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AM\Q... O MapaAnAoc MpoypaUaTIoUOC
elva AvokoAoc...

» Katapeplopog tou alyopibuou oe tasks
* AMtelkovion twv tasks og vripata

* Eloaywyn ouyxpoviopou (locks, barriers,...) yia va anodpeuxBolv data
races Kol OUYXPOVIOUO TNG OELPAG EKTEAEONG TwV task

* Juvadn poPAfpata: emektaciuotTnTa, Tomkotnta, deadlock,
livelock, dikaloolvn, cuvaywviopog (races), LETAPEPOLUOTNTA, KATT...

MNopadeypa: Mivakec pe Hash

* Jelplakn vAomoinon V lookup(K key) {
int idx = hash(key);
For (;; idx++) {
if (buckets[idx].empty)
) ) ) return NOT_FOUND;
* ExeL klvbUVOUC UE EKTEAEDN if (buckets[idx].key == key)
arno nopdAAnAa threads
* TAUTOXPOVEC ELOAYWYEC KOl
gupeon (lookup) pmopei va }
dnuoupyrnaoouv races

* Amaltteital ouyXpPOVIOUOG

return buckets[idx].val;
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[Mivakec pe Hash: Thread-safe pe Xprion Coarse-

grain Locks

* Mpénet va npootebouv akoua
lock/unlock Zeuyapla og OAeG TIG
QAAAEG AELTOUPYLEC TOU TTVOKA,

V lookup(K key) {

int idx = hash(key);

V result = NOT_FOUND;
lock(mutex);

For (;; idx++) {

OnA. Insert, remove, ...

* ATTOTEAECHA: OELPLOTIOLNON
AELToUpYLWV }

unlock(mutex);
return result;

if (buckets[idx].empty)
break;

if (buckets[idx].key == key)
result = buckets[idx].val;
break;

[Mivakec pe Hash: Thread-safe pe Xprion Fine-

V lookup(K key) {
int idx = hash(key);
V result = NOT_FOUND;
For (;; idx++) {

grain Locks

* Locks yLa kaBe bucket

* ArtotéAeopa: UTtEPBOALKEC
KaBuoTEPNOELC YLOL OEPLOTIOLNON
Aettoupylwv (dev emitpEmovTal
Tautoxpova dtafacpata oto
610 bucket...)

}

return result;

lock(buckets[idx].mutex);

if (buckets[idx].empty) {
unlock(buckets[idx].mutex);
break; }

if (buckets[idx].key == key) {
result = buckets[idx].val;
unlock(buckets[idx].mutex);
break;}
unlock(buckets[idx].mutex);
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Emdooelc pe Locks

‘ == coarse locks =@=fine locks ‘
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'EAeyxoc Tautoxpovnc MNMpooBaonc

* Anatteital u)\onomon TEXVLKWYV EAEYXOU OTAV UTIAPXEL TOUTOXPOVN TipocBacn
(races) og kowoxpnota dedopéval

* AUoelg?

* Jtapatnua (stalls): apotBaiog amokAelopog, e€aodpaiion OtL povo Eva thread
elval péoa oto critical section, 6Aa ta untoAouna thread nepipévouy

* Extéleon pe uttoBeoelg (speculate)

* YnoBeon: 6t Sev Ba cupBolv cuvaywviopol katd tn Sldpkela ektéleong oe critical
section

* ‘EAeyxoG: avixveuon otav cupBel cuvaywviopol o Sedopéva kowvoxpnota
* Avakapn: av cupBel cuvaywviopdc, Tote emotpodr oto mapeAbov, el6AAwG commit
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Transactional Memory

* Ovopadetal wg transaction otnv uvnun L0l OITOULKI) KOLL QLTTOLOVWHEVN
akoAouBia and mpooBAceLg TNV VAN

* Eunmveucpévn amo tnyv ila avaykn kot ovopaoia twy database transactions

* Atopkotnta (0Aa ) tinota)
* ¥TO commit, OA&C oL eyypad€G oTNV UVHLN YivovTol OpECWS
* Y& aKUpwon, Kopia eyypadn dev epdaviletal
* Artopovwon
* Kavévag ahAog kwdikag-thread Sev pumopei va mapéppel (oUte va 8l) TIC eyypadég pv
yivouv commit
* Jelplomoinon
* Ta transactions ¢aivovtal va ylvovtal commit Pe TNV oepa
* H akplBng oelpd dev eivat eyyunuévn

[TpoypaUUATIONOC pe TM

void deposit(account, amount) { void deposit(account, amount) {
lock(account.mutex); atomic {
int t = bank.get(account); int t = bank.get(account);
t=t+amount; t=t+amount;
bank.put(account, t); bank.put(account, t);
unlock(account.mutex); }

} }

* JUYXPOVLOUOG SLATUTIWHEVOG QTTO TOV TIPOYPOUUATLOTH
* O POYPOUUATLOTAG AEEL TOV GUYXPOVIOUO OAAQ OXL TO TIwG Ba yivel
* Aev xpelaletal Snlwon n draxeipion ywa locks
* To cUOTNHO UAOTIOLEL TOV GUYXPOVIOUO
* JuvnOwg VATOLElTOL HECW EKTEAEDNG LE UTIOOEDN
* OLemdo0eLg (oW oUVAVTHOOUV CUVAYWVLOUO Aoyw R-W fp W-W
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[MAeovektnuata TM

* EUKOAOG GUYXPOVLOMOC YLO TOV TIPOYPALUUATLOTH
* O mpoypappatiotig SnAwvVeL, To cUOTNA TO UAOTIOLEL

* KaA&g emibooeLCg
* Emdooelg TouldyLotov 1000 KaAEg 0oo ta fine-grain locks
* Aev untdpyel tradeoff petafl embodoewv kal opBOTNTAG

* Aopalela otn S6unon

* AopalAéc otnv olvOeDn, AVANMTUEN KOUUATLWY AOYLOULKOU

11

Locks vs Transactions

| = coarse locks == fine locks TCC |

s BT '

=

- 06
7)) S 04 Ef‘
@ ° A
T a9 T —

D T T T T u 1
1 2 4 3 16
Processors

12




26/5/2023

Baowkec Texvikeg YAomoinonc TM
* Xprion speculation

* BAOLKEG QTTALTHOELG
* AldOpEeTIKEG EKOOOELG SESOUEVWV
* Avixveuon kal emiluon cuyKpoUCEWV

* EmAoy£g uAomoinong
* Me uAik6 (hardware TM)
* Me AoyLouLko (software TM)
* YBp1dikég AUoeLG: emtdyuvon STM pe hardware
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Texvikec Alaxelplionc Aedopevwy

* Alaxeiplon véwv (uncommitted) kot maAowv
(committed) ekbOoswv TwV SedopEvwy OTAV EXOUE
Tautoxpova transactions

» Avuntopovn dwadikacia ekdooswv (undo-log) , .
* H pvAun yivetat update kateuBeiav
* Kpatiétal mAnpodopia yia va yivet emavadopad (undo-log)
* TeuméAikn Stadikaoia ekdooswv (pe write-buffer) , ,
* Kpatlovvtal ta dedopéva oe write buffer puéxpt va yivel to
commit
* H pvnAun yivetatl update oto commit
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AvuTtopovn ‘Exkdoon
Begin Xaction Write X<_15
Thread
|_|Und0
Log
¥: 10 | Memory
Commit Xaction Abort Xaction
et £
Memory Memory
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TeumeAwkn Ekdoon
Begin Xaction
Thread

Write
Buffer

X 10 Memory

Write X«—15

Commit Xaction

JVrite
ffer

Abort Xaction

Vrite
ffer

¥: 10 Memory
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YAomoinon TM o€ YAko (HTM)

* Ekdooelg Sedopgvwy pe xprion caches
* Kpatiétat otnv cache o write-buffer i to undo-log
* Kpatlouvtal metadata otnv cache yla Ta 0T avayvwoewv Kal eyypadwy

* Avixveuon cUyKPOUCEWV: Xprion Tou MPpwTokOAAoU coherence
* Avalntnon cuykpoUoswv ota transactions
* Aeltoupyel kal pe snooping, directory mpwtokoAAa

* Y€ OKUPWOELG TTPETIEL ETILONG VAL ATOKABLOTWVTAL OL KATAXWPNTEG =
register checkpoints
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YAomnoinon TM oe YAko (HTM) - 2

* OLYpOUMPEG TNG cache aviyveUOUV T OET AVAYVWOEWV KOl Eyypadwv
* R bit: kpatael data mou dafalovrtal anod €va transaction; set on load
* W bit: kpatdel data mou ypddovtal ano €va transaction; set on store
* R/W bits pmopei va eivat og eninedo word 1 cache-line
* R/W bits yivovtaut clear oto transaction commit r} oto abort

‘ V| D I?H Tag ‘m W Word 1 ‘ e ’?I W

* Actripata ouvoync (coherence) eAéyxouv ta bit R/W yia va
QVLXVEUOOUV CUYKPOUOELG
* Shared request to W-word is a
* Exclusive request to R-word is a write-read
* Exclusive request to W-word is a

Word N
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Mapadelypo HTM: Awclodoéa TeumeAko
(Lazy Optimistic)

4 N\
. . CPU
* AAMayEG otov enefepyaotn
* AnoBrkevon kataxwpntwv (checkpointing) Registers ALUs
* EWdkoU¢g kataxwpntég Kataotaong yioa TM
(otatoug, beixteg og handlers, ....) \_ _ -/
* AN\ayEG otnv cache Cache
. ) s \'J Tag Data
* R/W bits ava ypapur tng cache
* Me Baon €va cuotnua dtacuvdeong
HEow SlavAou \_ 1)
EktéeAeon Transaction HTM
Xbegin
4 N\
CPU
Registers ALUs
\_ |__TMState | Y, , .
s N * Exkivnon tou transaction
Cache * Apxikomoinon CPU kal katdotaong
v| Tag Data otnv cache
* AnoBrKeuon Twv KataxwpnTwy
1 = o (checkpointing)
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Exteleon Transaction HTM

4 )
CPU
| Registers I ALUs
\_ |_MsState | Yy,
Cache * Aertoupyia AlaBdopatog
\J Tag Data s s
* Av xpelaotel e§unnpeteital kat to
c P cache miss
A 33 * Mvetal 1 (set) To R-bit tng cacheline
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Exteleon Transaction HTM

4 N
CPU
| Registers I ALUs
\_ | Mstate | )
Cache * Aettoupyia Eyypadrig
v Data * Av xpelaotel efumtnpeteitat kot To
cache miss
= < 2 * Av GANOL TTUPAVEC £XOUV TN YPAUUN,
i : 353 101€ Ba yivet shared
* Mvetal 1 (set) to W-bit tng cacheline
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Exteleon Transaction HTM

\
( CPU

Registers AlLUs

| mstate | Y,

=

* TaxV 2-phase commit
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v Too Data OTLG YPAUEG TIOU eival Write

C 9 ylvovtau valid
A 33

1
1
5 jj) upgrade

-
==}

* Validate: aitnua ywa exclusive access

* Commit: reset R, W bits, ta write data
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Avixveuon 20ykpouonc HTM

4 N
CPU
Registers AlUs
\_ [ TMswae | )
4 Cache )
v Tag Data
- c 5 1 upgradeX D [V]
0 A 33
0 B 5 )ﬁ: upgradeX A ]

* Taxela avixveuon yla cUyKpouaon Kol akUpwaon
* £\eyyoq: avixveuon yla outiparta yia exclusive access otig ypappég mou sivat Read, Write

. aI;(OpléuorJ: invalidate to write-set, reset Ta R kat W bits, amokatdotacn oo 1o mponyouLevo
checkpoint
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[MAeovektpata HTM

* Taxutatn otav epdavidovral cuvnBelg cuuneplpopEg (common-case

behavior)
» Zero-overhead tracking of read-set & write-set
* Zero-overhead versioning
* Fast commits & aborts without data movement
* Continuous validation of read-set
* loxupn anopovwon
* Conflicts detected on non-transactional loads/stores as well

» Arthornole(tal n multi-core coherence and consistency
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