COL730: An Introduction to Parallel Computation



Course Information

e http://www.cse.iitd.ac.in/~subodh/courses/COL730
> Persistent Info: Policies, Resources, Links, Slides
> Urgent announcements
> Links to Assignments, Quizzes

> Assignment submission on Moodle (Access: HPC, CSE cluster)

 Email: subodh@cse.iitd.ac.in

* Textbook: Introduction to Parallel Programming by Subodh Kumar

* Office hours: Wednesdays 12-1, Bharti 429


mailto:subodh@cse.iitd.ac.in

Tests

* Assignment 1-4: 40 (10x4)
e Quizzes+Discussion: 10

* Minor: 20

* Major: 30



Policies

» |ate Policy: A total of five days of late submission is allowed for the
assignments. Use them where you need them. Beyond five days, you lose 0.5

mark per day of delay.

» Attendance Policy: You are expected to participate in all activities.

* Audit Policy: 40%. Pass each component. Participate.



What You should Learn

* Learn to write parallel programs

> OpenMP, MPI, Cuda
* Learn to understand, measure, predict and analyze parallel performance
* Learn the intricacies of asynchronous cooperative computing

* Understand a few parallel algorithms and data structures learn how to design
them.

* Understand IO parallelism

Need OS and Architecture



Focus of this Course

* Hybrid many-core computation
> Parallel algorithms
> General techniques

» |earn to analyze, program, debug

e Related terms

> Supercomputing

. > Parallel
> Cloud computing

| > Concurrent
> Hyperthreading

> Distributed
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‘ Today: "Fastest supercomputer in the world”
Ty INTTY [HPL Rmax >1EF: 1206000000000000000]
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* Cores: 8,730,112 (64c CPU, 4x GPU/node)
Memory: 4.6 PB of DRAM memory + Flash
Interconnect: Multiple 100 GB/s NIC

Racks: 74 cabinets
Space: 7300 SgFt LRONEER

Power consumption: 22.8 MW
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India and U.S. Agree On
Supercomputer Sale

E% Give this article ~> A

By Steven R. Weisman, Special To the New York Times
Oct. 9, 1987

USD 20 MILLION

4x 64-bit Vector processor, ~117 MHz
400 MFLOPS (peak)
128 MB RAM
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Examples of Complex Problem Domains

* Weather/Climate simulation: 3D-grid, Long duration simulation
 Energy modeling: Fusion energy

 Data science: Filter, Join, Cross, Sort

* Financial processing: Market prediction, Investing, Blockchain
 Computational biology: Drug design, Gene sequencing, Vaccines

* Distributed Service: DB and File systems, Traffic network, Archive



Why Parallel?

 Limit to clock speed and component dimension
> Wires and dimensions are too small for electrons to stay their course

> (Getting a signal to the other end in a “timely” fashion requires breaching “speed of
light”

> Must wait longer for signal to travel to cores
= Do more things per clock
= Use multiple clocks

» Coordination, External network

v Tremendous scope for software innovation

v Only some of it can be done by the OS and Compiler




Studying Parallel Programming

* Not just compute more things

> Also their coordination
* Focus also on parallelizing data access (Memory, |O)
> Multiple processors can access memory in parallel, disrupt caches

 Managing multiple executing fragments
> Higher level language, orchestration

» Middleware
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Compute Modern Multi-Processor
Offload
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Compute Modern Multi-Processor
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Compute Modern Multi-Processor
Offload
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Programming In the ‘Parallel’

 Fused Multiply Add
> Double Precision A+=B *C
> 2 FLOPS, 3+1 Operands (32 bytes)
 Example
> 2X AVX512 on Intel core = 32 FLOP/cycle
> 96 GF/core @3GHz
> Needed 1536 GB/s memory bandwidth/core
> Compare DDR4: Throughput ~25GB/s, Latency ~10ns



Programming In the ‘Parallel’

 Fused Multiply Add

Ncy can be hidden

- Late

» Double Precision A+=B *C A
» 2 FLOPS, 3+1 Operands (32 bytes) ﬁi
e Example Al

i] += BJ[1]*C[i]
1] 4= B[

1+3] += BllI-

i+1)°C[
i+2] += B[i+2]*C[i
-3]*Ci

+1
+2
+3

> 2x AVX512 on Intel core = 32 FLOP/cycle
> 96 GF/core @3GHz
> Needed 1536 GB/s memory bandwidth/core
> Compare DDR4: Throughput ~25GB/s, Latency ~10ns




Programming In the ‘Parallel’

 Fused Multiply Add

Ncy can be hidden

- Late

» Double Precision A+=B *C A
» 2 FLOPS, 3+1 Operands (32 bytes) ﬁi
e Example Al

1] +=BlI]"Cli]

i+1] += B[i+1]*C]|
i+2] += B[i+2]*C
i+3] += B[i+3]"C

1+1
1+2.
143,

> 2x AVX512 on Intel core = 32 FLOP/cycle

> Needed 1536 GB/s memory bandwidth/core

* Must be used wisely

Caches can help with throughput
» 96 GF/core @3GHz but working set can be large

> Compare DDR4: Throughput ~25GB/s, Latency ~10ns




