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CooepxaHue nekuuu

CTpyKTypbl annapaTtHoro obecnevyeHus

[TpUHUMNBI NOCTPOEHNS
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MHoroobpasmne apxmTekTyp
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ApxuteKktypa ¢poH HemmaHa

LleHTpanbHblid
npoueccop

1 MamAate AaHHbIX LleHTpanbHbiil

npoueccop
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OCHOBHbIe apXUTEKTYpPbl NPOLLECCOPOB

CISC (Complex Instruction Set Computing)

[l HedomkcnpoBaHHbIM 3Ha4YeHNEM ONUHbI KOMaHbl

[l McnonHeHmne onepaunn, Taknx Kak 3arpy3ka B namMsaTb, apudpoMeTnyeckmne
OEeNCTBUS MOryT KOOMPOBaTLCA B OAHOWN MHCTPYKLNKU (ECTb MUKPOMPOrpaMmmbl)

[l Hebonblwnm 4ncnom permcTpoB, Kaxabin N3 KOTOPbIX BbIMOTHAET CTPOro
onpeneneHHyro yHKUnIo

* RICS (Reduced Instruction Set Computing)
BbIYMCIEHNS C «COKPALLEHHBLIM» HABOpOM KOMaHA

[l ®uKkcmpoBaHHasa onnHa NMHCTPYKUMW U NPOCTON doopMaT KOMaHAb!
[1  Cneu. kOMaHAbl 4N ornepauun ¢ NaMaTbio — TOSTbKO YTEHUS UK 3anunucu
[ BonbLloe KoNM4ecTBO perMcTpoB obLLero HasHa4eHms

« MISC (Minimal Instruction Set Computer)
npoueccop, paboTaroLmin ¢ MUHUMarnbHbIM Ha6OPOM ANMUHHBIX KOMaHA,
Ob6begmHaeT B cebe cynepckansipHyto n VLIW (Very Long Instruction Word) KOHUEMLUUK

B coBpeMeHHbIX npoLeccopax MCMonb3yloT MOpuaHbIe apXUTEKTYPbI, Hanpumep:
CISC-npoueccopsbl ¢ RISC-aapoM
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[Mpobnemsbl yBenn4yeHus
NPON3BOAUTESNILHOCTU Npoueccopa

- Pa3mep Kpuctanna (orpaHnyeHna TexnpoLiecca,
CUHXPOHM3aLMs y3noB)

- TennoBblaeneHune sapa npoieccopa (~ 4-u cteneHn
4acCTOThl)

- Bblcokas cToMMOCTb NpOM3BOACTBA

- Manas pe3ynstatMBHOCTb HapallMBaHUA TONMbKO
TakKTOBOW YaCTOThl

- HecooTBeTCcTBYIOLWMIN POCTY NPOM3BOAUTENBHOCTU POCT
CTOMMOCTU npoLeccopa
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MHorosaepHblie CUCTEeMbI

[TocmoTpum Ha guHamuky CPU (Intel Desktop Processor):
[l 2004 r. - Pentium 4, 3.4 GHz -1 core

2005 . - Pentium 4, 3.8 GHz -1 core + HT

2005 . - Pentium 4, 9.2 GHz - canceled

2006 T. - Core Duo 172700, 2.33 GHz - 2 core

2007 1. - Core 2 Duo E6850,3 GHz -2 core

2008 . - Core 2 Quad Q9650, 3.00 GHz -4 core

2009T. - Core i7 975, 3.33 GHz -4 core + HT

2011 r. - Core i7-990X, 3.46 GHz -6 core + HT

2014 r. - Core i7-5960X, upto 3.5GHz -8 core + HT

2016 . - Core i7-6950X, up to 3.5 GHz - 10 core + HT

2018 . - Core i9-9980XE, upto 4.4 GHz - 18 core + HT

2019 . - Core i9-10980XE, up to 4.6 GHz - 18 core + HT

O OO0O0O0OO0OO0O@OCO0@OOOCdO

(2019 1. Processor Xeon Platinum 9282M, 2.6 GHz (3.8 GHz) — 56 core + HT)



[loBbIlWLeHne ObICTPOAENCTBUSA

= [lapannenbHoOCTb
1 KoHBeuep
[l Multithreading
1 SIMD/BekTtopusauusi (SSE / AVX ...)



KoHBenepHasa u cynepckanspHasa oopaboTka
(Pipelining and Superscalar Execution)

BbinonHeHne TUNM4YHOU KoMaHabl:
- Bblbopka koMmaHAabl — IF (Instruction fetch);

- JekogupoBaHue KomaHAabl/ BbIbDOpKa onepaHaoB m3
pernctpoB — ID (Instruction decode)

 BbIMNOMHEHNE ornepauunn / BblunucrieHne adpPEeKTNBHOIoO
agpeca namatu — EX (Execute);

- obpalyeHue K namatm — MEM (Memory access);
- 3anomuHaHue pesynbsrtarta — WB (Register write back).

:
:
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SIMD Extensions

. £
iy BH
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X2+y2 x1+y1
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[Tpoueccop, K3 " naMATb B
COBPEMEHHOUN BbIYUCIINTESIbHON MALLUUHEe

epBUYHad OaHHbIe
rlalsrmb ~ @peMeHHas
J10KalJibHOCMb
KaLw 2-ro ypoBHS > [IpocmpaHcmeeHHasi
I JIOKaJ/IbHOCMb
Kaw 1-ro ypoBHS [ocTyn/pasmep
I = CPU: 1clk/~10 register
Ly > L1 Cache: 1-2 clk / ~10 kB

= L2 Cache: ~10clk / ~1 MB
= RAM: 50-100 clk / ~1GB
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MHorosigepHblie apXUTEKTYpbl

< Front Side Bus >

Memory Bus Controller

L2 cache

L1-1

L1-D | L1-1

L1-D

PO

P1

= 10-100 K6 L1 koL angd
Kakgoro sapa

= 1-10 MO obwmnn L2 k3L

= EAuHbIn obpa3 namaTn Ans
Ka)kOoro sapa -
HeobxoaMMOCTb
CUHXPOHM3ALNN KILLEN
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[MpuMepbI OFfIOK-CXemM npoLeccopoB

Intel Nehalem AMD Bulldozer

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4K, 7 TLB-2/4M per thread

Quick Path
Prefetch Buffer (16 Bytes) Sty Inter-
Prediction connect
global/bimodal,
Predecode & loop, indirect
Instruction Length Decoder jmp

Instruction Queue

18 x86 Instructions DDR3

Memory
Controller

Alignment
MacroOp Fusion

Complex Simple Simple Simple
Decoder [Decoder [Decoder] [Decoder|

Stream Decoded Instruction Queue (28 LOP entries) Micro

Decoder

Common
L3-Cache

8 MByte — T d—
FMAC FMAC
t uool .muLI nI P I

Loop

Instruction

MicroOp Fusion Sequencer

2 x Register Allocation Table (RAT)

Reorder Buffer (128-entry) fused &

Core Interface Unit

Result Bus

octruple associative Data Cache 32 KByt
64-entry TLB-4K, 32-entry TLB-2/4M
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Sandy Bridge

LA Mo B . | system

Agent &
Processor Memory |
l i Controller |
Graphics {
i including
! == DM, Display Graphics
g : i |} and Misc. vo
5 ¥ REa F i g S : m.!”‘-
J [ LN, L. " b i . Ao 1 o

Puting it together
Sandy Bridge Microarchitecture

[ELIIFE D

32% L1 Instruction Cache

Branch Pred

V1 ADg AVX/E f l so0d Pk
o N—0R &:{;Fi sezdl ion }\dd’no Store Addru‘ Data
[AVX FP MUY vx FPADE  fmm Biend \J

|LATMN Dienay pa Memory Control

48 byres'cycle

L2 Data Cache (MLC)

32Kk L1 Data Cache
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Intel Haswell

128-bit
VMUL
VShift

256-bit
FMUL
FBlend

256-
FShuffle
FBlend

256-bit
FShuffle

Qu3sudeckul gpakynbsmem MI'Y um M.B.
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e
Fetch Unit

32KB L1 I-Cache (8 way)
168 Predecode, Fetch Buffer

6 Instructions

2x20 Instruction Queue

omplex] [ Simple | [ Simple | [ Simple
DecoderDccodcr

56 pop Decode Queue

4 pops

192 Entry Reorder Buffer (ROB)

168 AVX
Registers

15



Intel Skylake (Kaby Lake

Intel® Core M Processor

Display
Controller

Memory
Controller,

PaclwwimnpeHune oben

CTPYKTYpbI
(SoC, Svstem on Chip)

~500 GFLOPS tbd GFLOPS tbd GFLOPS
[DP-F.P. peak] [DP-F.P. peak] [DP-F.P. peak]
Haswell Broadwell Skylake .
Processor Graphics
22nm 14nm 14nm 2/3/4
AVX2 AVX3.2
DDR4 DDR4
PCle3 PCle4
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Intel Sunny Cove (Ice Lake)

SKYLAKE REMINDER INTRODUCING SUNNY COVE

Front End Front End

(Branch Predictor, jlop cache, ITLB, Instruction Cache, Decoders) (Branch Predictor, pop cache, ITLB, Instruction Cache, Decoders)

1 1
| l Wl

RS RS RS RS
PortO Port1 Port5 FPorté6 Porta P2 P3 P7 PortO Port1 Port5 Porté P4 P9 P2 P8 P3 P7
= L : 'L—
e Z Rshife
LR
Load Load Store
L FMA
CTUU TR
> ISk
!
'... ML$
Intel® Confidential. Under embargo. 'll] [:]AREH'TEGT“RE DAY
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AMD Ryzen/Zen

FaaNe
25
2=

oW

reawe

aowe

4 instructions/cycle

6 ops dispatched

INTEGER ‘

Integer Rename

l.

=

) o e v

ALU | ALU ALU AU

W e

512K
2 Io:gi zy i Isetore L2 (1+D) Cache
8 Way
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Intel vs AMD

Front End frstructios
Cache Bg

jiOP Cachd
By

L1 Instruction Cache

32KiB 8-Way Instruction

16 Byteskyde

(16 B window) !

, Instruction Fetch & PreDecod e

MOP MOP MOP MOP MOP MOP

Instruction Queue
150; 2525 endes) |

MOP MOP MOP MOP MOP

5-WayDecod e

Complex
Decoder || Decoder || Decoder || Decoder || Decoder

Simple |[ Simple |[ Simple |[ Simple

Stack

au0Ps.
Decoded Stream Buffer (DSB)

(2k pPs; 8-Way)

1440Ps uoP wor o » wo » Engine

(SE)

540 Ps
[Rdder) (A e [wide]

64 8 vindow) |

Allocation Queue (IDQ) (128; 2x64 uCPs)

Checker &
Retirement (CRU)

Branch Qder Buffer
(BOB) (48-entry)

{
| Move Eliminatio;

e S as:
i e e Ones idioms | [Zercing Idioms.

wor wor wor

e

uwor wor wor wor wor uor wor

59 =g oo

nteger Physical Register

eheduer

nor noe woP woP wor

s* = @
HE |

Gz e
EUs i

LSu [load ][ _Store J[ Toad [ Store |

Load Buffer Store Buffer &F omarding
(128 entiies) (72 entrles)

Execution Engine

64Bcycle  6aB/cycle 64B/cycle  64Bycle

Aep-8 gnIzTs
ayde) 71

48KiB 12-Way
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L1 Data Cache Sgtals

~

Memory Subsystem

ZEN2 Core

Front end

Loz
L1 Instruction Cache

a.wzu TLB(8ll page sirss)
512 L2 I8

1TLB
L1 Hashed Perceptron

[Neural Net based Predicior

with Hash Percaptron(HP| Tables)

(B-way/648 Line) T

Wicro-tags

r_u:»e tags |

& Op cache) L2 TAGE

52

32-byte Felcn

L0 8T8 16-entry

Instruction Byte Buffer

Ll arns “l.m
| 8T8

pa

ncienct Target Array (ITA) 1K

Pick (4 pickicycle)

OP Cache tags l

[ T 11

4-way X88 Instruction Decoders

oP Cache
(w! Imlmc m%lon)

o
4 Instriictions/Cycle Qecode
U to 4 Instructiogs

[1%

Mlcm-Opl Ouun

Integer Core
Integer Rename

Floating Point Rename

IALQO| |ALQ1Y| |ALQ2| [ALQY
7 Microl

| S— —

[ nsa tNon-Schoduling Queus) s4-entry |
| Scheduler Queves 36-entry |

Kawg)

ENZIS WyoeD I

(841080 samnEuy

) Gy WEISEZO L

H
2

lowmen wacoy) |,
onov
(21545) ZNOY

fuoarosny ey
(owmnn esecoy)

s

(72 entries)
Pick I = ion

I 1
80| 0ATO) nmrul] s
e |

L1 Data Cache
(8-way S4sataiB4B LineWrite back)

*IPROL NGIGT T

1ADRIOIS Q85T

QWIS Wa-95T
Hnn

a4
QWIS 19952
onn

Z)sa1hq 20

sAO/(sa @

(256 bits)/Cycle

32 bytes(256 bits)/Cycle

. Shared L3 Cache 16MB Vlcmn Cache (mostly exclusive of L2)

way)




Symmetric Multiprocessor Architecture

(SMP)

s

=

Bus
Cache Control Cache Control Cache Control
L2 cache L2 cache L2 cache
L1-1 L1-D L1-1 L1-D L1-1 L1-D
PO P1 P2
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Multi processor motherboard

(MRS
 finven




ccNUMA.
UHTepBanbl npu odbpalweHnu K namaTu

LLinHa npoueccopoB

FSB 16 B data NUMA q)AKTOP

200 MHz DP 6.4 GB/s

Itanium'2 Itanium'2 Itanium'2 Itanium 2 Itanium'2 Itanium'2
Inside™ nside”™ | mua-| | rnu«~| | m;m'| | msm'|

DDR
SNC SNC

DDR

r—~ | | r

[ KoMMyHMKaLMOHHas ceTb |
I LLinHa komMmyTaumm
4 RUI;E;aMn:rT:rT:eb 4 B data 400 MHz SBD
400 MHz 6.4 GB/s Noacuctema BBoAa / BbIBOAA (SlmuItanegszIz/-lerectlonal)
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MHoroo6pa3sue apxutektyp 9BM

mwEE BYEERT 707
sl IiSkhas a8
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o]

= Dual-threaded 64-bit
PowerPC
PowerPC
SPE0 SPE4 = 8 Synergistic
— — Processing Elements
(SPE)
SPE2 Element SPE6
Interconnect ~ 256 Kb on-chip/SPE
SPE3 Bus SPE7
(EIB)
1/O0 Memory
controller controller L
/0 Memory
controller controller K1

25



BlueGene/L

|

Shared L3 cache/memory -
L2 prefetch snoor | L2 prefetch
buffer > buffer
L1-1 |L1-D L1-I |L1-D
PowerPC PowerPC
Double Double
Hummer Hummer
FPU FPU
Torus Collective Global barrier
interconnect interconnect interrupt

656536 dual-core nodes
Node

770 Mhz PowerPC

Double Hammer FPU (4
Flop/cycle)

4 Mb on-chip L3 k3w

512 Mb off-chip RAM

6 ABYXCTOPOHHUX MOPTOB AJ15
3D-Topa

3 ABYXCTOPOHHWUX nopTa Ans
collective network

4 nBYXCTOPOHHMX MopTa A
barrier/interrupt
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BlueGene/L

BlueGene/L Compute System-on-a-Chip ASIC

5.5GB/s

N

440 CPU

>

32k/32k L1

440 CPU |4
11O proc

Ghit
Ethernet

JTAG

/
$hared
L3 directory

Muitiported | |/for EDRAM

4MB
EDRAM

L3 Cache
or
Memory

Includes ECC

Global
Barrier

3 out and I

6 out and
6 in, each at
1.4 Gbit/s link

3 in, each at
2.8 Gbit/s link

4 global
barriers or

interrupts

Qu3sudeckul gpakynbsmem MI'Y um M.B.
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DDR
Control
with ECC

5.5 GB/s
144 bit wide
DDR
512MB

System
(64 cabinets, 64x32x32)

Cabinet
(32 Node boards, 8x8x16)

Node Board
(32 chips, 4x4x2)
16 Compute Cards

Compute Card
(2 chips, 2x1x1 360 TFLOPS
32 TB DDR

Chip
(2 processors)
e
= \ 180 GFLOPS
\ L 16 GB DDR

5.7 TFLOPS
512 GB DDR

11.2 GFLOPS

2.8/5.6 GFLOPS 2% 0.5 GB DDR

4 MB
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ApxuteKkTtypa G80

MaccuB 13 NOTOKOBbIX MYJILTUNPOLIECCOPOB

Streaming
Multiprocessor
(SM)

Streaming Streaming
Multiprocessor| |Multiprocessor
(SM) (SM)
Streaming Streaming
Multiprocessor| |Multiprocessorj
(SM) (SM)

Streaming
Multiprocessor
(M)

Streaming Multprocessor

Shared Memory

Registers

N

PO Pl P2 P3[1P4[

PS5

P6

P7

2

Instruction
Unit

Texture Cache
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NVIDIA Tesla K20
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SMX

Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch
3+ 3+ 3+ £ 3 £ 2 £ 3 3 3

Register File (65,536 x 32-bit)

o o R o o [ o o i o e o e [
o o ] o o [ o o [ e o o [
o o ] o o R o o e o o N
o o [ e o < v o o [ e o o N -
o e o [ o o o [ 1 e o [ e o [
o o R e o R = o o R [ -
i o R e e e - o e e O e e o
e -
oo

o o -
= = 5
o o ] o o [ e o e o v [
o o R o o e o [ e o o [
o o R o e R < e i [ o o [ -
o o [ v i o [ 1 o v i o v o -
o o ] o o R e o o o o [

Tex Tex Tex Tex Tex Tex Tex Tex
Tex Tex Tex Tex Tex Tex Tex Tex




Core Core ' Core
PCle |
Client L2 ‘
Logic

e |2

o] Lin{
GDDR M| Sxializoy

|——f

3107 3107 3107

Intel Xeon
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Core

LZ‘

GDDR Mc] .
‘GDDR MC]| s L1 T8

TP
12 P and 32KB

13 1P Code Cache | TLBMiss

16BACycle (2 IPC)
4 Threads |

Code Cache Miss

In-Order Decode uCode ; 512KB
L2 Cache
8107 Pipe 0 | Pipe 1

VPURF | X87 RF | Scalar RF

VPU X87 ALUQ ALU1 To On-Die Interconnect

2leusib TUB Miss
L1 TLBand 32KB Data Cache

[ ] : DCache Miss
I I I I X86 specific logic < 2% of core + L2 area E‘*]

PPF PF 0o o1 D2 E WB
I I I I I
VPU Lo
DEC RF
3R, 1W Vector ALUs
16 Wide x 32 bit
ST 8 Wide x 64 bit

Fused Multiply Add
RF
I I I
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KomMmnbroTepHas/cucremHas
LLMHA

= computer bus

Qu3sudeckul gpakynbsmem MI'Y um M.B.
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LLinHa gaHHbLIX (DataBus)

~ PCI 2.1 (66 MI'L, 64 bit) — 528 MB/s

= PCIX2.0(no533Mly)-4GB/s

= PCl Express — 1x - 0.5 GB/s, 32x — 16 GB/s

= PCl Express 2.0 — 5 GT/s for lane, 8b/10b, 8.0 GB/s for 16x (spec: 2007)
= PCl Express 3.0 — 8 GT/s for lane, 128b/130b, 15.75 GB/s for 16x (2010)
= PCl Express 4.0 — 16 GT/s for lane, 128b/130b, 31.51 GB/s for 16x (2017)

= HyperTransport (0o 2.6 ['Tu) —40 GB/s
= Infinity Fabric / IF 2.0 — up to 50-100 GB/s

= FSB front-side bus (0o 266 [T B Intel Core 2 Quad Pumped Bus ) — 8.3 GB/s

= QuickPath Interconnect — up to 9.6 GT/s
(25.6 GB/s for 20-lane QP! link pair at 3.2 GHz)

= UPI (Ultra Path Interconnect) — up to 10.4 GT/s

Qu3sudeckul gpakynbsmem MI'Y um M.B.
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[IponyckHas cCNOCOOHOCTbL U
JNTATEHTHOCTb

Initial Delay Due
to Latency Download Time

(—A—V—A—\
I———

Initial Delay Due  Download Time
to Latency
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MHTepPKOHHEKT

[l Gigabit Ethernet (50-100 us / 100 MB/s)
[l 40Gb Ethernet(~4 us /5 GB/s)

1 InfiniBand EDR (<1 us / no 100 GB/s)

[l Omni-Path 100G (<1 us / oo 100 GB/s)
[1 PCI Express (1-2 us / 0o 128 GB/s )

[ yHUKanbHbIe, Hanpumep IBM BlueGene unu Gray

N ) W W
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Ucnonb3oBaHue B top500

TOP500 Interconnect Trends
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===|nfiniBand 10G/Lower Ethernet ===25G/Higher Ethernet ===BlueGene e==Cray ===Other -——OmniPath
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[Tpumep namepeHunn
XapaKTepUcTUK

MPI Latency
1 core per node

MPI Uni-dir Bandwidth

1 core per node

— Ntel® OPA

— EDR IB*
e
100 — |ntel® OPA |

EDR IB* Forward Error
Correction not enabled,

w
S~~~
m
<
=
=
S
3
T
C
1
om

*Packet Integrity Protection (PIP) always
enabled for Intel® OPA
0

L]

HIGHER
is Better Msg Size (Bytes)
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Tononornm Kom MYHUKAUNOHHbIX ceTeun

CHCHOHOE
LI

_IEI;}_I_I
[T
[T

L
CHCHCC

L I 1 [
CeTka [ByXMepHbIA TOp MNnepky6 Konbuo

Toncrtoe
aepesBo
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CpaBHeHue SMP n MPP

SMP MPP

ApqueKTypa C CUMMEeTPUYHbIM ApXVITeKTypa C MaCCOBbIM
napanmierim3amom napanmneman3Mmom

(0]
NPUTOXEHUE
NPUOXEHUE
NPUTOXEHUE

d o
£ =
Ir T
EE
5:* W
o lKE & o S
5 f =
h N >
id 33
tE ER
0528 d o
s =
| | h o Tz
|
VR
o<>o
£ =
X X
L | h a
| i
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OCHOBHbIe TexHonormm
napansnenbHOro nporpaMmmMmmpoBaHus

> C pasgensemMoun namaTbio = C pacnpeneneHHon namMaTbio
(multi-core, SMP, NUMA) (MPP)
[l Pthread T MPI
[l OpenMP [ PVM
[l ShMem 1 BSPlib
a ... ]
Shared Memory Paradigm Massive Passing

Programming Paradigm

= BbICOokoypoBHeBbIe CpeacTBa (A3bIK1 NporpaMmMmnpoBaHnS)
[l Paspensiemble nepemMeHHbIe Java, Ada, SR, Cilk
[ O6meH coobLyeHnammn Ada, Occam, Java, Fortran M, SR
[l KoopguHauua Linda, Orca
[ MMapannenbHoCTb No aaHHbIM C*, HPF, NESL, ZPL
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OnpeaenexHus

OauH 13 NepBbIX apXUTEKTOPOB KractepHon TexHonornu Mperopum MNMductep
aan
KnacTtepy creaytoLiee onpeaerieHue:

«Knactep — amo pasHosuOHOCcMb naparsnnenbHou unu pacripedesnieHHou
cucmemail,

Komopasi:
a. cocmoum U3 HEeCKOJIbKUX C8513aHHbIX MeXX0y cobouU KOMIMbMmMepos;
6. ucronb3yemcsi Kak eOUHbIU, yHUUUUPOBaAHHbIU KOMIMbOMEPHbIU
PEeCYpPC».

OObI4YHO pa3nuyaroT cneayroume OCHOBHbIE BUALI KINacTepoB:
0 OTKa3oycTon4ymsble knactepbl (High-availability clusters, HA)

[ KnacTtepbl ¢ banaHcMpoBKkom Harpy3ku (Load balancing clusters)
0 BblUMUCIIUTENbHbIE KNnacTepbl (High-performance clusters, HPC)
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Beowulf

Knacrtep, KOTOpPbIN COCTOUT U3
LLIMPOKO pacrnpocTpaHEHHOrO
annapaTHoro obecnevyeHus,
paboTaroLwn nog ynpasrieHNEM
onepaymoHHOU CUCTEMBI,
PACMPOCTPAHAEMOUN C NCXOOHbIMN
kogamu (Hanpumep, GNU/Linux).
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[lpenmyuiecTBa Beowulf-cuctem

= CTOMMOCTb CUCTEMbI rOpa3ao HUMXe
CTOMMOCTW CYyNepKOMMbOTEPA;

> BO3MOXHOCTb YBEJIUHEHNA
npon3BoanNTENIbHOCTN CUCTEMDbI;

> BO3MOXHOCTb UCIMOJIb30BaAaHUA
yCTapeBLLNX KOMIMbKOTEPOB, TEM
CaMblM yBEJTNYNBAETCA CPOK
JKCrJ1yataumm KOMMNbOTEPOB;

=  LUMPOKasi pacrnpoCcTPaHEHHOCTb
annapaTHoOro obecneyeHus;

@u3suyeckut ¢pakynsmem MI'Y um M.B.
JlomoHocoea

42



BbluncnuntenbHbIN KnacTtep

= |IBM eServer 345 -1
. = |BM eServer 335 -6
.| = HPswitch—1Gb
il 91 - ues
1 0l = asm
= Consol switch
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Tononornsa cetTu

> Internet

frontend

compute-0-(

compute-0-

Bl s Cranspe ) B
B - [ R R R B L

il =—=fm=— e
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OpraHu3auus Knacrepa

e

Input data

Computer Computer Computer
(slave node 1) (slave nade 2) (slave nade n)
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OpenMP Server

= openSUSE

= Intel Xeon X5660 @ 2.80GHz (8 core available)
= TepMUHanbHbIN Linux cepBep (SSH)

= Komnunatop GNU

= |P-93.180.53.228
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CynepkomnbroTtep "JlomoHoCOB"

= http://parallel.ru/cluster/lomonosov.html

] || OO O
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TexHonorns GRID

I
"-“i
Super Com puters et Scientists,

Organizations Researchers Copyrigits adasi@cic

Usar,
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[MpumMepbI 6110K-CXeM npoLeccopos

Athlon XP Block Diagram

3.2 GBIs System Interface
BTB & I-TLB
Decoder
-
6 @ R
93 Trace Cache S @
) m 9
=
®
Rename/Alloc g
o
uop Queues 9
=
Schedulers 3_
FP RF Integer RF
L1 D-Cache and D-TLB

weJabeiqg yo0|g

10SS920.d ¥ @wnijuad
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L2 ECC
L2 Tag ECC

System Request |}

Queue (SRQ)

Memory Controller
&
HyperTransport™

2k
Branch
Targets

16k
History
Counter

RAS
&
Target Address

Scheduler Scheduler Scheduler Scheduler
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Intel Xeon Dual Core

Merom, Conroe and Woodcrest
Block Diagram

System Bus
Instruction Fetch | linstruction Fetch
and PreDecode 5 and PreDecode
3 )
] L @
gp Decode § Decode .3
—q a ;. =]
Rename/Alloc 9 Rename/Alloc
! 4 |
Reorder Buffer|_ "a' |Reorder Bug:rnl
Retirement Unit] > " Retirement Uni
= : : t
Schedulers I Sd!ezlwet.s - |
' YERAT R T ¥ &
| L1 D-Cache and D-TLB L1 D-Cache and D-TLB |
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Intel Itanium/Itanium 2

[tanium™ Processor Microarchitecture Overview

Intel® Itanium™ Processor Block Diagram

Microprocessor Forum
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Mukponpoueccop Sun Ultra SPARC Il

4 instructions

Floating- pnlnl Unit (FGU) Inlnnsr execution unit (IEU)

it
32 FP atd Regs ALU pip eo
Regs FP divide ALU pipe 1

64
Data cache unit (DCU)

Data | Prefeich | Write
To E cache !

data SRAM | ,¢ .......................... :

External Cache Unit ! ‘ System Interface Unit
(ECU) Unit (MCU) (Siu)

SRAM | E-cache |e: SDRAM ppipe | Data switch
controller conlro ler controller

Address & Snoop
DHAM
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GK210 SMX (Unofficial)

| WarpScheduler | WarpSchedufer | WarpScheduler | | Warp Scheduler
Obp‘ltch Dispatch Dispatch on&m oup‘.m Dllp‘m Dispatch Dispatch
Register File (131,072 x 32-bit)
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