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Smaller,
faster,
and
costlier
(per byte)
storage
devices

Larger,
slower,
and

cheaper La:

(per byte)
storage

L3:

L2:

cache (SRAM)

cache (SRAM)

main memory

local secondary storage

devices

L5:

remote secondary storage
(distributed file systems, Web servers)

CPU registers hold words retrieved

L1 cache holds cache lines retrieved
from the L2 cache memory.

L2 cache holds cache lines

retrieved from main memory.

Main memory holds disk
blocks retrieved from local

disks.

Local disks hold files
retrieved from disks on

remote network servers.
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PROM = Programmable ROM

EPROM = Erasable Programmable ROM
EEPROM = Electrical EPROM
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* DRAM: Dynamic Random Access Memory

* High density, low power, cheap, slow

* Dynamic: need to be “refreshed” regularly
* SRAM: Static Random Access Memory
* Low density, high power, expensive, fast

* Static: content will last “forever” (until lose power)

SRAM abél> ,Ls Ll

Write: 6-Transistor SRAM Cell
1. Drive bit lines (bit=1, bit=0) l 0 J_
2. Select row

-Read:

1. Precharge bit and bit to Vdd or Vdd/2 => make sure

equal! bit bit

word

2. Select row
3. Cell pulls one line low

4. Sense amplifier on column detects difference
between bit and bit

bit

word
(row select)

bit
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Write:

—1. Drive bit line
-2. Select row

-Read:

DRAM alidl> yGibw

-1. Precharge bit line to Vdd/2
-2. Select row
-3. Cell and bit line share charges

-Very small voltage changes on the bit line

-4, Sense (fancy sense amp)

«Can detect changes of ~10° electrons

-5. Write: restore the value

-Refresh

-1. Just do a dummy read to every cell.

row select

L

L
L
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bit

Chip Select 1
Chip Seleect2
Read

Write

7-bit address

Chip Select 1
Chip Seleect2

9-bit address
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8-bit data bus
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csl
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RD 128X8
WR RAM
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ROM
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8-bit data bus
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Component Address Ao Ag AgAAASALAA, A,
RAMA1 0000-007F 0 00X XXXXXX
RAM2 0080-00FF 0 01 XXXXXXX
RAM3 0100-017F 0 10X XXXXXX
RAM4 0180-01FF 0 11XXXXXXX
ROM 0200-03FF T XX XXX XXX X
13
Address bus - < * . 2 o
el e300 b il B
@ . .
: 1o .
T
B} ) Component | Address Ao AgAgATAAALAA A,
RAM1 0000-007F 0 00X XxXXXXX
R N A YY) 0080-00FF |0 0 1 x X X X X X X
[l a RAM3 0100-017F |0 1 0 X X X X X X X
= RAM4 0180-01FF 0 1T1XXXXXXX
B ple o ROM 0200-03FF |1 X X X X X X X X X
WR
el Rams Do
o
S M
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CPU chip
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Memory < ) Modules

Interface

T )b Cuoal jhis 4> jl dadl> ©

Gl i 9s0lS SIS Gaal 38l (sl ol 88 oIS (S a4y gaw piw Cas puu ®

5/12/2020



5/12/2020

AL (5598 ST T yinnd

25 JRals sl 23,5 g Giuli8l Caojpuw 4 dibl> o> b3S OLe s S > )
ol B (6 )50 Yl A piy dSl> (Ggizme 4 (gw piwd Oloj

P):l! 2:1!
¢RAM J
Year Size Cycle Time

1980 64 Kb 250 ns
1983 256 Kb 220ns
1986 1Mb 190 ns
1989 4 Mb 165 ns
1992 16 Mb 145 ns
1995 64 Mb 120 ns
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| Argument Register (A) |

| Key Register (K) |

match register

Associative memory

Input — .
array and logic

read m words M
n bit per words

!

Output

write —
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A =1001-1101

¥

1x0x-1xx1 <« K=1010-1001
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1001-1100
1001-1001

0100-1010
1100-1101
0101-1100
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Y

Block Size

Average Access Time = Hit Time x Hit Ratio + Miss Penalty x (1 — Hit Ratio)
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(Direct Mapping) eaditue oSS v

(Associate Mapping) 3y &S b el v
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(Direct Mapping) paiiwo ol

Dgd 5003 @b TAg 4 by jo Oledbl a5l> 0 s9lle cache aibl> s

00000 1220
Index Tag Data
000 00 1220
00777 2340
01000 3450
4560
01777
02000 5670
777 27 6710
27777 6710
Cache

Main memory .

(Direct Mapping) paiiwo wuwls

adl> jl 4odS S OT Index Cuomd jl oslisul b 3948 0 35 CPU bawgs o )>T 45 89 v/
33,5 50 dunlie w)ydTTag Jlaio L OT )5 22 o33 Tag Jlaio 9 a2 033l cache

- (it) s S 0 1S 23kl 5,90 cache o313 3391 Olwsy Tag 93 51V
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394 50
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Index Tag Data
000 01 3450
Block 0
007 01 6578
010 00 1340
Block 1
o¢ 017 00 1658 Tag Block | Word
n-k k
Cache
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(Associate mapping)

CPU Address

Argument Register

Address Data
00 1220
02 6710
Cache

41

(Associate mapping)

address (15 bits)

Argument register

le— Address | Data |
01000 3450
02777 6710
22235 1234

M3 CS b sl

42
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OlSS Index jwdT L 4olS iz silgie Cache alidl> jl Yoo o b9 ol U
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o pb S 45 gm0 CunlsS
(Set-associative mapping)

Index Tag Data Tag Data
000 00 1220 02 5670
777 02 6710 00 2340
Cache Cache

44
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Intel Pentium 4, 2.2 GHz Processor.

Component Access Speed Size of Component
(Time for data to be
returned)
Registers 1 cycle = 32 registers
0.5 nanoseconds
L1 Cache 3 cycles = Separate Data and Instruction
1.5 nanoseconds Caches: 8 Kbytes each
L2 Cache 20 cycles = 256 Kbytes,
10 nanoseconds 8-way set associative
L3 Cache 30 cycles = 512 Kbytes,
15 nanoseconds 8-way set associative
Memory 400 cycles = 16 Gigabytes

200 nanoseconds

49
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address space memory space

virtual address Mapping

(logical address) physical address

address generated by programs actual main memory address
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Virtual address
Virtual Memory Main memory i
. M
address  [—1 mapping adar etss me.::'ry
register table register

Physical
Address A

Memory table Main memory
buffer register buffer register

53
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D9 0 e (S9lune 9 Lol SLb Caonnd 4 S ja dibl> L 9 T (sLab
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i o 21361 SO by by OB 9 by axin ©
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i Ol o

Cannl bl GLad I pidas > T SUad 394 o 0380 o JSub 3 45 shilen

Address space Memory space Block 0
N=8K=21 M = 4K = 212 Block 1
Block 2

54
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Table Presence
i bit
000 0 Main memory
001 11 1 Block 0
010 00 1 l v Block 1
011 0 0101010011 Block 2
100 0 Main memory L_Block
101 01 1 address register v
Memory page table 110 10 1
111 0 MBR
[———
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(Memory Map) aldls> aiss

S 23w )T 1) diSl> Gl 2" 35195 o bl wysT b3 N lyls CPU S S

CPU Memory
A.B. Bo~ Aus A.B. 216 _ 26 5 910
D.B. D.B. = 64 Kbyte
RD RD
WR WR
MRQ EN
(Memory Map) dadls> aid
S Juato 3T bt 15 L CPU oSy 4 1) PP kByte abisl> 55 8 6o
CPU 32 Kbyte
Ay—Ay, Ao~ A A.B. (A;—Ay,)
A.B. M1
Ass EN
32 Kbyte
A.B. (AO_A14)
M2
EN
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(Memory Map) aldls> aiss

S Juato 3T bt 15 L CPU oSy 4 1) PP kByte abisl> 95 5 6o

A15 A14 A13 A12 All AlO A9 A8 A7 AG A5 A4 A3 AZ Al AO
0 0 O 0 0 0 0 0 00O O 0 0000H
M1 N .
0 1 1 1 1 1 1 1 1 1 1 1 1  7FFFH
1 0 O 0 0 0 0 0O 00O O 0 8000H
M2 )
11 1 1 1 1 1 1 1 1 1 1 1  FFFFH
(Memory Map) dadls> aid
S Juato 3T bt 15 L CPU Sy 41, 15 Kbyte aisl> 95 9 PP Kbyte assl> sy 3 J Lo
A,— A
Aog—Aqs S 7 AB. (Ag—As)
16 Kbyte
A.B. A14 00 A1y =0, A;=0 EN M1
A 2 0
15 § 10 Il AB. (Ag—As) 16 Kbyte
EN M2
11 A =1, A=0
CPU /I AB. (Aj—A;;)
A, 32 Kbyte
EN M3
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(Memory Map) daél> 4

Juaito 3T b 15 L CPU Sy 4 1) A Kbyte alidl> 95 5 ) 5 Kbyte dlidl> Jlez $049 909

duiS

All
I really
Need to Know,

I Learned in
Kindergarten

__Robert Fulghum
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