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“Computer Architecture”

Computer Architecture

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

2 categories
Instruction set architecture (I1SA):

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)
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Micro-Architecture

Computer System

CPU (with PC, Register, SR) + Microprocessor
Memory
Computer Architecture: Instruction

“conceptual design and

fundamental operational
structure of a computer
system”

“blueprint and functional ¥

description of requirements
and design implementations ALU
of a computer” D

Operation

Dy 2} Registers

out
focusing on the way the PC D, (b)
CPU performs and accesses —
memory. R—

Micro-Architecture

*ALU (Arithmetic Logic Unit)

*Fundamental building block of
CPU

*Binary Full Adder

The Microprocessor'sArithmetic/Logic Unit
OPy

Jth gperation to
be perfommed

Input Operands L

D@y —— Arithmetic
LogicUnit +—— Result
D (ALU)
m® — Doyt =0P 0y (a), Dy )

EXAMPLES
Dout =Dijn@) + Dy, (b)
Dout = Din@) - Djp b}
Doyt = Din@ OR Dy, (b)
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Microprocessor Bus

RAM MICRO
PERIPHERALS SYSTEM  PROCESSOR
ADDRESS
. I |
DATA ---- S s | N —
CONTROL B

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
Better for DSP
Higher MEM Bandwidth




Princeton Architecture

RAM
1.Step (A): The DATA
address for the Peripherals MICROPROCESSOR
instruction to be next DATA
executed is applied Sebrouthes “1 Controlles
(Step (B): The DAL
controller "decodes" the Subroutines
instruction

. PROGRAM ¥¢.°70

3.Step (C): Following e PE
completion of the Reserved

instruction, the
controller provides the
address, to the memory
unit, at which the data
result generated by the *Both cannot occur at the same time
operation will be stored. since the instructions and data use the

same bus system

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

rCePal(Jj can both P EMORY MICROPROCESSOR MEMGGY
N

instruction N
and perform a
data memory
access at the
same time.

Faster for a
given circuit
complexity
because
instruction
fetches and )
ggtﬁoziccess PCY is the
Microprocessor's
contend for a Program Counter
single
memory
pathway.

o~ WA O N @

Address Action
=S -- slb: get instruction
- §2b: get first data input
- s3b: get second data input
- sdb: store data output




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)
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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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Characteristics of 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

Complex Simple
CISC RISC
14500B*
4-bit FAuz 901
*4040
8-bit 6300,650% *1802
8051* * *3008 * SC/HP *PIC16x
z3 * * *F3
F100-L*  8080/5 2650
* *NOVA *
MCPLEOD*  *2-80 *£809 IMSE100
16-bit *2-280 *PDP11 S0CLE6* *M17
*3086 *THS9900
*22000 *65316
*56002
32016*  *68000 ACE HOBBIT Clipper R3000
32-bit |432 96002 *68020 * * * * *Z29000 *
* * 68040 *PSC 1960 *EPARC *SH
280000* . * TRON43 PA-RISC
*83100
= *88110
64-bit |Rekurs CDCE600 *R4000
620"  U-SPARC = *R8000
R10000
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INTEL VS. ARM

Next PCs
Smart phones (on ARM)
Mobile Devices — MP3, Digicam (on ARM)
Run on Intel's x86? --- Intel's wish Intel Atom

ARM revisited

No chip hardware — license only (powerful and
variety of licensees) = cell phones etc
Produced 2008-present

SoC device (CPU + 1/0 + Peripherals+ Memory  cuum

+ etc) R
INTEL g s
Does not want to License x86 (Lesson from ‘,
AM D) Packages) 4 |-bau LFCBGA
New approach for SoC: Atom based X86 SoC S et

Intel Atom is the brand name for a line of x86 and xB6-64 CPUs (or microprocessors) from Intel, designed in 45

nm CMOS and used mainly in Nethooks. The Atorn Z series is code-named Silverthorne and the Atom N series is

code-named Diamondville. As of June 2008, the most used chips in the Netbook retail market are 7520, 25630,

and N270. 13

Intel 386 - Brief

Address: A31- A2
BE3 — BEO (“Byte Enable”)

Data: D31 _ DO J.i..kuii\L?BAjl'if.‘. “‘DORESSHEGlsTEHS

EAX

Registers — .,
. X ECX

Control Registers e
(o] EDI

BP EBP

sP ‘ESP

SEGMENT SELECTOR REGISTERS
15 a

cs CODE |
ss STACK ]
DS l

ES | paTA
FS

GS

INSTRUCTION POINTER
AND FLAGS REGISTER
31 16 15

0
P EIP
FLAGS EFLAGS

Figure 2-1.Intel386™ DX Base
Architecture Registers

231830-33

Figure 1-1. Intel386™™ DX PGA
Pinout—View from Top Side
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BLOCK Diagram

S

BEDE = BET

PPELNE, M/I0#,D/CF

BUS

S

SEGMENTATION UNIT PAGING UNIT BUS CONTROL
H 1
| HOLD, INTR, NMI
— 3-mput | I A REQUEST ERROR, BUSY
F! £35 BUS DER < r , BUSY
32 V| ADOER (N T \l"“_\;: PRIORITIZER > RESET, HLDA
52 B
— — ‘ DESCRIPTOR PAGE L
EFFECTIVE ADDRESS BUS > REGISTERS CACHE 2
32 El
LIMIT AND CONTROL AND B
ATIRIBUTE ATIRBUTE 2
PROTECTION PLA LA H
TEST UNIT a

ESS

PAGE TABLE FETCH

TNTERNAL CONTROL BUS 4 BUS SIZE |l :’c{s“:;f:“
5 CORTROL 08185, READY#
. 3 MUY/
BARREL = TRANS- e co- 051
EHIFEER, " NSTRUCTH PREFETCHER/ d
ADDER [ STATuS DECODE AND INSTRUCTION fithia
FLAGS SEQUENCING DECODER e
WULTIPLY /
DIVIDE
CODE
REGISTER CONTROL s-peconto | , STREAM 18 BIE
FiLe ROM INSTRUCTIONK | queue |
ALU veve [N

T S a Al CONTROL eoyrroL INSTRUCTION INSTRUCTION
r PREDECODE PREFETC

Intel386™ DX Pipelined 32-Bit Microarchitecture
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Connecting with Memory, I/O, and Peripherals

CLK2
—_—
2X cLock ADDRESS BUS ) A2-A31
BE3#
BE2# - 32-817
32-81T 10 ADDRESS
nnrn[ D0-D31{ DATA BUS BE1# ENABLES
BEO# A
ADS# W/R#
s Na# 1 interses™ ox | B/C#
| Microprocessor "
CONTROL Bs16 P M/10 BUS CYCLE DEFINITION
READY# LOCK#
HOLD | PEREQ
HLDA | BUSY#
ARBITRATIDN[‘ + OPROCESSOR SIGNALLING
ERRORE ]C 0CE S| LL
INTR
—_—
NMI Voo
RESET GND ] POWER

Single Board Computers
Processor Boards
Kits
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Memory Interface

BUS
CONTROL
LOGIC -
DDRESS [~

ADDRE:
DECODER
i ‘ 1 MMMMMM

DDDDD S8 >

LATCH DE:’:CE
READY# NAN¥ BUSSTATUS
L] 85160 ADDRESS >
80386
-
DATA MEMORY
DATA TRANSCEIVER] DEVICE
L3

¢f3
Interface between a processor and a
(pair) of memory (of smaller than the St
maximum memory space)
Where do we place the memory in the

memory space?
: : A
Practice and Exercise 286
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Intel 80386 Memory — Decoding

803868@ Memory Interface (Separate Decoders)

8y Op | A
5 1 i 5 3|
2 A5 Oy .
g R
18 il
= As
A3 suz H

80386SX
Separate Decoders
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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[_Byte1 [ Byte0 |
H L
Store data
dst  src STc  dst
MoV 0. $3210 MOVE $3210, 0
MOV 2, $76543210 MOVE $76543210, 2
000006h 000000h 32
000005 76 000001 10
000004 54 000002 76
000003 32 000003 54
000002 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

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 e
PCX (PC Paintbrush*) MacPaint POV (Persistence of
QTM  (MAC Quicktime*) sGI (Silicon Graphics®) Visionraytracer®)

RTF (Rich Text Format)

Sun Raster

RIFF (WAV & AVI")

Platform Endian Archit:
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® ltanium® Bi-Endian
processor family
Java Virtual Machine® Big-Endian
MIPS* Bi-Endian
Motorola 68k* Big-Endian
Sun SPARC* Big-Endian

WPG  (WordPerfect) THF
XWD (X Window Dump*)
Bus Protocols Network Protocols Bus Protocols
Infiniband TCPiIP GMII (8 bit wide bus, no
PCI Express uppP ]
PCI-32/PCl-64

UsB

Endian-Neutral

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 [Intel]

HOMEWORK #1

Technical Report on Endian-Neutral Software

What? Why? How?

2-3 pages; 1” margin all sides; 10 pt; Times New Roman; No
cover page (Title and your name); single space; single column
Submission: Hardcopy only by 5:10pm Tuesday Sept 27.
Remember: Importance of the first paragraph
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386 Instruction Set

9 Operation Categories ADDITION
ADD Add operands
Data Transfer ADC Add with carry
Arithmetic INC Increment operand by 1
. AAA ASCII adjust for addition
Shl_ﬂ/ROtat? . DAA Decimal adjust for addition
String Manipulation SUBTRACTION
Bit Manipulation SUB  |Sublract oporands
SBB Subtract with borrow
Control Transfer DEC Decrement operand by 1
High Level Language NEG __|Nogato oporand
Support CMP Compare operands
i DAS Decimal adjust for subtraction
Operatlng System AAS ASCII Adjust for subtraction
Support MULTIPLICATION
MUL Multiply Double/Single Precision
Processor Control o S
Number of Operands: AAM ASCII adjust after multiply
DIVISION
0’ 1’ 2’ or 3 DIv Divide unsigned
1DIV Integer Divide
AAD ASCI| adjust before division
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