Grundlaggande datorteknik

@ CHALMERS

Minnessystem

Minneshierarki,
minnestyper och
teknologier

IE Connector

Minnessystem

Grundlaggande datorteknik

@ CHALMERS

Minneshierarki

“Ideally one would desire an indefinitely large memory capacity such that
any particular ... word would be immediately available. ... We are ... forced
to recognize the possibility of constructing a hierarchy of memories, each of
which has greater capacity than the preceding but which is less quickly
accessible”.

A. W. Burks, H. H. Goldstine, and J. von Neumann

Preliminary Discussion of the
Logical Design of an Electronic Computing Instrument (1946)
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Flyktigt eller icke flyktigt — huvudsakliga egenskaper

= Minnet ar icke flyktigt (Non Volatile) om innehallet
ar det samma efter ett spanningsbortfall.

= Alla andra minnen flyktiga (Volatile)
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Minneshierarki

Ju snabbare
atkomst, desto

Computer Memory Hierarchy hégre pris/bit.

small size
small capacity

Processor registers
very fast, very expensive

Register/
Cacheminnen

processor cache
wery fast, very expensive

small size
small capacity

medium size power on random access memory
medium capacity very short term fast, affordable
sl size power off flash / USE memary
large capacity shart term slower, cheap
large size power off hard drives
wery large capacity mid term show, very cheap

large size power off tape backup
wery large capadity long term wery slow, affordable

Primarminnen

Sekundarminnen

Tertiararminnen

Minnessystem
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Minneshierarki -exempel

Dhsk
memony
Rogistor Lovel 1 Lovel 2 Lovel 3 Mamory refarance
refarance Cache Cacha Cache reforonce
refarence  relerence  relerence
Sze: 1000 bytes 64 KB 256 KB 2-4MB 4-18 GB 4-16TB
Spaad: 300ps ins 3-10ns  10-20ns 50-100 ns 5=10ms

{a) Memary hierarchy for server

Rogestor Loval 1 Lovel 2 Momaory
reference Cacha Cacha ralarence
rofewrence  rolorence

Size: 500 bytes 64 KB 256 KB 256-512 MB
Speed: 500 ps 2ns 10-20ns 50-100 ns.

() Memary hiorarchy for a porsonal mobile device
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Huvudtyper — Random, block och sequential access

= Primarminnen

S-RAM, D-RAM, ROM, EPROM "Random Access”

= Sekundarminnen
SSD (Solid State Drive)
Harddisk
Flexskiveenheten

"Block Access”

= Tertiarminnen
Bandstationer
Optiska lagringsmedia

"Sequential Access”
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@ CHALMERS Grundlaggande datorteknik

Random Access Memory (RAM)

Alla minnets delar har samma atkomsttid. "DRAM”
a1 RO MH
"EPROM”
adres}er-rm » - ) "SRAM”
N primar-
ng:,r:tl sw'g/nmw » minnes-
system
datacverfaring
adressering
CP Adress
W Minne
MR— Data
datadverforing

Minnessystem 7

@ CHALMERS Grundlaggande datorteknik

Atk ttid:
Block Access Memory o

"spin up” + soktid(spar) + rotera fram ratt sektor +
Gverfor block till primarminne.

Roterande aeo—— L
. Surface 1 — o
skivor Soacn2 T e
o T e
]
Spundle
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Block Access Memory
FLASH-minnen

256mp
rereee
"USB-minne”

standardiserat
seriellt granssnitt

Atkomstid: *Solid State Drive”

Beror pa — granssnitt.
Begransat eftersom data nas efter ett

5 . som kan ersatta
begrénsat antal operationer

“roterande skivor”

Minnessystem

standardiserat granssnitt S

"Minneskort”
olika enkla
parallella
granssnitt
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Sequential Access Memory

Atkomsttid ej forutsagbar:

Man maste soka upp ratt data sekventiellt.
Det finns ingen direkt "block-sok” algoritm for
dessa media.

Atkomsttiden &r inte begrénsad eftersom
man potentiellt maste félja manga
anvisningar innan data har hittats.

@Sun

CRACLE

STORAGETEX THO0O T2
Ows
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Teknologier — en historisk aterblick

m Skriv/las-minnen, kallas ibland "dataminne”
— Williamstub
— Kvicksilver (Univac)
— Karnminnen
— Halvledarminnen, SRAM/DRAM
m Las-minnen, kallas ibland”’Programminne”
— Halvledarminne, ROM
— Halvledarminne, EPROM
— Halvledarminne, FLASH

Minnessystem
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"Williamstuben”, 1946-1950

Forsta random access” minnet

Elektronstralens efterlysning
(minnestid) c:a 0,2 sek.

Metallplatta framfor skapar
"kondensator” for varje minnesbit.

- o
——
P E— oAt ";‘j

peut asTPUT

o

Minnessystem

Bilden visar 32 st. 40-bitars ord
och en 20-bitars sidadress

(Ferranti Mark 1)

Lagrad nolla

Lagrad etta
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Kvicksilverminne — 1951

Minnesfunktionen bygger pa mekanisk fordrgjning av signalen (“delay line”).
= | UNIVAC 1 anvandes 7 tuber for att lagra totalt 1000 st. 35-bitars ord.
m Medelaccesstiden var c:a 222 mikrosekunder

Please
] Do Mot Touch

- E i weas seueet

P10, 2.1.1, Dirlay line memory biock dagram.

Minnessystem
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Karnminne c:a 1955-1975

Minnessystem

Skrivstrom, lasstrom —
riktning anger lagrad
nolla eller etta
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Halvledarminnen 1966

Statiskt RAM (SRAM) 6 transistorer/-bit

128-bit RAM
(IBM System/360 Model 145 primarminne)
jdmférd med kdrnminne.

256-bit TTL

WL = 1, véljer denna cell. RAM (Fairchild)

(M5 och Mg leder).
Minneselementet har tva
stabila tillstand:

BL=1och BL' =0 —"1”
BL=0 och BL'=1 —"0"
(Jamfér med SR-latch)

Minnessystem
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Dynamiskt RAM (DRAM) 1970

g- . . .
@
fid
<
2
Zo . . .
- L3 - . - -
-]
H
s' - - -
o8 P O
al 'g
E' e - -
_'\ . . . .
RAS v § ] T MUX
.-00'_ Opel  Osyl Os41) (4P2T)
ST luaten | |
- - - L3

Intel 11103 1024-bit
Dynamiskt RAM

3% %= [{ DATA SELECTOR (4 TO 1 MUX)
| DO (DATA OUT)
TRISTATE
BUS

Minnessystem

Endast en transistor kravs for att
lagra en bit.

Kraver "refresh” eftersom
kondensatorn laddas ur efter
hand.

(Jamfor med Wiliamstuben)
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ROM (1965)

—-‘ ord 0
ord 1
Az ord 2
A ord 3

ord 4
Ao ord 5
ord 6
ord 7

bit bit bit bit bit bit bit bit
7 6 5 4 3 2 10

Intel 3301, 1024-bit ROM Dioder (ettor) placeras i diodmatrisens

Minnessystem

skarningar vid tillverkningsprocessen, “mask-
programmerade”
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EPROM (1971)

- = .
Dov Frohman uppfann
EPROM (Intel)

L]
= 017028
) l 15285314

Intel 1702, EPROM.
UV-ljus anvandes for att radera 1601 Programmer, Model 7600

minnet.
Intel EPROM-

programmerare (1971)

Minnessystem
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FLASH 1988

""block access”

MINNE STYRKRETS

o
Salect  word
Tansistor Lne 0

NAND-FLASH

B e

Minnessystem

“random access”

NOR-FLASH
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RAM - Minnestyper

Volatile (" Flyktigt”)
innehallet forsvinner vid spanningsbortfall, vid spanningstillslag ar innehallet oftast
slumpmassigt bestéamt.

= S-RAM (Static RAM)
= D-RAM (Dynamic RAM)
NON Volatile (" Icke flyktigt”)
behaller sitt innehall aven efter spanningsbortfall

= ROM (Read Only Memory)

— programmeras vid tillverkningen, innehallet kan dérefter inte &ndras

= PROM (Programmable ROM)

— minnestypen kan programmeras (kréver speciell utrustning) en gang

= EPROM (Erasable PROM)

— minnestypen kan programmeras och raderas med speciell utrustning

= FLASH

— minnestypen kan programmeras/raderas utan speciell typ av utrustning

Minnessystem
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Flexskivan (1967)

90 kByte

360 kByte

Minnessystem
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Optisk disk(1965)
Laser Disc (1971)

Compact Disc(1981)
S j

650-900 MByte
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Digital Versatile Disc(1995)
4,7-17 GByte

cD

| = B0 nm

DVD

I= lml‘m

HD DVD Blu-ray

l .. (it e '@ @) 20nm | 2
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IBM 350 (1956) 2

@ CHALMERS

Harddisken

Kapacitet 5-20 MByte

1N

Minnessystem
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Bandstationer

IBM 3420 (1970)

IBM 727 (1953)

DX
__-i_

20 MB/band

5,6 MB/band

Minnessystem
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IBM MP350 (1996)
300GB/kasett

Oracle (2013)
5TB/kasett
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Teknologiutveckling — Moores lag med konsekvenser

Microprocessor Transistor Counts 1971-2011 & Moore's Law Moora's Law
The Fifth Paradigm
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Skillnader i prestanda CPU/DRAM

100 000

/ CPU
10 000

1000 /
100

10A
1

DRAM

v

1980 1990 2000 2010
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Atkomsttider i minneshierarkin (2013)

Cacheminnen
SRAM Primarminne  Sekund&rminne

Register L1-cache L2-cache L3-cache DRAM DISK

S S 5

64 KB 256 KB 2-4 MB 4-16GB 4-16 TB

Atkomsttid 300 ps 1ns 3-10 ns 10-20 ns 50-100 ns 5-10 ms

Minnessystem
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Sammanfattning — att kunna

» Datorns minnessystem sags utgéra en minneshierarki

» Olika minnestyper placeras in i hierarkin baserat pa prestanda och kostnad

+ Kostnad mats i pris/MBit

Minnessystem
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