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“Computer Architecture”

Computer Architecture

Art of selecting and interconnecting hardware components to
create functional unit (or computer)

2 points of view

Instruction Set architecture (1SA):

the code that a CPU reads and acts upon. It is the machine language (or
assembly language), including the instruction set, word size, memory
address modes, processor registers, and address and data formats

Interface between H/W and S/W
programmers’ point of view
Microarchitecture (or computer organization):

describes the data paths, data processing elements and data storage
elements, size of cache, and describes how they should implement the
ISA

Optimization
Power Management
system designers’ point of view.

Analogy:

House (rooms) — views of builders and residents
Car — views of manufacturers (or mechanics) and drivers



Micro-Architecture

Computer System
CPU (with PC, Register, SR) +

_ Memory Microprocessor
Micro-Architecture:
“conceptual design and Instruction

fundamental operational
structure of a computer
system”

“blueprint and functional
description of requirements
and design implementations
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Micro-Architecture
*ALU (Arithmetic Logic Unit)
« Fundamental building block of CPU
 Binary Full Adder

The Microprocessor'sArithmetic/Logic Unit
op
I

Jth operation to
be performed
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Dout = Dil‘l{a} + Dm{:b}
Doyt = Din) - Din ()
D qt = D@ Ok Dy (b




Microprocessor Bus
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Architecture by CPU+MEM organization
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Architecture by CPU+MEM organization

HARVARD ARCHITECTURE
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Architecture by CPU+MEM organization

Princeton (or von
Neumann) Architecture

MEM contains both
Instruction and Data

Von Neumann Bottleneck —
CPU <= Memory

Harvard Architecture

Data MEM and Instruction
MEM

Higher Performance — via
Pipeline
Higher MEM Bandwidth

PRINCETON ARCHITECTURE

MEMORY

ALU

OUT < CONTROL

\[ CONTROL
DATA ‘ | & ADDR INSTRUCTION

CONTROL

3]

STATUS

HARVARD ARCHITECTURE

DATA
MEMCRY

CONTROL

INSTRUCTION
MEMORY
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CONTROL
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Memory Price

Graph of Memory Prices Decreasing with Time (1957-2015)

Memory Price ($/MB)

Historical Cost of Computer Memory and Storage

1.00E+09
=
1.00E+08 5
1.00E+07 ' #+Flip-Flops
===
1.00E+06 - L mCore
I | R 5
I AJL AlCs on
1.00E+05 | boards
_ % =SIMMs
1.00E+04 -;—L, - 4 ‘_“*
- X i «DIMM s
1.00E+03 "
F + o
[ = x ©Big Drives
1.00E+02 -+
i "% - +Floppy
O = =
1.00E+01 = = Drives
[ % '3_ 4 xSmaII
1.00E+00 Drives
%% k! -Flash
' M emory
1.00E-01 + 4 W emory
&% +S8D
1.00E-02 S,
1.00E-03 | &&%
1 00E-04
1 00E-05
1UUE_UE ! TR T ' TR R R IR T R i i i PR B i T T ' TR R ' TR 1 T R
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year




<P

Memory Price

¥ www. jcmit.com/memaoryprice.htm

Chart of Memorv Price Through Time

Download Excel Spreadsheet of Memory Data
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Home
cate $/Mbyt Date Ref: Page|Company Size Cost  |Speed Memory Type ]
X (Y)

KByte [USS |msec £
1957.001411,041,792{1957 Phister 366 C.C.C. 0.00098 |392.00 |10000 transistor Flip-Flop
1959.00|167.947.725 (1939 Phister 366 EE Co. 0.00098 |64.80 |10000 vacuum tube Flip-Flop
1960.00|5,242 880 (1960 Phister 367 IBM 0.00098 [5.00 11500 IBM 1401 core memory
1965.00|12.642. 412 |1965 Phister 367 IBM 0.00098 (252 2000 IBM 360/30 core memory
1970.00|734.003 1970 Phister 367 IBM 0.00098 |0.70 770 IBM 370/135 core memory
1973.00(399.360  |1973Jan | Drore User DEC 12 1620.00 Core memory SKwordX12 bit

Price List
1974 .00|1314.573 1974 Phister 367 IBM 0.00098 (030 800 IC Memory for IBM 370/125
1975.00(421 888 1975(Jan Rt " MITS 0.25 103.00 (1000 Altair 8800 256 Byte Static Board
[Electronics
1975.08|180.224 1975Feb MITS 1 176.00 Altair 1K Static Board
1975.25|67 584 19735|Apr MITS 4 264 00 Altair 4K DEAM Board
1975.75{49,920 1975|0ct MITS 4 195.00 Altair 4K Static(2102) RAM Board
1976.00{40,704 1976(Jan MITS 4 159.00 Altair 4K Static(2102) RAM Board
1976.17|48.960 1976/ Mar MITS 16 765.00 Altair 16K Static RAM Board
1976.42|23.040 1976{Jun SD Sales 4 90.00 SD Sales 4K Static Board
1976.58|32.000 1976/Aug 8 250.00 8K Static RAM Board
1977.08|36.800 1977 Feb TDL 16 575.00 S-100 16K
1978.17|28.000 1978 Mar 64 1750.00 S5-100 64K
1978.25|29 440 1978|Apr 16 460.00
1978.33|119.200 1978 May 16 300.00
1978.50(24.000 1978|Jul Extensis 64 1500.00
1978 58(16,000 1978|Aug 8 125.00
1978.75(15,200 1978|0ct 32 475.00
1979.00/110,528 1979 Jan  (Interface Age 124 32 329.00
1979.75/6.704 1979(0Oct SD Sales - Jade 64 419.00 S-100, 5D Sales/Jade 64K Kit
1980.00|6.480 1980|Jan  |(Interface Age 121 64 405.00




Princeton Architecture

1.Step (A): The
address for the
Instruction to be next
executed is read into

2. Step (B): The
controller "decodes" the
Instruction

3.Step (C): Following
completion of the
Instruction, the
controller provides the
address, to the memory
unit, at which the data
result generated by the
operation will be stored.

RAM

DATA

Peripher als

MICROPROCESSOR

DATA

Suhroutines 1 Controller

DATA

Subroutines

PROGERAM

| pC

Reser vied

*CPU can be either reading an
Instruction or reading/writing data
from/to the memory.

Both cannot occur at the same time
since the instructions and the data use

the same bus system .



Harvard Architecture

1. CPU can INSTRUCTION
MEMORY

both read an N

Instruction e

and perform a
data memory
access at the
same time.

2. Faster for a
given circuit
complexity
because
Instruction
fetches and
data access

O Tl fa LN Ch =1 O

"PC" isﬂE__.-’J

do not IMiCTOPTrOCessOr's
contend for a Program Counter
single

memory

pathway.

DATA

MICROPROCESSOR MEMORY

Instruction

Address Action

sla --------- s1h: get instruction

28 --------- 52b: get first data input
s3@ - s3b: get second data input
sdg - sdb: store data outpat
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Architecture by Instructions and Executions

CISC (Complex Instruction Set Computer)

Variety of instructions for complex tasks directly to
hardware

Easy to translate high-level language to assembly
Complex Hardware
Instructions of varying length

RISC (Reduced Instruction Set Computer)
Fewer and simpler instructions
Each instruction takes the same amount of time
Less complex hardware

Pipelined instruction execution (several instructions are
executed In parallel)

13



CISC

Architecture of prior to mid-1980’s
IBM390, Motorola 680x0, Intel80x86

Basic Fetch-Execute sequence to support
a large number of complex instructions

Complex decoding procedures
Complex control unit
One Instruction achieves a complex task

14



RISC

Architecture of late 1980s -- present

Dramatic memory size increases/cost
decreases

Better pipelining

Central to High Performance Computing
Advanced optimizing compilers
Instructions are of a uniform length
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Instruction Pipeline

An instruction pipeline is a technique used
in the design of computers to increase their
instruction throughput (the number of
instructions that can be executed in a unit of
time). Pipelining does not reduce the time to
complete an instruction, but increases
instruction throughput by performing
multiple operations in parallel.

The term pipeline is an analogy to the fact that

there is fluid in each link of a pipeline, as each part of
the processor is occupied with work.

Instr. No. Pipeline Stage
1 F | 1D | Ex [MEM wB
2 IF | ID | EX [MEM wB
3 F [ D | EX MEM| wB
4 F | ID | EX [MEM
5 F | ID | EX
Cyee |1]|2|3]a|5|6|7

Basic five-stage pipeline in a RISC machine (IF =
Instruction Fetch, 1D = Instruction Decode, EX = Execute,
MEM = Memory access, WB = Register write back). In the
fourth clock cycle (the green column), the earliest
instruction is in MEM stage, and the latest instruction has

not yet entered the pipeline.

o=
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Processor Classification

Complex Simple
CISC RISC
14500B*
4-bit FhwZ 901
+4 004
*4040
S-hit E200,650x +1802
2051* * *2008 0 0 0 * SC/MP *PIC16x
g * * *FQ
FlOO-L* 208075 Z&ED
* *NOTL *
MCPlE00*  *Z-80 +*550% IMSE100
16-hit *Z-Za0 *DDP11 SO0C1E6*  *M17
+*3086 *THMS 2200
+Z2000 +5E816
*EE00Z
37016*  *68000 ACE HOEEIT Clipper L3000
3z-hit | 95002 *520Z0 * % % x  xzanQQ +  |*ApM
[*vax + |[20426| 62040 *PEC i9&0 FEDALC *2H
ZS0000* * TEON4S PA-RISC
+28100
*22110
Sd-hit DOWER DowerDC  * COCEE00 * 04000
EZ0* U-SPARC * *RE000 +alpha
£10000




Intel inside?

Next PCs or Mobile Computing
Devices

Smart phones

Apple Processors
ARMs
Qualcomm

Mobile Devices — Smartphones,
MP3, Digicam (on ARM)

Run on Intel's x86? --- Intel’s ?
wish; what happened to Lumina? .

18



What's inside?

IPhone: 1GHz-A4 microprocessor, 256MB
Samsung RAM,

Ay s e
= llJhlllllll-l-iu-u.luun.nnnnu.l
R H T LT
= ulee
-
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What's inside?

Samsung Galaxy
Samsung Exynos quad-core e
A9 processor
1GB Memory
Intel Wireless processor
Broadcom Global Navigation

Satellite System receiver - E

b e nﬂﬂgag é

HE Iﬁf‘! £
g§ ﬁ ‘i'-”n-i“'- e} .
§g=3 3 32
zs D g5 —i— . _
Ry T
5 _— E_.:;'_ 1 :
gi: 1 [ | - yl] 1
i . i ¢ ""-‘_-_;'! - B < ;:
g : E-.éu L) i, S ; =__

. A
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What's Inside?

HTC

21



What's inside?

Nokia Lumina
1.4GHz Qualcomm CPU, 512MB RAM, 16GB Storage,
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INTEL VS. ARM (“Advanced RISC Machine”)

ARMs

Intel Atom

No chip hardware — license only (powerful and
variety of licensees) - cell phones etc

SoC device (CPU + 1I/O + Peripherals+ Memory

+ etc)

INTEL Commn
Does not want to License x86 (Lesson from e
AM D) FSB speeds
New approach for SoC: Atom based X86 SoC  featue e

Recent Stride with “Intel Atom Inside”
Main processor for Laptops and Netbooks and ™"
Tablets

Motorola Phones: Razr
Apple computers with Intel chips

Intel Atom is the brand name far a line of xB6 and x86-64 CPUs (or microprocessars) from Intel, designed in 44
nm CMOS and used mainly in Metbooks. The Atom £ series is code-named Sikverthorne and the Atom M series is
code-named Diamaondville. As of June 2004, the most used chips in the Methoolk retaill market are 7520, 75310,
and MN270.

2008—present

Intel

800 MHz to 2 GHz
400 MHz to BEY MHz
danm

%86, x86-64 (not for the
M and 7 series)

1.2
441-ball pFCBGA

Silverthorne
Diarmondville

23
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Intel 386 - Datasheet
intgl. Y I et

Intel386™ SX MICROPROCESSOR 2 )7— =i
B Full 32-Bit Internal Architecture 2\-1 B Large Uniform Address Space ‘-I-GJ
— 8-, 16-, 32-Bit Data Types HL 16 Megabyte Physical s~
— 8 General Purpose 32-Bit Registers — 64 Terabyte Virtual
m Runs Intel386™ Software in a Cost —4 Gigabyte Maximum Segment Size &— 32,
Effective 16-Bit Hardware Environment B Numerics Support with the Intel387™
— Runs Same Applications and 0.S.'s SX Math CoProcessor

as the Intel386™ DX Processor
— Object Code Compatible with 8086,
80186, 80286, and Intel386™™

B On-Chip Debugging Support Including
Breakpoint Registers

Processors m Complete System Development
B High Performance 16-Bit Data Bus Support
—16, 20, 25 and 33 MHz Clock — Software: C, PL/M, Assembler

— Debuggers: PMON-386 DX,
— Two-Clock Bus Cycles ICETM-386 SX

— Address Pipelining Allows Use of

Slower/Cheaper Memories m High Speed CHMOS IV Technology
m Integrated Memory Management Unit m Operating Frequency:
— Virtual Memory Support — Standard
— Optional On-Chip Paging (Intel386 SX -33, -25, -20, -16)
— 4 Levels of Hardware Enforced Min/Max Frequency
Protection (4/33, 4/25, 4/20, 4/16) MHz
— MMU Fully Compatible with Those of — Low Power
the 80286 and Intel386 DX CPUs H‘r_ltﬁﬁﬁﬁ EX -33, -25, -20, -16, -12)
. . in/Max Frequency
m Virtual 8086 Mode Allows Execution of
2/33, 2/25, 2/20, 2/16, 2/12) MH
8086 Software in a Protected and ( ’ ’ ’ ’ ) z
Paged System B 100-Pin Plastic Quad Flatpack Package

(See Packaging Outlines and Dimensions #231368)

25



Intel 386 - Datasheet

SEGMENTATION UNIT PAGING UNIT BUS CONTROL
HOLD, INTR, NI
/ - ' '
EFFECTIVE ADDRESS BUS ] > RO | o aooer [T | REUEST ERRORS, BUSY4
"32 , 25 |2 RESET, HLDA
H32 -
/ )
DESCRIPTOR PAGE 9
EFFECTIVE ADDRESS BUS 7 > pay o x
32 a
<
LIMIT AND CONTROL AND 3
S ATTRIBUTE :> ATIRIUTE (=) [
PROTECTION PLA PLA il i
TEST UNIT ry " ry o & ADDRESS BHE#, BLE#,
> w DRIVER Al - A23
AN 0 = @
@ ¥ E ¥ " MélOé‘.D/C#,
INTERNAL CONTROL BUS & 2 > PIPELINE | gy, */ 8, LOCK,
| 2 8 = CONTROL ADS#, NA,
= < N READY#
= 2 5 MUX/
v ] Y
BARREL | N\ o z Ei> TRANS- [P DO - D15
SHIFTER, ) 3 —rr CEIVERS
AR [STarus pEcoDE aND | [&| | INsTRUCTION i = A
FLAGS SEQUENCING | | DECODER | CHECKER <‘ e
MULTIPLY /
— CONTROL 3-oecovep | , sTReAM | cooe
| -
i < ROM <: INSTRUCTION <:: QUEUE
ALU QUEUE
=\ CONTROL =e=ell
CONTROL INSTRUCTION INSTRUCTION
PREDECODE PREFETCH |32
DEDICATED ALU BUS 7
240187-47

Intel386™ SX Pipelined 32-Bit Microarchitecture



Intel 386 - Brief

Address: A23- Al

BLE# and BHE# (“Byte Enable”)

Data: D15 - DO b0 ——1 O 7= —— A2D
Voo —Ti 2 i f——A1%
Control A= H=
Ontro Weg 45 7 —
NAf — & o= al6
READTS T— 65 —— Ve
Ve A A [l m—
Ve —— 5 67— Vax
Ve e—— 10 86— A5
Vas —— 11 65— a4
Vas —] 12 54— 13
=0 =%
cLk2 &——15 B1— A1
. Apsi —— 15 50 ——= a10
58 —— A9
Address Data Control N/C Vee Vg b ==
=
Aq 18 Dy 1 ADS# 16 20 8 2 =
Ag 51 D, 100 BHE # 19 27 9 5 A=
Az 52 Do Qo BLE # 17 29 10 11 s A
Ay 53 D ag BUSY # 34 30 21 12
.""-.5 a4 Dy a5 CLEZ2 15 31 32 13
Ag 55 O b4 D/C# 24 43 39 14
.""-.? 56 DE a3 ERROR # 36 44 42 22
f'lg 56 D? az FLT # 2B 45 48 35
Ag 59 O a0 HLDWA, 3 46 57 41
Aqo g0 Dy B89 HOLD 4 47 oo 49
A 61 Dyg 88 INTR 40 71 50
f"-12 52 D-|-| By LOCK# 26 B4 63
Aq3 G4 Oz Ba MAD# 23 91 67
||"l.-|,1_ 65 D13 B3 MA#F & a7 68
f'-.-|5 ali] D-l,x_ B2 MM 38 r
Aqg 70 Cys 81 FPEREC ar 78
f'-.-l? 2 READY # i B
Ars 73 RESET 33 08
Aqg 74 W/R# 25
Aag 7o
f"-21 G
Aas Ik
Aag g0
27




Memory Size and Address

&0 1 32 D woD
A7 20 3 |3 Al

&15 = 3 30 3 Al

213 — 4 29 | ME

&8 5 28 0 Al

a7 6 27 343

a6 7 26 3 &10

&5 — & 25 5 412

&4 — a9 24 3 J0E

&3 10 23 |3 Al

&2 11 22 &S

a1 12 21 300

o7 13 HEMm

DE 14 29 502

DS 15 18 | D3

Y55 16 17 B D4

|t WAC Ny Yo =20
2 =012 WJED, o 27
e Fivy CS2 pm 25
§ =05 T
5wt 05 ] Sl
1 A
8 - 02 RAM a0 =21
Qo= 01 CS1, p== 20
10 == 00 D7 =19
11==D0 D6 = 18
12 == 01 DS == 17
13 =i 2 D4 =18
14 == gnd D3 j== 15

N
|:1 16 :|‘-.-';;c;

om ]2 15 LICAS
WwE [] 3 14 [ Dour
RAE [ 4 2118 13 [

M s 12 [ M

M e 1 [ As

A (7 10 [ As
vid [ & g [ 28




Memory Size and Address

“Pdlc IR
I : I,':] -
a5 M 3 3 218
RER=F zg:g #4 ersg C(MS

A5 5 28 [ A4 /

47 ™ 6 27 5 48

45 07 26 5 410 Q a’;

45 = & 25 5 412

A4 — 9 24 [ /0E 9 ’KB
43 = 10 23 |3 Al j?

22 = 11 22 (5 ics

al 12 21 B oo

b7 O 13 20 5 bi 19 9 /0 B o

Db — 14 28 4 D2 g < 2

05 15 15 5 03 — . g
Z3k BB 92 =22 =512 2 JmB
% Y X2 30
3= 07 CS2 =125
L gE2 3 i 168
8 VzsaiEd 2 T §kB
i3 RAM 4 27 =2 "2 = &K 4o
edhe—  UEB 27 178
11 =i 00} D6 = 18
&3t b
14 = and D3 p= 15 Se b@

re /‘VLLMOV\j

|:1 U 1E.:|‘-.-';;c;

om ]2 15 LICAS 7

WE [ 3 14 [ Doun - , Zgé@
RAE [ 4 2118 13 [ 2 -

M s 12 [ M

M e 1 [ As

M 7 10 [ M
vdd [ & a 29




Memory Size and Address 2

= Al 7 24mv,
A15 =11 287 Voo Ag 238 Ag
A12 2 2750 A14 Ag 228 A,
A7 -3 2610 A13 .:4 %ﬁ Vop
AE 4 2510 AB Ag g
A5 5 2479 A A, O 1900 Ay
A le L 2300 At A — 13@PD/PGM
A3 7 gn 2200 OENe» Ap 1 178 0
A2 -8 8 210 A10 Hn iE Oy
Al s 200 CE 0o} 0 “@0s
_— N 21 14 O PD
10 190 O7 . 13 “1
00 111 18- 06 GNDER2 3
o1 12 170 05
02 =13 1650 04 Ne =D M
Vss 114 150 03 AB—2 -;,i:;:l:-l
AT |3 42 [ AS
AT - 41 A
-y m.g 5 -1|]g:n.1l.3' fL, 'LO
5 -] 39 A1
Wes 11 2817 Voo :-I.E:" ?-32*112 Q = 2— 2
A2 2 E? A3—|a AT A1
AT -3 26 A3 _ - Ao 16 = Al4 6
- A I I - I = AL
A g 230 At 2 -2 - Z 3 7, Merca 2 :wn-
ha — —12 £ f
A3 7 ] 220 OE Vag =] 13 32[(Vss
A2 L::'E (3 21 _:j -ED : gz k& 'E'-.'pp:l: 14 3 01541
Al o Gl 20 ce Qo 15 20 a7
ML 10 O 190 o7 o8 =] 16 29 014
o0 11 180 08 a1 17 ZBI0E
01 12 1710 05 o918 2?:-:}.13
o2 13 16— o4 Q2 .1.“ ?:I-:;
Vee 14 oy 0 P o = 30

/|22 2 Vee
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Review on Number Systems

Binary

100
010j1101
1701110101
111411011110
100{}000p001

\
4{29@9
[l oooe (| oV
0”0'101/!1w/!oo/l
0\lo 0100

Hexadecimal

<—— 70C
< — 6BD3
éL{' 100
527
4128
R 11947
59020

Decimal N




Memory Interface

BUS
CONTROL
LOGIC —

ADDRESS

—_> DECODER

MEMORY
DEVICE
"

ADDRESS
] LATCH

|REAH?# NA¥ BUSSTATUS
BS16# ADDRESS

MEMORY
DEVICE

pata K&

Fﬁ/"ﬂdg 32




Memory Interface

Interface between a processor and a (pair) of
memory (of smaller than the maximum memory

space)
Where do we place the memory in the memory

space? -2 “MEMORY DECODING”

How to access two MEM locations at the sa
time (for 16-bit Data bus)?

J
¢ "'MEM --- Byte Access (8 bits) f
) G UDS and LDS --- Motorola ,797;
BLE and BHE --- Intel

| G

33



8-bit access

( _
/\D"(
Y P Mmgu
L EN
L A4 A4
A3 A3 p7
A2 A2
A1 A1 po
e
D7 - DO £
78

(N

Ox1F

Ox1E
0x1D

0x1C

0x02

0x01
0x00

A

DE D5 D4 D3 D2

D1 Do

[

%

| o

/

[

D

D7
0

34



16_bit access D15 D14 D13 D12 D11 D10 D9 D8 Eﬂ D6

With backward compatibility with

D5 p4a D3 D2 D1 DO

8-bit access
¥a ~" A5-Al
/A meM
A5 4 A4 A4
A4 |4 A3 A3
A3 {—2 A2 A2
A2 A1 A1 .
A0 A0
/
D7 - DO —
5
D15-D8 ‘ A
N / 8
BLE
BHE (
J

/
0x3E
0x3C
0x3A
0x39
0x04
0x02
0x00
HE KLe
| |
O | &—
( 0O <
o C)<}=3

35



32-bit access with backward

D7 -DO0

D15-D8

D23-D16

D31 -D24
BO

Bl

compatibility

A4 — A4 —| A4
A3 — A3  p7 — A3 p7
Az ook TR
A1 — A1 DO| — DO
a0 D% | —ao —] A0
E'\/f/ EN Env
8
i
8
8, P
! j

A4
A3 D7
A2 |
A1 DO
A0

=n A

36



Memory Address 8
Address location (first and last addresses)?

\J of L bts AN
A6 bLs (> =
AS /-/E K ;
A4 7 A4
A3 A3 w
iﬁ if DO 7 D7 D6 D5 D4 D3 D2 D1 DO

A0

A0 Jy <




Memory Address 8

]

AG:::X} o _
AS EN

A4 Ad

A3 A3 7

A2 A2

A1 A1 Dol

AO AO

/
D7 - DO
‘8
NAND

A6

A5 ]

A4 A4

A3 A3 g7

A2 A2

A1 A1 Do

A0 A0

/
D7 - DO
“8

Eﬁ D6 D5 Da D3 D2 DI Do ~E
1F 7F
1E 7E SF
1D 7D 7 o
1C 7€ 1F
02 62 ee
el 6l
(%] 60
7F
O | 60
SF =~
AAAAAAA o ——
654321680
000 PO 00
@O XX XXX
el 1111 1F 00
11xxxxx 110 0000 60
111 1111 7F

38



Memory Address 8 ---?

Design a Memory Decoder so that the 32Byte memory
locates as depicted.

A6 j)__{_’l B 7F
AS | EN
A4 A4
A3 A3
D7 5F
A2 A2 |
A1 A1 pol 40
A0 A0
D7 - DO 4
“8 00
AAAAAAA
65432160
. XX XXX Direct Connection between Process and Memory
|( 111111 Higest Address
loeeeeee Lowest Address



Memory Address 16

ol
y
NAND |-
A8 A5 - A1 = RAAN
A7 \ OOO Q OOO 1FF
o 2 NAND wa
A6 csS " cs l ) / )( x % >< X 1ce y
A5 aa | H—Aar Y AY YN | T e —
A4 A3 p7 A3  p7 5 X
A3 A2 A2 O o O
A2 A1 A1
DO| DO|
A1 A0 S AD AO o3 F
SN S @3F[~~~""~- -
- V4 wa
D7 - DO 7 [ F /‘: 000 AR way
/
D15-D8
‘8
— o155 D414 D13 D12 D11 D10 D9 D8 Dy D6 D5 D4 D3 D2 D1 DO
BLE |||||||||E||||||||
BHE /. _
@3F  1FF 1FE @s3E
@3  1FD 1FC  @3C
AAAAAAAAH.L 038 1FB 1FA @34
87654321 039  1F9 1F8 @38
PO XXXXXX -->0 0000 0000 000 @e5  1C5 | 1c4 @04
@ @911 1111 O3F ee3  1C3 | 1C2 @02
ee1 1C1 | 1Ce oee
111XXXXXX -->1 1100 0000 1CO OOO
1 1111 1111  1FF '




