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NEPINHWH

H apxn tng xtAletiag mou Slavuou e ofuave TNV avaykn avalntnong vEwv peBodwv
yla tn ouvexwon tng PBeAtiwong tng anodoong twv emefepyaoctwy. H péBodog g
avénong tng ouxvotnTag TwV EMeEepyaoTwV KaBwG ta TpaviioTop yivovtal oAoéva Kal
HLkpotepa Sev eival mAEov edLktr), AOyo TnG oAogva aufavopevng Stapporg pEUUATOC
Kal mapaywyng Bepudtntag. Itnv npoondbsia Toug va dLatnpricouv Toug pubuoug
BeAtiwong ¢ amodoong Twv EMeEEPYAOTWY, OL KATOOKEUQOTEC ETEECEPYAOTWY
otpadnkav tPog Tov oxeSlacpd MoAUTIUPNVWYV eNeéepyactwy. Me auTto Tov TPOTO N

Bopnxavia e€akoAouBel va eKUETAAAEVETOL TO OAOEVOL WULKPOTEPO HEYEDOG TWV



tpaviiotop, mepAauBAavovtag MepLocOTEPA EMEEEPYAOTIKA OTOLXELQ OTOV (6L0 XWpPOo
avti va au§avouv TV MOAUTTAOKOTNTA TWV KUKAWUATWY KOL TV oUXVOTNTO EVOANQYAG
Kataotdoswv. Kabw¢ opwc to mMANBog twv mupnvwy aufavetal, epdavilovral VEEC
TMPoKANoelc. Mia Tétola mMpPOKAnon oadopd TNV TMAPOX OUVEMELOG HvAUNG. H
Slaxeiplon Twv Kpupwv UVNUWV Kol N Slatipnon CUVENMWV avilypadwV O QUTEC
yivetat oAogva Kal Lo mepmAOKN KoL EVEPYELOKA N amodoTIKN KaBw¢ to MARB0G Twyv
TUPAVWY au&avetal. MNa vo OVTIUETWITIOOUV QUTO TO TPOBANUA, OL OPXLTEKTOVEC
UTIOAOYLOTWV Telpapatilovtal UE VEEC OPXITEKTOVIKEC TIOU TIAPEXOUV GCUVETIELQ
HUVAHUNG LOVO HETAEL EVOC UTTOOUVOAOU TWV KPUDWV VWV 1 Kot KaBoAou. AUTEG ol
OPXLTEKTOVIKEC avOOETOUV TN SLOXELPLON UVAUNG OTO AOYLOULKO.

Itn SlatplBn aut MEAETAUE MWE UMOPOUV va TPEEOUV YAWOOEC TIPOYPOUUOTIOUOU
uPNnAoU emMESOU OE TETOLEG APXLTEKTOVLKEG. OL YAWOOEC TPOYPAUUATIOHOU uPnAoy
emunédou, onwce n Java, eival oxeSLOOUEVEG VAl ATTOKPUTITOUV TG AEMTTOUEPELEG TNG
OPXLTEKTOVLKNC A0 TOUG TPOYPAUUATIOTEG. ME QUTOV TOV TPOTO EMITPEMOUV GTOUC
TIPOYPOUUUATIOTEG VA ETILKEVTPWOOUV oTnV UAomoinon Twv alyoplBuwyv Toug Kot Oxt
otnv Slaxeiplon TG EKACTOTE OPXLTEKTOVIKNC. Ol YAWOOEC Ttpoypappatiopol upniov
erunédou Baoilovtal o ELKOVIKEG LNXOVEG YLaL VA TIOPEXOULV Ta dLa amoTteAéopaTa o€
OLOPOPETIKEC QPXITEKTOVLKEG. ITNV EPYOOLO HOG ETUKEVIPWVOUAOTE OTNV ELKOVLIKN
punxavn g Java. H ewovikni pnxavr t¢ Java eivol pio amod T nmo SnuodtAsic kot
TIOAUUEAETNUEVEG  ELKOVIKEG UNXOVEC n  omola Uulomolel 6ekadeg YAWOOEG
TIPOYPAUUATIOMOU, artd TiG omoieg Eexwpilouv Kupiwg n Java kat n Scala.

OL UAOTIOLNCELG ELKOVIKWY LNXOVWYV Java TIPETEL VO CUUUOPdWVOVTOL OTOV OPLOKO TNG
YAWooOG MpoypaatiopoU Java (Java language specification) kol 6To LOVTEAO UVALING
¢ (Java Memory Model). Ztnv epyacia autr) LEAETANE TO LOVTEAO HVAUNG TNG Java
KoL TTOpoUGOLALOUE pia eMEKTACN TOU TIoU ekdpAlel pnTa TG PeTadopEG SeSoUEVWY
HETOEL TWV KpUDWV UVNUWV. H EMEKTAON QUTH TTAPEXEL PNTOUG KOWVOVEG TToU alpopouvV
TG petadopeg SeSopEVWV PETALD TwV KPUDWV UVNUWV oL omoiol SleukoAUvVouV TNV
ETUXELPNUATONOYIOL OXETIKA UE TNV CUMHOpdWON HiaG ELKOVIKAG pNnxavhg Java oto
HOVTEAO UVAUNG TNG Java. AKOUN amoSelKVUOUE OTL N EMEKTACN AUTH €ival cupBatn
LLE TO APXLKO LOVTEAO VA NG TNG Java Ko ETUTPETEL TIG (8Lleg BeATIOTOTIOL OELG KWELKAL.

ErunpooBétwg oxedlalovpe pia elkovikn pnxavn Java ylo apXITEKTOVIKEG E MEPLKA N
UNOEVIKN CUVETELD HVAUNG. O OXESLOOMOC aG OTOXEVEL OTNV EAAXLOTOMOLNGN TWV
petadopwyv Sedopévwy Kal aviaAlaywv HNVUPATWY ToU Xpeldlovtal yla 1n
ouupopdwon oto POVIEAO UvAUNG TG Java. O oxedloopog pag ekpeToAAevETaL
OPXLTEKTOVIKEG PE UEPLKI) CUVETIELQ UVALNG XPNOLUOTIOLWVTAC MEPLKEG KOLWVEG OOUEG
HETAEL MuprRvwy Tou Bplokovtal otnv dla cuoTada MUPAVWY UE CUVETELO UVAUNG.
Baowlopevol otov oxeblacpud autd UAOTOLOUME Hia ELKOVIKN pnxovr Java kal tnv

a€LOAOYOU LE TPEXOVTOG TIELPALATA O€ EVOV EEOUOLWTH APXLTEKTOVLKN G XWPLG CUVETELD



puvnune. Ta anoteAéopata eixvouv OTL n UAOTOLNCN MG KALLOKWVETOL LEXPL KL OF
500 TupnVEC KOt N KALLOKWOLULOTNTA TNE EVaL CUYKPLOLUN KE auTH TNE Lo TPOodaTNC
£LKOVLKNG punxavng Java (HotSpot VM) o€ pia apXLTEKTOVIKI LE CUVETIELQ VI UNG.

TéAog ekppaloupe Pe LOONUATIKO TPOTO TNV UAOTIONGCT HaC KAl AmoSelKVUOUUE OTL
TLOPAYEL LOVO OWOTEG EKTEAETELG, OUUPWVA IE TO PLOVTEAO UV NG KOL TOV OPLOUO TNG
YAwooag.

Enontng Atdaktopikng Atatpipng: Kabnyntrig Ayyehog MTtidag

ABSTRACT

The beginning of the new millennium signaled the need for new ways to keep
improving the performance of processors. The approach of increasing the frequency
as transistors got smaller and smaller is no longer viable due to the increased power-
leakage and heat generation. In an effort to maintain the performance increase steady
despite the difficulties, processor manufacturers turned to multi-core computing. This
way the industry keeps taking advantage of the smaller transistors by packing more
compute elements in the same area, rather than making the circuits more complex
and increasing the frequency. However, as the number of cores increases new
challenges come up. One such challenge regards cache-coherence. Managing
hardware caches and keeping the data coherent across them is become more and
more complex and energy inefficient as the number of cores grow. To tackle this issue
hardware architects are experimenting with modular non cache coherent and partially
coherent architectures. Such architectures delegate the memory coherency to the
software.

In this thesis we study how high productivity languages can be run efficiently on such
architectures. High productivity languages, like Java, are designed to abstract away the
hardware details and allow developers to focus on the implementation of their
algorithm. Such programming languages rely on process virtual machines, like the Java
virtual machine, to provide consistent behavior across different platforms. We focus
our work on the Java virtual machine since it is one of the most popular and widely
studied process virtual machines on top of which tens of languages are being

implemented, with the most distinguishable being Java and Scala.

Java virtual machine implementations need to adhere to the Java language
specifications and the Java memory model. In this thesis we study the Java memory
model and present an extension of it that exposes explicit memory transfers between



caches. This extension eases the process of arguing about the adherence of a Java
virtual machine targeting a non cache coherent architecture by providing explicit rules
regarding the ordering of memory transfers in respect to other operations in an Java
execution. We prove that our extension is complies to the original Java memory model
and allows the same optimizations.

We present a Java virtual machine design targeting non cache coherent and partially
coherent architectures. Our design aims to minimize the number of memory transfers
and messages exchanged while still adhering to the Java memory model. Our design
also takes advantage of partial coherence by sharing some structures across different
cores on the same coherence island. Based on our design we implement a Java virtual
machine and evaluate it on an emulator of a non cache coherent architecture. The
results show that our implementation scales up to 500 of cores and its scalability is
comparable to that of the state of the art Java virtual machine running on a cache-
coherent architecture.

Last but not least we model our implementation in the operational semantics of a Java
core calculus that we define for this purpose. We then prove that these operational
semantics produce only well-formed executions according to the Java memory model.
Since the operational semantics model our implementation we argue that the latter
also produces only well-formed executions, thus it adheres to the Java memory model.
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