsval), "r" (hiFsval), "r" (LloFtval), \
- “r" (hiFtval), "r" (fcsr) Y
+ : "r" (&fsval), "r" (&ftval), "r* (fcsr) \
¢ "te", “sf2e", "sf21°, "sfz22", “Sf23" Y

};

Cmuxka 4.1: IIpurarohapame acembiepckux jesioBa ajara Valgrind

NmmiiemenTalinjom oBe u3MeHe, BUIIE HUje TO3HATO y KOM pexkuMmy he ce Valgrind
M3BPIIIaBaTH, IITO MTOBJIAYM JI0/IaTHE n3MeHe Koja anara Valgrind, Koje cy onucane

y HaCTaBKY.

4.2 JlereKTOoBame pexKnMa y KojeM paji ajiaT

Valgrind

Haxkon omoryhasama npeBohema anara Valgrind ca ommujom -mfpax, cienehn 3a-
JlaTak je 6uo jerekToBambe pexkuma y koM ce Valgrind msspmasa. lereknuja camor

peKuMa UMILIEMEHTUPaHa je y coregrind neny, raquuje y dajiy coregrind/m__mach-
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ine.c y dyuknuju machine_ get  hwcaps. Y oBoj dyHkiuju ce oapelyjy KapakTepu-
CTHKE CHCTeMa, Kao IITO je HauuH yuuca y Memopujy. OBre je ogpehena u gerekiinja
FP pexxuma y kom anar Valgrind tpeba na pajgu. [Iperxonna nmiiemenTaliuja, Koja
je u yKJIomheHa, Hiuje y3uMmaJga y oo3up moryhunoct Buiie F'P pexxuma. Ha cimrm
je MpuKa3aHa UMILIEMEHTAIlja caMe JIeTEKITHje.

OBjie ce mpBO BpiIu TpoBepa jJa Jju jesrpo nojap:xkasa PR GET FP_ MODFE
u PR_SET FP_MODE ounuje . YKOJUKO UX He MOJPXKaBa MU3BPIIABA CE aceM-
oaepcku Koy Uncerpykimja sdcl ce u3BpInaBa Jpyraduje y 3aBUCHOCTU O] PEXKUMa
U 1moMohy e Mu obumjamo nHMOpMaInjy y KOM pPexKuMy Tpeba da pajud caM aJjar
Valgrind.

OBa n3MeHa ce MOXKe BUIETHU IIOKPETaIbeM Cﬂegehe KOMaH/JI€ Yy TepMUHaJY

git show 030cea68c804abc61facd95e894a1c8b2418904f

4.3 OppebhuBame pexkuma y KojeM mporpam

Imoimme Ca paJaoM

Valgrind kao BupTyaJiHa MaruHa pagu y jeaaom FPU pexxumy, ako je nmpeBeaeH
ca ommujom -mfprx onga he pagutn y pexxumy Koje jesrpo ojapeau. C apyre, cTpane
OH eMyJIrpa je/INHUILY 3a OIepaliije ca MOKPETHUM 3aPE30M, C TOTa MOXKE J1a eMY/Iupa
JIpyTaduju pekuM pajia. 300r TOTa je MoTpeOHO UMILIEMEHTHPATH aJrOPUTAM 38 U3~
6op FPU pexuma kao 1o je To ypaheno y jearpy. Y dajuy coregrind/m_ume/elf.c
uMIIeMeHTHpate cy ciejehe dyukiuje arch_elf pt proc() w arch_check_elf().
3a mMIuieMeHTaIujy oBux (pyHKIHja Kao pedepeHia ce MOxKe KOPUCTUTH (PYHK-
uje u3 jesrpa, raunuje dpyukuje y dajiay linux/arch/mips/kernel/elf.c. ®yukuuja
arch_elf pt_ proc() npoBepaBa 3aryaB/be yIUTAHOD IPOrpaMa Jia IPOBEPU UCIIPAB-
HOCT 1 /M1 IOJIOOHOCT Yy OJIHOCY Ha CHCTEM Ha KOM ce u3Bpinasa. Oyukiwmja arch_ -
check__elf() onpebyje y kom pexkumy he pajuru mporpam Koju ce mymita kpo3 Valgrind.
Ha CJII/ILLI/I,IL&T je neo dyuknuje arch_ check elf() y kom ce oapelyje pexxum paja.

OBa m3MeHa ce MOKe BHUJIETHU TIOKpEeTameM ciiejiehe KOMaHIe y TePMUHATY

git show 030cea68c804abc61facd95e894a1c8b2418904f
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+ + F * + kbt A A A F A A d A F A F A+

4.4 TIpecperame cucreMmckor mmo3uBa prtcl()

/* Check if CPU has FPU and 32 dbl. prec. FP registers */
int FIR = 0]

__asm__ _ volatile__(
"cfel %0, 50" "\n\t"
"=r" {(FIR)

)
if (FIR & (1 << FPG4)) {
val.hwecaps |= VEX_MIPS_CPU_32FPR;

}

VG_(convert_sigaction_fromk_to_toK)(&saved sigill_act, &tmp_sigill_act);

VG_(sigaction)(VKI_SIGILL, &tmp_sigill_act, MNULL);
VG_(sigprocmask){VKI_SIG_SETMASK, &saved_set, MULL);

if defined(VGP_mips32_linux)

Int fpmode = VG_(prctl)(VKI_PR_GET_FP_MODE);
else

Int fpmode = -1;

endif

if (fpmode < 8) {
f* prctl{PR_GET_FP_MODE) is not supported by Kernel,
we are using alternative way to determine FP mode */
double result = 8;

f* Bit representation of (double)l is Ox3FFOEOO0OG0800086.

__asm__ volatile(
".set pushynit”
".set noreorderinit”
".set oddspregin\t"
"lui §to, Bx3IFFA\n\t"
"ldc1 $f@, %0\n\t"
"mtcl 5t@, SF1\n\t"
"sdc1l $fO, %¥0\n\t"
".set pop\n\t"

"+m" (result)

"te", "Sfe", "Sf1", "memory"):

fpmode = !({result == 1);
1

if (fpmode == 1)
val.hwcaps |= VEX_MIPS_HOST_FR;

VG_(debuglLog) (1, "machine", "hwcaps = @x%x\n", val.hwcaps):
VG_(machine_get_cache_info)(&vai);

Cmuka 4.2: /lerekToBame pexxmma

*]

Y ompehenum curyarumjama Valgrind mopa a IpecpeTHe CHCTEMCKe IIO3UBE 1

cam ux obpabyje. Ilorpeba 3a TakBUM cjIydajeM jaB/ba C€ W IMPUJIMKOM UMILIEMEH-

20



I'JIABA 4. HUMIIJIEMEHTAIINJA KOHBEHI[NJE FPXX

(prog req.fre && !prog req.frdefault && !prog req.frl)
state-»overall_fp _mode = VKI_FP_FRE;
{(prog & prog req.frdefault) |
(prog req.single && !pro q. frdefault))
state->overall fp mode VEX )ST FP MODE(vai.hwcaps) ?

» FR1 : VKI FP _FR8;

{prog req.frl)
erall fp FP FR1;
{!prog _req.fre v lprog req.frdefault &5
!prog _req.frl lprog_req.single && !prog req.soft)
VEI ELIBEBAD;

VEI_ELIBBAD;

Ciuka 4.3: OnpehuBame pexkuMa y KOjeM IPOrpaM HOUUIbE Ca PAJIOM

Taruje oBor perema. [pecperame cucremckor nosusa pretl() y Valgrind-y je 6uno
HEOIIXO/IHO Jia Om mojpiKa 3a pexxkum FPXX oOwuna norynyna. Ilpecperame cu-
creMckor no3usa pretl() je onpabena y dajiosuma coregrind/m_ syswrap/syswrap-
mips32-linuzx.c u coregrind/m__ syswrap/syswrap-mips64-linux.c. OBaj cucremcku
1o3uB je obasujen MmakpooM PRE, mro 3na4n fa anar Valgrind nehe momycrutn ja
pretl() one no camor jesrpa, Beh he on cam ofpaguTu cBe mTo je norpebHo. M-
IJIEMEHTAlHja lIpecpeTamba CUCTecMKor nosusa pretl() nara je na comnu 1.4 Ha
CJINIIN ce BHUJIM Jia ce ofpabhena mmiiementanuja 3actaspurie PR GET FP_MODE
u PR_SET FP MODE. Cse 3acraButie Koju cy jgedpuHUCAHE Y CAMOM KOJTy je3rpa,
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PRE(sys prctl)

(ARG1) {
VKI PR SET FP MODE:

ArchInfo wai:
(machine get VexArchInfo)(N , &val);

|
&

? | hwcaps))) {

:(VKI_EOPNOTSUPP)

{
('"({VG (threads)[tid].arch.vex.guest CPB status &
MIPS CPB STATUS FR) !'= !{ARGZ & VKI PR FP MODE FR)) {
ThreadId t;
(t : t < WG N THREADS; t++) {
( s)[t]).status '= VgTs Empty) {
I PR FP MODE FR) {
s)[t].arch.vex.guest CP8 status |=
ATUS FR;
{
VG (threads)[t].arch.vex.guest CP8 status &=
~MIPS CP8& STATUS FR;

}

VG (discard translations) (@, ., "prctl{PR SET FP MODE)")

PR_GET FP MODE:
VG (threads)[tid].arch.vex.guest CP@ status & MIPS CP8 STATUS FR)
cess(VKI PR _FP MODE FR);

{linux, sys prctl)(tid, layout, arrghs, status, flags):

Cimka 4.4: Tlpecperame cucremckor mnosusa pretl()

nedununcane cy u 'y anary Valgrind, jenuna pasiuka je y npedurcy VKI

[Ipummkom nmmtemenTtanmje 3actasutie PR SET FP_ MODE, Bpmu ce mpoJia-
3aK KPO3 CBe aKTHBHE HUTU U MEha ce PeXuM y KoM oHe pajie. Pyukimja SET-
_STATUS Success(0) cupedaBa cUCTEMCKE TIO3KB JIa OJIE JI0 CAMOT je3rpa U U3BPIIH
ce, Beh ce oBJie 3aycTaB/ba.

OBa m3MeHa ce MOXKe BHUJETHU IMOKpeTambeM ciiejiehe KOMaH/Ie y TePMUHALY

git show 030cea68c804abc61facd95e894a1c8b2418904f
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4.5 Tectupame

Y modernum aszama pasBoja TECTUPAHO je caMO MPABUJIHO Ipero3HaBame FP
pexxnMa y KojeM paju mporpam. OBo je pahero momohy jeIHOCTaBHOT IIpOrpaMa KOji
je mpesohen Ha paziuunTe Haunne. KacHuje, Kako je pa3Boj npuBoleH Kpajy, TecTu-
parme je BPIIeHO MOMONy TecTa KOju TOKOM CBOT M3BpIIaBama Mema PEXUM paja.
OBaj Tect je caja jemaH O TeCTOBA KOJUM Ce CBAKOJIHEBHO IPOBEpaBa MCIPABHOCT
paza amara Valgrind. Ilyrama mo Tecta, YKOJIUKO ce HAJA3UMO Y CAMOM JIMPEKTO-
pujymy Valgrind amara, je none/tests/mips32/change fp mode.c. Ha commmu [4.5(je
IIpUKAa3aH JIe0 TecTa IJIe ce JIETeKTYyje U Mermha pPeXuM pajia. Kao mro moxe ja ce
BUJIU, Ha JBa HAYNHA Ce JICTEKTY]e PEXKUM, jeIaH je IoMOhy aceMOJIepCKOr Kojia, JTOK
je apyru nomohy cucremckor nosusa pretl() u sacrasune PR GET FP_MODE.
Bpmu ce mpoBapa ITpOMeHJBUBUX Yy KOjUMa Cy cadyBaHe BPETHOCTH PEXKHUMa, Ja JIN
“Majy ucTy BpeJHocT. Hakon tora ce Mema pexKuM pajia moMohy CuCTeMCKOr TT031Ba
pretl() u 3acraputie PR SET FP MODE u oner ce BpIIM JIETEKTIHja PEKUMA.
TokoMm m3BpIIaBama TecToBa ajar Valgrind KOpUCTU CKPUIITY KOja BPIIHU IIPOBEPY
Ja JIU je m3J1a3 KOj! Jlaje TeCT UCTU Kao OYeKMBAHU, OJHOCHO Kao M3J/1a3 IIporpama
kasia paju 6e3 Valgrind anara. CBaku Tect uma aja y KojeMm ce Haja3u usJa3 6e3
nocpejgctBa Valgrind amata. Ako ce oBa JiBa W3Jia3a MOKJIAIA]Y, 3HAYN JIa je TECT

nporiao u jia ajgar Valgrind mcupaBHO pajiu.
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[ |
result = 8;

et push
norear

+m" (result)
“te", "sfe", "$f1", "memory");
(result !=
void test(int* fr_prctl, int* fr_detected) {
*fr prctl = p L{PR GET FP MODE);
*fr detected get fp mode();

(*fr_pr < 08) {
fatal error{("prctl(PR GET FP MODE) fails.");

. fr ed: Sd\r *fr prctl

pretl

{
int fr prctl, fr detected;

test(&fr prctl, &fr detected);

(fr prct 1) {

SET FP MODE, @) != @) {

rror{“prctlL(PR SET FP MODE, ©) fails."

(&fr prctl, &fr detected);

L{PR_SET FP MODE, 1) !=
error{“prctL(PR_SET FP MD

(&fr prctl, &fr detected);

Cmuka 4.5: Tect change_fp_mode.c

*fr

detected) ;




I's1aBa b

3aKJbydakK

OTkpuBame rpeliaka MoIyT Iypeha MeMOpUje U YTPKUBaHha MPUIUKOM IIPU-
CTyIIa TOJIATKY OJ CTpaHe BUIIE HUTH y BEJIMKUM CHCTEMU MOXKe OMTH BeoMa Ha-
[IOPHO, JyTOTpajHO Ta W HeMoryhe y HeKuM ciaydajeBuMa. AHAJIM30M KOJa I0-
cpeactBoM Valgrind amara moxke ce ymregern aparoneno speme. [Tomohy Valgrind
ajlaTa MOTY Ce OTKPHUTH I'DEIKe KOje He YTUIy Ha UCIPABHOCT PaJia IporpamMa, aan
3HATHO YTUYy Ha mepdopMaHce IporpaMa, YKOJIUKO ce He oTpKujy. I['perke Koje
Mory jma ce mponaly cy mHOoroopojue. Asar Memcheck oTKpuBa MeMOpHjCKe I'pe-
IIIKe KOje Cy YecTo W HajTexke 3a JieTeKToBambe. Heku oj npobsiema Koje MOXKe Jia
OTpPKHje jecy Kopuiiherme HEMHUITH]AIN30BaAHIX BPEIHOCTU WU HEUIICPABHO 0CI00a-
bhame xun memopuje. Ayat Cachegrind cumysiupa u IpaTu MPUCTYI KEIII MEMOPHU)U
MAaIlliHe Ha K0joj ce mporpam usspiiasa. Anaru Helgrind w DRD cy omyinanu 3a jie-
TEKOBarbe U YKJIAIahe TPeIaka Koje ce jaB/bajy IPUJIMKOM pajia ca HuTuMa. AJiat
Massif anaau3upa XUl MeMOPHjy KOpUCHUYIKOr mporpama u anar Callgrind spim
anaju3y rpada mosusa HyHKIH]A.

b oBor pajia je 6uo yrnosHasame ca ajaroM Valgrind u 1ojaBarmbe MOJIPIINKE 3a
kousenijy FPXX. Kako je oBa konsenmnuja cruennduydna 3a apxutekrypy MIPS,
Ha TOYETKY paJja JlaTa je KpaTka UCTOPHUja M OCBPT Ha CIENUMUIHOCTH OBE apXu-
TekType. Ommcanu cy perucTpu Koju cy outnu y apxurekrypu MIPS, a mano sehn
aKIEHAT je CTaB/beH Ha PErncTpe 3a pajl ca OpojeBuMa y MOKPEHTOM 3ape3y. Apxu-
tektypa MIPS kopuctu jBa (hopmara OBUX pPerucrapa, perucrpe ca jeJHOCTPYKOM
U JIBOCTPYKOM IPEII3HOIINY.

Y oBoMm pajny je onmcana KouBeHIuja FPXX Kao m mweHa HMMIJIEMEHTAIlAja y
angary Valgrind. Jenna oj npBuX KapaKTepHCTHKa je Ouia 3abpaHa Kopuirhema

perucrapa Ca HEIIapHUM HHIEKCOM, IIa je TO OHO je,zLaH O/ IIpBUX 3a/laTaKa TOKOM
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nmiieMentanuje. Obpabe je u cucremcku o3us pretl(), kome je nocsehiena maxma
PUJINKOM aHaJM3e, 1a W uMIieMeHTanuje. HakoH 3aBpIeTka MMILIEMEHTaIje,
asnat Valgrind mma muoro Behu criektap ynorpebe u aHajuse porpama.

Kao moryhm mpasar nasber pajia, miaHupa ce JojaBarbe UMIIEMEHTAIje pe-
xuma FRE=1. Haume, oBaj pexkum je cacrasuu jieo koupeniuje FPXX tpu demy
anat Valgrind TpernyTHO HeMa TOJpPIIKY 3a oBaj pexxkum. Jla 6u ce mo1a0 oBaj pe-

JKUM, TTOTPeOHO je Jo/aBame mojpiinke 3a MIPS R6 ckyll MHCTPYKIHja.
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Agnexkcanapa Kapauuh ([lpuwmuna, 11. janyap 1992.) Pohena cam y I[lpu-
mrund.  3aspimia cam ['mmuasujy y Jleckosily, mpupojHo MaTeMaTUIKu CMeD,
2010. ropuue u ucre rogune yrucajia Marematuaku dakynrer y beorpamy. 2015.
rOJIMHE CaM 3aBPpIIKja OCHOBHe cTyauje MaremMaTudkor haky/aTeTa U UCTE yIIHCAIa
macrep cryauje. [lomoxkmiia cam cBe mcnuTe ca MacTep CTyanja y centeMopy 2017.
roguae. O maja 2015. rojaube na jo caja pajguM kao umxkemep y RT-RK. TIpoje-
KaT Ha KOM caM 3amouesa cBoj paj y dupmun RT-RK je npojekaT Ha KOM U Ja/be
pajuM, a TO je oJp:KaBarbe W pas3Boj agara Valgrind 3a MIPS apxuTekrTypy.
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