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pOC|taC9 — sekvenéni postup vykonavani

_ instrukci

1. PocatecCni nastaveni, zejména napr. PC.

2. Cteni instrukce

PC — adresa hlavni paméti,

Cteni obsahu,

PreCtena data — IR (Instruction Register),
PC+n — PC, kde n je déelka instrukce.

3. Dekddovani operacniho znaku (OZ2),

4. Provedeni operace (vCetné vyhodnoceni
efektivnich adres, Cteni operandu, apod.).

5. Dotaz na mozne preruseni. Ano-li, obsluha.
6. Ne-li, opakovani od bodu 2.




Jedno-cyklovy procesor — navrh — podpora cteni z pameti
« 1lw:.typ I, rs — bazova adresa, imm — offset, rt — kde ulozit

| opcode(6), 31:26 | rs(b), 25:21 | rt(5), 20:16 immediate (16), 15:0
ALUControl |
|
21|V WE3 SrcA |\‘\ Z v
) 25:21 ero WE
EﬁmP—CA RD —mt Al RD1 ALU
—> A RD
Instr. A2 RD2 SrcB AllOut |~ pata ReadData
Memory A3 Reg. Memory
WD3 e WD

m Signimm
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Jedno-cyklovy procesor — navrh — podpora Cteni z pameti

« lw:typ |, rs — bazova adresa, imm — offset, rt — kde ulozit
rt(5), 20:16 immediate (16), 15:0

| opcode(6), 31:26 | rs(5), 25:21

Zapis pfi nabézné hrané CLK

RegWrite = 1
ALUControl |
|
m 25.91| V_WES3 SrcA 1\‘\ Zero VWE
PC PCA RD Instr Al RD1 ALU
—_— A  RD
Instr. 20:16 A2 RD2 SrcB AluOut | pata ReadData
Memory A3 Reg. Memory
»WD3  File WD

m Signimm
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Jedno-cyklovy procesor — navrh — podpora Cteni z pameti
« 1lw:.typ |, rs — bazova adresa, imm — offset, rt — kde ulozit

| opcode(6), 31:26 | rs(b), 25:21 | rt(5), 20:16 immediate (16), 15:0
RegWrite = 1
ALUControl |
| ‘\‘\
: V
A RD ALU
L] ——>A RD
Instr. A2 RD2 SrcB AllOut |~ pata ReadData
0:16;
Memory 2U. 10 A 3 S Memory
WD3 e WD
4 m Signimm
PCPlus4
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Jedno-cyklovy procesor — navrh — podpora zapis do pameti
« sw.typ |, rs — bazova adresa, Iimm — offset, rt — co zapsat

| opcode(6), 31:26 | rs(b), 25:21 | rt(5), 20:16 immediate (16), 15:0
RegWrite =0 MemWrite =1
ALUControl |
| ‘\‘\
: V
e RP 20:16 A RrD
Instr. —{A2 RD2 SrcB AllOut |~ pata ReadData
Memory 20:16( 7 3 Memory
Reg.
WD3 e WD
4 m Signimm
PCPlus4
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Switch analogy

Multiplexer 2to 1 cz :2-kanalovy (2-vstupovy) multiplexor

1bit Select (address)
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Jedno-cyklovy procesor — navrh — podpora add

« add: typ R; rs, rt — zdroje, rd — cil, funct — operace souctu
R | opcode(6), 31:26 | rs(b), 25:21 | rt(5), 20:16 | rd(5), 15:11 | shamt(5) | funct(6), 5:0

RegWrite = 1 ALUSrc =0 MemToReg =0
RegDst = 1 ALUControl
| |
21[V WE3 SrcA \\‘\ Z Vv
’ 25:21 ero WE
PCmPC A RD Instr Al RD1 AL o 2 el
Instr. 20:16)| A2 RD2 [0SrcB AuOut | pata = omdData
Memory A3 Req 1 Memory
WD3  File WriteData WD
20:16 Rt[07] writeReg
15:11 R
: m Signimm
PCPlus4
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Jedno-cyklovy procesor — navrh — podpora sub, and, or, sl1t

 Jedine v Cem se liSi od add je operace ALU -> datapath
beze zmeny; rozdil v ALUControl

RegWrite = 1 ALUSrc =0 MemToReg = 0
RegDst = 1

| |
g [V Vv
PC’MPC Instr  29:21 A1W%23D1 Steh Zero L2 0 | Result
| A RD ALU »> A RD 1
Instr. 20:16 A2 RD2 [07]SrcB AluOut | pata ReadData
Memory A3 Reg 1 Memory
WD3  Fie | T WriteData WD
20:16 Rt107] WriteReg
15:11 Rdy
4 m Signimm
PCPlus4
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Jedno-cyklovy procesor — navrh — podpora beqg

- beq - branch if equal; imm-offset; PC" = PC+4 + Signlmm*4

| opcode(6), 31:26 | rs(5), 25:21 | rt(5), 20:16 immediate (16), 15:0
RegWrite = 0 ALUSrc=0 Branch =1 —|:>J MemToReg = x
RegDst =X ALUControl
| ' l
1l V \V4
-!\ojPC’m PG A RD Instr 25:21 A1W%3Dl SIeA 'E Zero = 0] Result
1 »A RD 1
Instr. 20:16 A2 RD2 [07SrcB AluOut |" Data ReadData
Memory A3 Reg 1 Memory
WD3' File | | WriteData WD
20:1 Rt 107] WriteReg
15:11 RaH
: : . <<2
4 m Signlmmlg .| PCBranch
PCPlus4
=
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Jedno-cyklovy procesor — vykon: IPS = IC / T = IPC,.f- «

« Jaka muze byt maximalni frekvence procesoru?
« Zpozdeni na kritické cesté — instrukce 1w:

Tc = tpC + t|\/|em + tRFread T 1:ALU t tMem + 1:Mux + tRFsetup

|
Instr 23:21 \Alw%[n

[20:16 A2 RD2
A3 Reg. _
WD3  File WriteData WD

15:11 Rd

5950 x|

0 | Result

ReadData

PCBranch

B35APO Architektura pocitacu



Jedno-cyklovy procesor — vykon: IPS = IC / T = IPC,.f- «

« Tc=Tc

instr + TCproc

= (tPC + 1:I\/Iem) + (tRFread + 1:ALU + tMem + tMux + tRFsetup)
* Predpokladejme:

toc =30 ns tyery, =300 nNs
terread =50 ns tyy =200ns
thux =20 ns tRFsetup = 20 NS

Pak Tc =920 ns -->f- k max = 1,08 MHz,
IPS = 1 080 000 [instrukce za sekundul]

Ale pri Tc;s, provadenem paralelne s Tc, o
jelikoz je vzdy Tc; <Tc,, pak Tc, = 50+200+300+20+20
=590 ns =1.69 MHz -> IPS=1690 000
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Dulezita poznamka

* Tenhle vysledek si, prosim, zapamatujte.

 Budeme s nim pracovat na pozdejsi
prednasce.
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Key Technology Gaps Prediction

4G .
Performance Shannon's law
/ 2xin 8.5 months
10.000.000 /
3G p Moore*s law
1.000.000 / / 2xin 18 months
1
100.000 2.5G 7 ‘
10.000 Ve -~ Algorithmic
| / /f complexity
1
1.000 Power
// reduction
100 Eveready's law
/ CPU- memary/ (Battery energy density)
10 ,.-—/ bandwicith o | 2xin10years
é 1G ___/ Memoryaccesstime -
1- — 2xin 12 years

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
Source: Jan M. Rabasy

Note: The increase of algorithm complexity over time has been formalized in literature with
the so-defined Shannon's law.
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Disproporce ve vykonu proc x pam, Mooruv zakon

v v/ V&l

Rust vyk. 25 o, I"DCHE 52 % rocne .~ 20 % rocne
CPU | |
(1010 o] N S S
ST o]0 [ N S AP~ s
[alk]
[ ]
=S 1 PR S ———_ hezera—-
E vykonnosti
o e
T 100 oo g oot -Rychitost paméti
a . 0 7% rocne

10 o ML

1980 1985 1990 1995 2000 2005 2010

Zdroj: Hennesy, Patterson

Year CAaQA 4th ed. 2006
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Layout of a Program in Memory

lower address
Other programs

.ent start

Text Segment
entry point,

initial value of PC

Static Initialized Data

_ - ~ Data Segment
Static Uninitialized Data

Dynamic Area, heap Heap grows
(cz: halda) to higher address

v
N\

Stack grows

Stack Segment to lower address
'higher address (cz:zasobnik)
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I _ Memory addressing

Memory address in load and store instructions is
specified by a base register and offset

op = (] § Adddec=s, Memory

|
+ i
Register @—. [[Evte ] Halfword Word
I 1

This is called base addressing

addi a0, zero, 10 // load the word from absolute address
lw  $2, 0x2000($0) // store the word to absolute address
sw  $2, 0x2004($0)



I _ Data Types in Instructions

MIPS registers hold 32-bit (4-byte) words.

Other common data sizes include byte and halfword.

Byte = 8 bits - example: Ib /Ibu
- load byte extend signed/unsigned

Halfword = 2 bytes example: - |h / Ihu
- load halfword extend signed/unsigned

Word = 4 bytes - example: - lw - load word

u-unsigned extension



Data Directives

WORD Directive
Stores the list as 32-bit values aligned on a word boundary

\WORD w:n Directive

Stores the 32-bit value w into n consecutive words aligned on
a word boundary.

.HALF Directive
Stores the list as 16-bit values aligned on half-word boundary

.HALF w:n Directive

Stores the 16-bit value w into n consecutive half-words aligned
on a half-word boundary.

.BYTE Directive
Stores the list of values as 8-bit bytes

.BYTE w:n Directive
Stores the 8-bit value w into n consecutive bytes.
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String Directives

ASCII Directive
Allocates a sequence of bytes for an ASCII string

ASCIIZ Directive

Same as .ASCII directive, but adds a NULL char at end of
string

Strings are null-terminated, as in the C programming language

.SPACE n Directive
Allocates space of n uninitialized bytes in the data segment

Special characters in strings follow C convention
Newline:\n  Tab:\t Quote: \”
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Memory Alignment

.align n directive
- aligns the next data definition begins on a 2" byte boundary

.align 2
- the least significant 2 bits of address should be 00
Memory

Memory is addressed as an
array of bytes

Words occupy 4 consecutive .

bytes (MIPS is 32bit processor), 4
0 - not aligned

address

aligned word
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Align

Assembler align data in data segment

.DATA
ALIGN 2
varl: .BYTE 3, 5,'Aa','P','0O!
var2: .WORD 0x12345678
.ALIGN 3
var3: .HALF 1000

Example on BIG ENDIAN

varl var2
- o

0 1 2 3 4 5 6 7 8 9 A| B| C| D| E F
0x2000 3 5| 41| 50| 4F 12| 34| 56| 78
0x2010| 10| 00

var3 )
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Motivace pro dalSi ¢ast z pohledu programatora?

Otazka 1. Vykonavaji programy to same?
Otazka 2. Ktery program je rychlejsi (pokud nektery)?

A: B:
int matrix[M][N]; int matrix[M][N];
Int 1,J,sum=0; Int 1,J,sum=0;
for(i=0:i<M;i++) for(j=0;j<N;j++)
for(j=0;j<N;j++) for(i=0;i<M;i++)
sum-+=matrix]i][jl; sum-+=matrix]i][jl;

Lze doporucit vyhodnéjsi zptsob prochazeni matice?
K odpovedi je nutna znalost organizace pameti.
B35APO Architektura pocitacu
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Architektura pocitace

PCl-Express Slols
1 PCI-E x16, 1 PCI-E X1 Back Pansl Connectors

PCI Slots - ] |

® 5 e
E ; Jl-.h-g.'ﬂm

LGA TTS
FSB
10661 333 MHz
4 o el . ot 4, Intel 8345GC
Intel ICHT - e ., o o b North Bridge
South Bridge o 1 g i Chipset
{:himm f‘:;. I .. . :...; = J.I.i.rﬂll-' 1
: : ‘i DDR2 667MHz
Dual Channel
~ Memory Slats
Serial ATA
Headers . @7
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Architektura pocitace

From Computer Desktop Bncyclopedia R c Deskton Encwolonedi
rom Computer Desktop Encyclopedia
= 2005 The Computer Language Co. Inc. pFikIad = 2001 The Computer Language Co. Inc.

Dual channel
RDRAM
memory slots

obecné

Dual channel
memory slots

Pentium 4
CPU

PC Chipset AGP
slot

Horthbridge

CPU

3.2 GBfs

Memory
Contreller
Hub

{(MCH)

AGP
slot

PCl
Express

PCI slots %

104100
Ethernet

ATA100 266 MBls

IDE
drives

6-channel
audio (AC "97)

ATA
tlriues

PCIl slots

o
Controller
Hub 2
(ICH2)

UsB Sound
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Vyvoj architektury pocitace

Non-Uniform Memory

Architecture
CPU,||CPU, CPU,||CPU,

w Rg'\" w RAM RAM  RAM RAM
RAM <> MC MC H HMCH $ i

Northbridge | | mc H Northbridge MC MC

T CPU ;<>{CPU,| |CPU,| |CPU,
T T 1 T
RAM " T
Southbridge Southbridge Southbridge Southbridge
| ots | Lot | lus ! |t
USB USB USB USB
SATA PCI-E SATA PCI-E  SATA PCI-E  SATA PCI-E

MC - Memory controller — obsahuje obvody pro zajisteni operace ¢teni a zapisu z/do paméti.
Také se stara o udrzeni obsahu pameti

— refresh typicky kazdych 64ms. Nekteré DRAM umi i self-refresh, ktery je vyhodny,

kdyz se z pameti necte, jinak by mohl blokoval dostup.
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Konkrétneji...

Intel® Core™2 Duo Processor

Intel® Core™2 Quad Processar

Display support for 10.6 GB/s

HOMI, DVI, HDCP, MEC, ADD2

Intel® Graphics Media DDRZ or DOR3
Accelerator 3 100 with
Intel® Clear WVideo

Technology

6.4 GB/s or 8.5 GB/s

DDRZ or DDR3
6.4 GB/fs or 8.5 GB/s

Intel* High
Definition Audio
Intel®* Quiet System
Technolog

6 Serial ATA Ports; eSATA:
Part Disable

Intel* Matrix
PC Jor SP Storage Technology
BIOS Support Intel® Turbo Memory

Nyni je Northbridge jako Graphics and Memory Controller Hub (GMCH)

PCl Express
x16 Graphics

12 Hi-Speed USB 2.0 Ports;
Dual EHCL; USB port disable ESSINIE

& PCl Express” x1 +

I.\_ w i
' | .o

Intel® Integrated
10/100/1000 MAC

Intel® Gigabit LAN Connect

B35APO Architektura pocitacu



Konkrétneji soucasnost...

PCI Express* 2.0 Graphics

40 lanes DDR3 memory 12.8 GB/s
Support for potal 2nd Ger —— 28
multi-card configurations memory 12.8 GB/s
2x16 & 1x8 "
or DDR3 memory 12.8 GB/s
1x16 & 3x8 - -
or DDR3 memory 12.8GB/s |
1x16 & 2x8 2x4 =
oMI
20 Gb/s

Intel*High
Definition Audio

14 Hi-Speed USB 2.0 Ports; : .
Dual EHCI: USB Port Disable | 8 PCl Express* 2.0

Intel® Integrated : 6 Serial ATA Ports; eSATA;
10/100/1000 MAC : Port Disable

PCle* X1 . SMBuUs

Intel” Rapid Storage
Intel* Gigabit LAN Connect Intel® ME Firmware Technology enterprise
2 and BIOS Support

Intel® Extreme Tuning S .- Optional
Support —

Theoretical maximum bandwidth
2 All SATA ports capable of 3 Gbis. 2 ports capable of 6 Gb/s.

Intel® X79 Express Chipset Block Diagram
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Terminologie kolem pameti

« Adresa, pojem snad neni treba vysvétlovat.

« Hodnota, vlastni informace. Pamétova bunka vSak muze
obsahovat i dalsi informaci (treba o platnosti hodnoty, apod.).

« Parametry pameti:

* Vybavovaci doba pameti, kriticky parametr. Délka Casového intervalu
mezi objevenim se pozadavku a okamzikem, kdy jsou data k dispozici.

« Doba pristupu, zastaraly parametr; vybavovaci doba + obnoveni
obsahu po destruktivnim cteni.

* Propustnost, vykonovy parametr. Schopnost zpracovat uvedené
mnozstvi za jednotku Casu.

« Latence = zpozdeni, podobne jako vybavovaci doba.
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Vnitfni organizace Cipu DRAM pameti

T T T 1
s L o
- 2048 x 2048 Tl T T F| T
- decoder - array % T T 1 1
11-10-2048 A e s i e U s
1> £ L L + <
Tt T T 1
z T T Ty T
1 1 = L L L L
Addrees[10-0] Column latchee T T T 1
— 0 e T T
1 :IT: ¥ :I:: ;

f ) a —
A\ i ﬂi Column Address Selection

Data

' Dout

AM X 1 DRAM (Dynamic Random Access Memory)
je uvnitf realizovana jako pole 2048 X 2048 1b pametovych bunek
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Memory Cell

bitline
row-address |
stored
bit
bitline =0 bitline =Z

row-address 1 | row-address = Q |

stored stored ||

bit=0 bit=0

pitline =1 bitline =2

row-address 1 I row-address= O |

stored stored L

bit = 1 bit=1[ 7
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Switch Analogy of Decoder

One Hot Decoder cz: Dekodeér 1l ze 4 Y1Yo
ylyo0
| Xq o—>Xg
q 4’0/1/001 X4 1—»X,
: O > Z—PXZ
| ] ? 3—»X3
. 3
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Switch analogy
Multiplexer 2to 1 or 1 of 2 cz :2 kanalovy (2-vstupovy) multiplexor

Select Select,

|
! ' Z
v : Z Xo
0 .
o~ T
1

Multiplexer 4to 1 or 1 of 4 cz : 4 kanalovy (4-vstupovy) multiplexor
Y0
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address 4

of data

clock ——}

13)1S109.

Address

4
— s—

Memory matrix

and to reduce power consumption
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Register of address is a necessary condition for the implementation

Decoder
one-hot bitling, bitling bitling, bitling,
row O
0 I ? ? 1
stored stored stored stored
bit=0 bit=1 bit=0 bit=0
1 row 1 — — —
* ¢ ¢ w
stored stored stored stored
) FOW 2 bit=1 bit=0 bit=0 bit=0
1 1 1 |
stored stored stored stored
2 3 row 3 bit= 1 bit= 1 bit= 0 bit= 0
; ’ ? ? 1
stored stored stored stored
bit=0 bit=1 bit=1 bit=1
Data 3 Data 2 Data 1 Data 1
2 w N [ o
/I
data dUt Multiplexer
lof4d




Memory matrix - example 1/4

Decoder
one-hot bitling, bitling bitling, bitling,
row O
0 1 ? ? 1
stored stored stored stored
ow 1 bit=0 bit=1 bit=0 bit=0
1 . . . x
stored stored stored stored
) FOW 2 bit=1 bit=0 bit=0 bit=0
1 1 1 |
stored stored stored stored
address 2 3 row 3 blt‘= 1 bItAZ 1 bItAZ 0 bit= 0
g 1 d |
6 =0110 Address stored stored stored stored
N 4 bit= 0 bit= 1 bit= 1 bit= 1
CD Data 3 Data 2 Data 1 Data 1
(@)
(7) . 2 \< N = o
[ /I
~—t
M * Multiplexer
clock ——} = L

Address value is waiting for the rising edge of clocks
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Memory matrix - example 2/4

Decoder
one-hot bitling, bitling, bitling, bitling,
row O
0 I ’ ? 1
stored stored stored stored
bit=0 bit=1 bit=0 bit=0
1 row 1 - - -
* * * w
stored stored stored stored
) FOW 2 bit=1 bit=0 bit=0 bit=0
1 1 1 |
01 stored stored stored stored
address 3 fow 3 bItA: 1 blt‘: 1 blt‘Z 0 bit=0
\ \d 4 d |
6 —- 0110 0110 stored stored stored stored
|=> — : bit=0 bit=1 bit=1 bit=1
CD Data 3 Data 2 Data 1 Data 1
(Q PN
& 10 w ( N ) N o
21 —_—
clock 3 C_E * Multiplexer
lof4d

Address was loaded on the rising edge of clocks
and divided to two parts, higher and lower bits
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Memory matrix - example 3/4

Decoder
one-hot bitling, bitling bitling, bitling,
row O
0 I ? ? 1
stored stored stored stored
bit=0 bit=1 bit=0 bit=0
1 row 1
pu— g pu—p— — — —_— -
stored stored stored ,| stored
. ' o Y e . '
ol rowz LPED ] L Dit=0 I ,bit=0 I L Pit=0 ]
1 1 1 |
01 stored stored stored stored
address 3 row 3 blt‘Z 1 bItAZ 1 bItAZ 0 bit=0
g 1 d |
6 = 0110 0110 stored stored stored stored
|=> — bit=0 bit=1 bit=1 bit=1
CD Data 3 Data 2 Data 1 Data 1
(Q P N
— 10 x\w N = o
21 o
@ Multiplexer
clock —— = . Sf .

Output of one-hot decoder 1 from N aktivate row
and of cell in it.
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Memory matrix - example 4/4

Decoder
one-hot bitling, bitling, bitling, bitling,
row 0 _ _
0 | ? ’ |
stored stored stored stored
bit=0 bit=1 bit=0 bit=0
1 row 1
store store store || store .
o rowz b=l btz o] itz o[ bit=0[]
1 1 1
01 stored stored stored stored
address 3 oW 3 bItAZ 1 bl'[A: 1 blt‘: 0 blti 0
\ \d d d
6 - 0110 0110 stored stored stored stored
|=> — bit=0 bit=1 bit=1 bit=1
CD Data 3 Data 2 Data 1 Data 1
(@) -~
—_— 10 w I\)\ - o
0 N
(¢)] Multiplexer
clock —— = P
0 1lof4d

The cells are connected to bitlines and the output multiplexer selects one value
-Data2=0
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Terminologie kolem pameti

* Typy paméti RWM (RAM), ROM, FLASH,

* Provedeni RAM pameéti:
SRAM (staticka), DRAM (dynamicka).

* RAM = Random Access Memory — pamét’s libovolnym

pristupem

typ pocet plochana dostupnost dat latence
paméti tranzistoru 1 bit
SRAM cca6 <0,1 um? vzdy < 1ns-b5ns

DRAM 1 < 0,001 um? potiebuje refresh  desitky ns
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Typicky Cip a bunka SRAM
SRAM pamétova burika

Princip: AV oV
stored 6-transistord CMOS, existuji 4 trans verze
bitline Pt pitline WL
wordline -
L —

BL = BL

Plocha pametové bunky:

. ¥ 5
o X e 6T POLYCIDE
E ° 8T ! R — \ Plaa
21k 6 M2
©
o
< 5,2 um
3 :
@  |[ISSCC&VLSI ‘04-"10] "
Ll 90 65 45 40 32 28 Y

Process Node [nm]
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Typicky Cip a bunka SRAM

Output Enable
OE signal je asynchronni — (©® 33:‘ ©

Da}%g;‘tp“t | ><® DQO DQ1 ><

Typicky SRAM Cip Priklad Cteni — typicky synchronni :
21
Address s ! | : |
r-—1 Cycle_-| I |
Chip select —— Dout| K | |
Output enable—»| _SRAM ﬁ\— I I
2M x 16
Write enable —— ADDR >@ A0 mo XA
| |
| | |
. 16 Setup'Hold

Din[15-0] seums- Chip Select p | |
CSorSs \®|@y |
Write Enable ;;_hl . |
(WE) Setup |
@ | |
I
I
I
I
I
I

|
|
|
|
|
I
|
|

—
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Vétsi pamét?

Typicky Cip a bunka SRAM

4k = 4K = 4k = 4K = 4K = 4K = 4K = 4K =
1024 1024 1024 1024 1024 1024 1024 1024
12 ERAM ERAM ERAM ERAM ERAM ERAM ERAM ERAM
4095
Addreas o §
[21-10] 4HE ¥
dacodar
Addramsa - “'J 024 . - . . - .
[5-0]
T r ¥ 1
-(: I'-.‘Iu::_) {; I'-.‘Iu::_}l -[:_I'n.‘lu::;] -f‘-_ I'-.‘Iu::_) { R J -[:_I'n.‘lu::;] -{: ke :} [ ITE
¥ L
Dot 7 Douté Dicuth Doutd Dot Dot Dot Dot
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Detail pametove bunky dynamicke pameti

Jednotranzistorova dynamicka

pamét’OVé bunka b|t||ne T—‘\Buf-ied\{lordli;? -~
Isolation Line
' _ - 010101010100
wordline I i
— 000C
stored +[+ . : YRR VRV
bit =1 \ 3
v 8088085
Dateg 2010uLS T=4 n‘“‘}

NMQOS tranzistor predstavuje prepinac, ktery pripoji (nebo ne) kondenzator
na vodic ,bitline". Pripojeni je rfizeno vodiCem ,wordline”.
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Capacitor

Commercial DRAM parameters

Capacity fF [femtofarad]

Storage capacitor

from 10 fF to 50 fF

Bit line

around 2 fF

fF - femtofarad

[Source: I'INSA de Toulouse]

An Sl unit of electrical capacitance equal to 10~ 19 farads.

10°%F =1 pyF = 103 nF = 10° pF = 1072fF

~9 fF - the capacitor created by two 1 mm? plates
In 1 mm distance inside vacuum
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Vyvoj DRAM pamétovych Cipu v Case

Rok Kapacita CenalS]/GB Doba pfistupu [ns]
1980 64 Kb 1 500 000 250
1983 256 Kb 500 000 185
1985 1 Mb 200 000 135
1989 4 Mb 50 000 110
1992 16 Mb 15 000 90
1996 64 Mb 10 000 60
1998 128 Mb 4 000 60
2000 256 Mb 1 000 55
2004 512 Mb 250 50
2007 1Gb 50 40

RAS\  { RAS — Row Address Strobe,
CAS — Column Address Strobe

Roww
7\ Addr 'I,IAJ:Iu:Ir

Dﬂ I." Drata [rata Diata Data
* it Cut Ot [ali}
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Klasicka DRAM — asynchronni rozhrani

* Duvod rozdéleni adresy na 2 ¢asti byl dan malym poctem pint
puvodnich DRAM pouzder.

e Toto rozdé€leni se dodnes zachovava. Sice pouzdro uz neni
problém, ale spojeni RAS a CAS by nepiineslo vyhodu. Proc¢?

Data Transfer

RAS

~l m {' Z” Transfer Overlap
Column Access

(W11

'I \ Row Access

| || I |I

Address
f Row lll 'IEI:lIumn | | Row | 'I':-'ﬂ'll.l'ﬂﬂ \
| Address | Address ||—|: Adress I|—||.ﬁ.d|i'ess T
1 ¥ 1 1 ]
DG I \alid I Walid i
II Datﬂ-:-u[: | E'-i‘lﬂl:lu[||

RAS — Row Address Strobe,
CAS — Column Address Strobe
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EDO DRAM — cca 1995

« EDO DRAM ma registr na vystupu, coz umozni prekryt
nasledujici CAS s Ctenim predchozich dat.

| . Data Transfer
7 7 A
A % Row Access

Address

:|—

Valid | Valid
Dataout | Dataout
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SDRAM - konec 90.let — synchronni DRAM

« SDRAM Cip obsahuje cCitaC, ktery umoznuje nastavit déelku
souvislého (burst) Cteni/zapisu dat.

Data Transfer

Clock
Transfer Overlap

N

Column Access

AT : : : ? 5
'| ; |' : : ; ; : Row Access

u

; Row | . ||:I:-|I..Il"l'lr'|'=
|address T Address,

! ' , ! - . r - 1
DQ ' ' : Jr Walid Walid Valid '
' ' 1 ' 'IIII-.aI:a-:-ul: Cratacwt | Dataout :
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Consecutive Read/Write

Global
Memory

Consecutive
— Load

ﬂMMﬂMN---\Mﬂ\ﬂﬂ]ﬂﬂlam\ﬂﬂ|ﬂmu>>

:> Consecutive
Load

mwﬂmWQH---\mﬂ\bm]ww][mm\mu|bm\£>>

o] [ 1) [ 21 [ BT [ 4] | 51 [ o o [cIN-23[cN-17| Comsecutive <:
Store
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SDRAM — pamet soucasnosti

« SDRAM - frekvence az 100 MHz, 2.5V

 DDR (double data rate) SDRAM — pouziti obou hran CLK pfi pfenosu
dat, napajeni 2.5V, 1/0O bus clock 100-200 MHz,
rychlost prenosu 0.2-0.4 GT/s (gigatransfers per second)

« DDR2 SDRAM - snizeni spotfeby pouzitim napéti 1.8V,
frekvence 1O bus 400 MHz, 0.8 GT/s

- DDR3 SDRAM - snizeni spotreby pouzitim napéti 1.5V, 1O bus
frekvence az 800 MHz, 1.6 GT/s

- DDR4 SDRAM - napéti 1,05 - 1,2V, 1/0O bus clock 1.2 GHz, 2.4 GT/s
- DDR5 SDRAM - o¢ekavaji se 2019-20, planovana rychlost ~6 GT/s

VSechny inovace vylepSuji jenom propustnost Cteni dat,
nikoli latenci Cteni prvni polozky.
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Dalsi pameéti

« QDRx SDRAM (Quad Data Rate) - nejsou vSak 2* rychlejsi, pouze
umoznuji soucasne cCteni i zapis, jelikoz maji oddélené hodiny pro RD
a WR, zatimco DDR jsou naopak efektivnejsi nez QDR pro jeden typ
pristupu.

« GDDR SDRAM - dnes az typ GDDRG6, vhodné pro grafickeé karty
- zalozené na DDR pameétech.
- rychlost se zde akceleruje rozsirenou vystupni sbernici.

« Dale jesté existuji paméti a moduly RDRAM (RAMBUS DRAM), které
ovSem maiji zcela odliSné rozhrani i zpusob pouziti. Pro patentni
spory se od roku 2003 nepouzivaji v osobnich pocitacCich.
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