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Vyvoj ISA z pohledu historie

1936 Alan Turing: On computable
_[1__ numbers, with an application to
1939 Bombe: the Entscheidungsproblem

navrzena k 1937: Howard Aiken: Koncept pro

prolomeni Enigma Automatic Sequence Controlled f’.?
e g W 1941 Konrad Zuse: Y=—==—| Calculator - ASCC. =

= 73 - svétoveé prvni

SSEEEE - funkéni turingovsky
g% Uplny pocitac

—=iZ [izeny programem

1944 Harvard Mark |

1944 ColOSSUS ol . ) ) _
1946 ENIAC NN ,oredratovat‘. Poznamka:

1947 Prvni tranzistor —LL_ MysSlenka stored-program se
~ Objevila jiz dfiv v roce 1943 pri

1945 John von Neumann: First
- [ Draft of a Report on the EDVAC.
Zavadi novou mySlenku: Stored-
program computer. Predchozi
pocitaCe bylo nutné fyzicky

1948 Manchester — —== 0 i o&itace ENIAC: J. P.

Baby - prvni stored- _LL  £cpor 4 g Mauchly

program computer

1949 EDSAC — sy w4 vr _=s
single accumulator \ Pomtac? teto_ doby pouzivaji
1953 EDSAC, == ak_umul_ato’r (jeden reglstr) pro
Manchester Mark I, aritmetické operace, ktery

IBM 700 series: uchovava jak zdrojovy operand,
single accumulator tak vysledek operace

+ index register ' _



Vyvoj ISA z pohledu historie

1 1954 John Backus: jazyk
FORTRAN (FOrmula TRANSslator)

Dochazi k vyraznému

oddéleni programatorského || 1958: JohnMcCarthy: jazyk LISP
modelu od implementace!!! (LISt Processing)

1961 B5000: Poéita& navrzen a&'_ 1960 ALGOL (ALGOrithmic Language)
optimalizovan pro vykonavani .

programu v ALGOL-u 60 => orientace =~ —— 1962 Ole-Johan Dahl, Kristen Nygaard:
na vy&8i programovaci jazyky jazyk SIMULA (rozSifeni jazyka ALGOL)
1964 IBM System/360 - pod —— @

vedenim Gene Amdahl-a: Zrod pocitacu s
striktné oddéluje architekturu univerzalnimi

od implementace - orientace registry a ISA!!!

na instrukce/assembler

1964 CDC 6600 - nejvykon&jsi

v v . =t 1970 Niklaus Wirth: jazyk PASCAL
superpocitac své doby

=== 1973 Dennis Ritchie: jazyk C
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Control Data Corporation (CDC) 6600
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1964 - Control Data Corporation (CDC) 6600
* Jeden CPU - 10 paralelnich funkcnich jednotek, kazda
specializovana (FP operace, Boolovské operace), 40MHz
* 60 registrl, kazdy 60 bit
* cena $8 millionu (pfepocéteno na dnes $60 milliond)

* peak performance of 3 MFLOPS - coz je 10x vic nez IBM
7030 Stretch, ktery byl na ploSe 900m2

* CDC zabiral plochu 4 kabinetu %
* chlazeny freonem —
10 perifernich procesor(
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1976 - the Cray 1
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1976 - the Cray 1

* Los Alamos National Laboratory

* nejuspesneg|si superpocitac

* cena mezi $5 a $8 milliony za kus (dnes $25 milliont)
* Pouziva integrované obvody

» Délka slova 64 bitu

* 136 MFLOPS

* chlazeny freonem
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1985 - Cray 2

The CRAY-2 Computer System
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1985 - Cray 2

vektorovy superpocitac

* 8 procesorl

1,9 GFLOPS (nejrychlejSi do roku 1990)
UniCOS a Unix System V

,i" - mmc"‘_n BT, e TR e 8 T
| MM@J‘E‘ v
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Od roku 1990

* 1993 Intel Paragon, max 4000x Intel i860 — 143 GFLOPS

* 1994 Fujitsu's Numerical Wind Tunnel, 166 vector processors, 1.7 GFLOPS/CPU — 170 GFLOPS
* 1996 Hitachi CP-PACS/2048 — 368 GFLOPS

* 1999 Intel ASCI Red/9632 — 2.3796 TFLOPS — Pentium Il Xeon, 333 MHz.

* 2000 IBM ASCI White — 7.226 TFLOPS - IBM POWER

* 2002 NEC Earth Simulator — 35.86 TFLOPS — 5120x SX-6 (Cray license)

* 2004 — 2007 IBM Blue Gene/L — posledni verze az 478 TFLOPS — QCDOC, 2x PowerPC 440

e 2008 IBM Roadrunner — 1.105 PFLOPS — 12,960 IBM PowerXCell 8i CPUs, 6,480 AMD Opteron
dual-core processors, Infiniband

* 2009 Cray Jaguar — 1.759 PFLOPS — 224,256 AMD Opteron processors
* 2010 Tianhe-IA - 2.566 PFLOPS — 14,336 Xeon X5670 processors and 7,168 Nvidia Tesla

* 2011 Fujitsu K computer — 10.51 PFLOPS - 88,128 SPARCG64 VIlIfx processors, Tofu interconnect
(6D torus)

* 2012 IBM Sequoia — 16.32 PFLOPS - 98,304 compute nodes

* 2012 Cray Titan — 17.59 PFLOPS — 8,688 AMD Opteron 6274 16-core CPUs 18,688 Nvidia Tesla
K20X

e 2013 NUDT Tianhe-2 — 33.86 PFLOPS — 32,000 Intel Xeon E5-2692 12C with 2.200 GHz 48,000
Xeon Phi 31S1P

* 2016 Sunway TaihuLight 93 PFLOPS — 40,960 SW26010 (Chinese) — total 10,649,600 jader
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Podle operacniho systemu

10 mmm Mac
90 I na/mixed
o bsd
80 S unix
70 I windows
60 linux
50 Podle CPU ar

chitektury
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http://www.top500.org/
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Hitachi SR8000
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Intel 1A-32
PA-RISC
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IBM3090
apl000
Intel i860
Hitachi
Fujitsu
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Cray
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Intel EM64T

1995 2000 2005

N
(@]

SN | plr i i

A4M36PAP Pokrocilé architektury poéitaci




Vyvoj vykonu v GFLOPS

10000000000
1000000000 1 EFLOPS
100000000
10000000
1000000 1 PFLOPS
100000 - —— Sum
—— Top
10000 #500
1000 - 1 TFLOPS
100
10
1 1 GFLOPS
CITT T[T T T[T T [ TITT T TTT]

1995 2000 2005 2010 2015 2020
Zdroj: https://en.wikipedia.org/wiki/History of supercomputing
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Soucasny nejvykonngjsSi superpocitac

Sunway TalhuLight
93 PFLOPS (LINPACK benchmark), peak 125 PFLOPS

* Interconnection 14 GB/s, Bisection 70 GB/s

* Memory 1.31 PB, Storage 20 PB

* 40,960 SW26010 (Chinese) — total 10,649,600 cores

* SW26010 256 processing cores + 4 management

* 64 KB of scratchpad memory for data (and 16 KB for mstructlons)

* Sunway RaiseOS 2.0.5 e TR
(Linux based) h ,

* OpenACC ’, ! _ .
(for open accelerators) " ,mpmg -
programming standard " A

* Power Consumption
15 MW (LINPACK)
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Summit supercomputer — IBM AC922

Plan 2018, US Oak Ridge National Laboratory (ORNL), 200
PetaFLOPS, 4600 “nodes”, 2x IBM Power9 CPU +
6x Nvidia Volta GV100 | P

96 lanes of PCle 4.0, 400Gb/s

NVLink 2.0, 100GB/s CPU-to-GPU,
GPU-to-GPU

2TB DDR4-2666 per node
1.6 TB NV RAM per node
250 PB Storage Source: http://www.tomshardware.com/

POWER9-SO, Global Foundrie 14nm FinFET, 8x10° tran.,
17-layer, 24 cores, 96 threads (SMT4)

120MB L3 eDRAM (2 CPU 10MB), 256GB/s
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Summit supercomputer — IBM AC922 — Volta

80 activated SMs (5,120 CUDA cores)

Volta die 815mm2,
21x10° tran. TSMC 12nm FFN

HBM2 (16GB total)

1.6 TB NV RAM per node

250 PB storage
300W, <1V = 300A ~IE--

cotcens | YT i

+—» FCle
> U Source: http://www.tomshardware.com/
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Architektura Power9

L1l Cache, 32 KiB, 8-way, per SMT4 Core

L1D Cache, 32 KiB, 8-way, per SMT4 Core

L2 Cache, 258 KiB per SMT4 core

L3 Cache, 120 MiB eDRAM, 12x10 MiB 20-way 7 TB/s
Fetch/Branch — 8 fetch, 6 decode 1x branch execution

Slices issue VSU & AGEN — 4x scalar-64b / 2x vector-128b
4x |load/store AGEN

VSU Pipe — 4x ALU, 4% FP + FX-MUL + Complex (64b),
2x Permute (128b), 2x Quad Fixed (128b),

2% Fixed Divide (64b), 1x Quad FP & Decimal FP,
1x Cryptography
LSU Slices — 32 KiB L1D$, Up to 4 DW Load or Store

Source: https://en.wikichip.org/wiki/ibm/microarchitectures/power9
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Architektura Power9 — pipeline
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Source: POWERS/9 Deep Dive, Jeff Stuecheli, POWER Systems, IBM Systems
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Architektura Power9 — Interconnect

16 Socket 2-Hop POWER9 Enterprise System Topology
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Source: POWERY, Jeff Stuecheli, POWER Systems, IBM Systems
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Velké single image systémy

Soucasneé vykonné systemy, jejichz vesSkera pamet
je pod zpravou jednoho jadra operacniho systemu
(single system image)

SGI UV 2000 SGI UV 20

CPU Speed (Cores) Intel® Xeon® processor E5- Intel® Xeon® processor E5-4600
4600 product family 2.4GHz-3.3GHz
product family 2.4GHz-3.3GHz

Min/Max Sockets 4/256 214

Min/Max Cores 32/2048 (4096) 8/48

(Threads)

Max Memory 64TB 1.5TB

Interconnect NUMAIINk® 6 Intel® Quickpath

Enclosure 10U rackmount 2U rackmount

Rack Size Standard 19" Rack Standard 19" Rack
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Intel a AMD

Socket
Cores/Threads
Base Frequency
Boost Frequency
Memory Speed

Memory
Controller

Unlocked
Multiplier

PCle Lanes

Integrated
Graphics

Cache (L2+L3)
Architecture
Process

TDP

Price (@1Kk)

Intel Core
i7-8700K

LGA 1151
6/12

3.7 GHz
4.7 GHz
DDR4-2666

Dual-Channel
Yes

x16 Gen3

Intel UHD Graphics
630 (up to
1,200MHz)

13.5MB
Coffee Lake
1l4nm++
95w

$359

Intel Core
i7-8700

LGA 1151
6/12

3.2 GHz
4.6 GHz
DDR4-2666

Dual-Channel
No

x16 Gen3

Intel UHD Graphics
630 (up to
1,200MHz)

13.5MB
Coffee Lake
1l4nm++
65W

$303

Ryzen 7
1700X

PGA 1311
8/16

3.4 GHz
3.8 GHz

DDR4-1866 to DDR4-
2667

Dual-Channel
Yes

x16 Gen3
No

20MB

Zen

14nm GloFo
95W

$399

Ryzen 7
1700

PGA 1311
8/16

3.0 GHz
3.7 GHz

DDR4-1866 to
DDR4-2667

Dual-Channel
Yes

x16 Gen3
No

20MB

Zen

14nm GloFo
65W

$329
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AMD ZEN/Ryzen

* Ryzen 3 Mobile APUs:

January 9th

* Ryzen Desktop APUs:

February 12th

* Second Generation
Ryzen Desktop
Processors: April.

* Ryzen Pro Mobile
APUs: Q2 2018

* Second Generation
Threadripper
Processors: 2H 2018

* Second Generation
Ryzen Pro Desktop

64K I-Cache
4-way

\4

<

Decode

N

4 instructions/cycle

HOp Queue
6 pOps dispatched
INTEGER

Integer Rename

Scheduler Scheduler Scheduler Scheduler Scheduler Scheduler
Integer Register File

ALU ALU ALU ALU AGU AGU

2 loads +1 store

Branch Prediction

\4
Op Cache

FLOATING POINT

Floating Point Rename

\4

Scheduler

FP Register File

512K

Load/Store 32K D-Cache

L2 (I1+D) Cach
Queues 8-way (1+D) Cache

per cyle 8-way

Processors: 2H 2018
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Datova ulozisté, budoucnost

Je mozné, Ze soucasné klasické souboroveé systémy, zaloZzené na koncepci blokovych zafizeni a pfenosu
¢asti dat do pagecache budou pro budouci pocitacové systémy zcela nevhodné

Jiz v souCasné dobé jsou vyvijené a pripravené nove pamétove technologie, které umoznuiji pristup po
bytech, mohou byt pfimo mapované do fyzického adresniho prostoru CPU a jsou témér tak rychlé jako
klasické SDRAM Cipy. Pro pristup z aplikaci tedy neni nutné data kopirovat. OvSem pouziti jako
klasickych PFN je problematicke, protoze paméti je pfiliSs mnoho a pokud se pouzije i pro servisni
struktury, tak bude dochazet k jejim fyzickému opotfebeni. Zajimavy pohled na problematiku je popsany
napfiklad v ¢lanku

XFS: There and back ... and there again?

But we also need to be thinking a little further ahead. Looking at the progression of capacities and access
times for "spinning rust" shows 8GB, 7ms drives in the mid-1990s and 8TB, 15ms drives in the mid-
2010s. That suggests that the mid-2030s will have 8PB (petabyte, 1000 terabytes) drives with 30ms
access times.

The progression in solid-state drives (SSDs) shows slow, unreliable, and "damn expensive" 30GB drives
in 2005. Those drives were roughly $10/GB, but today's rack-mounted (3U) 512TB SSDs are less than
$1/GB and can achieve 7GB/second performance. That suggests to him that by 2025 we will have 3U
SSDs with 8EB (exabyte, 1000 petabytes) capacity at $0.1/GB.

persistent memory
NVDIMM battery-backed DIMMs 8 GB
400GB Memristors

A4AM36PAP Pokrodilé architektury poéitact



Datova ulozisté, 3D XPoint

* NVM Intel and Micron Technology 2015/2017
* based on a change of bulk resistance

* Intel Optane Memory 16 / 32 GB

* M.2 2280 — PCle 3.0 x2 NVMe

* Read latency 6 us, Write Latency 16 us
Read seg/rand 1200 MB/s, Write seq/rand 280 MB/s (4 kB)

e Endurance
100 GB/day

e Do budoucna
ve formé
NV DIMM

Source: https://www.anandtech.com/
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Kvantove pocitace

* IBM, 50-qubit quantum chip

* Intel, 49-qubit Tangle Lake, superconducting quantum
chip

* 1,000-qubit v pristich 5 az 7 letech

* komercni vyuzitelnost pravdepodobé az od miliénu
qubits

* superconducting qubit x qubits in silicon.
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