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Multiprogramming

In a multiprogramming system there are one or more programs
loaded in main memory which are ready to execute. Only one
program at a time is able to get the CPU for executing its instructions
(i.e., there is at most one process running on the system) while all the
others are waiting their turn.

The main idea of multiprogramming is to maximize the use of CPU
time. Indeed, suppose the currently running process is performing an
I/O task Then, the OS may interrupt that process and give the control
to one of the other in-main-memory programs that are ready to
execute (i.e. process context switching).



Multiprocessing

Multiprocessing sometimes refers to executing multiple
processes (programs) at the same time. In fact, multiprocessing
refers to the hardware (i.e., the CPU units) rather than the
Software (i.e., running processes). If the underlying hardware
provides more than one processor then that is multiprocessing.
Several variations on the basic scheme exist, e.g., multiple cores
on one die or multiple dies in one package or multiple packages
iIn one system.

Anyway, a system can be both multiprogrammed by having
multiple programs running at the same time and multiprocessing
by having more than one physical processor.



context switching

In computing, a context switch is the process of storing the state
of a process or of a thread, so that it can be restored and execution
resumed from the same point later. This allows multiple processes
to share a single CPU, and is an essential feature of a multitasking

operating system.



2uotnuarta SMP

‘Eva uttoAOYIOTIKO OUCTNUQ UE APXITEKTOVIK) OUUMETPIKAG
moAverreéepyaaiac (Symmetric multiprocessing 11 SMP)
uTTOPEl va opicBei cav €va auTtodUvaUOo UTTOAOYIOTIKO
ouoTtnua TTou TTrEPIAaUBAvEl dUO ) TTEPICCOTEPOUG OUOIOUG
ETTECEPYAOTEG TTOU polpadovTal TNV idIa KUPIA PV UN.

To ouoTnua AsIToupyei KATW QTTO €va EVIAIO AEITOUPYIKO
ovuoTnUa  TTou  €Ccaoc@aAiel TNV Oouvepyaoia  TwV
ETTECEPYAOTWV.

20V ouotnua dlacuvdsong XpnoigotrolouvTtal - diauAol
(buses), crossbar switches. 2ta cuotuara SMP uttdpxouv
TTEPIOPIOUOI  OTNV  ETTEKTACINOTNTA TIOU O@EiAovTal OTO
bandwidth kai Tnv KatavaAwaon 10XU0¢ TOU OUCTAMATOG
dlaoUVOEONG METACU TWV ETTECEPYAOTWY, TNG MVAMNG, TWV
OIATAEEWY DIOKWV KAl TWV HOVADWYV £100D0U/EEOD0U.



ApXITEKTOVIK cuoTnuatwyv SMP
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2uoTnua SMP pe koivo diaulo
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2vuotnua SMP pe crossbar switch

Crosspoint switch 2 X 2 switch
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Apyitektovikil NUMA

2Ta ouoTtAuata SMP uttdpxel TTEPIOPICPOC OTOV APIBUO TwV
ETTECEQYAOTWY TIOU UTTOPEI va dlaBETel TO KABE UTTOAOYIOTIKO
ouoTtnua. Mia TTpooéyyion OTo va €MITEUXOE HEYAANCS KAINAKOC
TTOAUETTECEPYAOTia Kal va dlarnpenBouv T1a XOpPaKTNPIOTIKA TNG
apxitektovikng SMP €ivai n NUMA (Non Uniform Memory
Architecture).

Ta ouomuarta ue apxitektovikn NUMA  €ival  autovoua
UTTOAOYIOTIKA OUOCTHAUOTA OTA OTTOI0 Ol ETTECEPYAOTEC €EXOUV
TTPOOTIEAQON O€ OAd T TUAMATAO TG KUPIAG  MVAMNG
XPNOIMOTTOIWVTAC ATTAEC EVTOAEC YAwOooa¢ pnxavig (load, store,
move, ...). O xpovog TTpooTTEAACNG TNG MVAMNG OUWGS £CAPTATAI
aTTO TO TUNMA TS MVAMNG OTO OTTIOIO YiVETAI N TTPOCTTEAAQDN.
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Hyper-threading technology

Hyper-threading (HT) technology, is Intel's proprietary
simultaneous multithreading (SMT) implementation used to
improve parallelization of computations (doing multiple tasks at
once) performed on x86 microprocessors. It first appeared in
February 2002 on Xeon server processors and in November 2002
on Pentium 4 desktop CPUs. Later, Intel included this technology
in Atom, and Core 'i' Series CPUs, among others.



Hyper-Threading Technology Architecture

Process.or with out Hyper- Processor with Hyper-
Threading Technology Threading Technology



ApxitektovikéG multithread kai multicore
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Multi Core Architecture




Intel Multi Core Architecture
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2UYXPOVOG TETPATTUPNVOGS ETTECEPYAOTAS NE EVOWHATWHEVN GPU
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2uoTtnua diakottwyv APIC

In computing, Intel's Advanced Programmable Interrupt
Controller (APIC) is a family of interrupt controllers. The APIC is
more advanced than Intel's 8259 Programmable Interrupt
Controller (PIC), particularly enabling the construction of
multiprocessor systems. It is one of several architectural designs
intended to solve interrupt routing efficiency issues in
multiprocessor computer systems.

The APIC is a split architecture design, with a local component
(LAPIC) usually integrated into the processor itself, and an
optional I/0 APIC on a system bus.



2uoTtnua diakottwyv APIC
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SoC

A system on chip (SoC) is an integrated circuit that integrates all
components of a computer or other electronic system. It may contain
digital, analog, mixed-signal, and often radio-frequency functions—all
on a single substrate. SoCs are very common in the mobile
computing market because of their low power consumption. A typical
application is in the area of embedded systems.

SoC integrates a microcontroller or microprocessor with advanced
peripherals like graphics processing unit (GPU), Wi-Fi module. SoC
does not necessarily contain built-in memory.



Network on a Chip

Network on a chip (NoC) is a communication subsystem on an
integrated circuit (chip), typically between cores in a system on a
chip (SoC). NoCs can span synchronous and asynchronous
clock domains or use unclocked asynchronous logic. NoC
technology applies networking theory and methods to on-chip
communication and brings notable improvements over
conventional bus and crossbar interconnections. NoC improves
the scalability of SoCs, and the power efficiency of complex
SoCs compared to other designs.



Network-on-Chip
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IMesh on-chip inter-core network - Sanstum

laid out in tile with mesh shape inter-
connect.

an independent switch processor at each
crossing

- switch ties computing node with the entire
on-chip network

38Tbps performance
ensure global cache coherency

- watches and manages each of L2 cache
simultaneously.

I/0O interrupts travel across inter-connect.
- uniform communication in IPI mechanism. Core+ Switch = Tile




DDR4

Intel mesh network architecture
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Intel Xeon

The Xeon is a brand of x86 microprocessors designed,
manufactured, and marketed by Intel, targeted at the non-
consumer workstation, and server markets. It was introduced in
June 1998. Xeon processors are based on normal desktop-
grade CPUs, but have some advanced features such as
support for ECC memory, higher core counts, support for larger
amounts of RAM, and larger cache memory. Some also
support multi-socket systems with 2, 4, or 8 sockets.



EmegepyaoTtric Nehalem Xeon

Nehalem Chip
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12.8GiB/s + 12.8GiB/s




2uotnua pe apxitektovikil NUMA Baociopévn o€ Xeon
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Xeon E5-2600 architecture

Up to 30MB
DDR3

Shared Cache
Home Agent(s)/

PCle* & DMI

2 QP
Channels

: 4 DDR3
} Channels

40 PCle * Laneg

DMI Interface




Ailaypappa BaBuidwyv cuoTAHATOG APXITEKTOVIKAG
NUMA pe 600 Xeon

Memory
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Alaypappa BaBuidwv motherboard pe 600 Xeon
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ntel® Xeon® Processor E7 v4 Product Family
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3x DOR4 2666
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Platform Topologies

2S Configurations 4S Configurations
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11.1. TI apXITEKTOVIKI) €ival QUTA TTOU TTEPIYPAPETAI OTAV CUVEXEIQ

CPU 0| CPU 1| [CPU?2 CPU3

.3 Cache l l

Memory 10
SMP System




11.2. Ava@Epare Tov TUTTO TNG APXITEKTOVIKING TTOU TTEPIYPAPETAI
OTNV OUVEXEIQ KOBWC KAl TWV ETTi HEPOUG TUNMATWV.
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sival NUMA kai TToia SMP.
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11.3. ATTO TIC APXITEKTOVIKES TTOU TTEPIYPAPOVTAI OTAV OUVEXEIQ
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11.4. Ti €idouC QAPXITEKTOVIKI) OUVOAIKA €ival auTr TTOU TTEPI-
VYPAPETAI OTNV CUVEXEIQ KAl TTOIA €iVAl N APXITEKTOVIKN KAOE
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11.5. ATTO TIG APXITEKTOVIKEG TTOU TTEPIYPAPOVTAI OTNV OUVEXEID
TTola gival hyperthread kai TTola multicore.
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11.6. A1o 11I¢ multicore apXITEKTOVIKES TTOU didOVTaAl OTNV CUVEXEIA
TTola avTioTolxei oe CPU kai Toia o GPU.
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11.7. Ti €idOUC APXITEKTOVIKN €ival AUTH TTOU TTEPIYPAYETAI OTNV
OUVEXEIQ.
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