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Multi-core CPUs:

L] Ageia PhysX, a multi-core physics processing unit.
] Ambric Am2045, a 336-core Massively Parallel Processor Array (MPPA)
u AMD

- Athlom &4, Athlon €4 FX and Athlon &4 ¥2 family, dual-core desktop processors,

- Optaron, dual- and quad-core server/workstation processors.
- Phenom, triple- and guad-core desktop processors.
- Sempron X2, dual-core entry level processors.
- Turion &4 X2, dual-core laptop processors.
- Fadeon and FireStream multi-core GPU/GPGPU (10 cores, 16 S-issue wide superscalar stream processors per core)
L] ARh-;I MPCore is a fully synthesizable multicore container for ARMS and ARM11 procassor cores, intended for high-performance embedded and entertainmant
applications.
L] Azul Systams Vega 2, a 48-core processor.
L] Broadcom SiByite SB1230, SB1255 and SBE14535.
] Cradle Tachnolegies CT3400 and CT2600, both multi-core DSPs.
L] Cavium MNetwaorks Octeon, a 16-core MIPS MPL.
] HP PA-2800 and PA-28900, dual core PA-RISC processors.
L] IEM
- POWER4, the world's first dual-core processor, released in 2001,
- POWERS, a dual-core processor, releasad in 2004.
- POWERS, a dual-core processor, releasad in 2007.
- PowerPC 970MP, a dual-cora processor, used in the Appla Power Mac G5.
- ¥enon, a triple-core, SMT-capable, PowerPC microprocessor used in the Microsoft Xbox 360 game console.
] I8M, Seny, and Toshiba Cell processor, a nine-core processor with one general purpose PowerPC core and eight specialized SPUs [Synergystic Processing Unit)
optimized for vector operations used in the Sony PlayStation 3.
] Infineon Danube, a dual-core, MIPS-based, home gateway processor.
L] Intel
. Celeron Dual Core, the first dual-core processor for the budget/entry-lavel market.
- Core Duo, a dual-core processor.
- Core 2 Duo, a dual-core processor.
- Core 2 Quad, a guad-core processor.
- Core i7, a quad-core processor, the successor of the Core 2 Duo and the Core 2 Quad.
- Itanium 2, a dual-core processor.
' Pentium D, a dual-core procassor,
- Terafleps Research Chip (Polaris), an 3,16 GHz, 80-core processor prototype, which the company says will be released within the naxt five years[&].
- ¥eon dual-, quad- and haxa-core processors,
] IntellaSys seaForth24, a 24-core processor.
L] Mvidia
- GeForce 9 multi-core GPU {8 cores, 16 scalar stream processors per core)
- GeForce 200 multi-core GPU (10 cores, 24 scalar stream processors per core)
- Tesla multi-core GPGPU (8 cores, 16 scalar stream procassors per core)
] Parallax Propeller PEX32, an eight-core microcontrallar,
] picoChip PC200 series 200-300 cores per device for DSP & wireless
L] Rapport Kilocore KC256, & 257-core microcontroller with a PowerPC core and 238 8-bit "processing elements”.
] Raza Microelectronics LR, an sight-core MIPS MPLU
u Sun Microsystems

' UltraSPARC IV and UltraSPARC IV+, dual-core processors.
- UltraSPARC T1, an eight-core, 32-thread processor.

- UltraSPARC T2, an eight-core, 64-concurrent-threa P R C
" Texas Instruments TMS220C20 MVP, a five-core multimadi [ . 1kt i ] l l A
] Tilera TILEE4, a 64-core processor SDU rce " WI kl DEd Ia

L] XMOS Software Defined Silicon guad-core X51-G4
) MC Challenges p2
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Many shapes and forms...
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May run more than one thread.. U P“ARC
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- O1 CMP gival TTia TTpayuarikotnTa
- Intel Core 2, Quad, Nehalem
- IBM Power5, Power6
- Sun Niagara, Niagara2, Rock
- Sony Cell

- ExkTéAEON TTOAAWYV threads
- Multithreaded environment
- Multiprogrammed environment

« NEeC TTPOKANCEIC



- Ti €idoucg cores XpNOIUOTTOIOUUE;

- Homogeneous Systems
- Xpnon ToAAATTAWY idlwv TTUPAVWYV
- EukoAia oTo design

- Heterogeneous Systems
- XpNnon TTupnvwy PE TEAEIWGS OIO@OPETIKO ISA
- XpNnon mrupnvwy Pe “rmapopolo” instruction set
- [MoAuTtTAoko design
- [MoAutTAoko scheduling

KaAutepo 100fUy10 atrédoong — KAatavaAwaong EVEPYEINAG



* TTOAAEC OXEDIAOTIKEC ETTIANOYEC E£XOUV METAPEPOE aTTd TO
medio Twv single-processor systems.

« 2T0UC CMP AOYw Twv TTapaAAnAwv threads €xoupe TTOAU
UEYOAUTEPN TTIECN OTNV IEPAPXIa PUVMNG.

- MapdaAAnAa threads Trou OouAevouv oTOo idI0 data set (T.x.
databases)

- MapdaAAnAa threads tmou douAeluouv oe avegdptnrta data sets(Tr.x.
servers)

- AIOQOPETIKEC EQAPUOYEC TTOU EKTEAOUVTAI TTAPAAANAQ
- Avaykn etmravagloAdynong Twv AUCEWV TTOU €ixav TTpoTaOEi
TTAAIOTEPQ.
- Shared or private levels
- [MOAITIKEG avTIKATAOTAONG
- Coherency protocols



- H LRU Bewpeital N KaAUTEPN TTOAITIKA AVTIKATAOTAONG.

- XPNOIUYOTIOIEITAI OTA TIEPICCOTEPA OUCTAMATA (] TTPOCEYYIOEIC
QUTAG)
- ‘Exer yetagepBei kal otougc CMPs
* [Npo6PAnua : thread-blind

- MTtropei va odnynoel o€ starvation karrolo thread (11.x. av €va atro
Ta threads ekTeAei Eva streaming application)

- Auon : cache partitioning

- KaBe thread ptrOopEi va XPNOIMOTIOINOEl €VA  OUYKEKPIMEVO
KOMMATI/TTOO00TO TNG cache

- KaAuTtepo utilization, BeAtiwon ammrdédoaong
- QoS
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- O1 caches oxedialovral pe (MEYAAEQ)

uniform acess latency

- Best Latency = Worst Latency !!!

- MikpEg Kal ypnyopeg L1
* MeydaAn kai apyn L2
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* 2TTACINO TNG L2 o€ JIKPA KOPMATIO YIa
Va JEIWBEI 0 Xpovocg TTpdoaong Kai n
KATAVAAWGON EVEPYEIQC

- Best Latency < Worst Latency

* 2TOXOG :
- Average Latency — Best Latency
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* [1pOKANOCEIG :
- Private vs Shared
- Data Placement
- Data Migration
- Efficient search



- Méxpl onuepa :

- Mla o6ooug €xouv TIpOOPacn o€ peydAa TTapAAANAa
ouoTAUATA

- Xpnnon YAwoowv ue low-level concurrency features
- AUOKOAO va 10 YPAWEIC
- AuokoAo debugging
- AUOKOAN n dlatApPNON Kal n ETTEKTACN TOU KWOIKA
- AUOKOAO va TTeETUXEIC Speedups!
- 2NUEPA O KaBEvacg £xel eva CMP

- NMwg ypagoupue atrodoTikO TTapAAANAO KWAIKQ;



Xpnon locks (enforce atomicity)

ATTaio1600¢n Bewpnon TWV TTPAYUATWYV
Coarse grain
- EUkoAn uAotroinon
- [epIopIoPOG TOu eKPETAAAEUTINOU TTAPAAANAICUOU
Fine grain
- [MoAUTTAOKN uAoTroinon (TTOAAATTAG locks yia Ta €TTIUEPOUC OTOIXEID
Hiag OopNg)
- MeplroooTepog TTapaAAnAlIouog, aAAa peyaAuTtepo overhead
[ToAU dUoKoAN n uttéEPBeon Twv locks (composability)

O 1TpoypauuaTioTAC opilel TI Ba Yivel Kal TTWC

void transfer (A, B, amount) void transfer (B, A, amount)
synchronized (A) { (A synchronized (B) {
synchronized (B) { \‘.{< synchronized (A) {
withdraw (A, amount); withdraw (B, amount);

deposit (B, amount):; deposit (A, amount) ;

} }
} }



- O mrpoypaupaTioTAG opilel atomic sections Kal To oUCTNUA
avaAapuBavel va Ta UAOTTOINCEL.

void deposit (account, amount){ void deposit (account, amount){
lock (account) ; atomic {
int t = bank.get (account); int t = bank.get (account);
t =t 4+ amount:; - t = t 4+ amount;
bank.put (account, t); bank.put (account, t);
unlock (account) ; }
} }

Eutrveuouévo atro TIG BAoEIC OEDOUEVWV

Ai101000¢n Bewpnon Twv TTPAYUATWYV

AT1T00idEl TOOO KAaAG 600 Kal To fine-grain locking

Composability

void transfer (A, B, amount) void transfer(C, D, amount)
synchronized (bank) { S synchronized (bank) {
withdraw (A, amount); withdraw(C, amount);

deposit (B, amount):; deposit (A, amount):;




HashMap

Balanced Tree

Transactional Memory vs Locks
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Transactional Memory(2)

+ STM vs HTM (fi Hybrid TM)

- Data versioning

- Lazy vs Eager

Begin Xaction Write X—15 Begin Xaction Write X15
Thrsad Thread 1 Thread Thread 1
Write Write Undo Undo
I_lBuffer X 15 |Buffer u Log X: 10| Log
X:10 | Memory X:10 | Memory X:10 | Memory X: 15 | Memory
Commit Xaction Abort Xaction Commit Xaction Abort Xaction
Thread Thread Thread Thread
rite ndo ndo
Buffer Log Log
X: 10 Memory X:15 Memory X: 10 Memory




- Conflict detection
- Pessimistic (Eager)

Transactional Memory(3)

- Evromouog twyv
conflicts vwpig

- NAIyoTEPN XOMEVN
OOUAcsIa

- Agv gyyuarai
forward progress

Case 1

X1

commit

commit

Success

X0

Case 2

X1

commit

Early Detect

Case 3

| restart
No progress



« Conflict detection
+ Optimistic (Lazy)

Transactional Memory(4)

X0

- Evromouog twyv
conflicts aTo
TEANOG

- Fairness
problems

- Eyyudrai forward
progress

Case 1

X1

Success

X0

Case 2

X1

rd A

commit
check

Abort

X0

Case 3

X1

Success

commit
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- Hardware TM Systems
- Lazy + optimistic : Stanford TCC
- Lazy + pessimistic : MIT LTM, Intel VTM
- Eager + pessimistic : Winsconsin LogTM
- Software TM Systems
- Lazy + optimistic (rd/wr) : Sun TL2
- Lazy + optimistic (rd) / pessimistic (wr) : MS OSTM
- Eager + optimistic (rd) /pessimistic (wr) : Intel STM
- Eager + pessimistic (rd/wr) : Intel STM



