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Parallel Computing
& Bridging Model



Various Computers
 Multi-core computing 

e.g. Intel i5, STI cell

 Symmetric multiprocessing (SMP)
iden proc, share memory, connect via a bus

 Specialized parallel computers

 FPGA

 GP-GPU

 ASIC

 Vector processors

 Distributed computing 

 Cluster computing

 Massive parallel processing (MPP) ≈ big cluster

 Grid computing          distributed form, over Internet

http://en.wikipedia.org/wiki/File:NvidiaTesla.jpg


Various Topologies

 An overview of the Roadrunner 
system interconnection



Top 500 (November 2010)

Source: http://en.wikipedia.org/wiki/TOP500



Bridging Model for Computation
 The success of the von Neumann model of sequential computation is attributable to the

fact that it is an efficient bridge between software and hardware: high-level languages can
be efficiently compiled on to this model; yet it can be efficiently implemented in hardware.

-- Leslie G. Valiant, 1990

Von Neumann architecture
Hardware Manufactories Software Industries

- sequential computation -
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PRAM  Model
PRAM:  Parallel Random-Access Machine (Fortune et Wyllie, 1978)

 Shared-memory (random memory access)

 Synchronized-processor (same μProc clock)

 Exclusive Read, Exclusive Write (EREW) PRAM

 Concurrent Read, Exclusive Write (CREW) PRAM

 Exclusive Read, Concurrent Write (ERCW) PRAM

 Concurrent Read, Concurrent Write (CRCW) PRAM
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BSP Model
 BSP: Bulk-Synchronous Parallel  (Valiant, Aug 1990)

 Processor-memory pair

 Synchronization barrier
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Multi-BSP Model
 A bridging model for multi-core computing (Valiant, 2008)
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Scatter-Gather Language



Objectives
 Easy to learn, easy to use

 Portability of programmes

 Support heterogeneous machine

 Support hybrid architecture

 Performance prediction



Abstract Machine



Execution Model
 A program is composed of a sequence of supersteps

 A superstep is composed of 4 phases:
 Scatter communication phase

 Children computation phase
 A child computation phase can also be sub-superstep

 Gather communication phase

 Master computation phase



Cost Model
 l : latency of scatter or gather

 g : gap, minimum time interval for transmitting one word

 k : number of words to transmit

 w : works to be performed

 c : computation speed of processor

 p : number of children



Programming Model

Operational Semantics

Syntax

Evaluations

Examples



Syntax
 Values

 Locations



Syntax (cont.)
 Operations

 Expressions



Syntax (cont.)
 Commands



Evaluations
 State/Environment Functions



Evaluations (cont.)
 Primitive Commands



Example 
- Sum



Example
- Sort



Example
- Scan



Future works
 Implementation

 Experiments

 Optimization

 Communication between children

 Pipeline

 …

 Load Balancing

 New Algorithms

 …



Thank you for your time

 Questions?


