Chapter 1
Computer Abstractions and
Technology (Part 1)

F &% (Chen-Chieh Wang)
ccwang@mail.ee.ncku.edu.tw
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What is a computer?

4 Components:
> Input (mouse, keyboard)
» Output (display, printer)
» Memory (disk drives, DRAM, SRAM, CD)
» Network

4 Our primary focus : the processor (datapath and control)
» Learn instruction set design for RISC processor
» Learn the basic hardware that can implement these instructions
» Learn the different ways that control the processor
» Learn the performance enhancing techniques
» Learn the system concept you need in an SoC system
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Text Book : P5

Computer markets

% Desktop computers
» Cost/performance tradeoff

$ Servers
> Availability
» Scalability
» Efficient throughput

% Embedded computers
» Real time performance (soft deadline and hard deadline)
» Minimize power and minimize memory size

Computer Organization and Architecture, Fall 2010
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Text Book : P6

The Processor Market

[ Cell Phones W PCs O TVs
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Text Book : P10

Abstraction of layers

Software

lications Systems - -
N s aetiiace Applications
//‘\ //‘\ software
e - Systems
Compilers Operating Assemblers
//\ systems //\ software
gee S “/|\s e
Virtual File 1/0 device Hardware
memory system drivers

EL/ 5
software N~/

hardware g
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Instruction Set Architecture (ISA)

% A very important abstraction
» Interface between hardware and low-level software
» Standardizes instructions, machine language bit patterns, etc.
» Advantage: different implementations of the same architecture
» Disadvantage: sometimes prevents using new innovations

1400

4 Modern instruction set o | O
. . 1200 | W Hitachi SH [E
architectures: 100 | M Powerpe |
> ARM i 1000 ij:;r;{;lola BBK ¥ - I
2 900 O 1a-a2
> |A-32 (x86) § o [Wamm |
> MIPS s 77 L] |
2 800 S
» PowerPC S s0- - j =m|
> SPARC 400 - '
300
» Others 466
100

1998 1999 2000 2001 2002 7
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Architecture vs. Organization

¢ Computer Architecture
» Instruction set architecture
® Programmer-visible instruction set
» Organization
» Hardware
® \/LSI circuit, Packaging, Power etc.

¢ Computer Organization
» Operational units and their interconnections
® Memory system, bus, ALU, pipeline...
» Same instruction but different organization
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Text Book : P11 ~ P13, & App.B
High-level language program (in C)

?yai( ; nt v(], int k) An abstraction omits unneeded detall,
M emp o VIKD; helps us cope with complexity

vik] = v[k+1];
vik+1l] = temp;
! Assembly language program (for MIPS)

swap:
muli $2, $5.4
add $2, $4,%2
w $15, 0(%2)
Tw $16, 4(%2)
SW $16, 0(%2)

| Assembly language program | sw $15, 4(%$2)
jr $31 V
Object: Machine language module | | Object: Library routine (machine language) |

| Executable: Machine language program |

Binary machine language program (for MIPS)

00000000101000010000000000011000
00000000000110000001100000100001
10001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000
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Text Book : P14

The 5 classic components of a computer

Processor
Control Control Unit
Registers
Memory
Fetch Processing
Datapath | ' ; Unit

Interconnection

! !

Input Device Output Device | ------

1
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Motherboard

Southbridge

Northbrid ith heatsink
orthbridge (with heatsink) PCI Slot (x5)

20-pin ATX Power . gl 39 B :
Connector ' S

CPU Fan &\ SHLtery

Heatsink
Mgu_nttlng Connectors For
oints Integrated Peripherals
C P U S OC ket Paralliffoﬁ?}ff;; r(ig{’i'xgﬁ;ail‘alfﬂiz;;
Source : http://en.wikipedia.org/wiki/Motherboard 12
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Desktop PC

Froni-side

Graphics bus

card slat

Chipset

Memory Slots

High-speed
graphics bus

(AGP or PC Northbridge Memory

Express) bus
(memory
controller hub)

Onboard
Southbridge graphics
(110 controller controller

hub)
IDE
SATA

Eth e Cables and
Audio Godec e Ll
T off-beard

CMOS Memory

PCI Slots

Super I/O

Serial Port

Parallel Port
Flash ROM Floppy Disk

Koyboard
(BIOS) ji/\/k)i,rse
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PCI Express System

CPU

PCl Express | PCI Express |
Endpoint
Root
Complex Memory
PCI Express-PCl | PCl Express
Bricige
PCI Express
/__\

I
PCI/PCI-X % (
=

PCI —_ A PCI

Express PCl PCI Express
Express Express
Legacy Legacy PCl Express PCl Express
Endpoint Endpoint Endpoint Endpoint
Source : PCI Express™ Base Specification Revision 1.0a 15
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System on a Chip (SoC)

A

CPU [—=2 !
Interrupt Flash _ -~
Cache Controller IP Controller |~ » Flash
M (ins.) | M (Data) 1 S | M | S 1 S |
( AHB )
| | v | | | s 1]
AHB-APB DRAM P -~
Bridge DMA SRAM Controller |~ > DRAM
L 1

( APB )

Timer UART GPIO
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A Safe Place for Data

4 Volatile main memory
» Loses instructions and data when power off
4 Non-volatile secondary memory
» Magnetic disk
» Flash memory
» Optical disk (CDROM, DVD)
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Text Book : P41 ~ P42

Uniprocessor Performance

2X Transistors / Chip
10000 ' : Every 1.5 years Intel Xeon, 3.6 GHy . 64-bit ntel Xeon, 36 Giiz
e Called “Moore’s Law” AMD Opteron, 2.2 Gz o =877,

Intel Pentium 4,3.0 GHz,

Gordon Moore
Intel Cofounder
B.S. Cal 1950!

Perlormance (s \VAX-11/780)
&

0

VAX-11/780 .z

et 25%IVRRT o 5 vaAX-11/785

o el
1mrm1m1m1m1m1my/ﬁ1mmmmm

# Constrained by power, instruction-level parallelism, memory latency
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Text Book : P25 ~ P26

Technology Trends

4 Electronics technology continues to evolve
» Increased capacity and performance
» Reduced cost

1,000,000 -
100,000 |

i 10,000 -

g

g

1000 4

DRAM capacity

100

10 - T T T T T T T T T T T T T T T d
1978 1978 1980 1962 1904 1966 1960 1990 1992 1994 1996 1698 2000 2002 2004 2008 2008

Yoar ofintroducion

Year Technology Relative performance/cost

1951 Vacuum tube 1

1965 Transistor 35

1975 Integrated circuit (IC) 900

1995 Very large scale IC (VLSI) 2,400,000

2005 Ultra large scale IC (ULSI) 6,200,000,000 20
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Text Book . P39 ~ P40

Power Trends

10000 + 2000 3600 2p87 | 120
-+ 100
N 1000 + —
E Clock Rate ogp + 80 %
3 100+ leo =
= 2
S 12.5 140 ©
3 104 =
. + 20
| 48— : i | : : 0
QL & ©o o oo £~ ~ =8 + - . o
58 28 38 28 58 sizsfgces
T ®- ®T - T EIGQ ES RER
g o= o X
# In CMOS IC technology
Power = Capacitive load x Voltage® x Frequency
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Text Book : P20

Inside the Processor

£ AMD Barcelona: 4 processor cores

| HTPHY link 1 |siow vQ|Fusss|

128-kil FPU

Load/| Lt Data

2MB | Store | Cache |512kB
. 2 L2 Care 2

Erecuhonl o Cachal

Cacha | Fetev |1

Decadef | LT Instr

Branch | Cache

HT PHY, link 2
b

I

Northbridge

<I7T 3OO0

Core 4 Core 3

HT FHY, link 3

HTPHY, link 4 | Slow VG|Fusas]
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Text Book . P41 ~ P44

Multiprocessors

# Multicore microprocessors
» More than one processor per chip

# Requires explicitly parallel programming

» Compare with instruction level parallelism
® Hardware executes multiple instructions at once
® Hidden from the programmer

> Hard to do

® Programming for performance
® L oad balancing
® Optimizing communication and synchronization
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Cell-based IC design flow

[ Specification Development |

System-Level Design
Systemn Models

r T
RTL Code Development & I
Logic Design
Functional Verification ux.l. o
Synthesis |
Circuit Design ¥

| Timing Verification |

Layout (Place & Route) I s = ®
Physical Design
Physical Verification I

Chip manufacturing process .
(mext page) [
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Text Book : P44 ~ P46
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2 Chip manufacturing process

3

®

=

=@ ¢ Costof IC = (die + testing + packaging) / final test yield

m

o Blank

@) Silicon ingot wafers

=

8 ( ) — | Slicer | —» @ — 2010 40

— processing steps
m

S

QO

a Tested dies Tested Patterned wafers
Q oo wafer T

3 Bond die to D%%DDED - 0 Water C : N
o : Y

= package OOxROO Dicor k *Eg ] tester > )
o DDDD pSIRIE I/

Lg| l oo ! 2

(DY

g_- Packaged dies Tested packaged dies

S , _ OO i

S Part Pt Ship to

< ) [ ] tester Oloo customers

@
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Text Book : P47

AMD Opteron X2 Wafer

# X2: 300mm wafer, 117 chips, 90nm technology
4 X4: 45nm technology
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Integrated Circuits
(2007 state-of-the-art)

Bare Die 4 Primarily Crystalline Silicon
1mm - 25mm on a side

2007 feature size ~65 nm =65 x 10°m
(then 45, 32, 22, and 16 [by yr 2013])

100 - 1000M transistors
(25 - 100M “logic gates”)
3 - 10 conductive layers

“CMOS” (complementary metal oxide
semiconductor) - most common.

+ %

® & % %

# Package provides:

» spreading of chip-level signal paths to
board-level

» heat dissipation.
# Ceramic or plastic with gold wires.
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