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CSC/CPE 4760
Lecture notes

3/28/08
· Types of parallel computers

· Memory organization, control methods

· Memory – shared or distributed

· Shared memory

· A single unified address space

· May be in memory modules

· NUMA

· CC-NUMA

· Distributed shared memory

· Distributed memory

· Message passing

· Interconnection networks

· Diameter, bisection width, routing algorithm

· Complete  // n(n-1) links
· Toroid mesh

· Hypercube

· Crossbar switch

· Multistage

· Omega   

· Butterfly

· Perfect shuffle

· Circuit switching

· Packet switching

· Worm-hole routing

· Control organization

· MIMD

· SIMD

· In this class, we will be concentrating our efforts on Clusters

· // give a brief history of supercomputers
· Advances in Computer Architecture

· More power very quickly

· 15 years ago

· Cray Y-MP (166 MHz, 8GB memory over 8 processors, ~$50M)

· “my PC is more powerfull”

· size of VLSI chips

· gigabit chip

· lower power

· better processes

· Performance measurements

· MIPS

· M(G)FLOPS

· throughput, utilization, response time, memory bandwidth, memory access, access time, memory size, …

· That brings us to Clusters

· Sometimes know as “lowly parallel processing”

· Basic idea is to get things done faster, to do that you can

· Work harder

· Processor speed

· The “bigger sledgehammer” approach

· Work smarter

· Better algorithms

· Better instruction set

· Better firmware

· Better components

· Get help

· Parallel processing

· How much help?

· Massively parallel vs. small # of processors

· In the same box or multiple boxes?
· Clusters are collections of computers that may-or-may-not be homogeneous

· Clusters act together as if they were one machine

· Have a controlling (master) machine

· Cheap parts

· Slow connections

· Programming?

· Microprocessors keep getting faster

· System availability became a mass-market issue

· Cheap, so buy 2!

· Examples of clusters

· Example 1  
· Simple hardware but supervisor software is not quite simple

· go over figure closely; shared disk units

· Example 2  

· Simple hardware using mirrored units ala Tandem

· Where is supervisory software?

· Where is the data?  (on both units)

· Example 3   

· Where is the data?

· Consider any retailer (ask for examples or use rei.com)

· Add in other parts of system on transparency

· Example 4  

· This is different (not business use; is scientific)

· Same programs and data on all computers

· Distributed file system

· Needed to write supervisory software

· Needed to write schedulers and prioritizers

· Example 5 
· Fermi lab

· About 400 machines

· Evaluate independent data sets

· Needs computer power but not memory

· CPS is a parallel Cooperative Process System written by professionals

· Programs are written serially

· No I/O to speak of, just computation

· Commercial examples

· DEC Open VMS Cluster  

· Heterogeneous

· Act as one computer

· Many DBMS’s were written to run on it (Sybase, Informix, DB2, etc.)

· Can have parts located up to 5 miles away

· Software is the real problem

· Batch and login systems  // table 1  

· Distributed/Parallel DB Products  // table 2  
· Parallel Programming products  // table 3  
· Cluster OS’s  // table 4  

· Basic cluster products  // table 5  
· Why Clusters?

· Parallel or distributed systems

· Performance

· Availability

· Price/Performance

· Incremental Growth

· Scaling

· Scavenging

· Why now?  

· Very high performance microprocessors

· Standard high-speed communication

· Standard tools for distributed computing

· High availability

· Why not now?

· Lack of “single systems image” software

· Limited exploitation

· Hardware is good, software is not

· Operating systems, databases, compilers have to keep up

· As processor performance goes up, the need for parallel systems goes down

· Need for high availability

· The internet

· Partner connections

· Business-to-business

· Mobile computing

· Telecommuting

· Distributed → Centralized trend

·  Disintermediation

· Computers take care of the intermediate steps in customer support

· Business competition

· 24 X 365

· Time zone problems

· Global economy

· Comparison of Cluster, Parallel, and Distributed machines  // Table 6
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