’

&

       $

       %

CS 612

Software Design for High-performance Architectures

1

’

&

       $

       %

Course Organization ffl Lecturer:Keshav Pingali, pingali@cs.cornell.edu, Rhodes 723 ffl TA: Vijay Menon, vsm@cs.cornell.edu, Rhodes 706 ffl Prerequisites: Experience in writing moderate-sized (about 2000 lines) programs, and interest in software for high-performance computers. CS 412 is desirable but not essential.

ffl Lectures: two per week ffl Course-work: Four or five assignments which will involve programming on work-stations and the IBM SP-2, and a substantial final project.

2

’

&

       $

       %

Resources

ffl Books

ffl “Introduction to Parallel Computing”, Vipin Kumar et al, Benjamin/Cummings Publishers.

ffl “High Performance Compilers for Parallel Computing”, Mike Wolfe, Addison-Wesley Publishers.

ffl “Computer Architecture: A Quantitative Approach”, Hennessy and Patterson, Morgan Kaufmann Publishers.

ffl Conferences

ffl “ACM Symposium on Principles and Practice of Parallel Programming” ffl “ACM SIGPLAN Symposium on Programming Language Design and Implementation” ffl “International Conference on Supercomputing” 3

’

&

       $

       %

ffl “Supercomputing” ffl “International Conference on Parallel Programming”

4

’

&

       $

       %

5

’

&

       $

       %

Conventional Software Environment

ffl Languages: FORTRAN,C or C++ ffl Compiler: GNU (Dragon-book optimizations) ffl O/S: UNIX This software environment is not adequate for modern high-performance computers.

To understand this, let us look at two high-performance computers.

6

’

&

       $

       %

7

’

&

       $

       %

Distributed-memory computers: each processor has a different address space (eg. IBM SP-2)

8

’

&

       $

       %

9

’

&

       $

       %

10

’

&

       $

       %

11

’

&

       $

       %

12

’

&

       $

       %

Uniprocessor locality

ffl Program must have spatial and temporal locality of reference to exploit caches.

ffl Straight-forward coding of most algorithms results in programs with poor locality.

ffl Data shackling: automatic blocking of codes to improve locality 13

’

&

       $

       %

To exploit pipelines, instructions must be scheduled properly.

14

’

&

       $

       %

Summary To obtain good performance, an application program must ffl exploit coarse-grain parallelism ffl exploit temporal and spatial locality of reference ffl exploit instruction level parallelism Systems software must support

ffl low-cost process management ffl low-latency communication ffl efficient synchronization

15

’

&

       $

       %

Mismatch with conventional software environments:

ffl Conventional languages do not permit expression of parallelism or locality.

ffl Optimizing compilers focus only on reducing the operation count of the program.

ffl O/S protocols for activities like inter-process communication are too heavy-weight.

ffl New problems: load balancing =¿ Need to re-design languages, compilers and systems software to support applications that demand high-performance computation.

16

’

&

       $

       %

Lecture Topics ffl Applications requirements: examples from computational science ffl Architectural concerns: shared and distributed memory computers, memory hierarchies, pipelined processors ffl Explicitly parallel languages: MPI and OpenMP APIs ffl Restructuring compilers: Program analysis and transformation ffl Memory hierarchy management: Block algorithms, tiling and shackling.

ffl Automatic parallelization: shared and distributed memory parallelization, High Performance FORTRAN.

ffl Program optimization: control dependence, static single assignment form, dataflow analysis, optimizations. 17

’

&

       $

       %

ffl Exploiting instruction level parallelism: instruction scheduling, software pipelining.

ffl Object-oriented languages: Object models and inheritance

18