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. Computing Markets

F Characterized by applications, requirements,
and computing technologies

F Three different markets

& Servers
w Tremendous growth in demand

« For Web servers
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Desktop .

F A few years ago
@ Focus on clock rate as direct measure of
performance
o Pentium 4

——

F Recently
@ Chip multiprocessor
o Intel
@ AMD
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. Servers L

F Provide large scale, reliable file, and computing services

F High performance computing
@ Single compute-intensive workloads applications
s Weather forecasting: Earthquake, Hurricane, etc.
a Oil exploration
& Bioinformatics: Protein structure determination.
s Backbone of large-scale enterprise computing

F Web servers
s Emergence of World Wide Web
w Document server
w Transacti on-process ng server

F SUN Niagara processor
@ Data center
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Server — Key Features

F Availability
@ Reliably and effectively provide a service
o Different from “reliability”

& Reliability: system never fails —unavoidable
& Availability: maintain reliability in case of system failure

@ Why crucial?
& Brokerage operations
w Cost of downtime per hour: $6450
w Credit card authorization: $2600

@ Maintain availability:
8 Redundancy

DEPARTMENT OF COMPUTER SCIENCE i} LAMAR UNIVERSITY

Server — Key Features

F Scalability
@ Growing demand for services
@ Scale up
& Computing capacity
a Memory
& Storage
& 1/0 bandwidth

F Efficient throughput
@ Individual request response

@ Overall performance
& How many requests can be handled in a unit time?
w Transaction per minute
w Web pages served per second
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Embedded Computer

F A specialized computer system which is
dedicated to a specific task.

@ Chips in cell phones, game consoles, and other
consumer electronics
@ Chips in manufacturing equipments
& Chips in cars: an antilock braking system in a car

@ Chips in medical equipments
& Chips for organ replacement
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Supercomputer on a Chip

F IBM processor
o |IEEE SPECTRUM Multimedia Monster

@ Gaming
3 Cell: SONY Playstation 3: a market worth up to $9,5 billion in
2007
a3 PowerPC: Microsoft Xbox
& Nintendo GameCube
o Television sets

o Military-systems
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_gody Shops — Organ Repllacemen_tr
F Breathing chip

[IEEE Spectrum, February 2005]
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_gody Shops — Organ Repllacemen_tr
F Mend a broken heart
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[IEEE Spectrum, February 2005]
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Embedded Computer

F Many embedded processor have less performance
than general-purpose processors

F Some offer more performance on specific
applications than general-purpose processors
@ Network processors

F Real-time performance requirement

@ Absolute maximum execution time for application
3 Process video frames
o High-end, Billion instructions per second, hundreds of
dollars
a Newest video game
a High-end network switch
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Embedded Computer

F Cost
@ Low-end 8/16-bit, less than a dollar
@ 32-bit, 50 MIPS, under 10 dollars

@ High-end, Billion instructions per second,
hundreds of dollars
& Newest video game
& High-end network switch

F Computing power

@ Increasingly important
& Portable devices: battery and cooling
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Embedded Computer

F Minimize memory and power
@ Substantial portion of system cost and power
consumption
o Code size

& Application fits in on-chip memory/ small off-chip
memory

FProcessor cores and application-specific
circuitry

@ Customized hardware/software solution running
on standardized embedded processor core
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Computer Design

—

FHigh performance, low power consumption,
low cost, security, etc.

F Task
@ Instruction set design
@ Functional organization
@ Logic design

@ Implementation
& Integrated circuit design
& Packaging
& Power
& Cooling
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Computer Design

—_—

F Design for next technology

F Must be aware of current implementation
technologies
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_Current Implementation Technologies

F Integrated circuit logic technology
g Transistor density increases dramatically —
35%lyr.
o Die size — 10%~20%/yr.
@& On-chip transistor count — 55%/yr.
F Semiconductor

@ Dynamic random-access memory (DRAM)
& Density - 40%~60%/yr.
& Cycle time — one-third/10 years
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Wafer
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Microprocessor
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___Computer System Components

F Computation system: Processor core

F Memory system
o Storage components: Store information
& Registers; TLB; Caches; Main memory
@ Communication components: Communicate information
& /0 buffers and signaling/driving circuitry; I/O pads; Pins
a On- and off-chip buses
F 1/0 system: Secondary and tertiary storage I/O, network I/O
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_ Computer System Components
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Intel Iltanium Processor

Block Diagram

Courtesy, Intel
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Key Features

—— —_—

FPerformance

FPower consumption

FCost
FReliability
FScalability
FSecurity

FCurrent implementation technologies?
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Chips Go Vertical

Transistors

Redirect Layer Wiring

Global interconnects i
mps made with
/.| wires %0 nanometers wide,

'/ 7 kilometers of
interconnects

per square centimeter

Local interconnects

o

[IEEE Spectrum, March 2004]
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Transistor Counts
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Moore's law in Microprocessors
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Transistors on Lead Microprocessors double every 2 years

Courtesy, Intel
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Microprocessor Frequency
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Lead Microprocessors frequency doubles every 2 years

Courtesy, Intel
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Performance

— —
F Processor-memory performance gap
@ Grow 50% / year

speedup at approx. A
60% per year T -

speedup at approx.
10% per year
o aaei meERn 8 S

P g b 2 PP g
il

[Hennessy & Patterson, CA, Third edition]
@ Memory system is increasingly becoming a
performance bottleneck

@ Up to 75% of circuit delay has been reported to be due to
interconnects
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Power Dissipation
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‘ Lead Microprocessors power continues to increase

Courtesy, Intel
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. Power and Cost

F More than 80% of die area is due to memory system
components
@ Caches, registers, DRAMSs, global interconnects, etc

F ~50% of total dynamic power dissipated is due to interconnects
[Magen et al., SLIP'04]
@ In 5 years, interconnect power will reach 80% of the total
@ Global signal lines (buses) account for a chunk (34%) of this power
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[Magen et al, SLIP, 2004]
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