EECE416 Microcomputer Fundamentals & Design

Computer Architecture

Dr. Charles Kim

Howard University



“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

Inpuit Operands L4

D) ——  Arithmetic
LogicUnit +—» Result
. (ALU)
m® > D gyt = OP Dy, (a), Dy, (b

EXAMPLES
D gyt =Din (@) + Din(®)
Dout = Dinta) - Din )
D gyt = Dy, () OR Dy, (B)




Microprocessor Bus
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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

Cache

Harvard Architecture

Data MEM and Instruction
MEM

Higher Performance — via
Pipeline

Better for DSP

Higher MEM Bandwidth

PRINCETON ARCHITECTURE

MEMORY

ALU

CONTROL

\[ CONTROL
DATA ‘ | & ADDR INSTRUCTION

CONTROL

3]

STATUS

HARVARD ARCHITECTURE

DATA
MEMCRY

CONTROL

INSTRUCTION
MEMORY

DATA ‘ |

|}‘ & ADDR

{‘ ‘ ‘ INSTRUCTION
|

ALU

CONTROL

CONTROL

1]

STATUS



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.
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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

DATA

MICROPROCESSOR

Subroutmes

DATA

Subroutines

PROGERAM

1 Controller

| 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 data use the

same bus system
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Harvard Architecture

DATA
MEMORY

1. CPU can
both read an
Instruction
and perform a
data memory
access at the
same time.

2. Faster for a
given circuit
complexity
because
Instruction
fetches and
data access
do not
contend for a
single
memory
pathway.

M-Z

O Tl fa LN Ch =1 O

INGTRUCTTION
MEMORY

MICROPROCESSOR

Instruction

nﬁﬂi‘; Isthe Address  Action
aml mﬂomtter sla --------- s1lb: get instimction
Progr 28 --------- 52b: get first data input
s3@ - s3b: get second data input
sdg - sdb: store data outpat



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
High performance microprocessors

Pipelined instruction execution (several instructions are

executed in parallel) .



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
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RISC

Favorable changes for RISC
Caches to speed instruction fetches
Dramatic memory size increases/cost decreases
Better pipelining
Advanced optimizing compilers
Characteristics of RISC

Instructions are of a uniform length

Increased number of registers to hold frequently
used variables (16 - 64 Registers)

Central to High Performance Computing
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Processor Classification

Compr] = Sdmple
CISC DISC
14500E*
d-hit FAmF o0l
+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 (437 95002 *520Z0 * % % x  xzanQQ +  |*ApM
* [*vax + |[20426| 62040 *PEC i9&0 FEDALC *2H
ZS0000* * TEON4S PA-RISC
+28100
* *22110
Sd-hit |Rekurs 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?7 --- Intel’s
wish ®

14



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— . _
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5 _— E_.:;'_ 1 :
gi: 1 [ | - yl] 1
i . i ¢ ""-‘_-_;'! - B < ;:
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What's Inside?

HTC
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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

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

19



Intel 386 - Brief

Address: A23- Al (where is A0?)
BLE# and BHE# (“Byte Enable”)

Data: D15 - DO = e ==
HE: H=H
Control F=F =¥
READTS T — 7 65 —— Ve
Voo —r & | =3t
= =3
Yeg E— 11 5 m— A
Wog — 12 64— A1S
b — TOP ViEW =
cLk2 —— 15 B1—— Al1
- apsy —— 15 =
Address Data Control N/C Vee Vs 37 o Vee
1) —
Aq 18 Dy 1 ADS# 16 20 8 2 e
As 51 Dy 100 BHE# 18 27 B 5 ]
Ag 52 Dz ag BLE# 17 20 10 11 S
A 53 D o6 BUSY # 34 30 21 12
A 54 Dy a5 CLEZ 15 31 32 13
Ag 55 O a4 D/C# 24 43 39 14
g 56 Dg a3 ERROR # 36 44 42 22
A 5B D= oz FLT # 28 45 48 35
Ag 50 D a0 HLDA, 3 45 57 41
Adqg 60 Dy BO HOLD 4 47 60 49
Aiiq 61 Dyn BB INTR 40 71 50
Ay 62 D44 BY LOCHK# 26 B4 63
Aq3 G4 Oz Ba MAD# 23 91 67
||"l.-|,1_ 65 D13 B3 MA#F & a7 68
Aiqs 66 Dq4 B2 MM 38 77
Aqg 70 Cys 81 FPEREC ar 78
Aqz 72 READY # 7 BES
Ag 73 RESET 33 o8
Aqg 74 W/R# 25
Aag 7o
Figq 76
Aas Ik
Aag g0 20




T T T Y
a & W= O

© 0 N gk bbb

Review on Number Systems

Decimal

Binary

100
10101101
1101110101
11111011110
10000000001

Hexadecimal

8EF
10
AB2ZE
70C
6BD3

100
527
4128
11947
59020



Intel 386 - Brief

Address: A23- Al (where is A0?) o~
B . 2% CLOCK | B
BLE# and BHE# (“Byte Enable”) ﬂﬁgm:)“ o o
_ L »)gyr | ADDRESS
Data- D15 - DO BBl BLE# | ]EH‘IBLES
Control DATA ””'”‘ﬁhm
ADSe k
— 1386™ 5y :;E:
BUS A MICRO=
—_—
CONTROL READY# | PROCESSCR | W/0# BUS CYCLE DEFINITION
- EEE—
Address Data Control Locks
Ay 18 Oy 1 ADS# 16 ) HOLD PERE
Ag 51 D, 100 BHE # 19 s — Hug_f#
Ag 52 D= a9 BLE# 17 AREITRATION | e | COPROCESS0R SIGNALLING
A 53 D a6 BUSY # 34 ERROR# J
A 54 Dy a5 CLK2 15 - INTR —
Ag 55 D 94 D/C# 24 - W Vo
e .  ————— —
Az o0 Dg 53 ERROR# 36 | RESET Vss ]Pr;wsn CONNECTIONS
Ag 58 D 92 FLT # 28 —
Ag 59 Dg a0 HLDA 3
Ao 60 D B HOLD 4 47 G 48
Aqq 61 Dya 68 INTR 40 71 50
Aqa 62 D41 87 LOCK# 26 84 63
Aq3 B D2 BE MAO# 23 a1 67
|'i'l.-|,d_ 55 D13 B3 M A %] a7 ob
Aqs 66 Dq4 82 MM 38 77
LT 70 Dys 651 FEREQ a7 i =}
Aq7 72 READY # 7 B85
Adg 73 RESET 33 98
Aqg 7d W/R# 25
Hag 75
Az 76
Haa 79
Aag Bl 22




Memory Size and Address

&0 1 32 D woD
M7 2o 31 | AIG
&15 3 30 [ A&18
213 4 29 | MWE
&8 5 28 [ a1
a7 6 27 343
a6 7 26 [ 410
&5 — & 25 3 A12
&4 — a9 24 [ /0E
&3 10 23 | Al
&2 11 22 & /cs
a1 12 21 300
o7 13 HEMm
DE 14 29 502
DS 15 18 | D3
Y55 16 17 B D4
| A NS Voo =20
2 = 012 WED, o 27
A - 07 CS2 =26
G — DG e
5 =i 05 0D e 4
elas V2 mipE2
8 = 2 RAM a0 =21
Q= 0 CS1N, p= 20
10 == 00 D7 =19
11==D0 D& == 18
12 =01 DS j== 17
13 =02 D4 = 16
14 == gnd D3 == 15
WA
|:1 16 :|‘-.-';;t;
om [ 2 15 L1TAS
WE[] 3 14 [ Dour
RAS [ 4 18 13 [ as
M [ s 12 [ M
Mg 1 [ s
A 7 10 [ s
vdd [ & a 23




386 Micro-Architecture

SEGMENTATION UNIT PAGING UNIT BUS CONTROL
/ ; HOLD, INTR, NMI
3-INPUT e , REQUEST ) .
EFFECTIVE ADDRESS BUS 7 '\ ! { ﬁ M  ADDER (7 H ERROR#, BUSY #
- /| ADDER : = § PRIORITIZER RESET. HLDA
132 ”
/ ~
— — DESCRIPTOR PAGE 4]
EFFECTIVE ADDRESS BUS ‘/M > byl ~ §
o <
LIMIT AND CONTROL AND -
Y ATTRIBUTE | ATRIBUTE [ =) 18
PLA PLA o = |
PROTECTION vl B '
= & ADDRESS BHE#, BLE#,
TEST UNIT X @ ¥ " _JS_EPL—' kil %
27N wn @ 2
&5 W /Ry, LOCK#
INTERNAL CONTROL BUS o 2 > PIPELINE H s
l a & CONTROL ADSj#, NAZ,
= < ~ READY #
Lil m“ LI> MUX/
) e — / | .
BARREL SN Q = E_I:> TRANS= <— P DO-D15
SHIEN ::> g PREFETCHER/ | = [& SulEhe
ADDER  [STATUS pecope aND| ||  |iINSTRUCTION e =
FLAGS SEQUENCING | @ DECODER GHECKER i —© ap
MULTIPLY /
i CONTROL STREAM CODE
3=DECODED
REGIS
=ty <— ROM <: INSTRUCTION <:: QUEUE
CO?:'I’:OL = 2ok
(| ALU CONTROL INSTRUCTION INSTRUCTION
r PREDECODE PREFETCH |32
DEDICATED ALU BUS 7

/

Intel386™ SX Pipelined 32-Bit Microarchitecture

2401
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Connecting with Memory,

CLK2
EE—
2X CLOCK ADDRESS BUS_ YA1-A25 |,
W
B ey [ADoRESS
o B [euas
BATA D0=D15{ DATA BUS
- ADSH W/R#
— (386" 5
BUS _____JE:+ MICRO- _EE:____§
CONTROL READY# | PROCESSCR M/10# BUS CYCLE DEFINITION
—
- LOCK &
’ HOLD PEREQ
BUS | =
HLDA BUSY
ARBITRATION | e i | COPROCESS0R SIGNALLING
. ERROR#
*—
. INTR ’
—_—
Wil Vee
INTERRIPTS { sl 4
RESET Veg POWER CONNECTIONS
—
" —

Single Board Computers
Processor Boards
Kits

I/O, and Peripherals

S NUTTBeEEGEGY




Memory Interface

BUS
CONTR

oL

LOWGEIE

!

J

7

READYHR MAY BUSSTATUS

BS164

B030E

ADDRESS
DECODER

ADDREEE

LATCH

ADDRESS

DATA I<

MEMORY

DATA
TRANSCEIVER

DEVICE

i1

MEMORY
DEVICE
2

26



Memory Size and Address 2

T A'.' 1 T 24m
A15 1 28 [ Veo Ag 23 .1‘ (
Atz =2 2755 A14 Ag 22 q:
AT 3 260 A13 Ay 218 Vg
AG 4 2510 Ag As 20@ s
A5 5 2479 Ag As O 198 Ay,
Mcde L 2300 A A — 13@ PD/PGM
A3 7 2220 OENe» Ag 1 178 0,
s & 210 a0 Oy 16 O,
Mrcds K~ 20 CE 01810 15 O
mcdo N e o7 211 14m 0, PD
00 1 18- 06 GNDIRL2 13m0,
o1 12 173 05
o2
13 16— 04 NC =[] & = AZD
Vss 114 150 03 AB— 2 43 A9
AT 3 42 A8
AT 4 T =T.5]
L AR5 40 — A0
Ve 1 2817 vee AS 6 10— A11
A2 I::E E?—‘: Atd .I-"|'.|-:|: T ?'Rr:?.l-‘l.?
AT —a 2600 A1 | S = b
AB 4 25 As v b i
As s 2 Ag Al 10 35 o A1S
Ad muy AV 1 porcqng 3 FAE
A3 EE o ny B2 An Ecg12 33E3BYTE
A2 L':; i; EE:E: DJI: _'\-'-_:.h-\.ﬂ: 12 2 IVesg
» Eﬂ [J znx JE“:L_ED GVpp ] 14 31 [ 01541
9 ) Q0 15 30 a7
&0 10 o 190 o7 o8B 16 20 =014
o0 11 180 06 o117 28 06
I ] 1710 05 o9 ] 18 2T = a13
o2 /13 16 [0 o4 Q2119 26— 05
Ves 14 1510 03 Qi 20 25012
Q3 21 24 04 27
o/ 22 2 Ve




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 MEMs at the same time (for 16-
bit Data bus)?
MEM --- Byte Access (8 hits)

UDS and LDS --- Motorola
BLE and BHE --- Intel

28



Apple Macintosh |

CPU: 8MHz Motorola 68000
Introduced in 1984

Memory: 128KB (512KB in later version) RAM,
64KB ROM

3.5” 400KB Floppy Disk

Application: MacWrite and MacPaint
Mouse

9” B&W Monitor

Keyboard

Serial Port (DB-9)

Printer Port

Addressing: 24-bit




Apple Macintosh Circuit Diagram

.
§F 3
E ra
.:“ s
S CD4016, LPI5S3 R
16 MH ] EAL
# = Pk JOUND___ml PwM INTEGRATOR |—a 10 sreaken el ity MOUSE TIME XBD
& g AND AMPLIFIER CLOCK
-
3 B, $v0,1.2 — 1
? é- WOLUME "
CONTROL 31/2° SONY
F g MICROFLOPFY ]
2 = DiSK 1
| = To CRT INT. AND EXT. 26L532 261530
R T DUAL DIFF. | DUAL DIFF. x| 2 'é w| &
y r .#_g::ll‘-.ln ON s T0 68000, 6522 i e ) o LA LR 4
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= L
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1 LI ROM ROM WM 1
" ITP;:‘N]G STATE MACMINE HI LD DISK :::E‘: 5
CONTROLLER - | 853 §522 TR
& LINEAR ADDRESS GEMERATOR _.”—5“_} fomom | BEC YIA 0 Fae COUKTERE)
=X [LAG) PALY SERIAL VERSATILE
3 1 COMMUNICATIONS INTERFACE Vit Pez
g BUS MANAGEMENT UNIT O f CONTROLLER ADAPTER ™ (1o a0 wuxi
(BMUD)
By BN, TWH > | SHD PG
2 ?;3;:?"“‘5"5"7 UNIT 3 IFROM (TO DMA MUK]
E" ALY |- OVERLAY |
™ TIMING SIGNAL GENERATOR Az £To PAL)
0&-D15 0o-07 [=1-T4 i
5 {TSG) L o [ SCLW/HED Sve.1.2
= ANALDG SIGNAL GENERATOR [ A15-823 ADBRESS i BATA BATE [ Rty
= (A5G) MICROPROCESSOR T“'r
e F PG AFROM PA L | =i f
g ﬂ 1PLT [FROM SCC]—a] BR-R1S 3 ol-01% |
g = &9, A10, ALl, A1R, ATO.R/W, Eu. VMA |
= = = BE-018
Z B
- "
Ly =
“En 00:015 ASG;
= DISK - PWE
3 I 7o DISK)
= == _ VAB-vall [
ot L8193 ! DATA IM |
a VIDED DuAL
= COUNTER gl Aaw RAM ARRAY L5244
=3 OUNTE N iogkees DATA DUAL 74186
j’J LEIET ™ GAK x 16 suT RAM VIDED SERVID
= DMA ADDRESS MUX D“: SHIFT * 1o FaL)
a2 [SOUND + DISK) T BUFFER REGISTER I
= t |
-
= L5161
T = SHUNG
z A o | M |
= { (=1 LY COUNTERS CIRCUITY |




Memory Map (for Apple Macintosh)

VIA(Versatile Interface Adapter)
---general I/0O

FF
F8
FO

ES8
EO

Do

co
8o

AQ
ag

62

&0

41

40

02

01

Q0

FFFF
0000
0000

o000
0000

0000

0000
Q000

Qo000

0000

o000

Q000

Qooo

Q000

0000

Q000

0000

ADDRESS (IN
HEXADECIMAL)

FHASE READ

VIA

WM

SCC WRITE

SCC READ

64 K ROM

128 K RAM

IWM (Integrated Woz Machine)
-=- floppy disk

SCC (Serial Communications Controller)
-—- Serial & Mouse

ADDRESE (W
HEXADECINE

DISK SPEED AND
SOUND, PAGE 1

(BOTTOM)

VIDEQ SCREEN. PAGE 1

(TOR)

USER SYSTEM
MEMORY (80 K)

HARDWARE EXCEPTION
VECTORS

01 FE
01 FFd

01 Fiu

01 FCT

01 am

Q0 0l

00 0l 31



Memory Address Decoding

How Much Memory?

How Many Address Lines?
1K = 10 lines
32K - 15 lines
23 ADDR lines - 8MB?

MEMORY PINOUTS

Address Lines
Data Lines

“Defense” ports or “Gates”

i

OO 20 =] 3N Q) Pd—

=

DasREBLEREEE

O0000000000Mm0

<
[ 0 [ O N ]

L
P

\Q—\

SN
/CS _ Address bus

/CE )AP

/OE

RAM
or
EPROM

/WE

=

|

S

:ICSK/




EEERELNEoESE

anononononnonnnnn

Al
b7
D&
05
W3S

—‘—D‘IIICCI"-\-JI'.'-'.\LI'I-PI'.AJM—‘

[y B A I

32
3
30
29
25
27
26
25
24
23
22
21
20
29
15
17

= DD
— A16
— 418
— MWE
— 414

— Al0
— Al2
— /OE
/= ATl
1 J/C3
— 0o
/M
— D2
— D3
/ D4

(186 |

___BHE
BLE

DI5~D§
——PI~Do

EEERELNEoESE

anononononnonnnnn

Al
b7
D&
05

EREEEEECASE
NOO000000000000n

=
e R By
oG- =

L0000 ) TN e L) P —

[y B A I

@

— O

32
3
30
29
25
27
26
25
24
23
22
21
20
29
15
17

= DD
— A16
— 418
— MWE
— 414

— Al0
— Al2
— /OE
/= ATl
1 J/C3
— 0o
/M
— D2
— D3

/ D4

L0000 ] IO e L) e —

T B L — O

32
|
30
29
25
27
26
25
24
23
22
21
20
29
15

1 AlG
1 AlS
1 "WE
] Ald

4 A0
412
— ME
M a1
/TS
/ Do
—
M/ D2
— D3
M/ D4

— oD

33



8-bit uP + MEM

uP has 224=24MB=16MB memopy S a@DO@O O 0 O
FFFFFF A2 ’ ﬁﬁ ﬁ =
MEM has 21°=0.5MB

Let’s place the MEM between $0 B O | O O
Up Addr ¢->MEM Addr: A18 — &0 ?Lﬂ F ol )

The left-over Addr lines in the uP: A23 — A19 ve »?9°
This condition is used to open the MEM gate (namely, /CS)

,.-E.EI:

o U % e
AT A

J a ﬁg
&3 10

A7/° 22 O
a1 12

L’Q—?\ﬁ/ﬂ 313
[

[

[

[
oo o e —

Z




8-bit uP + MEM

gaév place 0.5MB size MEM between

0000 - $Z§FFFF

/Izzz /| ’ / v Z IL‘%’:
Y2 10149 o (e .
__J___,a._-j

IODIOJ%’ \ P) ))

| 000 y3y, ;
a )
_.L’_’AZ}- ATJ;
- I a1
0¥5
Q_A/[? ﬂ
¥
AL-"'/ \ E
A1
e
97

o

-

O0nMmn

a00000000naM

OO0 =] 30 N A D) R —

— WD
— A16
— 418
— AWE
— a4

1 410
] AlZ
— fOE
] A1

— D0
— [
— D2
— D3

— D4
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16-bit uP + MEM

uP does not have AO

BHE (UDS) and BLE (LDS),
Instead.

uP can access 2 MEMs

uP Addr <-> MEM Addr
Al19 — Al (uP): A18 — A0
(MEM)
Left-Over Addr (uP): A23-
A20

BHE and BLE controls which
MEM (or ADDRESS
LOCATION) to access

BHE LOW: Upper MEM (upper
or odd address location)

BLE LOW: Lower MEM (lower
or even address location)

Both BHE amd BLE low: both
address locations

Al5

i
1

EERERELE

ananononnonnmn

]

[




BHE/UDS and BLE/LDS (for 386/68000)

Upper Data Strobe
For accessing upper byte of

memory
D15 — D8 part of CPU
D7 — DO part of memory 0I5~ s
Lower Data Strobe éfr;’j‘*?/
For accessing lower byte of 07-00?
memory !
D7-D0 part of CPU 55
D7 — DO part of Memory 005
Both together works as AO line
__&gﬁ (_/”2)5 P15~ Do A({jss oo‘d EVEN
—_— O [ PIs Dy \ % ‘;ﬁ
— | o D7~pPo0 ‘(r 1 o)




D\Equ A
9%

ALY
P
A-q
A3
ﬂu

P

BHE

__BLEjJ

iy
2= ‘
32),&;} ,A'Z’ Az Ar WL
! o
o ofs T/ 60
oool fo1

q

{z::ﬁ i; LAz Al Ao

1::) 3 Az A A, L}gl |
\"-.__

Yo ==V
O\oo D 400
bw
! 38




Memory Decoding

Q: 64K Word (or 128 KB) of RAM, with it's starting
address at $480000

A: 64KB - 16 lines each MEM
Range: $480000 - $49FFFF
UDS and LDS for A, line - Enable
Upper address lines = CS for both MEM

 © og\oq

4 Bor9 —=F (y—=F =—=F ()—=F

SE S i
< <

z : caddd | £
0100] 10 {]i(

':T.JDS J
LDS

£ <
XX XXXX| XXX

s | Ays
- Au
s "J"lu

s | A

;.-_
X X

SEL

e (Use Oor 1)

These 7 address These 16 address lines

lines set the will select one of 21%

base address of (or 65536) locations AS — 4
the memory. inside the RAMs,
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Memory Decoding Example - 1

2 . 16Byta RoM s
Q: 16K Word ROM

with starting address /
at $300000. Qf‘%

A: 16KB - 14 lines e ¢
each MEM

$300000 - $307FFF

UDS (BHE)/LDS (BLE)
> ICE

Upper Address - /CS
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Decoder/Multiplexer

LOGIC SYMBOL
1 2 3 4 5

74138

@ MOTOROLA

Ap A1 A2 £, o—
1-OF-8 DECODER/ £ O
DEMULTIPLEXER Og O1 Oo O3 O4 Os Og O

[TTTTTI

15 14 13 12 11 10 9 7

o) | 2
a L J TRUTH TABLE

£ INPUTS OUTPUTS
— Ag A4 Az Op 04 02 O3 04 Os5 Og 07
E1 Eo X X X H H H H H H H H
e X X X H H H H H H H H
L L . X X X - H H H H H H H
L L L L - H H H H H H
' = L L H L H H H H H H
Z L H L H - L - H H H H
3| H H L H H - L - H H H
L L H H H H - L - H H
H L H H H H H - L - H
A H H H H H H H B L -
7_ H H H H H ¥ H H - L




Memory Decoding with Byte/Word Access — 2 HW

D1s -Do

BE000

&1
A2
A3
&4
A5
&

AT

A8
Al0
&11
&12
&13

&l4

Al5
&ld

A17F
Al1E

&19
&20
&21
&322
223
AR
LD
D3

D15-D0

!

16

R

177 Al3-Al

A TALS13E

gﬂ]:] i

B(l)
)

P TS R WS I R A

1

Questions:
1. Size of ROM
2. Size of RAM
3. Memory Map
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Can You Draw a Memory Map of this? - 3

D15 -Do
Ald-Al

2000

A16
217
A1E
A19
220
221

2202
223

Di5-D0 ;16
Al5oa1 10 !
r = | D15-DE D7-Do
A13-41 - )
13
ars | Al RO t ROM
Al5-Al A17. A0 417 - Al
15 D7-Do— D7-Do—"]
i [: Faﬁ ETT FE EN P
SNTALSIEE Ald-Al
()] 7
iSO BAM FANM
ot i M 1A 414400
3 D7-Do—" Li7-D
_ 2
)}—QEE | I =L EH i I'E‘GS EN
0 R M.

Z

—
=
0a
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Intel 80386 Memory — Decoding — Class Activity

Memory Interface (Separate Decoders)

81}386“@

%6

803865 X
Separate Decoders

Find the
address
range of
the
second
chips of
the
memory
pair.
Individual
Work —
Class
Activity
Name
and Date
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Multiple Address Access Issues

8-bit processor

Access one address with a byte data

16-bit processor

Can access two address spaces (Even and Odd)at a single
execution with 2-byte (or “Word”) data

Where do we store each of the 2 bytes to each of the 2 address

spaces?
K13 41341
RO L RO
Sl 12 40 412 A0
™ D7-Do—1
[ecs EN [ecs EN b
N ana
RAM L- FA
\.igf-An A17- AD
D7-D = D7-Di=
[ecs EN ch EN |

I B bits I

Byte

Byte

B8 bits I B bits

”Byte” ”Word”
Byte Byte Byte Byte
I 8 bits 8 bits I 8 bits I 8 bits

Word

"Long Word"

Word



Big-Endian vs. Little-Endian

Big-Endian: Words are stored with the lower 8- bits in the higher of the two

storage locations: Motorola
“Big guy ends at lower address”

Little- Endian: Lower-order byte stored in the lowest address) processors:

Intel 80x86 family
Little guys ends at lower address”

Word Data | Bytet | Byte0 |
H L
Store data

dst src e A

MOV 0, $3210 MOVE $3210, 0
MOV 2 , $76543210 MOVE $76543210,
000006h 000000h 32
000005 76 000001 10
000004 54 000002 76
000003 32 000003 54
00000 2 10 000004 32
000001 32 000005 10

000000 10 000006
Little-Endian Big-Endian
Intel Motorola
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“Endianness”

Endian or Endian-Architecture

how multi-byte data is represented by a computer system and is
dictated by the CPU architecture of the system

Not all computer systems are designed with the same endian
architecture

Issues with software and interface

Computer System Endianness

Common file formats

Platform Endian Architecture
ARM* Bi-Endian
DEC Alpha* Little-Endian
HP PA-RISC 8000* Bi-Endian
IBM PowerPC* Bi-Endian
Intel® 80x86 Little-Endian
Intel® IXP network Bi-Endian
processors
Intel® Itanium® Bi-Endian
processor family
Java Virtual Machine* Big-Endian
MIPS* Bi-Endian
Motorola 68k* Big-Endian

Sun SPARC*

Big-Endian

Little-Endian Format Big-Endian Format Variable or Bi-Endian Format
BMP (Windows* & 0S/2) PSD (Adobe Photoshop™) DXF (AutoCAD™)
GIF IMG (GEM Raster*) PS (Postscript*, 8 bit
FLI (Autodesk Animator*) JPEG, JPG g;%rig;]eit:gut:;d o
PCX  (PC Paintbrush®) MacPaint POV (Persistence of
QTM  (MAC Quicktime*) SGI (Silicon Graphics®) Visionraytracer*)
RTF  (Rich Text Format) Sun Raster RIFF  (WAV & AVI)
WPG  (WordPerfect*) TIFF
XWD (X Window Dump*)

Bus Protocols Network Protocols Bus Protocols
Infiniband TCP/IP GMII (8 bit wide bus, no
PCl Express UDP CIRET)
PCI-32/PCI-64
usB




Endian-Neutral Approaches

Conversion
Byte Swap
Network 1/0 Macro

“Endian Neutral”: allowing the code to be ported easily between
processors of different Endian-architectures, and without rewriting
any code. Endian-neutral software is developed by identifying
system memory and external data interfaces, and using Endian-
neutral coding practices to implement the interfaces.

HOMEWORK #2

Technical Report on “Endian-Neutral Approaches”
What? Why? How?

2 - 3 pages; 1” margin all sides; 11 pt; Times New Roman; No
cover page (Title and your name at the top, and start in the first
page); single space; single column; again the importance of
the first paragraph. No figure, no photo, text only.

Submission: Hardcopy only by 5:00pm Thursday 10/10/2012. -





